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Preface and Acknowledgments

[n the latc 19805, I ren(izcd that my students weren't learning as
easily or eagerly as they had in previous years. For some reason, the~'

were changing-and my techniques and attitudes were nolo My
first llpproach TO this dilemma was to gCt them to "chmlgc back," to

At my tcaching model. J finaJl~' discovered dUll the only person I
could change was myself. So I started scnrching for information, I
took classes on discipline, parcming, self.esteem, and music. 1re­
searched learning styles, mlked to child psychologiSts. and read
anything J could :lhOlll the brain.

[n 1992 I signed lip for a five-day graduate dllSS with brdin
"gunl" and author Eric Jcnsen. During that week I discovered my
new passion-the human brain. Eric asked if I wanted to travel
with him lllld be uained in presenting workshops all brain­
compatible strategies for teaching. I was reluctant to leave lll\' hus­
band, Scan, and our children for pan of the summer. Iwas born and
rnised in Peoria, J11inois, attended Brndley Unil'ersit\, in Peorijl,
and married 1l1~' high school sweethc::!rt. 111e thought of tr.weling
with a stwnger from C,!ifomia was frightening for this Midwestern
woman. So I declined.

After watching me POllt for sever::!l da~'s, my ver\, understand­
ing :md supportive husband said the words that would change my
life: "If you don't go, nothing will ever change." I called Eric and
asked if I could st ill join him. He Sllid \,es. After training with him
thnt Slimmer, I began my own research and designed other classes
on brain research and teaching strategies. [have been training edu­
cators in prnetical, brain-compatible teaching str:uegics every sum­
mer and available weekend since thell.

My reseMch on the brain conrinued.1 began to see what a pow­
erful factor the research had become in my classroom nnd in my
personal life. Gelling lip in the morning and going to school be­
came a joy for me once again.l realized the irnporrnnce of this in­
formation and began teaching m~' studenrs how th"ir brains
worked. so they could become better learners. I found that my Slll­

denrs looked forward to growing new dendrites and strengthening
their synapses!
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Learning and memory evcmually became my focus. As I spoke
at stlllC and national conferences, classroom tcacheTS inspired lIle.
Their excitement at learning this new information was infectious.
The application of the research to my c1assroolll experience offe«.'<I
t,mgible evidence th,u thest strategies could l1l:lke a difference.

Idecided to put it all on paper. Although nothing appears to re·
main constant in this field, I wanted teachers to know twO things:
(I) the bWill has everything wdo with learning, and (2) the more
we know about brain science, the easier it will be to makc thc hun­
dreds ofdecisions each day thm affect our studmts.

It took almost a year to pur this book IOgether. Scon becmne my
personal editor until ASCD turned me over to Joyce McLcod,
whose writing and editing expenise guided me through this pub.
lishing experienc('.1 had sdf-publish('d twO prl'vious books, bur in
this siTu<ltionl requim! guidance and support. Joyce offered both.

Iam grat('ful 10 those experts who showed me th(' way into this
exciting field of bmin r('search. ROOcn Sylwestet has answ('rctl
many of my questions through the years. P;lt Wolfe has encouraged
my work and bc('n tl wonderful role model. Science wtiter Jtlnet
Hopson graciously answered my e·mail queries; and Eric Chudlet, a
neuroscientist, has inspired both mr middle school students and my
gmduate students as we studr the brain. His wonderful Web site,
Neuroscience for Kids (http://weber.u.washington.edu/-chud­
Icr/ncurok.html), and his tirell'S$ p3tiencc in answering our qUl'S­

dons added a great deal to our learning. I am also grateful for my
friends who listened to all mr "brain talk" during the years, espe­
cially Glt'nn Posliler.

The knowk'd&>t Igailll'(l allowed me to ch:mge m}' <lPllroach to
teaching in such a powerful "'ay that 1would like to share it with
other wlChL:TS, administrators, and anyone else who is curious
about how the brain works and who is intereSted in nUlking adiffer­
ence in the lives of students.

MAR1LEE SPRENGER
Pcoria, l11inois
St'ptembcr 1999



Los· .9Vc r Mind:
The Funcfo of rai Cel

It is bridge night, and some friends and I are talking about a mutual
rri n . n w b by, A' w r ini c ,1 birlhs of my own chilr n
come to mind. I remember the middle-of-th -nih dash to the hospi­
tal, the pain. the axciternnt, nd the eXhaustion. There are some
things you just never forglet.

One of my bridg fri nd interwpt my thoughts and sk , Po How
much did your babies wei h('-

I re oh back into my memory of Josh's bi hand that exciting day. 1
,open my mouth 0 peak an ay,"Josh w ighed 7pound ... umm, 7
pounds .. ." My brain just isn't functionin correctly. I know the answ r
to this like I know my own name. I own his information. A mother
should never forget thiS s~uff. What did he weigh? The embarrassment
is overwhelming, 0 I uickly ay, "01\ yes, Josh weih d 7 lb . 50z:'
It IS a lie. What in the world is wrong with me?

, } 'j 'f.

1

What's h ppening to
my brain when I can't
recall an important f et?

At birth th br in
weighs about one

pound. By age 18 to 20.
it weighs about three
pound.
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The brain cells irwotved
In learning are neurons
and glial cells

At birth we have about
100 billion neurons.

The brain sends
messages through its
neuroos.

Learning occurs when
two neurons
communicate.

As neurons make more
connecllOns, or "learn:
the brain gets heavier,

Neurons

TIle brain cell tlm getS much attention is the neuron. Neuron simply
me~ns "ncrvc cell," Until reccntly, it was believed th~t the hr:lin could
not gct1t'ratc new neurons, Rl'{;cnt research shows th:lt in one area, the
hipPOCillnpu~, there is el'idence of new cells (Kinoshita, 1999), Before
binh the brain products ~b()ut 250,000 neurons p<:r minute. At binh, wc
have about 100 billion nturons, and llhhough \I'C maintain that nUIl1m:r,
thc neumns rn,1y lose their connecting powtT'S (Diillltund & H()~\,

1998). If neurons arc not used ill appropriate times during brain develop­
ment, their ability to make connections dies, Neuroscicntists caU this
process "neural pnrning." So, yes, II'C lITe lllllosing our minds!

I-Iowel'er, I'OU don't need to panic about those lost conlltctiol\S. The
ones th~t you h~\·t Idt can take care of ~nything \'ou need 10 knoll' or
le~lrn for the rcsI of YO\.lr life. Some research Implies thm \I'e usc from I to
20 p<:rcent ofour brain, However, II'C actually usc all ofour brain, but not
all of its processing rowcr (Chudlcr, 1998). The miracle of the brain is
dUll it is built for contllluallearning.

What is learning, and how doc~ it occur in the hrain! Neuroscientists
define learning ilS tll'O neurons cornmu nicat ing with e;lch other. They say
that neurons have "learned" when onc neuron sends a message 10 another
neuron (Hanna(\f\1, 1995), Lc-r 'sexam inc the pmceS$,

A neuron has tllll'C basic p;trts: the cell hod)', the d.."lldrites, and the
anm (sec figure [.1). Your hlmd and fotmnn arc "hand( reptesentations
of a n(:uron. The cell body c:m be compared 10 the palm of your hand. In­
format ion entl.'T'S the cell body through appendages called dendritel, repre­
sented by ~'01lT fingers, JUST as you wiggle your fingers, yOtIT dendrites arc
omslantly moving as they SI..'Ck In(omtltioll, I( the neuron needs to send a
message to anothcr neuron, the message ;s sent out thtough the axon.
Your wrist imd forearm rtprescnt the llXOn. When a neuron S(:nd~ infor­
mation down its axon to communicate with another neuron, it ncver ;lC­

tllally touches the other n('uron. The message has to go from the axon of
thc sending ncuron 10 The dendritc of the rcceiving neuron by "swim­
mmg" through a space called the 1,nllpJt. As the neurons make connec­
tions, the bmin is growing dendrites and st r(:ngt hening the synapscs, (Sec
figure 1.2.)

If wc have 100 billion nel1ron~ in our head, they must be I'ery small.
Imagine this: 30,000 neurons can fiT on the head of a pin. TImt's impres­
S[I'e, but there's motc. Each neuron may be linked with another 5,000 to

10,000 neurons. The btilin has "roul onc quadrillion ne\1T;11 connections
(WoJ(e, 1996). Tll,1\ 's a lot of cOlllmllniclltion going on inside our heads!
The process of neurons talking to each other is electra-chemical: the



l.t'6on~ Y0'" Mind, The F"'\CllOO ,of Braon Celll J

Figure 1.1. A Neuron

Dendrite ----r/
V

Cell Body

\"''" ---\\

llcrion within thl' neuron is deClrical. blll the mess;tge bceomes chemicjl[
a~ it tnll'cls betll'een neurons. TI\I;~ chemicals arc called Ilt'UTommsmitltTS,
Otapter I provides more information about neurotransmitters.

TIlink 3110111 a small child's first expcriencc when his mother pointS
out a red bird and tells the child, '1"h:3t's a red bird. It's called acardinaL"
TIle child atrcmpts f(} repl~ll the word. "Cawdnal. BoOO." The child's
brain has maJc a wnncClion. A few neurons fire now talking to c<'Ich
other about birds. [fth" child wMched as thl' hird flc:wout of the tree, 11<.'
may hal'c thc connc:eting neurons of bird-cardinal-fly. The next time he
secs acardinal, his br;lin wi llm;lke rhose connect ions again. This Time rhe
neurons may connect faster, because when neurons learn or practice in­
(onllation, they become mflre efficient at connccfing.

Neurons arc stored in columns in the upper portion of the brain called
the neocortex (Sylwester, 1995). The child might makeotherwnnections
related to the cardinal.lfhe scesgeesc flying south. he might add that to

rhe hird-cardinal-fly connection. From there, he might add a buttCrfly or
an airplane.

This chain of neurons i~ calk" a nt'UmllU'tU'ork. The more often the
brain accesses the network, the stronger the CClnn;,~ctions "ecome. Those
synllps<'S, or spaces, become Stronger as well. As theS(' neurons MC

Children ma~e

connections easl~.

The mOfe frequently a
neural networ~ IS
accesse<l, the stronger
It becomes,



Fii,'\lre 1.2. How Neurons Communicate

Amessagll goes
into thll clllllxJdy
of aneuron through
the dendrites,

\
:-__ It moves down

the axon.
It 'swims' across
the synapse to the
dendrite of
anothllr neuron.

Neural networks begin
as rOOllh paths and
eventually become
more like
superhlllhways.

The breln makes Mural
connections at an
enormous rate clunng
the early vear $,

rtpe~ttdly "(\re,!." th~t is, talk to each Olhcr, the dendritcs ~nd axons he·
come Ilccustol1led to the conncctiotb, ~nd the cOllllections Me l'ilsief tn
rnnke. Compare this to n pnlh in the woods, Thl' (\rsltll11e you crl'ate a
p:llh, it is mugh ImJ O\'eT'\(Town, Thc n('xt time 1'0\1 use it, it is l':\Sicf to
tT:lVcllx'(ilU$C you hal'c prcI'lotJ)]Y "'alked o\l('r thc \\'('ctls and rnoved the
ohstacles. Each timl.' thereafter, It gets srnQOt heT :md sl1loOlher. [n a siln j.

Iar f;ls!lHm the neural net \\'orks i,'Ct more and more effiCIent, and mcss.1i,'Cs
lravel more s\\'iftlr,

Re5earcht'Tli arc currently exploring an unpon:ml thl'\)ry Clllk'l.! long­
lmlt /JOtt'nliauOIt (LTP), LTP )~csts that t'Vcry wile a ncuron fires 11\­
fonnation across a synapst', the memory of trult informalion is cncoded
exponel\lmlly. Th:tt me:ms the lllfoTmluion IS learnl'<l multiple lllnes each
tlllle it IS prawced. The signal has changed the pmenlJa] of the recewing
neuron, and It now h:IS the pote11l1<llto leam f:L'iler (Fitzpatrick, 1996).

Durmg the first I'car oflifc, lhe bram makes neuronal conn«llons at
an enormous mIc. Some SCientists say thm after the firSI 1\\'0 ~'ears, the
brain never again learns as much or as qUIckly, WhatlS happemng dUTlItg
this time!Thc brnin is firsl wirin!! the inf.tnl up IQ his OOdr, [I is makin!!
the CClnlll'Cliom for m(l\'emenl, sight, and sound (Beglcy, 1997). TIle
1mbl' is also making connections with his primary careraker. Using his
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own sounds ~lIld movemc!\ts, thc inf~nl C()mll\lmic~ues with those who
are meeting his needs. He begins to recocnize voices as well as the expres­
sion in those voices. The b~by r.lpidly lc~rns which sounds will ~f him
the desirt'<l nltemion.

Bcc~usc the br~in i~ so immal\lre ~t birth, it mkes ~lIlOlher 18 to 20
years 10 complete the wiring. We arc a social culture, and each individual
mllst "wire up" 10 a specific cultllre ~md society (Sl'lwestcr, 199h). Spe­
cific brain are~s develop altheir own mtes.

Glial Cells

TIle St'cond type of brain cell, the glial cell, IS just beginning toget the
attention it deserves. Glial cells arc nurturing cells for the neurons, Glial
Illi~llns "Illuc," and nellroscicnti)t~ had good rca:><JllS for this nnrne. Glial
cells (irst assist in the mi/"r;nion of neurons during fetal brain develop­
ment. TIll'ir fibers aet like ropes for the neurons to hold onlOas they make
their way through the brain (Kllmig, 1998). Th(' glial cells f~ and do
the housckt'tping (or the neurons, almost :1ft~lching th/:1tl)Cll'es to the
neurons to keep them nourished. The more often lhe brain uses neurons,
the more glial c<'lIs It nel'<ls. Indcl-d, whl'n rese:lfchc~ dIssected Albcrt
Einstein's brnin, they found an extrnoroinary collection of glial cells in a
)pl:cific Mea of his hrnin. TIley concluded thar this arca in Einstein's hmin
showed more possible use than the same ~lfca in any other brain ever stud·
ied (Diamond, 1996).

Unlike neurons in most areas of the brain, glial cellscan reproduce, so
\\'1' can h~\'c as many ~IS ollr brain ne<'<ls. Comlllunic:'1l ion rC'm~ins fa~t ;lnd
e3.SI' because these glial cells work and nurture the neurons,

Myelin

Another suhstance that neuroscientistS are srudying is myelin. TIlis
(:Ilty suhst:mce coot$ the axons of neurons (sce figure 1.3). TIll' co~ling
acts like insulation and allows messagl'S to travel quickly without any loss
of tr.msmission. Currently t\\'o theories descrihe thl' production :md re·
Jellse of myelin.

One theory, suppom'(t by neurophysiologist Carh Hmmaford (1995),
sal's that myelIn is added 10 thl' axon with use. In other words, as the neu­
ron is called upon to fire, a coating of myelin is put down. I( the neuron is
pMt of a network of neurons fil'l'<l often, the axon will be heaVIly ltll'eli·
nat(\I. So, like the pmh in the woods thar is const~ntly walkl'(l upon, the
neuronal path becomes smootlll'r and (aster.

Other researchers, like Janc Healy (1994), thl"Ori:e that the myelim­
tion ofneurons is :t developmental process th:ll ocgins at hinh. Accordi ng
to this theory, the brnin releases myelin in stages, beginning with thl'

As social creatures, we
must "WIfe up" to our
societY

Glial cells life brain cells
that nurture the
neurons.

An abundance 01 glial
cells in a particular area
olthe bram Indk:ates
that area has been used
often.

Myelin acts as
Insulation on the axon,
making messages
move more quickly.
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There are two theories
on how the process of
myelinatIOn takes p~oo,

lower hrnin :lrcas. Thc final :lrea of thc brair\ ro be mydin:lfc.l is in the
prefrontal cortex behind the forehead, This is where decision making,
plnnning, and many higher-order thinking skills take plnee. This :lrea is
alsoassocialoo with short·term memory.

What arc rhc implicarions of the~ rwo Ihl'Orics! Could both ~ cor·
rect! In my study of the brain, Ihave read about both ideas and observed
how the researchers ha\"e swung borh wars on this pendulum. Let's look at

some facts.
Thedel'eloplnfTll of the hrl1infrorn hirth rhrotlg/l tk md ofI1dolesccna /lilt­

Il1lels lhe child dewlopnrent stages identified by }CI1I1 PillgCl. TIle researchers
who believe in the developmental release of myelin state th(lt the stages
of mrclin release coincide with Piagct's dcvclopmcntal stagcs (sce fib'l.lre
1.4). Piaf,'Ct identifies four developmenmI srages:

• Sensorimotor stage (binh-2 ycars)-At rhis stage the child inter·
acts phl'sically with the environment. She builds a set of ideas about real­
ity :md how it works.

• Pre-0l'cratiotml )tage (ages 2-7l-At this stage the chilJ is not I'l'l

able to think abstrncrly. She needs concrete physical Sillllltions.

Figure 1.3. A Neuron ..... ith Myelin

Myelin coating
around the axon

Axon



• Concret(' operations (ages 7-11 )-At this slagi' Iht' child h:ls accu·
mulated enough cxperiences to begin toconccptualizc and to do some ab·
stract problem solving, though the child still learns beSt by doing.

• Formnl opo::r'lllions (ages 11-15)-At this~tagc thechi1d'~ thought
processes are beginning to be likc those of an lldulf.

Figure 1,4 su~~sts substantial support for this theory. Jane Healy
(1994) states that the largest release of l1l\'elin may occur in the adoles­
cent years. Once this dose is re lellscd, children have an easier I illle lIlak­
ing decisions, planning for the future, and working out problems.

Although riaget suggests that thissrogeoccurs bo.otween the ages of 1I
and 15, current research suggests that this stage varies with the individ·
Wit. Aftcr spending some time teaching at the high schoollcvel, 1 havc
observed that many students appear to reach this final stage during their
sophomore yCllr, though some don't quite make it umil senior I'ear or af­
terward. Only 50 percent o( the adult IXlpulation reach this stage at all
(Jensen, (998).

ShorHmJI memory I~S nOt with Cll{IIlCit)' until a/l/)I"()ximlUel} the ilge of
15. TIle capacity ofshort-term memory in afully devdopt--d brain is se\'o:n
chunks of information. AI age J, space exists for only onc chunk. With
the discovery by researchers like LeDoux (1996) that short-tcrm mcmory
is held in the (wntallobcs, the [as! Mea myelinallld, it makes sense that
the frontal lobe's incompktc development due to thl' lack of myelin
would influllnce short·tNm 11li'1lI0ry.

Man} Sllu!enu IOday hat\' difficullY wilh higher-order lhinking lkiUs. AI­
lhough children ofevery age have some ability to syntllesi:e, abslract, and
cvalumc, SOIl1~ children ha\"~ more di(ficulty thnn others. R~a1i,ing that
this difficulty mal' bo.o due to the lack of myelin or itsdc1ay~d release could

Figure 1.4 ind~tes

some support tor the
theory ot
developmental release
01 myelin,

Formal thinking
operaliOns and the last
release ot myelin may
not occur until late
adolescence.

Higher-Qrder thinking
skills and myelin
release may be related.

Delaytld release 01
myelin could affect
abilities to learn,

Figure 1,4, Piagct's Stages and the Stages of Brain Development

Piagers Four Stagn 01 Child Development Four Stages 01 Mvelin Aelease &Brain Growth

Sensorimotor Ibirth-2 vearsl large Motor System and Visual System

Pill-operational (ages 2-71 language Acquisition

Concrete Operations lages 1-111 Manipulate Thoughts and Ideas

Formal Operations lagas 11-15) Higher- Order Thinking



8 lEAIlNl1JO ANt) MtMORY: THE BRAIN IN ACTION

Developmental stages
vary among children.

Learning is affected by

environment.

The brain MS enough
electncal energy to light
a 25-wan bulb,

Neurons are

surrounded by a cell
membrane that allO'Ns
some IonS to pass
through,

l~sscn both childrt'n's fnlStr:nion nnd that of th(' ndulrs trying to hclp
them.

SmOOth mlllsfer cl{ informmicm from ncuron tQ neurcm is }!Tcatly dc/lCnde-nt
cm myelin. My two 4-year-old ncighbors are ajoy to wmch. Tlll.'it develop­
mem nnd interestS ar~ v~ry diff('rem. Joey lovcs to do acrobatics. He Clln
do cnrtll'hL~ls better th~m I ever dreamL'<I ofdOing them. He can almost do
flips, and he Ion's any type of physical adventure, On the other hand,
Mark is not very agile. He has di (((cult ydoing somersaults. Inst cad ofcon­
cent r:Jt iog on the physical world, Mark is trying to reoo. He is constllntly
bugging his mother to fell him whatll'ritr~n words say. Mark knows the
alrhnbet and can spell some words.

Both boys are normal rreschoolm, They arc simply dcvelopingdiffer­
cluly. Carh Hannaford (1995) helieves rhilt children benefit when neu­
ronal connections arc made through body lIlove11l('nt. These connections
will help them develop the neuronal syst~ms for reading when th~y Me
ready. TIlesc boys obviously have different interests, which may havc
been inspirl'<l by their environments. jocy's sisters arc acrooots, and per­
haps he Tt'(.ell·td recognilion for mimicking their bc1ul\'ior. I3ccituse Mark
is the older sibling in his family, he may be exhibiting behavior that he be­
lieves will win his parents' approval. Wh:uever the reasons, rhe firing of
neurons is causing the learning,

111e developmental differ~nces among children arc gr~;lt. Wheth~r

thesc differences lire c:1Uscd by hercd it~' or by the enl'ironment is it debate
that continues. Whether myelin is released in srages or through use of the
neurons, children still exhibit diffen::nces.

Myelin is a factor in brain growth and learning, I believe that both
thl'()ries may be correct. [I makes scnsc thflt as the hmin cont inuallyuses
its networks of neurons, trmlSll1lssion of information is swifter. It also
makesscnse that as their bminsdel'elop, childn:n undergo vast chan!(es.

Neuron Signals
Cartoonists often dmw a lightbulb above the head to portmy a character
wi th :m idea, TIlis portrayal actu.,lly contains some clel11l'nt of truth. The
brain has enough electrical power to light a 2j·watt bulb. As mentioned
previously, the process of neurons col1l1nunicating is ek'ctro-chemical.
Tl,e elemical part takes pbce within the neuron.

All matter has an electrical property. The ek'ctrical charges, called
ions, arc either positive or m'gatil'e. The ions in the brain arc sodium, po­
tassium (each with onc positive chafl,'C), calcium (with two positive
charges), and chloride (wilh one negativc charge). Somc negatil'cly
charged protein molecules al'(' also preselll. Neurons are surrounded by a
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cell mCll\brnne th:u Illay nllow somc iom to fY.lss through nnd Ih~t block
others. TIle openmgs in the cell membrane arc called channeb. While
some channels remain open. others open only in resp:msc 10 chemiGl1
Slllllul~t ion.

Resting Potential

When a neuron is not sending a signal, the area Inside t!le neuron has
more negatively charged ions. and the area Outside h:ls more positively
ch:uged ions. This is called ItS resting /l<.Ilential (sel.' fib"lre 1.5). At this
level pomssium iOllS pass through chmmcls cMHy, but chloride nnd so­
dium ions han' vel)' (ew channels to flow through. and protein ions hal'e
none. All of the ions want to mOl'e across the rnernbmne, but 1Je(ausc
only the positivdl' chargl-d potassium does so readIly, the outside of the
neurOn is JXlsitive and the inside is negative. This b:lbnce keeps the neu­
ron at rest. During this time the c1e<:trical charge inside the neuron can be
measured at about m'gative 70 mi11il'ohs fllld the outside at positil'e 70
llllllivolts (Dowling. 1998).

The electrical ct\arge
InSide a resting neuron
is -70 millivolts The
electrical charge outsKle
is +70.

Figure 1.;. A Resting Neuron
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The resting potential of aneuron indicates that the inside is
negetively charged and the olJlSide is positively charged.
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Action Potential

Wheo a chcmic~l stimulus "tuses rhe opening of ~odium channels.
positively charf,'Cd sodium ions rush into the negmively charged neuron.
lmd the neuron lx"oml'S more positil'e (sec figure 1.6). This srate. called
aclion polt'nlial. depolari.cs the n<:uron. The millivohs within it incre~sc.

~nd ~t ~ voltage of ~bout negarive 55 millivolts the neuron fires. This fir­
ing is alw:lys of a fixed size. In other words, It is:ln :lll-or-nothing situa­
tion, This change in I'oltage causes Itn clcctriclll energy output that sends
the c1lllfge down the axon. across the synapse. amlte the dendrites of the
receiving neuron. TIms, a message is sen!. When the potassium channels
open again. pota.ssiulIl rushes out of the cell and the neuron goes back. 10

resting potential.

Figure 1,6. An Active Neuron
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The action potential of anallton is caused by positive sodium ions
entering the neuron and causing ~ to become more POS~MtIy charged.

Rats, Cats, Children, and Adults:
How Do Their Dendrites Grow?
The brain's llbility to grow and change is call1-d plastid!)'. Neuronal activ­
HI'. lIT the tack. of it, Cllll)CS these changes. TIle change process prompts
questions such as these: How do we know it is happening? \Vbere is the



prooP. Can it happen IQ anyone! Am I lOO ol.! for hmlll growth I In OI'hcr
\\'ords. can you teach an old dog new tricks! TIle nnswers to these ques­
tions lie In years of research by some imrre551\'e n('uroscK:misu. [xt's ex­
,lIltllle thc evidence,

Maril," Di:lmond (1988) of the Unll'ersity of Gllifomia at Bcr\:elcy
has been studying the mun de\'elopmclll of rllts for more than 40 ~'ears.

with Impressh'e rcstlllS. She lmd her colle:ll(tlcs and SfudentS conducl ex­
rcrimcllu III which they place mts in ('nnched em'lronnlCnb. TIl<"t' uS<'
ccmlral groups to check for accurocy, In one ofher tesu, she rlaced asin­
gle mt III a rcgular rnt cage--no fun toys for this one, The ml was given
rood and water as;1 normal lab r:u would bc, A larger dlge hOuk...:! one rnl
with toys. TIlls rnt abo was tendl'd to in a normal f~hlon, TIlcn there was
the fancy ,l!roup-12 mu in a large cage comalning mt toys, such:lS
wheels to run on, tmlls to follow, and blocks to clllnb. TIle last cage
housed 12 r:us \\'lth no toys, Diamond called the cages \\ith fOyS l'IIriched
enl'ironl1len~ :lIId th~ withoot toys im/I01'm5htJ, TIle C01l1rol group for
thiS study consisled ofthrec mts in:l small cage wllh no toys.

The results of tlll5 study arc cxcitl1lg. Rats In the enriched envlron·
ments (those wllh toys) had more dendritic connections than the rats in
the IIll1'O\'crI)hl'(! elll'ironmClllS: the dendritic hrnnches were ducker as
well (sec figure 1.7), The sllld~' also showed thm the control !,'roup with
Ihrl'C rillS leilrned more thim cit her 1he mt left alone In the nnpol'crished
enl'lronml:llI or the rat left ~lone In the enriched environment. Diamond
concludl.J that the rats learned Ill\)re hy III'int; togcther l1nd even more by
living together in an enriched etwlronment.

Studies like this led to even 1\10re studies ming ruts. TIle r.lt hrnin Is
Vl:ry similar in str\lcture to the human brain, but because it ha$ (ewer
"wrmkles,~ it Is ellsler 10 IllCl1S\lre.

Wilham Gretllough of the University of Illiools dlsoo\'ered that rotS
in enridll'd environmcnts had 25 JX'rcent more conneClions hctween
ncurOllS and JX'rfOrllll-d llluch better in tests (Kotulak, 1996). lie bcllcvl:s
th:ll symlpses Clm he f,uml'(l in k'Conds! (More dendrites create 1lI0re s\'n·
ap.es.) Researchers have found proof ofch:mgcs in the bm1ll5 of r'Jts after
on1r four days, In four days dendritic growth as a n.'SlIlt of enrichment cm
occur, and 1lI four more da~'Sdendrttlc death can occur:lS a result oflac\.: of
Slimlll.ttlOlI (Hoopcr & Tcresl, 1986).

As an wuc:llor, 1have a f:il"orue mt story. In a 1985 study, Diamond
placet! baby rotS and m11ture rats In the same enrichetl cage. She \\":Inted to
knoll' .fboth the young l"Jl:i and the okll'f l"Jts wouIJ grow marc dendrlles.
The S\lrpnsc came whcn the older rots rduSlod 10 let the young rats play
With the t<>','s. TIle mature r:ll.:. took ovcr the ClI/,'t! and duI not allow the
babyrnu ro rl:ly. Thl.' result was that only the mature ratswcw dendrltes.

Ennched 81wlronments
encourage dendlltlc
growth.

Studies of rats suggest
that learning IS a SOCial
8xpenenee.

Even In an ennched
enVlfoomenL the
IfldIVldual must be
active In order to
sumulate the growth of
dendfltes.



Figure 1.7. The Effecl of Environmenl on Neurons

Ennchtd nluron Impovlnsllld neuron

ToudI may add 10 lhe
hfe span 0' ralS.

Strlss can prevent
brain growtll and
shorten life span.

An enfiched IflYiroNntnt ploducl1ltlllcklf Ind morl
numefOUS dendrites In neurons 01 fits.

Why do Illke thisslory1 When I walk 1"-1St da5SroonlS with high-I h
l.'l]uirmcm such lIS computers, [ like to wmch wholl is harpening. Often]
sec the teacher (the old rm) slttlng at the computer showmg the stuJents
how 10dO:lOmelhmg. The slooentsare sining and I\'lItchmg. Who's grow_
ing dendTllCS here-lht old rat or the b..1bil'S!

We coo conclude from Diamonds study that it Isn', ellotJ~'" for Stu­
rJent~ to be In lUl ennched envlronrocnl. They nl'1..J to hell' create thm
en\'ironmcnt and be acrive in it.

Another rnt study really mtrigul.'ll me. During a VIS1l to Japan to ob­
sern Japanese researchers' work with rats, D,amond teamed thm the
Japanese rnts were living 10 be 900 da\'s old, which e·qlla1s about 90 years
for hUIlI<Uls. Diamond's rJIS had been li\'mg only ahout 700 d:1\'~, Il.'h,ch is
an eXfX'Ctl'd life 5Jr.ln for a 1:IIxlr.1I0'1' rot. Intri~lted. Diamond looked for
dlffert'nc~ bctwl't'n the two 1.'fOI1p$ of rnts. TIlc food, tempermurl', and
cal.~S seemed to Ix· similar for both groups. However, she did Muce onc
difference. In Japan Ihe lab 1lSSistants held ,he rnts while lhe c0I.'CS were
bclngdeaned. In Diamond's stud,es. the rats "''ere slmrly put mto another
ca~. She concluded that lhls tollchinll and holding may ha\'e increased
the rntS' life SJ\111. [n mL.lalOl\. becau:.t the nas werc nUl put IntO a
~suange~ cage while thcir own \\'as being clcaned, thc)' m~l' hal'e felt less
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stress. After Diamond rl'turned 10 the United St:l1es, she instlllcted her
lab assistanll to hold the rats. The rall began living beyond their 700d3)'s
and had more dendritic conlll:ctions than rats that were not held (Wolfe.
1996). Wc Clm conclude that gentle care can add to Mc span and comrib­
we ro br:lin gro\\1h.

Researchers ha\'e also condunoo se\'eral studies with kittens. One
study involved taking identical twin kittens at a criticaltirne in their vis­
ual development ;Hld placing them in a large, circubr container painted
with black and whire verticill stripes. Thesc lines were the kittens' only
visual St ill1ularion. Abalnnce beam wit h :l b:lsket on each 1.'00 re\'olvlxl in
the center of the container. Each twin was placed in a basket. Onc of the
l);lskets had holes for the kitten's legs, while the other did not. TIle kitten
whose legs could go through the basket and touch the ground began walk­
ing Mound the conr:lincr. His twin brother had a free ride. Wh:n the re­
searchers discovered IS truly amazing. The kitten who did the work and
intCr:lCll'{! with his environment developed gri..':\t vision for venicallines.
TIle kitten who did not work could not see verticallmcs at all (Healy,
1990). We can concludc that experienccs cause brain growth, but one
must acti\'cly participme in thl' experienccs for growth to tllkc place.

Now that we've talked about rats and cats, let's look at children and
adults. After studying the resultS of such researchers as OTL~nough. emig
Ibmey of the Unil'ersity ofAlabama designed ~ study with children from
an inner-cit)', impoverished environment (Kowlak, 1996). He look n
group of children as }'oung :\S 6 weeks old and exposed them to an en­
ridted Ct1\'iromllet1t with playmatl'$, good mllritiOll, and opportunities
for lC:lrning and playing. Ramey foHowed this /,'TOUP and a control group
for 11 years. Using intelligence rests and bmin-imaging tcchniques. he
found a Significant difference in the W3Y in which the children's brains
had del·eloped. The emidlcd children had Significantly higher lQs, :md
bmin imaging re\'eakxlthat their bmins were using energy much more ef·
ficiently. accotding to the scans. Wc can conclude thnt the brain is sc:nsi­
tivc 10 its early environment and that enrichment Clm make a differencc.

What Clln wc do about growing dendritcs? Rcsearchl'rs are llddressing
this qucslirm with agroup of nllns in Mankaro, Minncsot:l, who arc rar­
ticipatlng in a study to examine the effects of remaining mentally and
physiclllty anil'e in lheit work and daily lives. These women ha!'e lived
well beyond the average llfe span, and researchers attribute their lon/,'Cy­
it)' 10 their ~tive 1ifestyll'. The\' const:mrly stimulatc nnd challenge their
brains (Golden. 1994).

Studies have comparlx! the IQs of people in nursing honll'S with the
IQs of those waitlllg to he admitted. People in the nursing homes hal'e
Significantly lower lQs than those awaiting admission. In many cases, IQs

At:ltve partlCipallOl1tn
expenences
encourages bram
glcmth.

L'lfl'llno, ~llyinO, oooa
n~!rlllon, .nd PItYmlllll
III oonlrilMI to In
Infm'd ,nY!ronm,nl
lor I'Iltvon.,

The brain IS senSitive to
ItS early enVltonment.

No maner how old you
are. stimuta\ing and
challengmg yOllr brain
Will add to your life span

and foster brain growth.



.!;"-1 down measumbly aftt'r juSt six months in 11 nursing home (Hooper &
Teresi, 1986). Enriched environments can make a huge difference for
everyone.

What Can We Learn from These Studies?

Learning IS a social
activity: We learn better
when we work.
together.

Wc can dmw a number of conclusions from these sludks. First, from the
rnt studies. 11 social environment is 11 forlll of enrichment. R:llS do Ix:uer
when they inter:lCt with other nllS and solve problo::ms rog<:ther. Humans
are social (fcatures, and learning is asocial activity. Gentle care was al1rO a
f"ctor for the rnts. We l\1u.ttake care when wc work with Others to help
them in their quest for learning. Second. the studies with cats indicate
that II"C need to illlaocf with our environment. TIl1ll means that both kit­
tens must be able to walk around the container. We need to work together
1md 1111 take part in the learning. TIlird. the sllldies ofchildren tell us that
the brain is very S\'nsitive to its early elll'ironmellt. and enrichment af­
fecrs its groll"th. Fourrh, the study imolving nuns indicates lh:ll brain
stimulation at any al;:(' is important and helpful. Our lives must include
some chalkngeJ. And the children, the rots, lhe cats, and the nllns tell us
that play is imporl11nt for learning.

Social intetaCtion. CMe, challenge, and play Me imporrant for l,'I'OW­

ing those dendrilcs. Whether it be in the classroom, in thc home. m work.
or in the community, all of these factors influence how much we learn.
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T e Effect of Bral C e Icals

Iam rying 0 catch up 01'1 my journ I reading la eone evening when the
phone rings, and I am torn away from an article on learning styles and
the brain.

At firs, I do not r co nize th wom n' voice. Sh fI.I, "Hey,
there. Do you have your nose buried in some book?"

I immedi tely try to defend myself: "No. I'm relaXing with a
magazine:'

"I ju t t i 's som e ucation I rticl you'r rading and ct Mar­
tha Stewart:'

Hearing the voice again. I realize I am talking to an old collge
friend, Maggie. "Why aren't you at some wild party?" I reply, trying to
giv her at st of her own edicine. Maggi nd I h in r nt inter­
ests ,in college; shs' was a party person, while I took mv studies very
seriously. Howev r, we enjoyed t asing each 0 her about our inter sts
and had fou d a bond in that.

"I stayed home irom lh p~ r ies tonight beau's 1n ed to talk to
you aboLlt my daughter;' she says w' h some emotion,

I begin to arch my mind for h r daugnter's n m. nd sudd nly
"Michelle" pops up, "How is Mlchelle doing?"

"We're h vir'! som problems, and I am hoping with yo rbr in re­
search knowledge you can tell me wha to do;' Maggie replies.

"I'm not a doctor, bur you know I'll help in what ver way I can."
She b gins to lurt out astory that is shoo ing but li e any oth rs

reported in he newspapers. "Michelle was at a party a few months
ago. You know, one of those college parties with plenty of drinking. A
friend of hers drank way too much. Actually, I think he was more than a
[rien ,and Mar, h di d! Alcoholic oisoning. Michelle jus' hsn' be n
the same sine ,H

15

Just as chicken soup
me es your body feel
b t r, ch micals
produced in your brain
make it feel .ttar.

These ch mic Is· ec
memori S, learning,
and relationshi s.



16 U;ARNINO AJ'11 ML\!C*Y: TIrnllRAlN IN AC'flOIJ

The thoughts we hava,
the food we eat. and
the drugs we take all
have an effect on these
dlemlCills,

At least 60 d1emlcals
have been identified,
and more will likely be
identified.

The dlemicals that run
the brain are called
neur0transmilters.

Neurotransminers are
dlemlCals that carry
informatIOn from one
neuron to another,

Neurotransmltlers act
like keys Ead1 one has
Its own special type of
receptor and Will not fit
into others,

"Oh my goshl The poor thing. How IS she doing?"
"That's )Ustlt. She's a mess. She can't study, She can't think, The

doctors want to put her on some drug:
"Well, that sounds reasonab~, lrVhat do they want to put her on?"
"I'm realry embarrassed about this, It's one of those antldepres·

sants, That's why I'm calling you What is thiS stuff going to do to her?
Happy pills aren't ~ng to make her bener! I think she lust needs to
talk to a shnnk arld gat 11 over With. What do you thlrlk?"

I t:lke a deep bre:llh :lnd scnrch my hr-lin for the Tight things 10 say 10
my overwroughl friend. Like 1ll00t parents, she wants to help her daugh­
teT, and she doesn't want the world to think that anything is wrong with
heT, I gather my thoughts and begin: "Those dmgs arc similar to the
chicken SOliI' ~'OUT l1lom used to make so you would fcd l)ttler when you
weTe ill. Drugs, such as antidepressants, that affect the chemiCllls in l'oor
brain can help your brnin deal with problems. They aTen'1 'happy pills.' In
('Kt, from whaT wc know :lbcxn them, rhey won't m:lke you fed bener Hn"
less \'ou really need them,~

YOllr brain Tuns on chemicals, Scientists h:lve idcnlifit'<l at least 60
different brnin chemicals and arc certain thill there arc more (S\,lwestcr,
1997a). Sometimes rhese chemicllls arc re(eTred TO as pepritks or I1l!I.ITO­

Mnnones, but rnOit researchers call1hcllI neuTotTa11.lmitleTs. These ncuro·
tTilllsmimrs are :lffectoo by OIlT actions and ollr thoughts, We can :llso af­
fcct them by the foods we cat, Wc cannotllllderestim:ltc their value nor
their effect UlXln us.

How Neurotransmitters Work
NeUrOlT:lnsmillers are chemicals that carry inform:llion from onc nellron
to nnOlhtr. Remember th:'lr the rmnsrnission wilhillthe neuron is electri­
cal. and the trnnsmission belU'l'en neurons is chemical. The electrical im­
pulse cauSt'S small vesicles in rhe axon of rhe neuron tu release the
neurotrnnsrnitteTS, which then swim across the synapst (the sman space
berween neurons) and :l1t:lch themselves 10 the clcndrites of the Tcceiving
neuron (sce fieure 2.1),

This whole effect has been comp:lTed to a lock and key. Like keys, rhe
n,'u rot rlln~mit tcTS fit into small reccptor sites on lhe dendrites. Each ne\!­
TOtr:lT1smittcr has its own spcci:lltypc of rcccptOT :lnd will not (it into oth·
ers. It is importnnt tonote that some neurotraltllllltters arc eXCllalOry, thm
is, The\, cause the next neuron to fire; others arc inhibitory and stop the
neuron from firing. Neuroltl CHn receive both exciMory and inhibitory
messages simultanoously. Then it becomes a qucstion of power. If the
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Figure Z.I. The Electrical and Chemical Activity of Neurons

I, Transmission within the neUfon is electrical.

2. The electrical imp use causes the axon
of the sending neuron to release neurotransmitters.

1 Transmission between
neurons is chemical.
Neurotransmitters
released through tho
axon "swim" across
the synopse to the dendrite
of the receiving neuron.

excimrory neurmmnsminer has more receptoTS th:m the inhibitory neu·
rotransmitter, lhe neuron will fire (Resmk. 1995).

When a neuron receives a message rl'pc;uedly, the effect is called
strengthening 1I..! s:YMpse. Receptor sites increase in number. giving the
chemical mess.1ge more areas of attachment. Efficiency increases. and
tr.msmisslon becomes faster and easier. TIlis is a dcsir.lble occurrence
when it comes to lellrning important informlltion, and practice leads the
brain to easily rroc~ that information, But it becomes undesirable in
situations such as the use of drugs. When a person uses addictive drugs,
the bmin also forms receplOf SiTCS for the dnlg molecules. The abundance
of' these rectptor sites causes some of the physical difficulty in \\'ithdrnw,
ing froll1The drug, After a time. if the rl'ceplOrsitcs arc nm ust.'<! (folio\\'.
ing withdrawal and drug rehabilitation), the brain prunes or replaces
them.

As the brain makes and strengthens connections, outside factors can
easily influence it. These factors mal' include addictive substances, as well
as somcthing as simple as the food you eaL

It's the day of the big lest. Sherry awa~erls early to study. She reviews
her rlotes as she paces in her room. In the shower she cOrltil'lues 10

Wherl a I'leuron
reoolWs a message
repeatedly, the
COnri6C\lOn IS
strerlglhened.

The brain IS easily
Influel'lced IJ; outside
factors.



Are we what we eat?

NeurotraIlSminers
affect hO'h' we feel alld
how we act

Ealillg protelll can
Inhibit some of the
neurotransmltters that
cause sleepiness.

We don't want all of our
neuroos 10 fire at oncel

practk:e the lists of informaHon she must recall for this final eJl8m. As
she dresses, she stares at her textbook and the tables she must
memorize. Her mother calls her for breakfast.

Sherrycarnes her notes with her to the table. She realizes lhat she
is not very hungry. so she glallces over the offermgs until she sees the
cinnamon rolls. her faVOfite. She snatches two rolls and dashes out the
door. Sherry hopes she can study with her fflends before the exam

A Similar scemlno is taking place at Sean's house. He has been
studymg for an hour before breakfast. Like Sherry, Sean takes his notes
to the breakfast table and continues to review. He, however, decides to
eat some scrambled eggs, toast, and aglass of milk. Finishing quickry,
Sean grabs hiS materials and heads 10 school for further study,

About 30 minutes later, both students are bMI over their lests. re­
gurgitating malenalthey were told to study. Sean is alert and dOing
well Sherry IS starting to feel sleepy She searches her brain for infor­
mation she knO'h'S is there, but she has trouble finding It. Her head is In
her hands: she yaWl1s repealedry

Are We What We Eat?
What is thedifference between thest tll'O students and their ability to

tflke the tctlt! It may \'try well be the foods lhe~' haec cmcn. Many rc­
starchers now suggest that lI'e are wh:3t wc eat. TIle food we eat may affect
the n\:urotranSmillcrs heing rd\:aSl'd in our hr-lin, illld. therefore, aff\:cl
whether our neurons an:: firing. Sherry ate food high in cMbohydratcs.
which arc SUSpcctlX! of causing the release of the inhibitory ncurQtmns­
miller sl.'I"OlOnin. This inhibitor causes sleepiness. TIlercfore, she is not as
jllert as she needs to be for the exam. Scan, on the other hand, ate foods
high III protelll. Protdn keeps the serolollln (rom being relea~d and
helps with alertness and focus (Wurtmiln & Suffcs, 1996).

Those cinnamon rolls that Sherry ate probably also contalll a creat
deal o( fr.t. Fm digests more slowly than orher foods. Therefore. fI weal
d.::al dher hlood supply had to be In htrdigcstive UfI.:t helping with the
digeslive process. She netxled that blood to go to h.::r bmin to help her
make the connections she needed. TIlis also could h:3ve affected her
pcrfommnce.

Ready. Aim. Fire?
What would happen if all of our neurons fired al once! Wc would

probably go crazy as our brain experienced eeery piece of infommtion be­
ing rcceinxl as well as information already stored. Thl' combination of
the neurotrmbnlllterS both causing jHld prcvcllIing lhe firing action is
whil.t helps the messages lmve! to the il.ppropriil.te arcil.S of the brain jll\d
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what hl'lps us mnkl' sellS(' of the world, This comhiniltion helps us to both
"pay attention to" and "block out" stimuli.

A gOlxl analog)' for this phenomenon is ~l thearer m:trquc~'-the kind
with lots of hghthulbs and changing patterns that form different words. If
tOO many of the bulbs M(' lit, rhe lllessagtl is unclenr. If none of the hulhs is
lit. the mesS<1ge dOt'sn't exist. Howe\'er. if the correct combination of
bulbs is on, the message is clear (ilt'e figure 2.2). In this same way. if the
correct pattern of ncurons is firing and the athersare not, mformation is
readily nvaHable 10 thc brain, and it makes sense. The brain is al~~IYs

searching for meaning and patterns (Wolfe, 1996).
TIlC formation :md action of neurotr:msmittcrs involves the following

sters:

I. Elu\'ll1es aCling upon spt.-.dfic subswnces within the cell produce a
chemical-the neurounnsmitter-inside rhe neuron.

2. TI1CSC newly synthesized neurotraltlmltters arc storl.J in vesicles.
3. Activation of the neuron releases rhe neufOtransmillers,
4. TIle released neurotr:Ubtnitter molecules cross the synapsc iUld

bind wirh the rcc('il'ing neuron at their spedal rcceplOr sites.

Figure 2.2. A Clear Message

When the cOfrect
neurons fire, a message

IS sent.

Neurolransmltters How
from the aXQl1 termmal
of the sending neuron

to the receptor sites on
the dendnte 01 the
receIVIng neuron,

0 ••000••000••0
.00.0.00.0.00•
• 0000.00.0.000
0 ••00.00.00••0
000.0.00.0000 •
• 00.0.00.0.00.
0 ••000••000••0



5. TIle receiving nNlffin is ('ilhl'T aCtiv:lled by the messagC', c:m~ing
lhe neuron to fire. or it is inhibited bl' it, pre\'Cnting it from firing.

6. The released neuron:msmitH:r molecules :Ire destroyed by elllymes
m the syntlJlse or art taken back by the sending no.:lIron. TIlis is cfllled "re­
uptake." All mok'Cll1cs arc avaihble for reuptake.

Figure 2.3 illustrates part of the process. As stated earlier, the reccp­
tors prepare for only a specific chemical, :md they accept no others.

Figure 2.3. Storage and Movement of Neurotl"dnsmitters

@*Newlysynthesizedneurotransmitters
"" f---- are stored in vesicles in the axon

01 the seoding neuron.

\-_ Neurotransmitter molecules
are released.

';"""*."."~.",,"7--Molecules cross tne synapse

\

." / and attach to receptors on the
receiving neuron.

Types of Neurotransmitters
Now ll't's look lit :;ome speCIfic neurotransmith'rs lIad how they affL'Ct the
brain. Neurotrnnsmitters are usually divided into three groups: amino ac­
ids. monoamilU's, and peptWj (sce figure 1.4.)

Amino Acids

The two amino acid neurotransmitters that we need to be aware ofarc
gllltamate :md GABA (gamma.aminobutyric llCid}. Glutamate alwilYs car·
ries tll\ excit:llory message and is, in (act, the lllOSt prevalel\t excil:uory
neurotransmitter in the brain. GABA always carries an inhibitory
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message. It is ~ctually made from glutamille with one ext!":l enzyme.
GABA exists in the areas of the brain dealing with emotions and think­
ing. Glutamare and GABA appear in most information-processing
transmissions as onc activa1es cenain neurons and the other quiets
those th:u arc n01 needed for the message.

Figure ZA. Classes of Ncurotmllsmittcrs

I EpiI1."mne I I SoJrot",in I

I Noreploep/Yl'Ml I I Maletoroo I

Some neuro­
transmitters are
exci1atory. and others
afe Inhibitory.

The. .... I'J$I _ of lh(l

l1'IlIYl' I1OI!JfQlrarwno1lllfll!hll

I"'" br.. """'I boI....
InltflCtJOi'\S of ihnlI chomlCllll
a!fect or Me '/facted bot.
~ iWI'i ll'lor.q1t \'lOrd•.."'"

Monoamines

Monoomincs are dil'ided infO twO classes: cmecholamines and indole­
amilWS. The catocholalllltles include the ncurotr,lllsminers epinephrine,
norepinephrint, and dopamine, and the indolemnines include serotOllin llnd
me/monin.

Epinephrine is another name for adrenaline. It is released by the adre­
nal glands, which arc locatloJ above the kidneys. Epi1\t'phrinc getS your
body moving in situations that call for instllnt action-such as those that
involve fearor danger (Ollvin & Ojemann, 1994). JUSt as e/line/mrme gelS

your bOOy's attention, llI)TepinelJltrine gets \'oor brain's attention. This ex­
citatory neuron:msmillcr makes your h!":lin alen.

Epinephrine gets the
body movmg in
situatiol1s that require
InS1ant action, such as
those in\lO~mg fear or
danger.



Dopamine is one of the
dlemlCals that helps
InformatIOn flow to
higher levels in lhe
brain.

SerotOllln is sometimes
called the "feel good"
neurOtransmmer.

Serotollln aids In
smooth lransmisslon of
messages in the brain
and the body.

Sometimes serotonm or
other nellrotransmltters
are taken bad bV their
sending neuron.

Thl.' m~in function of dnp,unine is to control rhysic~l mO\'/.'ll\ent. This
inhibitory neurotransmitter is imrortant for executing smooth move­
memo It is associated with Parkinson's disc,lsc, characterized by constant
muscle mOVi."mcnt. TIle lack of dopamine causes Ihese symptoms. In some
c::tseS,::t drug (lllk'(l I.-dopa helps the dop::tlnioe-producing ncurons con­
tinllc to manufacturc the neurotransmitter (Calvin & 0Jemann, 1994),
Dopamine is also relalL"l to the reb'lllmion of the flow of information into
higher lCI'els of the brain. Low Icvels of d0l'amme may affect working
memory (sce chaptcr 4), and high bels havc been associated with
schizophrcni:l. The levels of dopamine appear to dcclinc "'ith age; mcn
tend to have greater losses than ",omen, Dopamine has euphoric effects
that arc magnified by the inmke of alcohol (Kotulak, 1996),

The mdoleamine strOlonin is sometimes called the "feel good" neuro­
tr:lnsminer. Restwchers hal'c dcvoted much time lme! moncy to sIUJ\'ing
this chemical-with imlx:trtalll results. This neurotransmitter has a sig­
nificant dTeCl on our lives,

Researchers first discol'ercd serOlonin in the digestive syslem, where
thl'Y found rhm it assiStS digestion llnd Tegul:lles thl' movement of
.>moot h, large lIluseles (S\,lwcster, (995). Lilll.'T seil'ntists ttilced seroton in
to the brain and bl'gan to question whether serotonin might also hal'e
something to do with smooth transmission of messages within the brain,
It does.

To illustrate how seTOIonin works, Ipose the following problem toStu·

dents in my brain research classes: How can I throw a beach ball all the
way aeross it room in onc attcmpt! Because Idoll't have much strength
and the ball doesn't hal'e enough weight to rcmain aloft across the entire
distance, I will neN help. I decide tha! anOTher pmicipanr can hdp me
by picking up the ball and carrying it over to my fricnd at the OIher l'nd of
the room. This solmion works well, I throw the ball. Participam A carries
it o\'er to participant B. Mission accomplished! I can send as many balls
OI'cr to Bas [ want, bcalusc A is there to help me. Howel'er, whaT i( I de­
cide [(I0n't want A to leave mc, and Ihold on to her hand! Ibegin to have
trouble getting the ball across the room again. Yet, I really don't want A to
leal'e, No m:lller how h:1Td I try, I can't get that ball across the mom,

Well, let's call the ball a message, I am Neuron 1sending the message,
Neuron 2 is The person receiving the message, My hdper is rhe nemo­
transmitter seroton1!\. Its job i.> to help deliver messages throughoul the
brain. Usually, it can be found in thl' spaces between ncurons. Sometimes,
howe\'er, after st'rotonin delivers to the receiving neuron, it is sucked
bllck up by the sending neuron (rcuptake), Therefore, it is no longer
available in the s\,nap)C 10 )Cnd meSl>agcs. Rt'CHll froll1the description of
the action of neurotrdnsmitters that, afwr aCTivafion, they are eirhcr
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destroyed or raken hack b\' the sending ncuron. This ~uptake can c:msc
problems with future transmissions.

Serotonin is produced in thc lowcr brain regions just above the spinal
cord. Howcver, thl'neuron. that produce ~('rol\1nin haw very long 3XOt)S
that extend throughout the brain. Serotonin may very I\"ell be a part o(
every message sent. If serotonin is IcftlO circulate, it can stImulate neu­
rons for a longer pl.1"iod. This may allow for better transmission and
~trOl\ger 11ll'Sl>ngcs (Lemonick, 1997).

My study of th(' research on seroronin has led mc 10 apprcci:ltc its
power. A lack of serotonin appears to keep man\' individuals ~trJrJ:led~ in
the emotional areas of thdr brains. This causes low self-esteem and
depression.

ScientIst:; havc dcvelopcJ many antidepressant drugs to hdp control
serotonin levels. M\, friend Maggie \\~IS concerned !loom the bbel "ami·
depres.sant~ and hOI\" such a drug would affect her daughter. The idea that
these MC "happy pills" is misraken. TIle antidepressant dmgs that Me la­
bdcd SSRIs arc specific serotonin rcuptake inhibitors. This means that
lhey inhibil the reuptake of serotonin:u certain r('(epror Sill'S. They do
not ploduce mOle scrownin. They simph' allow more scrotonin to now
freely throughout cwain areas of the brain. They act like corks and block
the rcuptilke channels. Typically this allows infOrtnmion to now morc
freely and makes the individual feci better. SSRls work in subtle \\";\ys and
rake $eve"l! weeks to be fully effl'Ctive.

The indo!eamine melalOTlin is a neurotransmitter that has r..-cdved
much attention in the 19905. Advertisernems claim that rCllular doses of
melatonin can make one look ro\.mger, feel better, and sleep well. Re­
searchers arc proving most o( this inform:uion false. However, melmonin
is rdatL'll to sleep. h is achemical rde3st'<i (rom the pincal gland, which is
located in the forebrain. Upon its release, dro\\'sine~ occurs. Om bioIOb~­

C:ll clock activates melatonin. Many tr:lI'clers havc USL'll melatOnin sup­
plements to overcome jet bg (Wolfe, 1996).

Awylcholme is in a class by itsclf. Although it is not truly a
monoamir\e, il is often associated with thal calegory of ncurotransmit­
tets. Produced in a subconical area abovc the bmin Slem and found
throughout the brain. acetylcholine o~rates voluntary and inl'oluntary
muscle movements (Sylwcstcr, 1995). Onc interesting finding is rhm it
appears III the hrain III vast amounts while we arc sleeping. It is the
chemical thm causcs many of OUT dreml1S, and it is dircc!ly reliltcd ro
memor~'. Recent research suggeSlli that onc purpose ofsleep is to allow the
brain to J1r:1ctice what it has learned during the day. The presence of lice­
t\'lcholille during this time indiclltes the irnportnnce o( the chemical in
cementing learning into long-term memory. Acetylcholine is formed in

Serotonin may well be a
part of every message
sent.

A lack oj serotonin may

result In 10'#
self-esteem and
depreSSIOn.

Melatonin is a chemical
related to the
wake/sleep cycle.

Acetylcholine is rn a
class by Itself.

Acetylcholine is an
Important

neurotransmitter related
to memory ltl$ the
chemical responsible
for many dreams
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thl' hmin with the help of I:l'min f:lTS in our diets (Hobson, 1994). E,t­
free dielS, therefore, could be dctrimental to learning experiences. A
shortagc of acctylcholine has been linked to a poornbility to concentrntc.
for~>erflllnl'ss, and disturbing slt"p patterns.

Peplides

Endorphm is the body's
natural pain killer.

An abufldance of
endorphm may create a
feeling of euphoria

Cortisol is a Chemical
released when Wfj are
under stress; at high
levels It can be
dangerous,

Stress responses
cannot differentiate
between emotional and
physical danger.

Many chemicals come under this clltegory. Onc, howcvcr, srands out:
clldar/min, In 197J tWO scient ists discoI'ered the opiate rt:CCplOrs in the
brnin. TIle finding 1<.-d to the discovery that the bl"Jin makes its own natu­
ral morphine. The nal\l(' of this substance, called cndogenoll5 morphillf,
was Inter shortened 10 endorphin (Pert, 1997). Elldorphins arc the lxxIy's
natural an('sthetics, and thl'Y ar(' powerful pain killers, Women in child­
birth produce 10 times the normal amounts ofendorrhins (Wolfe, 1996).
YOIl may hal'e heard the term ~runner's high." 1his terlll cmergl'(llx:causc
running and other actil'ities causc the release of agreat deal of endorphin,
and nn llbund:mce of it CllUSt'S a feeling of euphorill.

In 1977 rcscllrchers condUCtl'll a sludy IOdetermine how the 11'1'el of
endorphin affects II person's enjoyment of music. Because many people
descrihe their pOSitil'e experiences with musie as causing pleasurable sen­
sfl\ions, scientists gnve the particillllnt~ in the stlldy cmlorphin bloders,
When the reJellS(' of the endorphins WllS blocked ::llId the pllrtidpanlS lis­
tened to their f:lI'(lrite music, an IXld thing h:lppened. They did not cnjoy
the musIc as mllCll as usual. When the blocker had \I'orn off. thl.')' once
again derived pleasure from listening to the music (Hoop.::r & Teresi,
1986). Endorphins hnve, therdore, oc'Cn laheled as p:lf1 of lhe rew;lrd sys­
tem of the brain (Joun!llin, 1997).

The final bmin ehemiclll to consider is clllted cortisol. Like the
monoamine epinephrine, this rcptide is released by the ,Klrcnal glands,
located above the kidneys. Once relellsed, it tmvcls 10 the brain to do
much of its work.

Many scientists consiJcr cortisol to be a hormone. Although it has
some positi\'C effects at loll' levels, it can be very toxic to the brain and
body at high levels, Cortisol is a stress-related substance. The hypothaln'
mus cHlls for its release when the hr-lin fecls threatl'ned. Cortisol, along
with adrenaline, aids in the "flight or fight" response (LeDoux, 19(6).

Our mess responses cannot diffcrcntiate between emotion::,l and
physical danger. Therefore, cortisol mal' be released durmg slight emo­
tionalupheavals. Chronic stress causcs it to be relcllscd at high levels thm
can damage cert:lin hmin structurcs, intcrrupt transmission of rnCSS;lgcs
from neuron 10 neuron, lllld cause immune, circulatory, and dit,'estive
problems.
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Behavior and Neurotransmitters
It is important to under:stand the powerful influence that serotonin, dopa.
mine, cndorphin, and norepinephrine have on bchavior. High levels of
norepinephrine can cause aggtession. TIlc other three neurolransmilters
cm keep Ihis bch:lI'ior somewhat under control.

Can levels of serotonin, dopamine, and endorphin be affectt'<l by
means ofa pathway that does nOt include im'ading the brain! The answer
is ycs. TIle hrHinll1ay relc,lsc serotonin, dopamine, and endorl'hin as the
result of exercise, an affirming touch or smile, or a me:ltlin~,'ful relation·
ship (Glenn, 1990). In addition, the single most dynamic mfluence on
the brain's chemistry may be positive feedback. Positive (eedback, which
comes in many different (orms, is esscnt ial for the development of a /,'cKJd
self-concept and h{'althy self-esteem (Sylwest{'r, 1997c). Serotonin, do­
pllmine, and endorphin m:lke the body feel good, :IIJ the 11l111H1ne system,
and help in transmitting messages easily and quickI\,. To a cenain extent
\\'e Gm control our own levels of these natural drugs, and wc can a((;.:ct
others' levels.

C1n wc do this in a classroom! Yes. It can be as casy as allowing stu·
dents to smnd up and stretch, playing Simon Says, or doing the hokey.
pokey. E..1ch o( these is a (orm of exerciS(' and will miS(' reSpir,ltiOIl and
heart rates enough for the body to begin releasing these chemicals. Sh::lk­
ing srudents' hands provides those amnning touches. A plll on rhe h::lCk,
some high·fives, or an innocent touch on the shoulder are other ways o(
releasing more chemicals. Providing students the opportunity to be a part
of a signific:ll1t relationship can be a bit harder, because time limits the
developmem of:1 one·on-one relmionship with every SIlKletll. Te:mling,
howcver, can help students feel they are a pan of something, cared (or,
and apPTI.'dated. The hrain \I'ill then release the "feel g()('XI" chcmicllls
such as endorphin :llld dopaminc (Jenscn, 1998). MUSIC is another possi.
ble tr1l!l!er for the release o( positive chemicals. Rescarcher:s arc studying
the pOSitive effeclS o( music in the classroom and m hOl1\c. l( you listen 10
music you like, yOIlT brain will release these l1eurmransmitters. Singing
ma\, do the same thing. No onc should be forn-d to sing, but i( the singing
is in a large group and everyone is comfortable, the fCSult may be a room
(ull of healthy and happy brains!

The Joy of Retirement?

Jlm had hnally dedded to take that step. He had been teachlllg for 35
years, am:! he had to admit that he was tired. Coaching had taken so
much lime from hiS family that he coutdn't remember a really great va·
cation. Jim's summers had always been spent coaching at basketball

Behavior is influenced
by serotonlll. dopamine.
endorphin, and
norepmephrme.

Positive feedback may
be the Single most
powerfUl inltuence on
the brain'S chemistry.

There are ways to
Influence the release of
these chemicals.

Teaming and movement
may stimutate the brain
to release the POSitive
chem;cals.

MusIC and smging may
encourage the brain's
retease of these
chemk:als.



Anyone may expeneoce
I neurotrlMmltter
Imbalance at varYing
times In hfe

Feeling good Ibout
ourselves IS Vltalto a
natural chemical
balance.

Job satlslactkln muv
help in the natural
productioo 01 poSltJve
chemICals,

DepresslO/l has been
descr"bed as an
Imbalance In the bflln's
chemIStry.

camps The family needed the money: three sets of college expenses
and all 01 those cal'! had really put a stram on the famtly's fmances. The
~Ids were graduated, mamed, and on their own now So thiS really was
the perlecltlme for retirement Alter all, he and Mary were strll young
enough to eniOY IIle As ml.lCh as Jim loved leaching and C03d1lng,
physically It was really dlHlCult to ~eep up with those klds-and those
young coaches Yes, It was time

After he retired, a not·so-funny thmg started happenmg around
Jim', house Jlm lust wasn't himself He stayed In bed for a good part
01 the day, Mary would go out "nd pl3y bndge WIth her fnends, go to
eX8tc1se class, and work mthe garden Jlm didn't seem to have an in·
terestln Inythlng Sometimes he wandered the house all mght, al'ld he
rlrely went oot Mary even caught Jlm crying a few times when she
was awakened by hiS nlghHy walh around the house,

Finally. Mary got Jim to go to the doctor, They were quite surprised
when Jlm's physICian lold him he was sulfenng from depreSSion. The
doctor prescribed an antidepressant, plenty of lresh air and exerCise.
and ordered Jlm to frnd a hobby and I therapist

It took about four weeks before Jim lelt better, Mary nagged him
until he started walkmg wllh her every day. Then he Wllnt to the YMCA
and began volunteerrng his time with the klds In the gym Soon he be·
gan to fool good again. Retirement was oI::ay, He didn't need to be at
school and woO:ll'l!l to feel good about himself

What harpcnwlo Jirn cOIlld h"ppen to anj'one, It's a \'el)' common
occurrence thtse (l<Iys. Jim's hmin chemistI)' changed when he quit work·
ing. His brain JUst wasn't produclllg an "bumbncc of those fecl.good ncu­
rotnlnsmilters, Clipt'Ci:lll\' serotonin, <In\'more, Jun had JC(:eivcd many of
those chemkal~ throuWI his satisfaCtion with his work. He had tccclvw
posifive ft'tJhack from his students, his colle:l~lIt·s, :md his superiof}. Jim
haJ thrown himself IntO hiS \I'ork for 35 r~ars and did not have much cl.
:111 outside life. When he retired, the chemicals <luit flowing, As a result,
he bec.111le dllllc.all\, deprCS*d and was left With some very negalJ\'e emo­
tions, MiSSing were Ihe ncurotrnnsminen neccSSlry for ,he logical p:m cl.
1115 bram to make d«:isions and plans.

[n Jim's case, the antidepress<mt look e{fecl In four wcrks and allowed
hun 10 have enough cherll1cals a\l:lllable 10 Sl:Irt oolng thl"l.') that then
helped him avoid dt'Pression. He stllrtt'i.i receiving positivI' fl'edb:Kk :15:1

rCliult of the walks wuh hiS Wife and IllS \I'Otk at the b'}'T1t. (}.'Cf 111111', add,·
tUlfIal contOCtS \I'ill help hIm le:id a haPl'}' life once again,

This)Ccn:nio IS common atnong retired and e1delly prople. TIle same
thing can happen to chilJren, In Ihe case of my !fiend's daughler, a



trnunlfllic incklent cauSl'(1 the chemical problem. Michel1e W:lS feeling
guilty and responsible for her friend's death. I-lis dcath also caused her to

{eel alone and ntfnid. Nothin~ in her Iifc St.~ml'{l positive an\'more. TIle
doctors prescnbt.-d lllt'tlication to help her recover.
Th~ cltmnplcs arc offeTl'{! not to promote the usc of antidepressants

or CH:her drugs to solvc problems, hut to show }'OU how the bmin and its
chemicab C,In he e'lsl1y af(('Ctl-d. The )lood news is Ih:lt science now $Ces
thest· drugs as short-\enn therapy. Both Mlchellc :md Jim will need to tlllk
to a counselor or thempist to work through their problems. TIle antide­
pn.·SS:l11ts si mply help misc their chcmicalle\'els so that they can dc"l \\'ith
the problems.

Now thal we have looh'd :ll sonle extreme CiISl'S, let's look ill wh:lt
could happen in a classroom under rntldcr, ~'et similar, circumstances.

ATroubled Student?

Johnny transfers 10 your school from another nelghborhood, In the old
neighborhood, his friends considered Johnny to be very coo, and his
teadlers hked him. He didn't cause mudl trouble. he was a leader, and
his grades were quite good. Compared With many of his foftl'lOr class­
mates, Johnny was an asset in the c~ssroom

Your sdlool has adifferent sorl oj cll8ntele You leadl in a rather af­
f1uen! area. Most of your students are driven to 08t oood gtades, and
they enjoy performing Johnny doesn't srllne in your sdlool. Because
hiS family IS In a different economiC SituatIOn from the maJOrity. Johnny
feels InferlOl" to his new classmates,

Jolmny begins to act out In class He distracts other students and
makes fun of the "&ggheads: HIS grades begin to fall until he IS recelv·
ir.g Os He seems to "fClfgel" hiS m8tEltlals and hiS homtlWOlk Vv'tlen
you call home 10 tal+: to hiS parents, they are surpnsed and blame the
sltiJ8tion on the new sdlooI,

What IS b'Olnll on in Johnny's Ilund! First, \'otl elm het that Johnn}"s
scrolOnln levels hal'e drot~. He is no lonl,'ef receiVing positil'e (t-cd­
back. Ill' is no I()nl,'(~r the leader o{the p:lCk. lie IS no lonb'Cf 11 top student.
Johnnr is also under Stress. I-Ie {eels lhreatenl-U by the ne\\' crwironmem
and by his fellow sul<lems. His corlisolle\"els MC dsinf,! as he perceives
hllllsclf In a ~fillht or nlWII~ Sttuatlon_

Because 0( the increi\iC(! :lllIOUn! of corti§Ol, Johnny may not be
thinkmg strnlght.lf the corltsol is Imerruptmg transmission bet\\'c.::n neu­
rons, he proh.lhly {eels cven more thrClllentoJ. The lower serownin level
Illay be ll{{ccling his norepmephrinc Icvel, causlllg him 10 be more aggres­
shoe. By acting OUI, h(' is looking (or reco~,'nition from hiS peers. Ifhe can't

Children, &dults, end
ttle elderly are all
susceptible to dlemlC8l
Imbalances

Classroom Clrcuffio
stllnees may IIffeet the
braln's chemistry In
either a poSitive or a
negatIVe way.

An """,areness 01 the
brain's cIIemlstry may
help telldlers affect the
classroom environment.

When serotonm levels
drop end colttsollevels
nse. the result IS the
"lighlor "'Oht"
response



Even lInhea~hy

self-esteem obtained
from particlpaMQ In
behaVlOIS slldlas gang
actIVIty can raise
sefotonll1levels,

The classroom may be
the only place astudent
feels safe,

Educators and parents
can take many achoos
to prOVlde asale
envltQnment.

Take care of yourselfl
Only then will you be
able to affect your
students,

gt'1 thnt recognition in a pc6ilil'e wa\', he feels he has to I:Ct il any way he
cm. Remember, l(he starts getting even negaf1I'e attenflon, hls bram may
St:1fl prodocinll more of the scrolOnin that it is probably craving. He hllS
had many I\'ceptor SItes (or st'rOlOnl1l in the pllst, so his brain st ill S(:eks it.

This is dd1nitely nn at·risk child. I-Ic is at risk of dropping out of
school at somc poim ifhc (eels unsuccessful. Hc may be at rISk for alcohol
anusc or other drug habits th:u wi 11 make his hrain hclic\'e that Lt is recclv·
ing the neurotran~l1\ltte~ If sech.lle lIlay be:l\ lI5k (or joining Ol gang, In
a gang he may (eel Itllrortant and lIlay be a leader. That might help his
brain proouce those ncurorr..lllsmitters, 100.

On the other hand, our classrooms may be the on/) place where some
children ft'Cl safe :md happy. They may be the only place where a StlKIClll
isn't under mess. TIlCre arc probably lots o( great chemicals being pro·
duced in our classrooms.

Making Chicken Soup in Your Classroom
How Gm yOIl develop classroom cllvironmellls that posilil'ely affect brain
cheml~tryr l3~grn Iry reducing SI1l!~ II.l much as /lOJSlhk. TIlis is e:lsicr s.'lld
than done. As aclassroom teacher who sometimes (jghu for herown St'ro·
t011ln, I know that wc arc llllunder stress mtlllles. The follOWing sugges·
tions may help:

• Play calnting ntusk, such as selcctions from the B.uoquc ern.
• Let stude11ls know that If'S oby to make ml)t1lkcs.
• Allol\' teamwork and soclallearninil to hclp noJuce tension.
• Celehrll1c le;,"lin~, :lIld let kiJs know lhat you understand they

ha\'c feelings.
• UlJoC mo\,ement like stretching or role·plal'ing to add fun 10

learning.
• Providc;ln outlct for cxpression, such liS )Dum:.1 writing.
• Gi\'e students some O("tlons and a feeling of some control o\'er theIr

llvl::>,
• Take care of yourself! Your bch,lI'ior onc del' is the best indicator of

how your StutlentS \I'i11 (t'Cl the next (Syl\l'ester, 1997b). I(rou t;lke carc of
yourself, you WIll be less srrCsstoJ and more hkely 10 provlde:l relaxed at·

mosphere for your slUdents.

These suggestions can c;luse.some dmrnntic. positl\'C chanl,'\'s in the
classroom.

Ih:l\'c to remmd mysclf that my sIUl!cms'!m.ins arc snll b'fOwinll. As I
think llhotlt how llIuch tllne they spend with me, In:alire whal a large part
of thal gro\l,th I a(fect. I also remind mysclf that the bmin is alWl\\'s
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looking (or ne"' information. It se~h stimulation. I! is acTUally unnnturnl
not to learn! Perhaps [can provide the environment that will help those

brains to produce the appropriate chemicals for effective learning. Maybe
this is JUSt anOlher kind of chicken soup that I can help make!

The brain desires a safe
enVIronment In which to
seek new information
and experiences.



Pieces and
The A" aamy 0

art -:
:he Baln

We are each vulnerable
o the tricks our brains

can pi y.

Our fear and our guilt
may cause responses
hat ware not proud

of.

e control that we
pride ourselves on may
b only n illusion!

It has b en an x remely difficult week a schoo'l and at home. The

class play had its final performance last night. I have been holding
about s ven rehearsals awee ,and I am ea I I thin I deserve a day
off! Thi is not som thing I have av r don -, but y golly, 0 herople
do i . Why not me?

I ask my husband to call my princip I and say that I am sick, {Okay.
I'm abig chioken, Iadmit it!} He grudgi gly does me the favor because
h now how tough th last month h s en on me,

My husband leaves for work, and I roll over and try to fall asleep.
Aft r 15 minutes 11 am wid awake -nd hungry! I dash to the kitchen
and open the refrigerator door, Much to my dismay, there is no milkl
You now tho era y ople on the commercial who discover th r
is no milk? I become one of them. I have visions of making chocolate
chip cook~es and ea ing them w rm an .gOD Y5 raight from th .. ov n. I
can't do that without mllkl

I call my si t r-in-I v to arrow some, Not horn, I it nd pon er
the entire situation. Can I possibly sneak into a grocery store and pur­
chas milk wi hou b ing en? Do I t k the chanc· 7How bou if I
travello a small town ne rby7 Yesl Th L's what I will dol

I throw on my sweat an. my sungla s s, ~Who care th t i' a
cloudy day? I drive 20 miles north of town to asupermarket. Iwalk into
tn stor like Cl criminal. h ad down and collar up. I grab a baske for
prot c ion and he d for th dairy isle, I don't know whereth milk is in
this store, so I scan s ver I aisles until I find it.

As I turn the cornarto head or the checkout lans, I spot her. At the
end of the next aisle is ablond woman with glasses. The assistant prin­

cipal's wif ! I do what 81 ymature. r sponsibl p rson would do, I urn
round and run like an idiot! I 0 back to the dairy aisle and stand there

30
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shaking My hands are clammy, my heart is beating like crazy, and I
don't think Ican taKe another breath, Alii can thinK is that Iam gOing to
klse my jobl After all of my years 01 dedication, Iam going to lose my
job because of chocolate chip COOKl9sl

Wait a minutel Did she see me? Can IsneaK out of hele and get
r.ome before someone at the school finds out and calls me? That's it! I
bend over my cart and steer toward the door. As Inear the door. Ipush
the cart badwalds, run out to my car, Jump behind the wheel, start the
cal, and head out of the parlang 101 CheCking the rearview mirror, Isee
the WQman eXiting the store. Islump dtJl'ln but keep an eye on her. I
suddenly realize that this WQman is much older than the assistant prin­
cipal's wife and about 30 pounds heavierl It Isn't her at all.

Do I dale turn bad and get some milk? I think about my racing
heart and my SloVeaty palms No. Iguess I'll skip the cookies today.

Why did [aetlikc an idlol in th.1t slOl'I'l Why was my ht'art pounding
:lIld why were my (Xllms sWt':'Iling? Daniel Ga[eman (1995) 1I'0uld call my
experience an "cmotional hijacking," an experience thal wc all ha\'e at

onc time or another. The emorional parts of my brain weTI' not allowing
me to think with rt'ason and logiC. So I confuSt.'d the woman m the stOTt'
with my assistant principal's wife,

To understand situations such as tllis, we focus no\\' on thc biggcr pic­
ture. I1 is time to look at how those 100 billion neurons and all of the glial
cells thalllccompany tht'm fh togcther in specific areas of the hnlin. Al­
though the following sections label and discuss th" functions of brain
p:ltIS, k<:'\'p in mind that to carry Oll! inrricate processes, the brain muSt
work as a whole.

fetal Development
At certain times in feTal brain development, neurons migTIl1e to diffcrent
nreas of the brnin. Some are "nrmarkcd as visual neurons, others as audi­
wry, nnd still others hccome rhe various orain srrucrures exmnined here,
As the fetus grows and develops, dlffcl'I'nt parts o( thl.' brain begin a matu­
ration process. Some maturc comp[etely before binh, :md others continuc
their growth well into Ilk TIle brain accounts (or only 1100ut 2 to 3 per­
Cl'nr of body weighr; however, it uses 20 to 25 percent of the body's en­
ergy! Looking at it anotlu:r way, that mcans that approximately cvcry
fourth heartbeat is 1lSt.'<l for the brain. This marvelOlls organ is encased in
the skull iUld protccted by cerebrospinal tluid. Some models of lhe bmin
can help us better understand its (unction.

Our inability to thinK
clearly in some
situations may be a
result of brain
structures that control

"'.

Emotional areas of the
brain can suddenly am:!
easily overpower logical
thtnking panerns.

At certain times In fetal
development, neurons
migrate to specifIC
areas of the bfaln.

The brain accounts for
only 2 to 3 percent of
body weight, but tt uses
20 to 25 percent 01 the
body's energyl



32 lEARi'-INO ANI" MI)IOIW: nll-: IIRAIS IN AC'flOtJ

The Triune Brain Model

Maclean's model
divides the brain Into
three SpeCifiC areas.

The tdune brain model. developed by neuroscientllt Paul Maclean, was
the first onc thnt I WIiS introduced to in the 1980s (sce figureJ.I). Devel­
oped in the early 1950s, it has been used for educational purposes for the
past 25 ~'eaTS, Although recent rcscarch hns revealed thnt this model is
too vague, it is still \\'orth considering. It genemlly helps studenl\ under­
swnd how their hmins function on <l \!Cry simple level.

Maclcan bas...'() the triune brain model upon the idea tllnt the hUmllt\

bmin has c\"oll,t'<l o\'cr thc YC:lTS. During this e\"Olutionary procc>s, nc\\'cr
brains ha\'( been added onto the original hrnin, so that now \\'e actually
hnve three bmins with which to process information (H,)()pcr & Tercsi,
19861.

Figure 3,1, The Triune Brain Model

Neoconex
Highu-order thinking

~~::r:-:

1~~~t__limbiC brain
\( Emotions

Brain Item,, -\C
Survival -

The Brain Stem
Mliclcan's model bcgllls with the olJcst bmin, called thc brain stem or

reptiUan brain. The name reptilian comes from the idea that this brnin was
the first 10 develop llnd was silllilnr 10 the brain of a reptile. It b not n
thinking brain, but it deals with survival. All information passes through
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lhe hrnin ,tcm before going to area, of the hrnin IhM dcalll'ith the higlwr
levels of thinking_ Mac1ean believcs that any time you arc in a ftght-or­
flight silltmion, yOt1T hmin Slem is in conlrol of your body.

Is this an oversimplification? Absolltldy. Cbildr,;:n, howel'er, hav(' a
much easier time understanding lh~e levds o( the brnin as opposed to the
multiplemuetures and layers that trul\' exist. You can tellthem dmt their
brain stem is the boss o( the hrain. It controls hean rate and {(~sriration

and wkes over in times o( undue ~lress or threat. TIlis part of Ihe brain
does whatever il t:lkes 10 enSHre survival. Say. for example, \,OU arc noss­
ing the street and suddenl\, sce a large truck barreling toward you. Rather
than examine the size, shape, or horsepower of the tnlck wilh higher lev­
els of thinking, the bram stcm takcsov\:r and causes you to run losa(cty.

The Limbic Brain
The second level of Madean's triune brain is the limbic bmin. or the

tIlllmmlllian brain, so called because rhe limbic s\'stem rehles ro mmnmals
other than humans. 11lis part o( the brain deals with emotion. 11le limbiC
brain has become onc o( lhe most important areas o( the br~in in current
research. However, in this model it is another stepping-stone tOll'ard
higher-order thinking.

The limbic brain houses strucllIres thal control eating, drinking,
sleeping. hormones, and the emotions. Because of lhese dUlies, lhis lln.'.'!

of the br~in seeks hOrnt'()5lasis, or balance. Until this are~ h:1S such bal·
ance, it will not allow in(ormmion to flow to the highest level (or logic
and rC<lsoning.

The Neocortex
The third line! highest level of the hrain in Maclean's model is the noo­

conex. 11lis word literally means "n<-w bark." It is lh<- lOp level in lhis
brain hierarchy and is in charb'C o( all higher.order thinking. Here read·
ing, planning, anal\'zing, s\'lllhesizing, and decision making occur. Stu­
dcms necd to know lhat it is Ihis levcl that is crilbl in 11 person's
cducat ion. TIlis is where thc brain stores and ret rievc~ edllCalional "St u(f."

Ag:lin, Ihis model is far lOO simplistic (or educlltors' purposes in un­
derstanding the bratn. However, as astepping-slone (or teaching students
OIOOul Iheir brnins, it works well. Man\' publicOllions for children discuss
this theot}', and teachers indical'c that thw St udents hllve an understand·
ing of their brnins through this rnet'aphor,

The tnune brain model
is easy for children to
undarstand.

The brain stem. or
reptilian brain. deals
WIth survival

The limbic bfain seeks
10 balance emotions.

Higher<>rder thinking
lakes place In lhe
neocortex,
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The hindbr in controls
th c involuntary syste 5

of tl1 ody.

he Hindbrain



dreaming and waking. Tilt' IlU'duUa ohirmgaril is a hindlmlin stnli:Ture lh:'!r
controls heart rate and respiration.

Al the \'cry back of the skull. the cerebeUum is 'lltached 10 rhe bmin
stern an,l pari of the hindhrllillllS well. Tile cerl'l>ellu1t1 has long beCll as­
soci:lled only with movement and h.1lance. These imporTant functions
cannot be o\'erlooked. However, rc.lcarchcrs are studying the cerebellum
todetennine what other functions it p.:rfomls. Thcy ha\'c rl'Cently !eamt'(l
that the cerebelllllll stores ,I great milny neuron. and that this powerful
piece ofequipment has neur:ll connections to man)' other brain strUClurt'S
(Lcmer & Leint'r. 1997). Tilt' cerebellum helps in memory formation. For
dec:l(k'S researchers h:I\'e known that the cerebellum houses proCl'(luml
mcmory-what is somctimes called "muscle mcmory." Essclltially this IS

our "how to" learning. How to ride a bike, how IOdrivc a car, how 10 jump
rope, how to swim, and so forth. arc stored as memories in thl' cerebellum.
ScientistS have alsodisco\'ered that the cerebellum is the site of memories
of llIany learnl-d situat ions thUI h:we bccol11c automatle but 1101 necessar­
ily associated with muscles. For instancc, the cercbe lIum StOTCS the alpha.
bet after we learn it. Multiplication tables, the skill of decoding words,
and the stimulus-response effectS, such as knowing opposites (I sal' "hot"
and you automatically say "cold"), arc prob,lbly also S!Ofl-d here.

Figure 3.3. The Hindbrain

At the very bad; 01 the
SKull IS the cerebellum,

Which aids In
mO'<'ement and balance.

The cerebellum stores
procedural memories liS

well as many automatic
memories.

Cerebellum

,-\--_AAS
Pons ----·Y .\ (reticular activating system)

Brain slem



The Midbrain
Compar(~d with fhe Olher areas of Ihe hrnin, fhe midhrnin is relatively

stmple. nlis very small area of the upper brain stem controls eye move­
ment and rhe constriction of the pllpils.

The lorebrain contains
parts essential 10

learning.

From the retlcular

activating system.
information goes to the
thalamus, wlldl sorts It
end sends it to the

specific areas of tile
brain.

The Forebrain
As II"C :t~end, wc cncounter the forebrnin (sce ligurc 3.4). This Mca

covers the rest 01 the bmin and contains parts essential to learning and
memory. Here the information screened by the Tcticular ~ctivating system
continues its journey through the mind. What hilPpens 10 tlllS informa­
tion depends on thc cmotional, physical, and intellectual state 01 the
learner.

Thc S/..'Ction of the fOtthrain cont~ining interconnected memory ~nd

emotional structures is still called the limbic area. nlis Mea houses lhe
walnUf-si!('(IIMlamus. Most sensory inform,nion goes through the RAS
to the thalamus, which sons it and sends it to the appropriate pl~es. In­
formation proccssing is its major function, and it keeps the brain uIX1ared
on what is going on in the outside world (Sylwester, 1995).

Figure 3.4. The Forcbrain

Neocortex

Cerebrum

P~u~al)' gland --\:::~~~

Hypotllelemus

Amygdala

Hippocampus

Corpus callosum

~~J;:::::= Pinealllland
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A!x)\'r thr bmin srrlll ~nd brnlY<uh the th:ll~mus is rhe h)'porhalamus,
This structure relays the Information from within the body to the brain.
IfS job is homeOSMis. For example, if yom remper-ttme is higher than
98.6 drgrd:s F~hrellhdt, your hypot h:ll~lIluS seeks \\'~ys to cool your body.
Other roles of rhe hyporh~l~l1lus include regul:uing sexual funcrion and
appetite controL Some recently advertised diet drugs affect the hypo­
thalmnus. The hypothalamus stays in dose communication with rhe pilUi­
lllry gland. This conncction cnables qllick regulation of the body be<:ausc
the pituitary runs the endocrine system. This regulation includes adjust­
ing the body's chemistry in a maller of milliseconds.

The pilll'll! giand lies dose to these structures. It regulates the release of
neurotmnsmiw:rs that regulate sleep, In hours of darkness it stimulates
the release of melatonin, which brings on sleep. It is this regulatory system
that mal' cauS(' problems as tr:wel across time tones changes a person's
steep schedule. Some people take over-the-counter lIIebtonin tablets,
mul many report that afrer two or three nighBof th.. medication, they are
Imck on their regular sleep schl-clule.

Cominuing on our rom, we find twO StnJcrurl'S that arc Cnlcial ro
learning and 111l'mory-the hl/ljJOCampus :md the Iltll)'lPala. Th.. hippo­
campus, shaped like a seahorsc, functions as a filing cabinl't for factual
memories, storing both trivinl and illlllonant inform:uion. As with mOSt
bmin parts, there arc t",o hippocampi-one in each of the bmin's t"'O
hemispheres. This sfnlctmcJoes not house llll ofyour memories. It simply
caralogs them and sends thl'm (or permanent plaCeml'lll in othl'r long­
term memory stOrage units (scc Sylwcster, 1997a). Without n hippocam­
pus you cannot form new long-term fllctual memories, The hippocllmpus
is comparable to a receptionisl in a busy office. When you Cll! the office
:mJ ask 10 speak 10 somcone, the reccptionist pushes bultons lhm COIl­

nl'ctl'oll. If the receptionist is unavailable, you can dial thl' number and
listen endlessly to the rinJ::ing. TIle person you want to ~pcak to has no
clue that you lire calling. Of course. these days, there would be no rccep­
tionbt. In)(cad iJ recorllinJ:: would nns",cr and lbk you 10 push the right
bultons to connl'ct \'OIJrsclf! In either case, the hippocampus is that per­
SOil or machine relaying your calls.

The amygdala resides next to the hippocampus, TIlis almond-shaped
StnlCture is conncctl'(l to many areas o( the brain hccausc it is in charge of
emotional memory. Ju,st as the hippocal1lfl\ls is the relay station for facts,
the amygdaln is the rclay station for elnotional information. The amyg­
dnla screens incolltlng infonnnlion nnd determines if it is emot ionally im­
portant for long-Mm storage, This very sensitive brain part is relevant in
every informatiCln tmnsmission. TIle amygdala's rc)pon)C to a situation
can drastically affect the reacrion to lhar situarion. To reach my studenrs

Whereas the thalamus
sorts irlformation from
the outSide world. the
hypothalamus sorts
Information from IIlside
the body.

The pineal gland
releases the
neurotrallsmitters to
regulate sleep.

The hippocampus
catalogs and files the
factual irlformation that
the brain learns.

The amygdala catalogs
alld files emouonal
information
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If you are wald'llng a
mOVie. your
hlppocamplls
remembers what you
see and your amygdala
remembers how you
feel about It.

The top layer of the
brain IS the cerebrum, It
IS diVided Into IWO
hemispheres.

The Ihin layer of
malenal covering the
cerebrum is called the
cerebral corlex or
neocortex.

The cerebral cortex
decides if faclual
mformatlOn is to be

stored. If so. it sends It
10 the hippocampus,

The cerebral cortex
determines If emotional
mformatlOn IS
important. If so. it 'NIII
send I1 to the amygdala.

the differenc(' N-III'CCn lhe functions of the hippocampus and the amyg­
dala, I use a metaphor. I tdl them that the hippocampus tells them who
the OTher ooys and girls arc, and the ~Hnn,'{blil tells them whether they
like Ihem or nO!. Thm sc<:ms to Cl'ment their ulld('r~tanding of the
differences.

The final structure to consider is the cerebrum. This top layer of the
brain is divided, as most of the brain stmcturl'S arc, into riJ;ht and Idt
hemispheres. TIle I11'O hemi~phcrescommunicme Ihrough a Ihick IliIlld o(
fibcrs, clllled the corpus callosum, that connects them. The cerebrum is
covered by a Ihin layer of material called the cerebral corter. or the neocor·
tu, Nco means "new," ami m~my consider this to Ilt: the newcst layer of
the bl'3in in terms of evolutionary development.

The neocortex is about onc-eighth of an inch thick, and if it were
spread out it would be the Sill' of a large pil'Cc of construction paper. Be­
cause it has to fold itsclf whhin our small skulls, it arpears wrinkled. ACTU­
ally, almost two-thirds o( it lies within the folds. It is this cortex thal is
rderred ro as our "gral' maltCr,~ e\'en Though it is actually pinkish bro\\ll.
TIle relit o( thc cerebrum beneath the cortex is ';white matter" and con­
sistS of ;1xons, many of which have been myelinaTed, causing the white
colot.

The Information Trail
Now Thm wc'vc examined thesc major parTS of the hra in, lel's follow some
informatlon through the brain. We take information into our brams
throllgh our fivc senses. That informiltion is first filtered through the re­
ticular activating system in the brain stem. Then it goes to the thalamus,
the brain STnJcture th:n sons the informmion. By sorting, I mean Thm if
the information is visual, the thalamus scnd~ it to the visual pMt of the
cortex; if iT is auditory, it sends it to fhe Auditory COrtcx, :md so on, When
informat lOll teaches Ihe cerebml cortex, this higher area dl'(ides whether
it should be acted upon or stored in long-Term memory. [fit is to be stored
(or the long term, the information is rclaYl'(l (rom the COrtcx TO Ihe hippo­
CAmpus, \\·hich c:nalogs and files it. If the infonnarion has emOTional con­
tcnl, it is sent to the amY(:rlata for a similar procedure.

This is how our memories brrow, This is how we explore our world,
make sen)C of it, antI grow those dcndrites. SomeTimes, how';:\lcr, it does
not hilpp<:n exactly this wal·.

The Stress Response
You are at home With your best fr~nd. She has convinced you 10 (ent a
video of thelatesl murder mystery, Usually you do not wald'l mysteries
because ...men you were young. you had a very negative exper~nce



WIth an A1ffed Hltd1cock thr~1ef You h8118 not taten a shower Since
seemg PsydJo.

The pOpCOrn that she bfooght you tasles great, so you senle."or
acalefree afternoon 01 m\.ll"ldllng and watching. The plot., qUite good,

and you soon become more absorbed In the IICtion on the ween and
less Intefested In eating.

As the moY!ll reaches ns chma~ l'lowever, you notICe that your
heart IS racing The killer 15 awroachlng hIS flfllll VICtim, and the pOlICe
are nowhllfe netlf the scene 01 the soon-to-be crme At flf5l, you afe
frozen In your seat. Then as your hinds become clammy. you don't
even nott<:e that the flOIXO(n has sbpped from YOUI gllp and Sj)IlIed on
the '\001'. Your 5Iomach IS dllJlmng, so you wouldn'tcare~. Just
llS you lie llboot to 81ther COVl!r your eyes or run Into the bllthroorn, the
Sl"ens blare. and the police shCM' up If'I trne The star IS SBVed, llOO your
heart and breathing siCM' down

What JUSt happcnl-d 10 you! Le!'s trace the steps ~'Ollr brnm went
through In this situation. lhe infonnafiOll from the m{)I';e entered your
br.!in through your br.lln ~fl'm. Your RAS dl'Cllk'l.l how IIIIpOna1ll if was
and sent If to your thalamus for sorting. Your thalamus would ordmarily
send .he mfonmlllon to ~"ur neocortex 10 dccl(Jc If It should be sent to
the hippocampus for long-term rnemOl)'. However, this mfollnation, cs­
pecially because of ~'our previous experiences \\'lIh movics, 1'"d5 particu­
larly emOllona1. Therefore, the aml'l;dala Jumped inlo the scene. It
tk'Ctdcd to act before the tha!Jmus had achance 10 semlu any" hel'(" nj(~

am)idala declare<! an emel\'Cnq'! It contaCled tl\(' hl'POlhalamus and
!Old it to Sl:nd OUl sigl\al~ to prt1'are ~'our "udy fol' Oiglll. YUllr hYpollmla­
l1lUS contacted the pituitary gland, whIch sent om chenllcal signals 10 the
adrenal gbnm IOCllted aholle your lidnCj's, Your adrenal ghmds released
adrenaline and other f'l,'ptidcs, such as cortlflOl, Your body st:lrled s{,-'nding
bl{){).11IW:lY from your dij,'eSti\'c tract and to your legs arularms to prepare
them for fIght or flight. Your heart raced to get that blood OO\l'lllg. ThIs
me~ rt'Sponsc clln S,lllC your life (Sapolsly, 1994), HNe, h kepI rou on
the edge of your scal.

Many pt.'Ople would find this an exhllamtlllg experience, In fllct, thel'
p.lya lot of money at the theater for the experience. For )'OU, It probably
"~,s not much fun 1x'Clll1SC of the fear replicllted from your e~pcriencc

with earlil:r mOlllCS,
This fCspol\St' is what tllllde me act crazy in that grocer~' store. The

me~ chellllcals that arc rcle'ISl.u CIll ,lffcct )'Our other thoughtl'rocQscs,

Astressful SituatIOn
may cause the I'Ie&rt to
fllCe, blood flow to
change. and respuatlOn
fate to llse

Astress lesponse can
be trllKlllfed before the
cerebral cortex has had
the opportunity to
examine the SrtualJOfl

The amygdala Initiates
the stress response.
caUSI'l{l the release 01
the stress d1emlCllls
that block thlnkll"ll.

The sIress response
can sall8 your hfe, or It
can cause
embarrassment
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Some Slress cMmicals
remain in the body fOf
long periods of tm'lO.

Although some stress
can be POSitIVe. too
much can damage the
hippocampus.

We may not realize how
eaSily we trigger the
stress response In our
students,

We must be aware of
our OW!1 responses to
stress In our
classrooms.

Stress and Oownshifting

Stress chemicals can block thc neurotranSmillers that Me tl)'ing 10
mnkc logic11 connections in ~'our brain, TIlis common occurrence is some­
times Gllled "dOllTIshifting." It is the brain changing from a higher lel'el of
thought to alower lel'el (Han, (983). When Ienlm..:! the store, I \\"l'b using
my n~'OCortex tode<:ide whe!\" lOgo and what to buy. TI\e fear o( who would
rl.'Cognizc me cnllS('I:] my brain to shift down from Illy ll('()Cortex to my lim­
rnc area, where my emotions and my survil'alll'lstincts took o\'er,

People who arc cOlltimmlly under strcss may ha,'C some damage 10

their brains. When the stress chemicals arc rdeascd, they cause problems
for the hippocampus. Cortisol in particular can he dcstmcti\"e. [t mill' rc­
main in thc !xxiI' longet than other mc).'; chcmicals such as adrenaline,
TIle consistent presence 01" cortisol has a toxic effl"Ct 011 the hippocam­
pus-the filer of long-rerlll factual memories (Jenscn, [998).

Some Stress can be positive because it helps liS find solutions to some·
what inconsequential probl('ms, For installce, the rapid heartbeat and
clmnmy hands that onc mal' hal'c on a (j~t datc arc relatively harmless,
TIlis is also thc case for job intervicll'S, oml preso:ntations, and trips to llll;
demist. If high levels of stress art' a dailyoccurrenct', tht' siru;uion is dif·
(erem. For instance, a child who is abuSl'<l phl'5ically or so:xually may con­
stantII' be in a StalC of fear, This could C:lIIse SOl11t' memory prohlt'ms if Ihe
hipPocHmpus has Ix.~ll phl'siClllll' d:nnagcJ, Such n condition Illay also
caus(' damage to neUlOns (Kh31sa, 1997).

Your students walk into your room, bUSily talking to each other about
the carnival this evenIng. The girls are diSCUSSing what they are going
to wear; the boys are bragging about how much money may have to
spend on the games, Gelling them to se1lle down IS diffIcult. You lose
YOUf patience. In a booming vOice you announce, "Take out a sheet of
paper. we're going to have a pop quiz,"

Your students are suddenly anenllve. They shift gears and have all
but forgonen about the carmval, Quoly, you prepare a H)-questIon
qUIz off the top of your head. You have covered the materlCll for the last
week; your students should know It well.

Wilen the qUIz IS over, you collect the papers and rapldfy score
them. The results are disappointing. Your students' scores are below
avera\lel Now you are angfler, You yell at your students arld tell them
that because they are rlot paying attention they must review the mate·
rlal again, You assign 20 questlO/ls from the end of the chapter and tell
them it will serve as a refresher for the week. They must finish in class
because the carmval is this eventn\l, and you don't want mem to have
homework.
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What hnppened htrd Everyone ht-gnn optr:lring from a sm&~ re·
sponse. Whether thty had been usmg the neocortex or had been in the
emotionnl area. they shifted to ntptive emOrlons of fcar and m.ayhc an·
ger. You did this b\:cause you became angry. YOJ.I were not using higher·
order thinking skills when you threw that pop qui: at them. You mal' hal'e
lJ...en experiencing a bck 0( colltrol and were trying to get it oock. Your
studenu immediately went from feeling excited and happy about the up·
coming Glmivnl to fecling fennul aOOtJl an unknown qui:. They could no
longer access their higher-order thinking areas. The poor tt'St results
cau$t,<j you to reaCf again from an area of stress, so you assigned the extr:l.
work. AnI' guesses what that did to your ,tlKlems!TIleir fear of not finish·
ing and their anger with you could have kept many of them from access­
ing the particular brain ateas they needed for the aSSignment. TIley
rem:lineJ in the limbic are:l with thClr elllot ions r:llher than reaching the
neocortex and their thinking and memory skill,.

Although much about the brain is unknown, some things are rela·
tively casy to undcrmnd. We knoll' that the neocortex is wht're wc think,
plan. rcmember. organite, and fOflllltlnte sensible ans\I'ers to problems.
We knoll' that the limbic area of the brain is where \I'e deal with our feel­
ings. Those fee~ngs U'iU always rake Ilrimil'y Ill"cr anylhing else. In the book
EmOlianallnteJligmCf, Daniel Goleman (1995) discusses the impact that
emotional imelligente has on the success of children throughout their
livcs. He inc1udesahllities such ascontrollinll one's own emotions, undcr­
smnding others' emotions, and delay ofgrntification as importllnt compo­
nentS of this type of intelligence. Because our emotions mal' \'Cry well be
the force behind what wc pay attention to, it is crucial that eduClltors un·
derstllnd and de:ll wi th elllOl ions first (5\,1west er, 1997a).

Examining the Hemispheres
As mentioned earlier. the cerebrum is divided into two hemispheres.
Each hembphere is respon.i1,le for ll1()I'cment on the opposite side of the
Ixxly. That is, the right hemisphere comrols the left side of the body. and
tht' left hemisphcre controls the right side. Remember that COlllllUlllica­
tion betwC'Cn the lWO hemispheres takes place through the band of ner','e
fiJlCrs called the corpus callosum. TIle hemispheres lllay look identical,
but they arc dissimilar in both sile and (unction.

Perhaps l'Oll have heard stories aoolll "right-braint'<1" people imd
"left-brained" people. These are ,imply that-stories. People are not
"right hrained" or "left brained" unless. of COUTSI'. they have had a hemi­
~phere removed. TIlis type of )urgery is done, but cl\lly under the rartst of
circmllsrances. We use our whole brains ro function.

Pop qUizzes may easi~

trigger a stress
response in students.

Emotions Will always
take priority over
anything else.

To get students'
attentIOn. we must first
deal With their
emotions.

The rrght hemisphere of
the brain controls tl1e
left Side of the body.
and the left hemlspherll
controls thll light Sldll.

There are no
"Ieft-bratned" or
.. Itght-brallled· people.
Eadl of us uses our
whole brain.
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Although the
hemispheres have
different functlOl1S, we
use both sides 01 our
brain In most situations.

Ead1 hemisphere IS

divided into lour lobes
that have specllic
functions.

Thoughts are changed
IOto spoken words In an
area called VVermckes
area. Brocas area IS
responsible lor puning
spoken words In order.

The prefrontal lobe IS
where hlgher-order
thinking takes place.

Much of what researchers have discovered :lroll the hemispheres is a
result of surgeries in which the corpus callosum was severed. From these
split-bmin surgeries, neurosdcmisrs discovert'l:l,hc sqxlIate responsibili.
tics of each hemisphere (Restak, 1995). The left hemisphere is able to

:malyw: ir deals wi rh partS. The righr hemisphere deals with wholes. The
left hemisphere attends {Q spoken language, and the right hemisphere at·
tends to body bnguaj,ll:' Analrzing music would occur in the left hemi­
sphere and enjoying it in the right. TIle left hemisphere is scquem ial ;Ind
time oriemed, and the right is more spatial and lacks the time
colltlxment.

You meet a person for the first timl;, After a short conversation you
IlMt company. As \'ou walk away you think about what your Ilew acquain­
tance said. You decide thrll this could be your new beSt ftiend. Your left
henmpherc anal\'!t'l:! the words spoken. Your fight hCllusphcrt' analy:ed
the tonality, tempo, volume, body hnguage, and perhaps the altitude dis­
playt'l:!. TIle two sides agreed that this was SOlilcone with possibilities :IS 1I.

future friend.

The Lobes of the Brain

Each of the brain's hemispheres is furtho::r divided into four lobes: oc­
ci{liUlI. IrntporaJ. pari~UlI, and frontal (sec figure 3.5),

The 111'0 occipililllobcs (onc for each hcmisph(>rc) arc at the h:lCk of
the brain. They process visual information. When visual stimuli arc re­
layed from ,ht> thlllnmus, the inforrnation is SCnl totht'S<' lobes. Here it is
processed, llnd recognition of seen obj~[j occurs.

The twO ,empor:lllobcs arc IOCllted mt'itht'r side dthe head around
the ears. These lobes are responsible for hearing. They also play a role in
spct'<:h, learning, :1Od memory. The upper hack edge of ,his lohc is called
Wernicke's area, Here thoughts are changed into spoken words.

The twO parictallobcs arc locate"! on the lOp of the hend to\\'rml the
oock. Each parierallobe ro.::ei\'es sensations from the opposite side of the
body. Thefront ofthe pmietallobc is called the sensory mil'. This is where
the brain receives feedback in tho:: form of pain, pressure, temperature,
a11(ltOllch,

The tWO frontal lobes take up a great deal ofbrain space, Each aids in
critical thinking, problem solving, planninj!, and decision making. An
area in thl' frontal lobe called Broca's aUIl is responsible for pUlling spo­
ken words in order. At the rear of the frontal lobe is the motor snip. Here
voluntary movement is conrrolb:l. TIle left moror strip controls the right
side of the body, and the rightmoror strip controls the kir side, The front
portion of the frontilllobc is cHlled ,he l}T'ejronlll1lobc. TIlis is the Mea 10

which many researchers refcr when they describc higher-order thinking.



Figure 3.5. UlbeS of the Brllin

Sensory
strip

lobe Oevelopment and learning

If. as discussed in chaprer 1, the fronwllobes nre rhe last nreas to re­
ceive a myelin coI'ering, it is impommt to underswnd the effL'Cts this has
on development. Our job as educators is difficult because wc must teach
to all Icvels of hmin developmcnT. Wc musr pmvide opportunities for
higher-level thinkinc for those who arc readl', and II'C mllst providc con­
crete experiences for those sludenrs who arc more inclined 10 learn in this
lI'ilY.

Wc must consickr 1101 OI\ly developmel\t of the lohes, but lllsodevel­
opment of the emotions, SttKlenls who entcr our classrooms living in the
limbic area and operating from the stress response have different needs
from those who don 'I,

As II'C fnce our classrooms every day, this basic undersrnnditlg of the
brnin can help lL~ focus on whill is impor!:lnl. EI'ery educator needs to
know the facts being gathered on brain development and function.
ThrouCh this information lI'e can work toward a better understanding of
learning mul memory.

The 30 children shuffle Into your room at different paces, Some are
wal~ing bris~1y to their seats, ta~ing Ollt their materials, loo~ing around

Occipital
lobe

The development of
ead1 area of the bram
must be conSidered as
we decide what to
lead1 and how 10 teach
,I.

Through an
understanding of
development and
function of the brain,
we can wOf~ to'W'ard an
understanding of
learnmg and memory.
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Ead1 year we face
another set 0/
d1allenges as we tead1
students who are at
different stages 0/ brain
developmerlt.

the room /0( any mformation about what the day will bring, al'ld saymg
hello to their friends. Several are Interacting With fellow classmates of
the opposite seK; they are flining and laughmg-not interested in your
agenda. but nonetheless happy to be here. Tw<l or three dash to their
seats jusl as the tardy bell rings They are grateful to have escaped the
possibility of demerits Of detentions. They lIlp open their notebooks
and look around for direcllon.

Abey in the baQ:: of the room is sloud1lng mhis chair. al'ld hiS eyes
are closed You smile al'ld nod, knowmg that he was up Iale last night
again. You Will be lucky 1/ he can focus at all. Two rr:ms down you see
Arrr-;. Her boyfriend broke up with her yesterday. Those blue eyes re·
marn puffy from alllt1e tears. You offer a smile. but she looks dO'Nn in
pain. Gary's alcoholiC parents are on abinge again. He is staymg With
the neighbors. Their new baby kept him up all ntghl.ln the center of the
room SitS Andy. The request you made for testing for spedal services
IS stili bemg Circulated. He tnes so hard and seems to get nO'Nhere.

ThiS is it The beginning of another day. You face not aclassroom of
30 students, but 30 different Indlvkluals In a classroom. No two havtl
come to you with the same backgrounds. the same experiences, 0( the
same desires. No tw<l have come Wllh the same dendritic growth,
myehnation, or lobe deveklpment. They have all come whh the same
need to learn and remember.



rolli .gDown M mory Lan
Memorya dStorage Sy terns

My two children \N1II be arrivin from their respec ive universities o·

night for the Thanksgiving holiday. 11 have h d an unusually long day at
school, and I still have a5o'clock meeting to attend. Iam rushing to the

grocery store to stock my kitchen with the foods my et ildren like.
My tim i limit d. an I m scu ryin th olJgh h grocery store

tossin items into my b sket. I am ve y f mili r with th layout of he
store because I shop hem often. As I reach the Ilast aisle in the store, I
realize that I hay missed several items along my route, I ask myself.
"Wher is the ancake mi ?Id (Daughter Marnie loves enca es.) I .e·
,gin my search as I glance at my watch nd conclude th t I h ve only
minutes to complete my shopping and et to my meeting on lime,
Okay, the mix must b in the aisle with th bakingi ems. No luck. Well,
then, it must be with th brea fast cereal. No, not there. Now I am not
only p rplex d, ut also fe ling orne s r s ecau of my lime con­
straints. Where is the darn paneak@ mix?

Of cours , I could ask som one. I look around. Th r is no h Ip to
fou . Okay, I gu ss I'll just go down all these aisles. I look at my

watch again. I'f I am no out of here in 10 minutes,I'11 be late for the
meeting. My cart an· I ace ler te. My heart is r cing a I think about
Mamie's disappointment if I do not find the mix, and the disapproving
look rom my commi e memb rs i Iw Ik in It, I Why in th world
did I gre to this meeting on this of II nights7!" As I zoom down th
aisles, the food p sses by in blur. Am Ireally able to see what is here"{

The 4:30 time on my watch causes an alarm to go off in my head.
That's i III have no more tirne, Sorry, Marnie. Maybe bacon and eggs
will hay 0 dol I dash to the ch ckoul lane and unload my cart s my
heart still bats wildly.

45

Memories can be
affected by the time
constraints that we
place on urn Iv .

Trying to do too many
things at onc may
cause the brain to
refuse to cooperate.

Locating memories may

be im ossi I if we
aren't loo ing in the
right place.
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Just as stCfes have
special areas for their
products. the brain has
special places tor
specific memorHis.

The brain has at least
five different memory
lanes.

The only evidence we
have of learning IS

memory.

Cur/ent researdl
suggests that there are
more types at memory
than just procedural and
declaralive

Why did I h~ve so mu<:h rrOlrhl~ shopping th~r d~y! I was in some lIn­
fami! iar territory. I knew II'h~re the items were that [usually buy, but [had
to find s<:veral unusulIl items. The fact thllt I was under time constmims
and that I had thousllnds of it~IllS 10 S<:lIrch thrOllgh cau)('d m~ ~tress nnd
confusion. I thought I had finally cov~red the ent ire stor~, and I was Ups<:t
that I nel'er did look in the right pbcc.

Just as the supennarkct has different aisl~ fordiff~rent food items, our
brain has lit lellst five memory pllthll'ays-scmllntk, episodic. procedural,
i!utOllliltic, and emotiollill-thllt it Clm use for pennanent stomgt' of infor·
mation. Two other processes---short-term memory and working mem­
ory-me p~rt of our m~mory system. We know where the memory
processes begin, but scientists arc still studying exactly holl' they work.
Rl'l:allthat the only evidence we h,we of lellrning is memory. [t hlls been
said that p<:o"le "lose" their memories ll1\d lhm some of us hn\'c "good"
memories lInd others have "poor" memories. To better understand rhes<:
popul~r notions, let's mke a closer look ill whllt memory is 1111 about.

Learning and Memory
For years sl1ldents in psychology c1l1S5es were raught thll! there were twO
kinds of tilemory-proceJllntl, for how-to processes like riding a bike; and
declararive, for things rhat can be r('(alled and repomd. Then decbrarivc
memory was further defLntxl as containing two categories-scmantic, or
word memory: lInd episodic, memory oriented to location. Res<:~rchers

also refcmxlto some temporary processes calkxl either I\'orkinIJ memory
or short-rCI'm memory. Some people called onc or both of thCS<' processes
conscious memory. TlH:se terms were sometimes llS<.x1lnlerchangeahly,
and not very effl"Cti\'cly when it came to urlderstllnding the hrnin. Little
was known of how or where memory was storeJ in the human hrain.

Today's advanced. technologies give us a much better idea of what is
l;oing on in Ollf heads. Through the use of positron emission tomography
(PET) scans and fUI)criol1a[ magnctic reSOtlllnce imaging (fMRl), scicn­
riSTS can sce the br:lin while a person performs differcnt tasks; they can sce
information being stored and being retricved. Tl\Cy can see which area of
the brain is in uS(' for different functions.

Ncuroscientists ha\'e disco\'ered thm there arc more storn!:e arl'as
than were originally thought. Although there is still marc to discover,
cdllc~tors and others can uS<: th~ infonnation gcnermro so far to help in
the learning and memory process.

Research has shown that the fivc memory lanes begin in spl'l:ifk brain
areas. Tllese areas can be compared to those supermarket aisles, to filing
cabincrs, or perhaps even to computer floppy disks. The memory lanes



cO\U:lin the files in which memory is SlOre(l. The memorics IhemSi'ln's
art' nol III thCS<.' areas. bul tht' areas art' where each memory IS labeled.
This I.lbelmll process m:lkes Ihe dlfferl'nce in hall' qUIck I)' we slore and re­
tTJc\'e IllfOrm:ltlon.

Rccallth:i1 I('ammg OCCUll when neurons communicare lIith each
Olhcr. BecauSi' we hal-e up toooe hundred billion neurons. there musllx:
a wa)' fO f1.-ach fhe neurons coorainmg the leammg ""C are tryin!! to re·
trieve. When we 1.'0 10 Ihe ~'foct'f'j' slore 10 buy tllllk, il make, no seniIC 10

search for il in the bakery aisle, Werould spend the entire day in thm aisle
and nc\'cr find the n\llk, So il IS ""nh memory. If lI"e choose the COIlCCt
aisle for apanicular mcmory, il won 'I mke long 10 find it. In fXI, 11'(' will
probably find ~me relaled mel1lQrlC$ as lI'cll. I was using lI'hat I thought
"'liS relaled information to find the pancake mix. I looked in Ihe aisles la·
beled Ihkmg lmd Ccrealm hopes of findmg my product. Ioo\"lousl)' had
chosen the wrong labels, but J lI'as \lsmg rel:lIed inform:llion---g Slmtegy
that nllght won:. anOlher tune. Umlcl'!ltandmtc me1110ry and usmg strall.'·
gles or mentill modds that 1111011' us 10 access infomlallon tire all pan of
learnlllg.

Temporary Storage:
Short-Term Memory and Working Memory

I am In the Iront olltce at sd'oooIlooking up the phone number 01 a
dlild's parent on the emergency card I read the numbellO myself and
turn 10 PlO: up the phone The seeretary MS Just answered acall and IS
talking Id1eck lhe clod and see Ihat my planning penOd WIll beaverln
S8\'en minutes, so I walk to the teachers' lounge to make my call. If I
take the card with me. I will rlOt have time to return It berore class I
have no pencil, so I cannot Wflte lhe number cb.vn. I rely on my mem­
ory and glar.ce at the number for the linal time' 452-3761 Iwalk quICkly
Ino runlllngallowedl down lhe hall, repeating the numbel over andove!
in my mind. My lips move as I say the number. I walk into the lOunge
and see another teamer USing the phone, I glance at the clod. IllS
I :28. Now. was that number 452-3761, or 452-372U I should never
have looked at that cJockI

The science teamer hangs up the phone and says, "Sorry, I had to
call JoI1nny's mother. Can you believe hegot a62 on hlsd1apter test?"

I read1 for the pMne, 452-37 ., 37,., was thet 61 or 6211 slam
cb.vn the phone and drag myself to my room, I guess I will make the
call later

The bfalfl has m0l'8
stOf8Q8 areas than
ongll'\ll~y beheved

If~ ki'lOlN whidl lMeas
hold specific memones,
they WI. be much
easl8r 10 hnd

we have separale
storage areas fOl'
permanent memones
and temporary
memones

we haye all
experl8J'\Ced the
frustlatioo of quICkly
lorg8l1lng names and
numbers.



ShorHerm memory has
a time span of only \5
to 30 seconds.

The brain nas limited
space jar short-term
Items.

Beginning at age 3a
child has one memory
space, One is added
every other year until
the developmental age
of 15.

Whereas short-term
memory lasts for
seconds. workmg
memory can last for
hours.

Dealing Wllh
informatIOn repeatedly
may not place It In
long-term memory.

Thm phone numh<'r neV('r quit\' nwlc it to my long-t('rm Il\~mory. I
had that number in a temporary storage area In my brain called short-term
memory. Items in short-tem memory last only il matter o( seconds, usu­
ally between 15 and 30. nULl does not mean thm it is not an effective
memory to use. In fact, "'e usc it all the time. Many memories I11USI go
through what Joscph uDoux (1996) calls short-term buffm-telllpornry
stor.lb~ areas located in each of Ihe auditory, visual. and kinesthctic ar­
<:as-beforc they can go to working melllory and then 10 long-terlll mem­
ory. Some rcS('archers, such as Alan B:K1dclcy (1990), have studied the
components ofshort-term memory. According to Baddelcy, wc hal'c only
II (ell' SC'Clmds to hold on to auditory signals, like the telephone number,
As JreJX~llc<1thc lUuubcrover :Uld over, I reinforcc<lthOllc signals. Bad­
deley b<olievcs that we can hold pictures in OUT short-term melllOry for
aoom flv(' seconds. [f II'C "S,1Y" to ourselvcs what is in thc pictur(', II"C rein­
(orce the visual memory with the auditory component.

ShorHerm memory has its limitations. Scvcra[ researchers have dis­
covered that we have limited "memory space~ for shoTt-Ierm memory.
This is actually a dcvc1opllu::m;11 phenonll'non. The older you arc, the
more spaces you have (or short-tenn memor\" According to the work of
Geor~ Miller and (ollowcd by that of &lddck'Y, adults (those who haw
reached a mental age of 15) can hold up to scven items in sholt-lerm
memory (LcDoux, 1996). Beginning at age 3 a child h:ls onc mcmory
space, EI'erl' other year this increases by onc .pace until the capacity of
scwn is reached. Then two spaces can he ei ther added or subt l:ICH.'l.l, dc­
pending on interestlevd :llld prior knowledge.

Anothcr kind of tempomry memory is called working memory. It is [0­
ealt'<! in the prefrontal cortex, and it can be used for hours. It gives us the
abilitl' to form morc long-term memories, An educmional consultant,
Dal'id Sousa (1995), points out working memory as hal'ing a 101l6,<,r time
span than shorr-Ierrn memory.

Jennifer is a 7th grader, She is a llmly good student, Tomorrow she
must take a SOCial studies test. She pays a«enllOn mclass. has taken
good ootes, and IS Just beginlllng to study, Jennlfer reads over her
notes several times, She Iool<.s for information In her SOCial studies
bQOl( and reviews It. She spends an hour studyirtg for her test. Her
mother qUIzzes her tVI'C or three times and deCides that Jenn is ready
for the test

The next mornmQ Jennlter takes out her nOles. She does not feel
as confident as she dK:! the IlIght before and begins reviewmg agam,
ThiS informallon is oot very Important to her, but her grade IS ~ery im­
portant to her and to her parents. Alter 15 minutes of studying, Jenn



gets ready for school
Social studies IS her secon(i.penod class. She sneaks her notes out

during her first·period malh class and continues to review. She begins
to gel some facts mixed up in her mind and IS tempted to wflte a few
things on the palm 01 her hand but decides not to. The bell ending first
period rings. She takes adeep breath, gathers her materials, and heads
for social studies,

As she enters the classroom, all of the students are buwng wnh
facts mat might be 00 the test. Jenmfer sits down, closes her eyes, and
tnes to org9f11Ze her thoughts. Mrs. Reed. the teacher. begins to pass
out the test. The questions are a combination of multiple choICe,
matming, and short essay.

J~nnif~r passed h~r tcst. In mCt, she did qllite welL Whm J~nnifer did
\\-'~s cram for her test, This method of studyinS puts information into her
working memory, TIle in(onnmiotl was repeated oftell enough in the I!
or so hours beforc the exmn tll3t it remained thcre. The confUsion Jenni­
fcr feh was a result of not null' anchoring the informmion {l) prior knowl­
edge or allowing the l1l~terial itself to form "hooks~ in her brnin,
Although shc did well on the test, her brain soon disposcd of the informa­
tion because it was not put into long-tcrm memory.

This method of cnlmming is huw many of usgOl through school. It is
effectivc for the moment, but tI does not provide meaningful informmion
th:u remains in the hmin liS neumlnetworks to which connections can be
adul-d. A few bits of the infonnatlon may have become meaningfUl for
Jenn, bill most of it did not. Think back to your classes and your teSfS.
How much of the mmerialj"ou studiL-d could you access now!

Permanent Storage: Long-Term Memory
Lons-tcrm memory consists of information stored for an indefinite pc­
rii,xl. Some tCSl:<lrchcrs believe that the bmin will dispose of memories
thilt are not acce~d. Others believe that we ne\'er lose our lot)g-term
memories, hill wc do lose OUT ahility HI find some of them. If you can't rl'­
member your friend's address, that doesn't mean she doesn't live there
anymore.

I ~wteu cMI ier when dt'Strilling short -term memory huffers thou infor­
mation om be \'isual, llllditory, or kinestheric. Ll't's look mOTe closely 81

these, In discussing the brain lobes, wc learned that visual infoftllJtion is
ston..-d in the (x:cipitallobc at the b:lck of the bmin; auditory information
is I'rocc::.l>Cd and stored in the tempomllobe on the sides of the brain
around the cars; and kinwhetic inform::ttion is Slori'd at the fOp of the

Repetition may hold
items in workrng
memory long enough to
pass a tesl.

We have all had the
experience of
cramming for an exam,

If informlltiOf1 is not
meaningfUl Of allowed
to form patterns In the
brain. it WlII be lost.

The brain IS always
seeking meaning.
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Information sent to the
different lobes of the
bral!" IS held in the
association cortex for
that area.

When memories afe
retrieved, they are
brought bad: to the

aSSOClallOn cortex.

The IMl memorv lanes

are semantic. episodiC.
procedural, automatic,

and emotional.

The memOl'Y lanes
contain either impliCit or
expliCit memories,

Most classroom

presentations re~

heavily on semantic
memO/y.

hrain in the mnwrcorrex until complNe!y learned and then pcrnwnently
storl-d. in the cerebellum, the area below the ocdpitallobc. Each of these
meas has what is called an asrociation rorlex, which holds the informnrion
temporarily until it is either disposed o( (forgottcn), scnt to working
memory, or sent h:lck to long-tenn memory.

New information t,'OCs into the bmin by way of the senses. TIlO.~e o( us
who rrefer visual information may have more neuml networks in our vis­
ual cortex than others who famr lluditory information. How we prefer 10

receive information is important: and, in the mcmory process, how wc re­
trie\'(' it is el'en more important.

Information is rctricl'l,.xl from the brain area in which it is stored, and
it is brought to the correspondmg association COrtCX.TIIC brnin then may
drop the infonnation Ot send it to working memorl' wherc it is sorted :lOd
perhaps connected with other Information.

For leaming to he ['Crmancnt, it has TO follow certain paths. I call
thesc paths "lanes.» As lilent iOll<:d earlier, there are five of them: seman­
tic, cpisodic, procl'<iuml. automatic, and emotional. They Me like those
supermarkN aisles. If! use the right onc, I'll find my pancake mix. Ellch of
the five memory hmI'S has a gateway to access the memory, These gate­
ways arc located in several areas of the brain that have Ix,'en described in
previous chapters. The gateways lead to infonnation that has been stoted
in long-tcrm memory. Scientim have discovered that even birds h,lI'(:
multiple memory lanes, They store the memory of hiding places for food
in one <lrca of their brain and the memory for songlj in another (Pinker,
1997). Is it anI' wonder then that humans have at least f!\'c memory lanes?

The memory lanes Me cmeb'Oritl-d. as conwining either explicit or im­
plicit memory. Explicit memory is \'olumary, Its files arc stored in the hip­
poc;unpus, and it deals with memorieS of words, fucts, and places. Both
semantic and episodic memories ate explicit. Implicit memory is involun­
tary. [n other words, it is a compulsil'e responsc to II stimulus or II situa­
tion, TIle implicit memory system includes the procedural, automatic,
:md emOlionillmemory lanes.

Semantic Memory

Semantic memor~' holds mformation leaml-d. from words. Most class­
room situations rely heavily on scmantic memory. We get scmamic infor­
mation (rol1\ textbooks anu lectures.

New infomlation enters the hrnin through the brain stem, goes to the
thalamus, and is then sent to the hippocampus, which is the file Glbinet
for factual memories, Just as the aisk'S at the supennarkl't have si~,'ns that
tcllus where ltems arc locat\,"l:1, the hippocampus has the signs or files for
our memories. If incoming sensory information is factual, it will trigger



d\i' hippocampus to search its files f()T matching information.
The hippocampus will bring information into those short-tenn buff­

ers-temporary stomge areas in each lolx-to be examined. If that infor­
mation connects to the new information. it will be sent to working
memory in the prdrontal cortex. Working memory will continue ro son
and sift the old and the new material. Through prior knowledge or inter­
est. the new infonnation may Ix added to the old and fonn more long­
term memo!)'. TIlis process mill' h:lI'e to be repeated several timcs hefore
long-term memory is formed.

The brain will process some of thls infornl:ltion during sleep. Studies
have shown that whilc nllS arc in the sleep stage c;llk-d REM (mpid eyc
movement) sleep. theIr brni ns reproduce the same patterns us..:d for learn­
ing while awake (Jensen. 1998). This may explain why last-minute Cr:lm­
ming for tem mal' be so incffectl\'e for long-t('rm learning.

This memory lane is adifficult lane to use for learning bc<:ausc it mkes
scvcral repetitions of the learning to cement it into the p:l\h"'aY. It has to
be stimulated by associmions, comparisons. and simihlrities. In shOT!, se­
mantic memory can fail us in Illany wa\'s.

You are watching te~sion On your favonte soap opera, the Star is
reading abook as she waits for her lover to return from hiS HIp. Seeing
her boolo: reminds you that you havea library book that may be overdue
As soon as the commerCial comes on, you get up to find the book. You
reach the door to the study and suddenly wonder why you have come
to thiS room, You simply cannot remember why you left that COl'( spot
on the couch and your fa\jQl'Ite soap I

Your semantic memory has f:"lill'<l you, TIle sonp o~ra scene triggered
it. You h:ld th(' association in your short-t('rm memory along with th('
lllemor}' of yOllr library 1x1Ok. The information simply did not remnin in
your memory long enough for \'ou 10 find the book and check the due
d;ul',

Semantic memory obl'iously has iLS dr:lwbacks. but it also has some
!-'O(1(1 poinLS. TIle hippocmnrus has II wcalth of files just waiting 10 be
opened. It also has an unlimited capacit)' to store new information. TIle
proper associations can open up any of IhOSt: files and help you ~trie\'e

the factual Information that \,ou hnn stored.

Episodic Memory

Accessing th(' episodic memory lane is easier. Episodic memory deals
Wllh locm ions. II is somet illles called comext ual or sp.1l ia1mcmory. The
important link (or this memory lane is that you are always somewhere

Semantk: information
must be repeatedly
processed for long-term
storage to take place.

Semantk: memory
must be stimulated by
assocliltlons,
compansons, and
simllant~s. It can easily
fail us.

The hippocampus has a
wealth of files
containing Il1fOrmatlon
and an unlimited
storage capacity for
more Information.
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Episodic memory is
also called contextual 0(

spatial memory.

We remember some
information because it
is re~led 10 a location.

Students who learn
informatIOn In one room
and are tested irl
another room swe
lower than slUderlts
who are taught and
tested in the same
room.

One interestirlg
component of episodic
memory IS the InVlslble
informatIOn that it
contalrls.

Procedural memory IS
often called muscle
memory.

when 1"011 learn soll\Nhing, so yOll clln tasily as.sociat<,' th~ learning with
the location. The gateway to the episodic lllemory lane is in the hippo­
campus. Remember that the hippocampus stores all hlCtual information,
:md location is factual. It is almost as thOllgh Ihis brain area has twO file
dr:lwl'l'S--Onl' (or ~mantic memories :md the other (or episodic memo­
ries.

For inst;mce, many of us who arc old enough to rcml'mbcr when Presi·
dent John F. Kennedy was shot mllY ask each (Ither the quCStiflll, "Where
were you when YflU (ound out about rhe :l.ssassination?" Younger people
may relate beuer to the ChaIlengcr disaster or to Princess Dmna's death.

Thl; point is that lI'e all remember some in(omm\ion Ix'GlU~ it is re­
bted to a location. The car that you drive when you lire (irst learning how
ro drive will be easier (or you to drive than other cars. Even though mosl
cms have similar designs, I'OU will remember your instruction and associ­
;Ill' it with this part icular car. Taking your drivinllteSt in another C;lr wi 11
make the experience mOTe di(ficult.

Rese:lrchers h:we conducred many studies ro pro\'e how important
episodic memory is. Students who learn information in onc room and
rake a teST in another consistently underperform. Episodic memory has an
important component calk.J "invisible in(ormation." Students hal'c
more trouble solVing math problems in English class than they do in their
math classroom. Why! The walls, desks, overheads, chalkboards, :ll1d
even the math teacher are covcred with illl'isible information. The con­
tent o( the room becomes part o( the context o( thc memory.

I( you were to walk back to the television roolll and )'OI1r soap opera,
you might look around hoping something in rhe room would trigger 1'01.lT
memory. This is an effort touse the episodic memory lane to rind in(orm:l.­
tion. In many inlitanCeS, this works. However, episodic memory can be
contammated easily. Because you have had so many experieTlCesllnd built
so many memories in ymlf television room, it is easy 10 he cfln(use<\.

Procedural Memory

This memory lane has often been called "lI111SClc memory." In(orma­
tion (ound whl'n strolling down This lane deaL~ wiTh processes That the
body does and remembers. Your abtlilY to ride a bike, skip rope, roller
skare, ski, and drive a Glr reside here.

TIle part o( the hrllin that stores this information is the cerebellum.
For I'ears scientists believl.J thM rhis brain StnlClUTC "'as used solely (or
b..1lance and postUTC. Reccnt research is suggesting that lhe cerebellullI is
doing much more than ever imagined (kiner & Leincr, 19(7). Wc now
know that its work includes procl.Jllrall1ltlllllry. A procedure is stored in
the cerebellum ar the time il becomes rourine.



Not only "'3S your ('pisodic memory sWring in(ormmion when you
nrl;t learned to drin, bUI ~'our procedurall1lel1lory \vas also activated, Pro­
cedural memory stored the Sl:quence uscd in driving. The procedure or
stopping at a red light. hitting your brakes when you see hrJke lighlS m
(ront o( you, and turning the wheel to fOund comers and avoid collisions
all reside here.

The stornge o( procedural memory has gil'en humans the ability to do
two Ihings at onCi:. TIle (IIctlhat Wi: can dril'i: CMS :111(1 talk on the tele­
phone ill the same time is an example 0( this. Because 1hese (unctions re­
quire two distinct areas o( the brain. they do not fight (or brain space or
energy, They can bedone simu!t:ml'()uoly. (Extr.l ClltC tnllSI be tah:n i( you
do both or these simply occause the bram can shift attention easily.)

Trying the procedural memory hne is an excellent choice (or yOllr
next attempt at remembering whl' you left the teleVISIon room. Returning
to thill com(ormhle position on the couch might bring hack lhe memory.
It sometimes helps to ju~t gel into the smile position and do whatever you
were doing. Many people have easier times remembering somcrhing they
learned srandlllg up i( they JUSt stand up to trigger the mel1lory.

Automatic Memory
Automatic memory, identified JUSt recently. iso(ten re(erred to as coo­

dirioned response IIwmory Utnsen, 1998). u:rtaill sril1luli aUlOll1mically
trigger the memory or in(onmuion. 11 could be a song that is playing. A(·
t er yoo hellr the fim (ew words or thl' openi ng notes, you ix'gin IQ sing the
song. Automatic memory lanes are located in the cerebellum.

What mighl you already hal'e stored in auromaric memory! The \ll·
phaoct, the multiplication rabIes, and probabl\' your ability to decode
words. Thill 111l~ans that your ability to read-but nor 10 comprehend-is
it\ your cerebellum. Lots o( songs llli'\\' be StOrl>J there as well. Any learn·
ing rhat has hecome autommic for you m:lY be stored in your :tUlOnlillic
memory. Sets of' words such as ltop and go, black and uMe. liP and down,
and in and 0111 arc STOred here. J( yOll pmcticed learning in(ormatkm using
flash CMJS, that material is stored in your automat ic 11l1:.'11I0ry.

Yom automatic memory may causc other memory bnes to open. For
instance, you hear II song that you haven't heard in lllong time. Yoo begin
to sing the song. As yOIl are singing, rou tememhcr the last time )'01.1 sang
th:ll song. Yoo remember that \'01.1 \\'<,re on your way to visit a (riend in the
hospiTal. Your episodic memory has been triggered. You picture )'oursd(
clurching lhe steering wheel o( your bluc Oldslllobile as rou approached
the hospital. You haw activated yOllr procl'(lllr.ll memory, As you think
aboul the hospital. you remember the name o( the (riend you were there
to visit. Your semantic lane opened lip with this factual information.

Procedural memory
stores memolles of the
processes that the body

does.

Sequences that are
conslsterllly repeated,
like tying a shoe, are
stored in procedural
memory

AutomatIc memory is
sometimes called
conditioned response
memory.

Automatic memory
contains decoding skills
and mllltlpllcatkm skJlls
but not comprehenSIOn
skills.

Triggering OIle memory
lane may ac~vate other
memory lanes.



SlIddenly, YOII are cryi ng 35 \'011 r(,l1Iembcr h..1W si",l you felt fh:u (by abotl1
your f{lenJ's suffering. You hal'e JUSt entered your emotional memory.

EmOllOOal memory IS

the most powerful kll'ld
01 memory.

11"j')U1 emollOnal
memory takes over. you
may klse all logic

Emotional memories
may cause tile release
of slress hormones that
will "dumge" '(OIJr
mind

The memory lanes are
located If1 sp9CIlic afeas
of Ihe brain.

Emotional Memory

The emotional memory lime is opcnt'(lthrou~h the amn•.Jala, loc:Ut-d
in the forebr:lI11nl'xt to the hippocmnplls. Whereas Ihe hippocampus files
facfUal information, thl' mnn:Ja la Slores emotional informal ion. ThiS fil·
ing cabinet holds mes conwinmg all SOrl~ of experiences that made 1'011

h:lppy or sad or any OIher feding yOIl carl name.
EmOlional memory lakes /"oXtdenct {)I.·er all1 OIJu:r kind of Itwmory. The

hrain always gi\'es priority to emOllons, When informal ion enlers lhe
bl"..Lin and reaches the thalamus, rhe mny!,,'Jab will gmb Ihm information
if it is emmioMI and,l.'O strllillht to work on it. Ifrhe information cnlls for
mong l'lIlmion, eSlx'Cially fe:lr, the [11ll\'gdab takes o\'er ID prepare lhl'
h:J<ly. [}.mid Golem:m (1995) calls this response 1I "neural hijackin!:." At
lhis poim, no other memory lanes have 1I chance.

The mnygdnla mal' employ the Stress response and cause all sorrs of
hal'oc. TIle rdea~ of Strt~ hormones like cortisol may cause interrupled
transmission of infor1l1~tion in the- brain ~nd make- it impossible- to lhink
c1e~rly. All of lhe memory lanes could be block<.-d by these unwanted and
sometimes dangerous chemicals.

Emotional memory m:ly he lri~>('r<.'(1 hI' [mother memor\' kll1c, and
then il may rnke over lhe "1~ic~I" mind. For inmmce-, yoo need 10 do
some research for [l projec!. You lhink aOOt11 the 1ll.'('(IIO make wile 10
visil lhe local library to search the periodical files. Suddenly, as you plc­
tll re the Iihrary 1hrou!(h yom scmant ic lane, you "scc" in your I1l1nd the li ..
brnnan, who 1.lSOffiOOne you cannot lolerate. Your anger :md disgust "take
OI'er" \'our thinking. You may then (k'Cide 10 go 10 II di({erCnl Iihrary, for­
gel the' rt'search, or simpl\·try to aVOId her on your trip. Your bchavior will
depend on lhe strength of \'our (eelinl,'5.

As you gaze at the televiSIOn, '(OIJr lavonte dlar&Cter becomes upset at
Ihe late return of her lover She pido;s up her book and Ihrows 11. You
Ihlnk to YOUI$8tf, "Of course, you ale angry. You should throw more
lhan that bookl 8ook71 Book?llhafs what I went lI1to the study to
gell"

In this rusc, YOllr emOflonal memory activHlcd YOllr semanlic memory
agll1n, lInd \'lU have (inalll' discovered the answer )'ou ha\'e been seeking.

The memory lanes arc localed in specifk areas ofthe' brain (sec flgllfe
".1 ). An Undef$I:lndlnll of Ill(' braIn ami of lhese laneli may ht'11l1 n under·
srnnding how people lhl11k and feel. Shon"lenn buffers and lI'ork.inl;



memory Me tempornry slOmge a~as. Sem~ntic, episodic, procedllml,
automatic, and emotional memory lanes arc used to acces.! and store in­
(onnation for 10ng-tl:ffi1 memory.

Figure 4.1. Memory L,ll1es 'll1d Their Locations

Cerebellum
Procedural memory
Automatic memory

Hippocampus
Episodic memory
Semantic memory

Amygdala
Emotional memory

Prefrontal cortex
Working memory

---\-

ShOft·tenn
memory bullers

~~
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Mixing Messages
Research suggests that of all the (on-brain structures, the hippocampus is
thl.: last to d<:velup. O(tentiml.:s, it is not working well until age J (Le­
Doux, 19%). TIllS is probably why so llIan~' adults hal'e no memories o(
events that occurred before this age. BccilllSC the hippOCillllpUS is not de­
veloped, the brain does nOl store (actual in(ormatlon. However. the
amygdala is developed, tmt! it is possible to store emotional memories. Rc­
ml.:mber that the hlppoc<unplls tells ~'ou who :.omcone is, and the mnyg·
dala tells you how you feel about that person.

HaY!' you el'cr (elt bluc and not known why! Many neuroscientists
have studil.,d this phenomenon. Som<: beliel'c that the situation occurs
becau)C an cl1\01ionalmemory has heen triggered, and the faclUal mem­
ory either does not exist or hllS nOt p't been triggered.

The hippocampus is the

Iastlorebrairl structure

to develop.
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we may have emotkmal
memories with no
factual memones to
explain them

Episodic memory may
not always be reliable
as time passes

I1 you are ha~lng trouble
accesSing informat;on,
you may not be uSing
the correct lanel

How c~n this Ill'! If thl' emorionnl Illl'mory was StOrl'U before the hip­
pocampus devrlopcd, there may be no factual memory assocbtcd with it
(Le[)ollx, 1996). If the emotional memory occurred with the stress rc­
sponse in high ~,'ear, corrisol and other chemicals may have blocked the
transmission of the factual memory. Sornetimes this blockage is tempo­
rary, and sometimes it is permanent.

I once workl'<l with soml"Onc who cbiml'<l to remember many el'ents
from her I'ery early childhood. Mycollcagueslmd I Si,ent mnlly hours over
the years listening to het stories from the al,7('S of I, 2, and 3. Whm Jdid
not hal'e the heart to tell her was that she was "telling stories." She was
using her episodic memory lane (md telling usstorics that h;ullx'l;n told 10

her dozens 0( tlllles by her IXlrents and others. Mter hearing this informa­
tion time :lOd again, she Stored it as her own personal memory. Episodic
memory can be dangerous because It is not always reliable in terms of clt'­

t:lils from the IXlsr.

ANew Wrinkle
We h:lI'e learned that each day the hmin prunes some neuronaJ connec­
tions be<:ause O(bck of use. That mal' be the bad news, but the good news
is really good! Vo\'l don't have a lxid memory. Wh:n you have arc different
memory bncs in which 10 store different types of memories. If you 3rt'

having trouble accessing information, you may simpJy hI.' searching the
wTOng hne. 111ere is hope for all of us. And as research cominucs,
memory-enhancing dmgs arc being developed. Will there come a time
when we will :,ll he taking our daily "cmnium capsule"! It certainly is n
poSSibility!
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W-lIy?

or"e i the B
Wh -re I
9 Meocati

I was a rather immature freshman in h~gh school when I first heard his
name-W Ily. I thought 1 was ar ther lily name; it mad m think of
"Leave It to 8 av r:' But ven though I didn't lik his name, he had a
gre t smil . He would smile or pretend to grab my books as I walked
down the science hall at PeorrB High.

Wally had enter d my eart. Well, actually, Wally lad nt r d my
brain.

Powerful memories
from ye rs past can be
triggered by a present
experience.

Ov-rtim ,so e
neurons ar" pruned
away and m mories ar
forgotten.

Toward the n of my ophomora y ar, my long fm oyfrl nd, St v •
and I broke up. I was h artbroken forabou 24 hours. Then Wally asked
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The bram draws lrom
many memory lanes to
create and recreate

""""""

Sights, sounds, and
rn<:Nem9nts add to the
rIChness of memofles

ASlm~e lICtlOrl, such as
walkmg up a flight 01
stairs, may become part
of a memorabla event.

Locations are often
Imbedded In our
memOries b9Clluse we
associate them With
emotional events,

me for a date Fat the Olllltlour months my bra,n grew "Wally" den­
dOles and sltengthened "\Nally" synapses I can only lmagme what my
neurons looked hke I But all good things must come to an end 0, so I
WllS told law

It was a typtCal Fnday nlght-"guys' night out," So, of coorse, It
al$Oha<!to be "girls' mght out." nus partICUlar Fnday nlQhtl had aplan. I
had no IfIten1l0n of spending my evenrog With the girls III didn'tl\ave
to I was on arTllSSlOfl to spend another evening WIth Wally. After all, It
was dose 10 Ihe end of the school year. wally would be graduating
soon and going IJW8v to college EV9I'y minute was valuable

I arr&nged to have my sister's car I had to make all sorts of prom·
IseS that I wouldn't keep to be able to dnve the old red Chevy that
night. 11 was somewhat dllhcult to explam to my lnends that I wasn't
gOIng out WJlh them, I somehow gol the POlf'\t across that waaV
couldn't get hIS car, and I was hoping to end the evefllflll WIth him

Fndav nlglllS In Peot18 usually meant a tllP to Mavfa. Hall This
dance spot was one 01 the main teen hangouts MV ~an was to amve
at Mavf&lr after Waly and hiS Iflends l\ad been there Ioog enough to be
relC!v to mcwe on MV hope WllS that he \YOU1d be tlfed of hIS fflonds
aM relC!v for some new company

I arrMld at MavlK shortly aftBl' Wally_ He was In the hall wIIe,e
mUSIC was blallng There WIlS hardly room to move, let alone dance I
made mV~ thfClUOh dozens of teens down the dark staircase to the
dance floor Wallv WIlS laughing and talkmg to the guys A few Sflnror
gM1s were hanging arOlJnd them, and I was somewhat hesitant to ap.
proadl, However,l didn't want all my~annlng tOMYl! been !of nothing,
so I reached out and touc:hed his arm, He spun around, and I watched
hiS SrTll~ fade,

"VVhat ale you!bng hOler he yelled above the musIC
"I thought you'd want to dance: I stutleredWlth apour\Chng heart
"No, let's go; he said rather OrtJllly and led me through the hall

and up the dar1c stairs
I began to hope that my plan had worked, In the par1clng lot, kids

and ears were evervwhere, and I seard\ed 'lICes, proud to be seen
Wllh "my" Wally. As we apploadled the ear, Wallv slowed hiS pace He
was stal'lng at the pavement and shaking hiS head

"Is sornethmg the matter?" I aSKed In a shakv voICe
"Yeah. I don't want to go 'Mth vou; came hiS hurtful reply.
"Okay, go baet. dowll With VOIJr friends; I'll eaten up With mine." I

trred to sound eneerful-as though thiS was nogreat disappointment.
"Nol You don't gel I\," he began, "I don't want to go out With veu

anymore I'll be gojng away 10 school, and I don't want any attach,
ments,Okav?"



My brllln QUII hmetlonlng III IIIlY level Ihln remembers words or
laces Ibegan luncllomnglWlOffiaIICaDy. Iknow I left tIwl parking 101 In
my SlSt8f'S red Chevy. Alone Ilmmedllllely beg&n 10 bel'lIle mysell lor

pushing mysell on him on 8 friday nlQhl Surety I'Ie would ooll\ave bfo­
ken upWlth me III had waited 10 see him on SalUlday IsnaPP&d lhe r;t­
00 on IInd l11ed to ligure OUt where to find the girlS. If I relurned tlome
Ihls early. my parenls would be alarmed and bug me My lingers
slarled pushlll\l lhe bunons lor a soolhlflll melody. The lilst song I
heard was 8BI\l Gms Don'l Cry" Iswt1dled $1alIOllS. In C1rC\,lmslanees
~ke thiS, lhe lIppl'opriale song lllways linds me IllInded on Ihe Slllllon

playing "\'Vhere Dd Our LoYe Go?"t". the SUplem8S The feSI 01 lhe
evening IS ablul

Retrieving Memories
My bmm made man~' conneclions lhat night. All of my ml'lllOp" lanes
",ere OCtivaled, and I elm access thal experience lhrough all of them (sec
figure 5.1). TIlis was very pOl'.erfullearning.

It began as an emollonal experience, and I c.1n easily access It

IhTlxlgh the emommal memory lnlle. To open lhm slOmge file and re·
lrie\'e Ihe COlTC<:I files of memories, the Correcl ttiJA,'<'r must be squce:ed.
TIle lril:t,>{'r may he SOlllOOne Illtking about high school, Of II may he hear­
ing or:hers diSCUSS their kl OSl 100·es.~ It could also be a cOfwersmion about
p:llnful expcricnn'S or lhe SIlly things onc does as a lecna~,'t'f.

The foct thall can "'file about the episode proves that it is also III my
semantic men"lOp". Remcmher lh:11 semamic memory is words. DI5CIl,),\ing
the lopic "'lIh or:hcrs dra",s from those factual memones slOrl'CI through
1Il1' hippocmnpus. A varil.'ty uf words, such as Mayfair HrzU, Wall), Of Bigr­
low S/Ttet (W:llly's street )m"y trLJA,ocr these files.

Whene\'er I hear ellhl.'r of the songs lhlll .....as rbYlllij on the car ",din
that IlIght, the memory is lrigg<:reJ through my automalic memory. TIllS
comlitiont'<i response .....as ll.'arne<1 l]uidly bill may fI{'\,er le;lvc me. It is
storl'<i throul;h lily cerebellulIl alollg wnh my decodlllg skills for reading,
1Il1' knnwlf.'<.I~1' of ridin!! ahike, 111ll11ll~' mult iplical ion TableS. For years the
songs were p.,mful to IlSlen to, but no..... they hring back bOlh the good and
lhe b.,d memories of Wally IInd hi!(h school.

Goingdown Ihe streel paSI Mayfair llall may cause ml' episo.hc mem­
ory 11me TO aCl iVllle. TII is I\l{'mory is also stored Ihrough my hippocampus.
Ma\'fllir Hall is no longer open, hUl Ihe IMldmg is SI III Ihere to rcmin,lmc
of my fIlISl.

Gell in/,' into an old red Chl.'vy, walkilll: down adark slairway, or even
ellll.'ring a busy parking 101 may open up 1Il1' Ilrocedllral memory lane to

MusIC can be a very
poy.terlul togger 10f'
memooes.

The moSt powerlul
leaflllng takes place If\

mUlTIPle memory lanes

Memories 01 mportanl
events and people
reside 1\ more than one
part 01 the brain

Relurnlng to eerlUI
IoclltlOns IlCtIV8tes
epiSodIC memory,
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Recalling an emotional
event may open all the

memory lanes.

Active emotional
engagement is a key to
learning.

Wall)'. This occurs less and less as tim(' I}lCS by becausc other procedures
that are more commonplace are lllore easily activated through my cere·
bcllmn. My bmin has slowly pruned aW<lY some o( ,hose "Wnlly" neurons
as they art' 1\01 uSt.'<!.

The point that my SfOry illustr.nes is that slrongleaming took place
with that experience. That learning entered all o( the storage faCIlities in
my bmin. Whnt caused all o( those lanes 10 OjX'n! Remt:mbcr thm emo,
tional memory wil1l<lkc priority over all OIhcr memories. This was defi­
nitely an emotional experil.'llce. When the l.'1l10tional 11ll.'1l1ory lane is
triggered. we can eXpe<:t othet mcmory lanl.'s to open. Active emotional
t:ngagcrnem appears to be a key to learning. If Ihere is no emotional en,
!:agemenl in a part icular task. will learning St ill occur! TI1C llnswcr, thank·
(ully, is ycs. However, an outside (orce must stimulate thc other Inncs in
order 10 open the files stored lh('re. TlllS IS the most difficult task.

Powerful Learning
Let's look at another example. As I was driving 10 mllke a pres(11tation, I
listened to an alllliotape dthe ro)k TIu! Gil'('I" by Lois Lowry. I thought [

Figure 5.1. Where Is Wally!

Semantic

Waltjr '0
B,gllaw SlrHl 0
Mayfair Hall r[J
Lom r[J

Emotional

Wally

Automatic

"Brg Girll Don't Coy· '0
'Whtrl DId O... lovl G01" '0

Episodic

Mayfair HIi '0
B.gl1aw Slrllt '0
Red Chevv 'Cl

Procedural

WlllOOoj DOW!I Dirk SIIPI r[J
EntariflQ Parking loll 'D'



might W:lnllO lliiC the hook with my 7th grade classes. Where is Tk Gi,'!'f
in my brain!

As I listened ro the science fiction novel, three lanes immediately bc·
came aCtivllll'<1. Epbodic memory was activatt'<1 bcc:luse every time [
lellm, I am in a locarion. Therefore, if someone w('re 10 ask me qucstions
aoout the no\'el, I would have better recall in my car. The semantic lane
was lKtivated liS llistenlJ and conct..lltTatlJ on the words. Because 1did
not read the words and I hilppcn to be a visual learner, oml questionslmd
ans\\"CrS might 11<' mueh easier for me. The emmionalllme was aClivated
il.'i I fell III lo\'e with the characters in thc nOl'el. I kncw right away that [
wanted to share this star\, with my students. Because I have been sharing
this novel evcr since thllt rood trill, some melllori{'s lIfC storcd through Ilty
c('r('bcllum and th(' automatic m('mory lan('. R('pctition ('nables me to r('­
spond autolltlllically to certain situiltions and facts in tI\(' Story, which [
originally would have been unable to do.

Memory Failure: Where Are Those Darn Keys?
Let's consider an cxample familiar to all of us. Haw you el'er lost your
kqs! You didn't actually lose them, of course. You put them som('where,
and then you couldn't (ind them. I( \'01.1 had n riru:11 o( w3lking into rhe
hOl.ISC and putting your coat :lnd keys in a particular pbcc, they shoulJ al·
ways be in th", same spO!. Somehow, though, thq disapPcMlJ. Perhaps
yOll wcre holding extra itcms and plnced the keys with rhose. Mayhe the
phone was ringing whell you walktJ in, and \,ou daslllJ to answer it.
Something important mal' ha\,(' bttn occupying \'our thOllghts, and ~'ou

n('glected to (oltow your usual routin('. Automaric memory failed you be·
C(lUS!.' you didn't (ollow Ihe rout ine. (Actu~ lIy, i I didn't fail ),ou; you fnilt::d
it.) What do you try next!

Episodic memory sometimes works. You Clln go bllck to the places
where you last remember having I'our ke\'s. The information there may
llid your memo/)'. Maybe not.

You can then try the procedural lane. Actually pick up your coal and
~nything ~'ou beliel'e you had with yOIl. You might cven go OIl! 10 the car
and literally ll'trace your steps. (If I'OU arc a I'isual learner, you could
prohably save steps by picturing rhe entire scenllrio.)

Ifall three of Ihesc memo/)' lancs fail )"01.1, \'00 SI \11 hal'c other 0llt ions.
How abOl.ll searching your semantic memory~ That's right, use those
higher.order thinking skills and ask yoursclfsomc questions. "What cOllld
hal'c hapP('t"\('d to my keys!" Now you are using both ~'our working m('ffi'
ory and \'our ~rnill\t ic memory to study the problem. "Mil\'be they fell un­
der the wble. Do I have a hole in lily COM pocker!"

Eplsodrc memory IS

easi~ activated
because e~ery time you
learn somethmg you are
rn a particular location.

Whele did I put the car
keys? At ~mes. our
memories seem to play
tricks ()(1 us.

Most learning occurs in
multiple lanes.

Systematically
e~8mining ead1
memory lane may help
you find your keys
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When emotions lake
over, 11 may be even
more difficult to
remember.

It is easy to forget the
trivial things In our lives
when 11 multitude of
other things requires
our anention

Our memories greatly
Influence our lives.

When memories are
stored in more than one
memory lane. they
be<::ome more
influential.

Emotiol1~l memory d~sl1't Ilsually play a role in finding your keys
even though you may become \'ery emotional about the situation. Unless
rOll have \'el)' strong fcclings about your keys, yOll won't store their
whereabouts through your f1l1lygdaln. However, )'OU may store this cxrcri­
ence of misplilcing them.

If you havc engaged thc stress response, it will bt.'Come incrCilsingly
more difficult to find your keys, You may be better off asbng for help or
calling (or a ride. When you have relilxed and your Stress level gCK'S down,
your brain will (ul)ction bettcr.

So, sit down and Tah: a deep brCilTh. TIlis allows oxygen TO geT to )'OIlr

hrain to help you cnter onc of those memory lanes. You 'vc probably ni­
ready tried the easy ones, so now you need working memory to engage
some long-tenn memoriC'S to help yOll son things out.

Wt' hn\'c been told fOT years thm el'crything wccxpcricnce is rl'Cordcd
somewhere in our br:lins. Thnl JUST isn't so (Rose, 1993). Thcrefore, the
"kcy~ information may hal'e filtered right out, and you will find yoor keys
by searching as though they are somrone else's keys. This is a tactic I have
ofTen u$(.,<! success(u11 y, "rfrwere a St:t o( keys, when: would lilt: r' TIlis ac­
tually helrs mc calm down, and I begin asking myself the quc~tions [
would ask somcone else if their keys wcre missin~.

As [j,'Ct older, Ifill my bmin with information that is important to me.
That's no' to AA)' ,hat my keys aren', impomnt, but J find m\,S('lf paying
ilttcntion tOOlher things in my life. A result oflcaming ~bout the mem­
ory lanes is knowing how and when to pause and examine what I am seek­
ing :md whm might be the beSt way 10 Tcaeh my goal.

Memory's Effects
Our Illemories aff(;(t our decisions. Wc name our pets alld our babies ac­
cording '0 the connections wc halle wiTh rhose n:\mes, The homes we huy
arc greatl\, affected by the memories wc have of our previous homes and
the homes of othcrs with whom wc h"I'c hlld COntacT. Qur memories mal'
also innuence the carccrs wc choose. TIlal spcciill teacher who made us
fecl good aoom o1trscl\'cs may cause IL~ to choose a c~n:('r in I:'dllC<ttion in
order to help others. The (act that our father was ne\'er home because hc
started his 0",1'1 business, and wc felt slighted by his ahsence, could influ­
ence our decision TO Stay Ottt of the business world. Memories ilrc power­
fill. The~' help us make tk'Cisions, affect OIJr ilctions :md rcactions, ::md
detcnnine our (ourS(' in life.

When the bmin stores memories in more than onc memory lane, they
1l\.'Come C\lCll Illore powerful. ]k(attSC leaming is memory, and the only
evidence wc h:l.Ve of learning is memory, then the mOTe memory [iln<,s we



use to SrMl' inform~ti(ln. the more powcrtlll thc le~rning fx-<:onlts.

As I finished this chapter late one evening. the phone rang. I answered
the phone and received an apology. ''I'm sorl)' for calling so late. but
thiS is driving me crazy. For the paSt two days I keep seeing a gray
house mmy mind, It has white mm, and It's very small. Inside there are
stacks 01 newspapers, and the house is a mess. Where am I?"

It is my sister, Lmda. callillg from her home In the ChICago area,
Her semantic memofles Immedl8tely trigger my episodiC, emotional,
and procedural lanes. ·You're at that house (episodiC) we all thooght
was haunted! That strange old woman lemotional) Iwed there. It was
down the street and around the corner. We wookl always walk (proce­
durall through the overgrown grass and weeds In her lot to get to the
Wheelers' house. Remember how you found that anm,al bone In he!
klt, and we were sure it was human?"

Linda s~lls. She thanks me for relieving her agony over not being
able to cormect the mlormatkm ill her head. We laugh about the lact
that the woman was probably not crazy. nor the hoose haurlted. We
say good-night. She climbs Into bed to sleep peacefulty. I dash to my
computer to add thiS story before I forget It!

Our memories l1l:lke us who wc arc. Without OIJr mcmories, our very
identities MC in jeopardy. Our brain can easily storc illIlearning experi­
ences. Teaching to multiple memory lanes l1l:lh'S the connections to
those experiences monger and easier to access.

It is easy to get "stuck"
in one lane. Accessing
the other memory lanes
requites another trigger,

Repealing things or
writing them down may
assist your memory.

Our memories confirm
our existence.



Students commonly try
o hold informa, ion In

ShOlt-t rm memory for
tests.

The Path Mos-- Trav -le
Sle a tic Memory In t uctlO a

Strateg"e

The students hurry into the classroom. They fa e their seats quickly

andap ear impatient for me to begin. As I ta e a endance, I notice

som tu en1s grab ing their not boo and tudyin th i vac bulary

lists, Their ey s da from t, - lists to tl, cloe n_then back to me.
inally, abrave student says, "Mrs. Sprenger, pie se hurry before I

10rg I 'P I smile a him as I gin passing out he vocabul ry t sts. Th

students put their notebooks away, snatch the tests from my hands.

and begin writing as fast as they can.

When semantic
information is not
process d in everal
ways, the brain has a
hard time making neural

connctions In th
semantic memory lan

Semantic memory
operates word by wo ,
and it uses working
memory.

pi
AI" m 1 stll

0-

or , i Tcqllire,~
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!h~ m,\s! ~ffl)rT and is us~d more consis!('nt Iy in l'{lllc:ll ion:ll S<'lfings !han
the other lanes.

Semantic Strategies
Remember that semantic memory opermes word by word, Imd it u:>cs
working memory. Thcreforc, ('ach l(wning experience should be organ­
ized to present ashort chunk of information. The brain must process the
information in some way after the presentation of each short chunk. This
proces.sing may t1lke lllally (orms. Let's examine some of the devices yOll
can IIse in yOUT teaching ro help StudentS build semantic memories.

Graphic Organizers

Grnrhic organize~ can help students retain semantic infonnation.
Mind mapping, or webbing, illllst rates a main ide:l and support illg details.
Icall theS(' devices ~po\\'er pictures" because thty paint sllCh powerful im·
agl'S in YOlIr mind. This technique takes concepts and accesses the best
memory lane to help you remember and store th:u information.

To Inake a tllind tllap wrire all idea or concept in the Illiddle o( a slleet
of paper. Dr:IW a cloud around it. Then drall' a line from the cloud. Using
the same color as the calor of thl' line, write a word or phrasc to describe
or support the central idea or concept. Use the fcwest possible words to
dtscribc the concept. l1\en draw a picture orsy1llbol to represent your dt·
scription. Draw other lines coming out from the cloud in a similar fashion
(or other ideas or subtopics. E.1ch line, word, and symbol should be the
same color, but each scl-represcnting the scpar:ue ideas or subtop.
ics-should he a different CCllor. TIle ll:;e o( a symbol or picture brings
emotion into the learning and helps access another memory lane-('lIlo,
tional memory-to tnhallCt learning.

I liS(' mind mapping when [ teach the scven detllcnts o( the short
Story (sce figure 6, I). Using rhe overhead projector, the cbss and Jcreafe
the powcr picture, My students draw the power picture. or mind map, in
their Iiteraturt notebooks. We have fun crearing ,he pictures and sym·
bols. They laugh at my poor artwork. Howtver, my poor artwork gives
man)' kids rhe confidence they need to do their own ,lr.!wing".

Creating mind maps has been a success(ul strategy for Ill\' studtnt.'l.
They remember the sc\'en elements much more Tclldily than [hey did
when I med other method•. Some students may remember the colors;
some llIay remember [he words: and somc may rememb<'r ,he poSition of
the mformation on the page.

The follOWing strategies
can help students
remember semantic
information;

graphIC organizers
peer teactling
questlOlling strategies
summarizing
rrne-playlng
debates
outhmng
time hnes
practice tests
paraphrasing
mnemoniC devices

GraphiC organizers are
one of the most
powerful ways to bUild
semanllC memones.

"Power pk:tures" are
excellent graphIC
organizers.
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Figure 6.1. A Power Picture

RESOLUTION

SETIING

PLOT

CHARACTER

El.ments 01 /\
Sbort Story Y Q

1. __

2-­
3. __

•
5.

THEME

CONfliCT

Peer Teaching
P~r teaching is agreat way to build interpl'rsonal skills and to review

mmerial. Many students !M(' the idea of reaching. Pair up rhe sllIdenrs
md have them t:tke turns teaching the information just covered. This
process gives rhcm the opportuniTy to el'nlu:uc :md sj'nthesilc dlC mate­
rial. Evalu:Uing and s\'nthesi~ing are important higher-order thinking
skills.

Giving answers and
having students create
the questions can be an
interesting approach to
triggering semantic
memory.

Questioning Strategies

Quesuoning sessions emphasi:e important pieces of semantic infor­
m:uion. Onc wal' TO approach this is to ask open-ended (juestions that
give al1lc\lcls of learners the 0ppofwnil\, fOf 1l "right~ answer. Another
:lpproach is fO provide the answers and h:lVc the students come up with
the questions. A fal'oritc strategy of mme in the litermure classroom is to

have the students come up with questions thc\' would like to ask the char­
acters. The qucstions themselves fC\leal their undcrswnding of the litera­
ture, so there is no need for answers.



Summarizing
Either you or the students can SUllllllariZl'. You can ask for ooe­

Sl'ntence summaries. Give recognition to students who create concise
scntences that arc nOI nm-ons or fragments. This often encourages other
St udents, and as they Iisten to 1he summaries, Ihe informat ion is Tt'{lCllli:d.
TI\is repetition helps celllt'm the infom13tion in the sem:mtic lane.

Role-Playing

Time constraints make it impractical to do role-playing after each
chunk of information is presented, and this stmtegy e:m get old. Assign­
mg e:tch team 11 chunk 10 role-play mar solvc the problem. In thc case of a
hiStOry lesson, sludems may role-play battles or military decisions. For lit­
emture, students enJoy acting out scenes from stoncs or novrls.

Debates
Many Sludcnts cnjoy participating in :md listening tu dcll:lleS. TIlis

may not work fOT all material, but it is a solid str:ltf.:gy for cementing se­
mantic informntion. Ifstudents h:lI'e to providc proof(or their arguments.
they are more likely to carefully analy:e the information studied. Droot­
ing the reasons for Ihe Civil War, charncter motivation, or alternative
problem-solving methods are excellent ways for students to examine and
study semantic infonn:l1ion.

Outlining

Tradit ional outlining is an alternative to graphic organi:ers. Students
whose thinking is linellr and S/..'quential will enjo~' it, and students wh~
thinking patterns are not as linear should become familiar with this strat­
Cl;y. Putting students in groups of til'l) or three may malc learning this
procedure more fun.

Time Lines
Timc Iines work well in some situat ions. For the SCllla11l ic informat ion

in history, making time lines will put events in a logical sequence to Illake
learning easier. In litcr.nure units, such as Greek mythology, rime lines as­
sist students in understanding the development of the families. This can
be done as a class or in small groups. Student inter.lction can be essential
to understanding the information,

Practice Tests
Pmctice tests can help st\ldcllls put inform:llion in the appropriate

format for a trndition:l.l test. &'llIanric infoml:l.tion that is placed in other

Summarizing IS a
processing techmque
that calls on
higher-crder thinking
skills.

Role-playing and debale
can access different
memory lanes as
students process
semal'\lIC Informallon.

Some linear sequential
thinkers may btlnefll
from tradlt'onal
outlining.

PractICe lests provide
oppOrtunities for
students to transfer
inf()(metion to lest
format.
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mcmory bnes must be pmcticcd (or standardized tem. This opportunity
may be nccffiary to retrievc the information (rolll other lanes and pbce it
in the semantic lane. This Gm be a rl'al boost to their final assessment on
the llIaterial.

Paraphrasing

Par3phrasing is a strategy that will challenge some students and help
many. Taking the author's words and putting them into "kid talk" may
hellllllnny undcMilnd the m:llcria1. Students can do this individually or
in pairs or small groups. Begin by using this stnltCgy orJlly, and then havc
students pr:lCticc par3phr3slng in writing. Comparing their ~rccptiolls

with those o( teammates or partners will add to their understanding o( the
material.

MnemonIC dllVices can
be fun for students and
fOl teachers.

Abody peg system
may be ahelpful
mrlemOrlic device for
some students.

A rhyming peg system
may be an easier
mrlemomc device for
some students.

Studerlts are surpnsed
to see how successful
they can be wherl they
use some of these
memOlyalds.

Mnemonic Devices

Mnemonic devices help build memories. Using them pillS in(omla­
{[on into automntic and semantic memones. Peg systems, acronyms. rap.
lmd music arc just a (ew mnemonic devices that can incri'ase m(>mory and
retention. TIley can also be (un.

Using the b.xly as a peg system works (or many (X'ople (sec figutc 6.2).
A pt'g system o(t(>n makes it easi(>r to memorize a list. For example, if I
have to learn IQ prcrositions, J c~n use body p~TlS to help me remember
them. Starting at lhe top of Illy hodl" I tell a )tory, and as Imol'C down my
body I use the prepositions in order:

When the fly climbed aboard my forehead, I notICed that he was
about two irtChes from mV nose. There was some peanut butler
above my chin that I was sure he was Interested irl.1 was surpnsed af·
ter he t1ew paSt my shoukler. around my elbow. and landed beyond
my 'MIst on my hand. Then he buzzed over frY'i hip urltil frY'i knee hit
him and he rested under my fOOl

A rhyming peg sySt~1I1 works well for mc, and it is easy for 1IIy students
to rcmemher (sec figure 6.3).1 alwllYs introduce illO my students by firsT
(X'rfomling a "magicn feat. They are faSCinated by this ability and even
more rleascd when I explain how it is donI'.

I stand with Ill)' back to the chalkboard, ami I have onc student go to
the boMd and write a list of items suggesccd:l.I random by the nth"'r Stu­

dents. For instance, we might list school supplies. The student compiling
th~ list calls on studenu one at a time. The studenrscall out both the item
~lId the numbcron the list where it should be placed. A student might say.
"Number four is a mlcr." This continues until the liST of 10 is eomplete.



Figure 6.2. A Body Pt'g Systt'm for Memorizing Prepositions

Number 1 forehead aboard

Number 1 nose about

Number 3 chin above

Number 4 shoulder after

Number 5 elbow around

Number 6 wrist beyond

Number ) hand '"
Number 8 hip "'''
Number , knee until

Number 10 foot under

TIll: students must glvc me a moment between items. so I can mke the
timc to "anach" them to my (X'g. Because my peg for number four is a
door, I might imaginc a door m.1de out of rulers. TIle more outragcous [
can make my visual inlnge. the ('asier it will be for me to remember.
TIlt'refore, I might imagine opening the door lllld having thousands of
rulers rolling on lOp of me.

When they art' finislK'<! compiling the Hst, Igive them the list forward
or backward. Som('times theycaH out random nlUn~rs and ask me for the
item. [ usually get appbuSl' for this "rnirnclc." TIlcn J shMe till' peg system
with thcm and givc them a list to mcmorize in 10 minutcs or le~. Thcir
rcsponses are almost [00 pcrccm accuratc. From thcre wc discuss how to
use this gtratet,')' to study vocabulary by using definitions in their visUirl
images. An CX:HllpJC would be the word IXlChyilenl1. It~ definition is "[I
thick-skinlk'<:l animnl." If it is the firsl word on the lisl (remcmberlng that
the peg fcrone is sun), the students mill' \'isualilc an elephant in the hot
sun sweating so much that his thick skin is falling off! In this wal' the word
and the definition arc attached to the peg. The students enjoy creating
tht' "pictures" as they USt' this mnl'ffionic device.

Acronyms ilfe an01hcr IntlClIl<\l\ic device. Acronyms are illiliills o(
th(, itcms you ne(od to know put in a format that is casy to rcmcmber.

Vivid visual images are
helpful when uSIng 11

peg system.
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Figure 6.3. A Rhyming Peg System

Number 1 the sun

Number 2 my shoa

Number 3 atree

Number 4 a door

Number , a hive

Number 6 a stick

Number 7 heaven

Number 8 a gate

Number , a line

Number 10 a hen

Acronyms and acrostics
can help students learn
certain facts.

Give students the
opportunity to create
and share their own
memory strategies.

R.O.Y. G. r>.Lv. is one I recall (rol1llllychildhono. It stood (or the colors
of' the rainbow: red, ornnge. yellow, green. blue, indigo, and violet. An­
OTher acronym helped me remember the names of the Great bkes:
H.O.M.E.S. stood for Huron, Omnrio, Michignn, Eric, and Superior.

Similar to an acronYnl is an acrostic-a memory device in which ~'ou

make up a :;enrence IIsinl: the fir>f lerter o( each worJ or idea ~'ou want to

remcmher. How :trout the musical staff-EGBDF! "EVl'l)' b'lXJ(! boy does
fine" is the sentence I recalL

Some o( the best mnemonic devices aTl~ those that somc o( my sru­
dents eurn:ntly use. I have asked them to write down and sh"re theit
learning techniques. This is a real e~'c-opener (or some students. Most o(
them knoll' nothing about mnell'lOllic str:negies, rei some success(ul
leilrners have devised similar slrnlegies Ihat, ",hen sh:m~d, can benefit
everyon\'. $om\' students h~we be\'n "chunking" in(onnation intn small
bits for many \,ears. They then del'ise strnlegies that work with their indi­
I'idual learning styles. For insmnce, onc student places his notes, divided
into small chunks, at the cnd of his pool whlc. lilking une chunk at a
time, he walks around the table and repeats the information until he
knows it. Other students tried thiS, :md some found it helpful.



Changing Lanes
Mosl semantic Icachlng 5U3tegles Quem!,,' IOcorutrucl IPIOrd and lelll In·
formallon In a ViOl)' lhm rbcb It In [)(her ITlCmory 1:JJlt$ as wdl as the~·
mantle lane. AlIhoogh tn;lny of us nne been using thts( K'mantlc
techniques all along, ....~ ha\'c hem una" re of the lane s1uf, raki~ rbce.
The nut chaplet P'O"'Jt, a cI05tf View cl the Iant'S kss tnI\1:kd, 50 ....~

can use ,hem 10 hell" our 5tudelUS learn.

semantIC te&d11l'lg

Str.teg.es IIow WOfd
rl!OIm1bOn 10 be
processed and used in
semantiC and othtw
tnemOl V11""



Afeelling of security is
n ce 'sary for th brain
to access information
and form new
memories.

I is ay 0

contaminate learning
and contuse memory.

7
h La e5 L 5 rav-I-d:

In tr ictional Strategies fa
Ep·sodic, Proce,d rai, Automatic,

and otiona!1 M,emo y

Throughout the school yea my students wor together on tarns. I like
this brain compatible strategy because it helps in classroom manage

ent and ookke ping and dds to studonts'feellngs of security.
As I change units of study, I usually change teams. This provides

variety for both the s ud nt and me. lal 0 - uards a ainst the In vita·

ble hier rchy that dev lops on all teams ISylw ster, 1997b). If a tudent
feels uncomfortable about aposition in the hi@rarchy. I try to k ep that
position as short-term and as ainless as possible.

After a particularly tough non iction unit in litealure, I ecide the
• ids need change. and I form n w team . They enjoy the teams so

uch th t I eei e 10 use thes s me e ms in their lan ug arts
classes. The students do not object Wlen they come to this class, and I
assign te ms to their new seating; arr ngements. We are studying indi·
r c objects. I mtrying to pr par them or aunit t 51, SO 1' gtn th
class with a review. The sentences on the board are ready for the s u­
dents 0 classify in our usual way. Many of my tudems loo at th sen·
tences on the board as though they were written in another language.

hey do not know how to classify the sentences. I am outragedl How
coul 'they f ve forgo n7 Hav th y' ft their brains at home? W
hay b n working on tt,is id a for thr days! Wh t is wrong wi h
hese s u ents?

7



TIll' :mswer, of course, is nothing. It is my miswke. J h~\'e S1Tippl,<1 my
studentli of their cpisodtc memory of the sentence patterns. Just by chang­
ing Thelr placl:ment in The classroom, I W:1S prevenTing thl:m fTOm ilCCl:SS­
ing cerrain memones.

J now h:ld:l choice. I could either move them back to their original
scat:li or rCleach thl:m in tlwir nl:W Ont~. I chose to rl:tcach tlll: subject
matter because Jwanted to find out how much time the rCleaching would
take. It took three days before the studems were back nTlheiroriginll1 skill
kvcls.

The Paths of least Resistance
Delibcmtc strategil'S GIll access the episodic, procl-dural. automatic, and
emotional memory lalll.'$. Using these stmtcgics when planning a unit can
make the mfotmation more enjoyable and casier TO le:lfTl. Keeping in
mind that all lanes should be accessed, let's go Through each onc
separately.

Episodic Memory Strategies

Episodic memory is IOClltion drivcn. Studies have shown that if pe0­

ple Tl'ceive infonnation in a specific location the~' will more easily re­
member it in that samc locmion. To usc l'Pisodic memory effl'Clivcly may
take a little thought. energy, and some creaddt}'.

Bulletin IXlilrds may be the easiest pbce to lx1lin. For each unit cov­
ered, create a bulletin board that is unique enough to stand out from 1\11 of
the others th~t you have used, lllclude piclllres, posters, ~nd symbols. Ex­
amples of how:l problem or solution should look may impress your stu­
dems. Even if you take the bulletin I~)ard down before 1I ttST, thm
information m3Y still appear in j'our students' minds. Several wl'eks of
looking m the bo~rJ should le~vc im impression. Although the informil­
tion becomes "invisible." the learning is stored in lhe episodic memory.

Changing The arrangement of the desks in your room. incllKling your
own. will help you and your studetltli better use lhe epiSOl.lk memory lane.
SlIIdellls who sit in the s.1ml.' Spot wI'ek ilfter week could begin l() confuse
information. In addition to changing the seating chart, change the ar­
rangcml:nT of the students. PeThaps rou can ch:mge thl: number of stll­
dems on a team or put srudems in pairs. Chanb"= the desks or tables from
mws to a circle or some mller geometric sh~pc. This will hdp make the
material unique to the new look of your classroom.

Accl:ssorize! Wear hats, scarves, belts, shoes. masks, or full costumes
to enhance the leilrning e~periellce. IfYOlT are studying the Civil War,
find an old Yankee or Confederate cap to wear throughOUT the unit.

Moving students
around stllPS them 01
Iheir episodic memOl'y,

EpijsodlC memory 15

location driven,

BuHelln boards may be
Ihe easiest W<Ji 10
begin 10 create episodic
memories.

Changlllg the
anangement 01 the
c~ssroom belore each
uOll will help make Ihe
information unique.
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Field Inps add to
learning and 10 episodic
memory.

Teaching from a speclhc
area of the room will
help students use their
episodic memories.

Senlng up procedures
in the classroom can
help create strong
memones

Repemion of
procedures IS

necessary 10 creale a
strong 1000g·term
memory pathway

Bcner yCt. hn\'c c~ch sllldrnt mnke n h~IT to wenr. This will make the in·
formation lIlcmorablr and rral.

Move OUl of your room. Perhaps )"01.1 can use the libmTY or goolltside
to learn sollle lIlatrrial. Take field trips. Anything you cm\ do to Ilwke the
lellmin/l unique mny make thc lenrning pennilnent. This mny be possible
for only vcry short units.

Use onc coloT of raper for llll the handouts rdllled to llllnit. This will
hdp yam Sllldcnts remember information that was on that colot of p;lller.
Thcy will not need to rccall anything on thc reams of white paper they
wually rcreive.ln my English classes Iprepare definition sheets wing dif_
ferent colors for each unit. Isimply remind my Students to think ,thOUI the
'\ellow" shccts or the "blue" sheclS as I ask thcm to recall.

Tcach from aspecific arc~, o( the room. For each :If('a o( study ch:mge
thl' loc.1!lon from which you teach. Recalling your location will help
students rcrall the inform:ltion more rC:ldil~'. TIley will associate )"OI.lr
location with the informMion you shMed.

Episodic memory tcchniques C:ln do more than help students remem­
Ix-t. TIle\' can also add to the rnjoylllCtlt of tt'arn ing. 111e bmin likes nov­
d ty. It is intrigurd by it, and it pays attention to it (Jensen, 1996). Y01.1 wi 11
not be ove~til1\ulating your swdcllts with these changes. Instead, \'01.1'11
Ix- offering them a betlCr opportunity IQ rememlx-r.

Procedural Memory Strategies
Thne art' twO ways to help sllIdcnts access their proccduml memol)'

lane. Onc is to havr students perform the material often enough that it
becomes 11 procedure. The other is to ~t up procedurr$ in your classroom
that will create strong memories. Let's look at each way.

When a procedure is repeated frc<llIcmly, the brain stores it in the
cl'rclx-llulll for easr access. In the past, science was onc of the only subject
areas that was condllcive to this wa\' of storing information. Laboratory
procedutes wete common, and these n!rthods created strong learning ex­
periences. Sometimes, however, el'Cn in the science lllb. work is not re·
peatl-d enough to bt'collle a procedure. Today, hands-on techniques can
Ix-uscd in many subjCCT areas to provide proc('(lllr:ll memorirs. Mmh STU­
dents use manipulatlves to develop thrif conceptual undeflitanding and
to solve problems. The problems change, but the procedure for doing
thcm does not. With enough repemion, the students remember the pro­
crdure. English srudems lISC mab'llcti:ed bbcls and follow aprocess to la­
Ix-l each part of speech in a scntence on a magnetl!ed board. Rrpetition
llllows thrm to store this process, This technique is not frally any differ­
ent from tire or earthquake drills.11le purpo:;e of such drills is toccmelll a
safety procedure in children's brains---a procrdure that may &we lives.
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YOU-(JT ~'our sfUderll5-Can also inlll'nt proccdurl'S, so that the Stll­
dents will, through repetition, place subjeCl mauer into procedural mem­
ory (Hmnafonl, 1995). Try anythinl: that provides mOI'emem-for
example, role·playing, debate, dance, llIarches, It\ol1oIOl,'ue~, and games.
M:,king shadow boxes can enh:mcc pmccdur."11 memory. Sod-puppet
shows can reinforce many concepts in anycont~nt area.TI\CM' procedures
not only reinforc~ semantic knowk'dgc, but they also r~prescnt memories
that can he slOred through those procedural memory "muscles." If you
have rrouble applying yOllT coment 10 any of the::se, use your illl:l.gin:l.tion.
Have:: students stand up as you cover spc<:ific material. Ask them to walk
;IS you review it, jump when they think they understand a particular
poim, and dap when they knoll' it all. All of that movement and fun WIll

mak~ a big impression on their brains.

Automatic Memory Strategies

TIle alllOl1l:l.lk memory bne slOres multiplication tables, the alrh:l..
bet. the ahility to decode \\wJs. and dOlens of other memories lfi!:!,'\:red
by simple associations. Strategies (or \lcccssing this mcmory lane arc sim­
ple and fun.

The strategy J highly recommend is music. PUlling in(orm:l.tion 10
music is simple (or SI uJenrs o( all ages. 111ey Ibually find songs easy 10 re­
member, and they can then practice the information daily. For years [
hal'c had slUdcnts learn lhe 48 prepositions. 23 helping verbs, and 18
linkmg verbs by wriling their own songs. The\' use old, tried·and·true
mclod ies, hut they make lip the lyrics. 11 can I>c as simple as taking" Mary
Had a Liulr Lamb" and replacing all of the words with the list of words
the students need to remember. RllPS and poems can work as well. It he·
comes:t reflex to fill in lhe newly learned words when the music begins
(Jenscn, 1998). I have had sllldents return after high school and tell me
they still know thtir songs.

Otha :lurom:llic Sff:uegies incllld~ rhe use of 11:Ish cards. repetition
throl.lgh daily oral work (t1\ m:lth. geograph\', I:mgua!.'t, I'ocabuJary, :md so
on), and oral conditioning ((or exmnple, J say "Lincoln," you say "Gi:ttys­
burg Address"). E.1ch of these strategies has its own benefits. Students will
tire ofthe same stmtegy. so provide variety. Qui: shows may be agreat way
to gel re~ponses 10 the automatic level: many students love lhis
technique.

Emotional Memory Strategies

Without adoubt, emotional memory strall-gies arc the most powerful.
M:llIi' o( these striltegies also activate other memory stomgc areas that
make them e\'en more powerful. Both positive and negarive emOtions

Students can Invent
procedures to support
instructional material.

Anything that invol\les
movement will enhance
plOcedural memory.

MusIC is one of the
most powerful means
lor enhancing automatic
memory.

Emotions activate many
storage areas.
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Music can also be a
p<l\Mlrful stimulus for
emotional memory.

Debate and roleil~ing

are effective ways to
evoke emotions.

Your own enthUSiasm
fO( the subject matter
may be contagious,

The more aware you
are of information about
brain·compa~ble

strategies, the more
likely you are to use it

cauSl' thl' hr:lin to rel(,:lSl' certain n('urotransmitrcrs th:u aid in memory
r('t('mion (LcDoux, 1996). TIlat is not to say you should ('ncoumge ncga­
tive emotions in fOur classroom, bm simply to point out thm strong feci·
ings llOOllt conrelll can add 10 emorionnl memory.

Music can be powerful in emotionalmcmory. Using dramatic music as
background while you read or discuss mntl'Tlal can make the information
meaningful. Playing the theme from "Mission Impossible" or "Dragnet"
before you discuss the Bailie of Geltysburg will get your students' atten­
tion and elicH feclmgs ahQut the mmerial.

Celdmuions arc emotionlll. These can be done with Of without mu­
sic. Plan special c{'lebmtions as students learn the m,uerial. Ha\'C the stu­
dtnts present the material to the class through role-playing Of a dramatic
pcrfonnance. Give them an emotion that they tlIll~t try 10 convey and ask
the class to tty to recognile it. Find ll1ilterial that contradicts whllt is Sllid
in the text nnd that clllls for debate. This technique C~Hl he vcr)' effective
as studenlli choose sldl'S. Play del'll's advocatl' and speak against the
points you cOI'er. StlKlenl5love thl' opportunity to prove their te~cher is
wrong. Either Wi1~', itlx.'Colllcs an emotional experience.

Make your room the seenI.' of the crime. If you arc studying the Civil
War, create the emotions felt in the er:l. Divide your room in h:tIf with a
Mason-Dixon line, Separatc the studl'nts and tdlthc1l1 \I·hat possessions
they c:m keep. Allow the emotions to build as some lose their belongings
and others rl'Ceive them.

Most imponam o( all is that you show your l'mhusiasm for j'our sub·
ject, Modd j'our love ef the cement, and your sllIdems may find it coma­
gious,lfyou shMe feelings about what }'OU arc leaching, your students may
find thnt they can feel the SlIllle 11~1\, about it.

Accessing Multiple Memory Lanes
Thl' more memory lanes you can reach and teach to, the more successful
your StllclenlS will he in their learning. As this chapter inclicmcs, some
suategil's can accl'SS more than anI.' memory lane. This only makes I'our
job easier. Like anI'thing else dealing with hrain-compat ihie Il':lrning. the
morl' aware you arc of this in(onnation. the l'asier itll'ill be to use it on a
conscious level.

Storytelling is a dynamic way o( using multiple lal\l's. TIle brnin pro­
cesse. parrs and wholes simlllwneously. PUlling semantic infofmation
into a story format gives the students thl' who!l' ldl'a and thl' details
(Dine & Caine, 1994). Besides the .semantic infomlation, emotional
memory can be mpped through thl' tonnicl or plol o( the story. Episodic
memory may be reached through rhe locMion in which you tl'lIthe srory



:md how I'OU dress,
As you plan a unit of instruction, evaluate how much of the material

is airnl'd at the Sl'mnntic bnl'. Art therc ways you can tcach thnt informfl­
tioll through thc mhl'r lancs! J( 1I0t, rcview the semantic stratt'glcs de­
scribed in the prel'ious chapter :md choose those that will work "'cl Iwith
the content you arc teaching,

Nl'xt dl'cidl' how you can cftatl':m cnvironml'nt that will engage thl'
cpisodic mcmory, What kind of bullclin boards and posters can you use!
Do )'Oll nced 10 make something! Bettcr yCt, can your students rrmke the
items to decol'3tl' for this "t'risode"! Arc therl' things that you can wear
th:lt wHI enhance leaming1 Willl'our students be :lble to hring, carry, or
wear :mything that wi11make this experience more Illemoiolbld

Analy;e the material to determine which procedures are built in or
which oncs you c:m crcatc. Will the slUdents Icarn bcttl'r slnnding, sit­
ting, or moving in some way! Are theft manipulath'es for this unit! C:ln
rOll or your studenu create:1 dance or ritual to accornp,my the learning!
One procedure that combines episodic memory with procedural involves
m:lking a hulletin board IInd dl'Comtions, IInd then having the students
put them up, This will add information to both lanes.

TI,ink about how 1'01l can makc some learning mltom:uic, Arc n:lsh
cards a possibility? What information (an be put to music! Repetition is a
plus; tT)' 10 find a way 10 use it.

Can ),ou make this material ttnotional? Arc thtre popular songs that
might be associated with this ll13terial! Ask the students what they know
about this new information, This may adJ to their feelings about it. How
will you celebrate the beginning of the umt? How will)'ou celcbt'3tc the
cnd! What kind of roil.'-p1:lrillg or debateS can you use 10 elicit strOllg
feelings!

A novel that I sometimes read with my class is The Rifle by Gary
Paulsen. This Incredible boo~ covers the "1IIe" of a rifle from lIS crea­
tIOn to the present. The ted1rllcal parts are diffICult to 10110\11': yet those
SectionS are surrounded by amoving story of hIe and death. When I
use this powerful boo~. I er'lgage my students in the entire production
of the ur'lit.

I begin by as~mg Ihem how they leel about guns and gun control
The answers vary among students, some of whom are beglr'lr'lmg to
hunt with their fathers The emotional responses that I receIVe are
steps mthe fight directIOn. We discuss drIVe-by shootmgs, hl)acklngs,
skYlackings, and the latest mass murders al smools. The students are
ready to do battle over the issue. I ask the studems to bring in any
r'l9Wspaper or magazir'le c1ippir'lgs that deal WIth guns, I also as~ fOf

Look at the semantic
Information In the
curriculum and try to
hnd w<fiS to present It
through the epiSodic,
automatIC, procedural.
and emo\lOnal memory
lanes.

Begin WIth the episodiC
lane and continue With
the procedural lane.

celebrate both the
beglnfllog and the eod
of a uOll to add to
emotional memory.

Ask the students hO'N
th9"( feel about the
topk: to be studied.



Have students decofata
the classroom 10 add to
their procedural and
eplsochc memories

Offer students choICes
IOlhelr learl1lng.

Researdl procedures
may access multiple
memorv lanes.

Dal~ repetltlon of
Important Il1tormatJOn IS
a ~ey to bUilding
long-t8fm melT'lOfy

plCllJreS of guns
The students bfll1{l In the needed matenals to decorale the room,

As they ent8f, I have the song "I Fought the Law, and the Law Won"
playing on the boom bC»l. The students smile Of dluckle as they listen
to the song They shale their informatlOfl Of pICtures Then they place
the Items around the room. Bv the end of the class perIOd, the room IS
decorated. and the students have abaSIC knov.1edge of gun control and
legislatIOn In Ihe Ul1lled States Thev have also heard some horror sto­
ties about accidental deaths and ramp.a~s by peo~e With guns.

The next day the students choose a slip of paper from one of two
PileS. Half the shps say "Guns kill people." The other half say "People
kill P&ople" The students who dloose "Guns kill people" Sit on one
Side of the room. The others take the other Side. I hand out the novels,
and the reaclong begins.

So far the episodic, procedural, and emollOnallanes have been ac­
tivated, Playing the song each day as the students enter will trigger
memorH!S of thiS Information.

As we read, we encounter the tedlnk:al infOfmatioo and terms in­

volved in bUilding a rifle To make thiS more meaningful for the stu­
dents. I must discover a way for them to understand the process, We
cannot bUild a gun ourselves because weapons or re~lcas are not al­
lowed in school. we can draw, I provide paper. dictIOnaries, and eney­
clopedl8!. Informatrve Web Sites O!I the Internet can be helpful helB,
too. As the novel descfibes the building 01 the nfle. we dlaw our own
piCtures in sta~s We talk about the procedures used. laugh about
some of them. and act out a few,

As the reading contlnuas. we discover that the nfle passes through
the hands of many people In the stOlV we beglllto create aslOlV map
on the board. Each section has apicture of the new owner, along WIth a
descnptlOn of the pelson and an explanatlOl1 01 how he received the
nfle.

Some days I ask students to come to the front of the room. I glVB
each of them aSign 10 wear With the name of one of the nfle own8fS or
another Characlef in the stOlY The students diSCUSS the Older III whim
the O'M'\8rs should stand, and Ihen one or several students retal the
story Theypass aPlCIUre of the lIfle hom CToYner loowner Other days I
hand the !!lcMe to astudent and say, .You are the builder of the nfle
\Yho are 'r'OU?" Then the student gr.oes the rdle to another student and
says. -I soIdlhe rdle to 'r'OU lMlo are 'r'OU?" This continues unl~ we
come 10 the current CToYn8f 1grve wntlen qUizzes occaSlonaUy to leSl
the learning

BV now I have aCllvated emotIOnal, procedUfal, llJlIsodIc. and
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semantic memories, With repetition of things like the names of the
owners of the guns, students have some information In automahC
memory.

At thiS POlOt, Iask the students to create a song about the story.
They can use the tune from "I Fought the Law" or compose one of
their own. I assign thiS to ead1 group, so that we WIll havtl only two
songs when we fInIsh. The soogs should be very dIfferent, and they
are. The students begm to SIng their songs ead1 day after class begins.
The songs are full of Information from the story.

When we read1 the end of the story, most students are very emo­
tIOnal about the events ~admg up to the ending and the ending itself.
Again, we have readled a ted1nical area of the story Ineed a wwy to
help them understand. We reeMct the scene Students volunteer to
be d1aracters from the story. We create signs WIth names on them,
One student becomes the rifle itself. and another becomes the bullet.
The rifle shoots, and the bullet follows the path described In the book,
The role-plav is not perfect, but it appears to work. Many Students are
fascinated by the pI1ysics invor.oed In the bullet's path.

As the unit culminates, Iask the students If they are stili comfort­
able In their d10sen groups, Many stay where they are. Some SWItch
SideS. They ask for debates. They spend the next several days prepar­
ing We hold the debates, and the students discover the imporlance of
preparation and evidence.

The final actIvity IS a persuasive essay using the group titles as the
argument. The unit ends, The StudOfllS return to their prevIOus seals.
The posters, pICtures, and artIcles are returned, Most students appear
to have enl0v00 the experience.

I had to uS('wnscious effoTlto access all of thost: memory lanes, TIle
unit hecllmc more interesting as I did so, TIle students "'~re involved and
happy. Each ye3r I must add some units [lnd ch3nge others to access all of
thl: memory lanes. It can b.: a chalknge, but the rewards arc wonh iT.

Many of you have bt.-en creat ing uni ts for years that access the various
memory bncs. Bmin re~arch enCOUr.lges liS lOenrich our TCilching smllc­
gies, Knowing this information mal' enlarge your bank o( teaching strate­
gies. Use thl: strmcgies Ihal fiT your sTyll:.

When I started tcaching in 1971, I didn't have a style. EVi:llthollgh [
had nm tellching and my StudenTS were learning, I did not hilve a clue
about what I should be doing. Through the \'cars I havc taken classes. at­
tcnded workshops, and rcad hundrl'<is o( books as I starched (or a stylc
that would fit mc. It took a long tllnc to find a~tylc that allowed me to fcel
satisfied that I was doing the job I wantcd to do. Thcre arc dllys when I

Creallng songs wl1n
UM content accesses
both automatIC and
emotional lanes

Usa student volunteers
to reaMct or retead1
the information.

Debates may cement
semantic InformallOn
through the emotIOnal
and procedural lanes

You may find that your
worlo: becomes more
Interesting as you make
the effort to access and
create more memories
for your students.



Brain lesellrch
reinforces most of our
best teaming
strategies,

want It) (CM my hnir/JUl nnt! throw in the \I)\\'cl. When Igive my,;clfthl'
chmm." to step back and look at what I am domg, 1usually sce that 1have
slippt.'d b~d into myoid pmtcmS-yOIl know, the ones thar Iused repeat­
(.'dly ami expech.-d different resulLs from. I find that when 1return to my
hmin·comIXltihle mcthO\ls, both Ill)' srlldems ~tnd I feci successful.



Producing th vld ne
A e me t That Mirror

str ctional Strateg" es

I love teaching Greek mythology. It is one of my favorite units. I fell in
love with the genre in high school, and 11 have collecte paraphernalia
and ad d to he unit ince 1971. Through th y ar , b cause of my
tr ining in brain-compatibl teaching and 1 arning, I hav _1 nged the

unit and made it mer brain-friendly. Or so I thou ht.
Just Cl f w y ars ago I made som big mistakos. The unit w s

great. Idivided the kids In 0 t ems named for the gods and90 desses.
They thought it was cool. They had to read myths, do some fun actlv~

tis, and produc final product of heir rooic .The tudent pre en d
'fabulous puppe shows. m de interesting n wspa rs. ctad out
scenes from their favorite myths, created posters, and did radio and tele­

vi ion int rview. ey mad· dv rtisements for Gr k pr ducts like
"Medusa's Favorite Make-up: Itmay cake alittle, but it won't crurn lel"

I ha agre t time teaching the material. The s u, ents had arat
time learning and producing-at le st, I thought they were le rning. At
the lend of the unit, Idid what most of us do. I gay,e the students awrit­

ten assessment, containing only the material we had covered. I took
the test b or Ig v it to them to b sure it wa fai.

The results wer em rras ing. The gra es were horrendous. I
was very angry with my stu nlS. Why hadn't th y S udi d? Did they
think this was all fun and games? Wa,s it possible that I had failed? Than
it finally occurred to me. I couldn't blame the idsJ their parents, or

v n th full moon. I had aght th through various ' emory lanes,
and I had asse s d them through only one. The one I cho was lhe
one I had used and reinforced the last.

1

We have alii taught units
tha t we tll0Ught were
wonderful and then
have eell disap ointed
wi h he re ults.

Rotrieved memories are
the 0 Iy evidence we
hay of learning.



Assessments That Work

Traditional testing is
often necessary and In
some cases deSIrable,

Parents often
understand traditional
assessment better than
authentic assessment.

We like to think that our
students ha\lll a love of
learning.

How do we teadl and
assllss in a
braln·compa~ble

manner and still get the
results we need?

Portfolios arll brain
compatible and provide
a IiIreat deal of
informatIOn about
student progress.

Some interpreters of brain research will suggest that you give up tradi·
tionalll.~sting occause it can be antagonistic to the brain (Jensen, 1995), I
do nOl diS<lgree with them; however, as a classroom leacher who has
Nlught in many nMitional districts, J undcrst:md how neceSSM)' tradi­
tional tcsting can be. Perhaps lx-'GIuse of my college trainingor because of
my need for "concrete" information, [often find it necessary to give tradi·
tional aS~5Slllcnts to my students. Ilwve the assessment... aVllilable to

show to parentS. and I can explain them e:lsily. J have the inform:ltion if
there is a question about grades. Even with the new rubrics for more
"authentic assessment," many parents don't understand or relate to this
"llprO<lch. TIlen{ore, I often cnd Illy units with a rmditional assC$l1lem
aimed sped/leanl' at the semantic memory lane.

Students have heen tminLxl or have trainL.J themselves to study for
these tnlditional tests. These arc the kids who are always asking, "Do we
have to know thist or "Will this he Oil the tI:str' I sometimes want to
scream when they ask such questions, but I know that thel' have e\lery
right to ask them.

We would like to think that our students have a 101'e of learning.
Many of them do. However, mQStl"lucational syStcms MC set IIp S(lthm
the bottom line-grades-is the most important component. [ bdie\'e
thm om students do love learning. Those dendrites are al\\,a\'s looking for
information. However, that information may not be thl." kind that <:omes
straight out of ~I book.

The question remains; How 00 we teIlCh and assess our suubus in a
natural, enjoyable, brain-wmflatibie u'ay and still get Ill.: results and tll.: data
that U~ need to giw 10 OltT districts, our adminimolOrs, and our parl."l1ls!

Portfolio Assessment

Onc Ilomradilional, bmin<ompm ihle foon of assessment is 11 sflldcnt
(Xlrtfolio. A portfolio is acollection of work that shows growth over time or
smnplcs of sltlJems' best work. It may incluJe journals. l'S&'l}'S, Icners, tCStS,
lI'orkshel."ts, audiotapes, vidoorapes, posters, and any othl."r work samples.

Working portfolios may give both the smdent and [he tcacher a
clearer idea of how the stwent is progressing. Itlllay be easier to perci:i\'e
L'Vidcnce of a student's ahility to apply concepts through portfolio work
samples than through traditional assessments.

Suzanne is not a very good math student Her scores reveal that. Her
most recent score on a test askirl{j for solutions to problems usiflO ad­
dition and subtractkln was 65 percent.



Sarah, on the other hand, shiMS in math class. She has almost per­

fect lOOs in the grade book. She raises her hand In class cO!1stanHy,
She makes the teacher, her mother. and herse~ YfJry happy,

Which child knows more about math? At first glance. O!1e would
assume that Salah does because of her test scores. However. funhel
inspection reveals some Interesting information. In her portfolio, Su­
zanne keeps a "collection book" for herweekty paper route It IS her re­
sponsibility to collect money from her customers each month,
Suzanne's book IS well organized and precise. She has aseparate page

for each customer showing the amount paid, the amount owed, and a
balance for each month. Does Suzanne know math?

Portfolios are one way of bringing the real world into the classroom.
Students can reveal agreat deal about themselves by what they choose to
keep in their portfoliOS, Many enjoy hringing items fmm home. TIlis may
convey the feeling that the portfolio rcally belollgs to them. On ocC<lsion
th" students insp"ct and rcfk'(l on their portfolio items.

Performance Assessment

Orher nOlllmditiOlla1rI)SC5:,lt1elllS are often cill1ed ptrfomunu::e a.l'wsS­

merits. This rather broad term describes an\, assessment in which the stu­
dent may demonstrate knowledge and understanding through I'arious
means. Giving stwents n choice of asscssmmts is a brain-compatible ap­
proach thm allows students to access the information through the mem­
ory lane of their choice.

Authentic a.l~5I11t'nt is a ['I:rfonnancc assessment in which a stuJent
deffioll.'ittares mastery of a task that is considered "real life." Many educa­
rors use this type of assessment. The drawh:lck is the time requin.'d.

PenOrmll1lCe ass(:ssmcnts arc an impOttlllll compont:nt of assessment
th~t honors the uniqU('lleSS of studel1ls' br~ins. Appropriate mhrics en­
able this kind of a)SCsslllent to he object iI'C.

life in the Fast lanes:
Matching Assessments to the Memory lanes
Let's look at each memory lane anJ good methods of assessment for each.
Remem!l<:r, retrieved memories arc the on1\' proof wc h:lI'e thmlearning
lm taken rlace, Students need to!l<: able to show us what they knoll', If
they have learned infonnation and stored it through multiple memory
bnes, appropri~te ;lSSCS~l\lent stl'\ut:gies will help them retrieve those
memories.

Discovering a child's
true interests and
abllrtles may be
possible only through

portfoliOS.

Perlormance
assessments allow
studentS to
demonstrate their
knO'Nledge and
understandmg through
vanous means.

Matching assessments
10 the memof)' tanes IS
easy.



Eact1 memory lane has
a compatible melhod of
assessment,

Sludies have shoYm
that people who are
taught information in
one location will access
it more easily in the
same location.

Your presence in the
room dunng
assessment will affect
your sNdents'
performance.

How often In the real
world are we given the
types 01 assessments
lhat we 91ve our
students?

Episodic Memory Assessment
Can you assess srudenls through the episodic memory lane1 We do it

all the time. Except for most standardized testing, most of us do our assess­
ments in the room in which we taught the material. It can be as simple as
that.

Studies have shown that pl'Ople who al\' taught information in one
place access it more easily in the sallle place, A study conducted underwa­
ter pfOves the point. Subjecl5 who wete given information while diving
te1llcmbeTl'd that information more readily when they were in the water
rather than on dry land (Baddcley, 1990).

Ifyou have consciously cl\'ated a context for learning by using some of
the suggestions in the rrecl'(]ing chapter, your students should he able to

access the episodic memory bnc for any type of assessment in thatloca­
tion. You can tCSt this b}' removing your bulletin board materhlls lmd 3S1:­
ing your students abootthe infonnation that Wa'i there. Most will stare at
the l'Olpty srace lefl on the boarJ and visuali~e the data. If \,ou wore a hat
or costume while teaching, wear it on the dlly of the ilSscssment.

Remember thin rOll are also covered with invisible information. Your
presence in me room Will makl' a difference. I S~nl years being angry
with math tcachers. Whcn mj' students had to figure grades on paptrs,
they could nevcr multiply with fractions or decimals. I llS:>lllncd those
teachers weren't doing their jobs. I now know {hll! the students were lack­
ing the eplSIXlic mcmoryconnl'Ctions to mnth. They could do the work in
thl'ir math rooms or with their math teachers prestnt. lnvisibll' informa­
tion is powl'rfu1. Therefore, do nOt havc your subtilUtc tcacher give 3n
exam.

Yes, I have often heard the argulllCnl that wc are not doing our chil­
dren justice by letting them rely on episodic memory. They should be able
to apply the: infonl\:ltion in the real world wherever they go. This argu­
ment has strong points. However, I ask myself, "How real-world is the:
lI'orld oft..'(luC:l\ionr' How often in the real world arc wc given the Undsof
assessments that wc gil'e in school! Education is moving closer and closer
to real-world situations and authentic typts of assessment. Meanwhile,
wc must do the best we can with what we have.

Asses.ment is S1Tessflll fur all of us. How many of us arc rc1axt..'(] and
happy when our cvaluation time comcs: We mtly enjoy sh:lring and show­
ing whal we can du, hur whell ir comes time for the verbal and written
evaluations, most of us get quite nervous. So do our studenl5. I belic\'e
that any advantage I can give my students for receiving and T('trieving in­
formation willuhillllllcly benefit them whcrel'cr lhey go.



Procedural Memory Assessment
This is the "how to" lane. TI\CSC memorics arc difficult for anr o( us to

conver through words alone. If you do not believe me, try to doone of the
(ollowing. Without using your holllds, explain to sotlleonc how to tie
shoes, how to applr eye make-up, or how to play the baby game "Pat-a
cake." Difficult to do! OfCOUtsC. TIll' reason is thm these arc procedures
that ~'ou have learned through movement, and the best way to retrieve
those 111el1\ories is through those salnc I1)OVelllent5. Yet 11'1' constantly ilsk
our sflldenrs 10 sh.1rc inform:nion with p:lper and pencil.

TI\(~ simple solution is to have students show you the procedure. You
may say that this is not so simple bt.'<:HUSC 1'0" have ZS tu 30 students in
your classroom. or you may teach six classes per day for only 45 minutes.
How cnn you nsscss nll of those srudenrs doing a procedure that takcs SCI'­

eral minutcs1 Here are some solutions.
If the a~ssl1lenr ison science lab \\'ork, take the students into the lab.

Allow their episodic memories 10 work. Give them the equipment used
(or the procl'(lure if it is ll\'ailable. Either with or without the actual
chemicals or other substances, alia\\' them to "wal k" through the process,
writing dmm each step as Ihey work. Once they have done this, they can
ans"'er some appliclltion, nnalysis, and s~'nthesis questions on a tradi­
lional assessment.

Another method is to put them in the small groups they worked with
and have the groups show you the rrocl"(lure. 1fthey underst and the rro­
cMure, you will see that they have difficulty nO! doing the steps assigned
t(I th.:: other m.::rnbl'rs of th.::ir grOUp. Ask '::llch studcnt specific questions
dllring the demonstration, Usc a rubric to el'alualc each studenr's per­
formancc. Again, after the I'roct.aure, yOll mal' want to glllC them ques­
tions of ilpplical ion, nnalysis, and synthesis. Perhaps you wi 11 want to give
them anothCr problem to solve llS1t\g the same procedure b\ll changing
group rn/.'mb<'rs' roles. Kc..p :'lIng of tht, class Or use H St,<:tion of }'our grad..
book to record the progress of each student.

Once the brain stores information in procedural memory, Ihru infor­
nliltiol1 is easy to retrieve gi\'cn the appropriate opportunity. Allow fOr
those opportunities in your classroom whcnever possiblc,

Automatic Memory Assessment
AUlllrnatic memory retricval is similar to proct'l:lural mcmory rc­

tricI'a]. Ithmk of the in(orlllat ion stored in the cerebelhlllt as long strings
of ncurons hooked together by strong and helllthy dendrites and axollS.
TI\ey appear ltkedominoes, All I have rodo is trigger the first neuron, and
they fire in asystematic WlII', just as the fall ofthe first domino triggers the
others to fall in turn.

Aprocedural mertl(lry is
difficult to convey
throul;lh words alone.

Allow swdents to walk
through a procedure to
trigger memory.

Anything learned
throu\lh movement IS

best assessed through
that same movement.

Ask students specifIC
questIOns while they
are doing the
procedure.

InformatIOn stored In
automatic memory
must be accessed In

the same manner in
which 1\ was taught.



FtM' this type of memor}' rl'lfieval, I simply have the studenls ..:h·e lllt'
the mformatlOrl orally or have them wrne It down. For mstance, If It IS In

a son!!, they either sm!! 11 with their groups (Ine\'er make them sing
,110Ile), or the}' can sing Lt to tlK'mseln'S a:. they "Tlte It on rarer. If I want
to assess their appliclllion of the matrriill, I ask them to write the auto­
matic information on theIr IXlpers first. Thrn thry can refer to It as they
apply.

II you used muSIC to
actIVate automatIC
memory, .ssess your
students usmg !hat
musIC

Give stuoonlS the
opportumty to make the

conne<:tlons betweeo
InformatIOn stored In
automatIC memory and
115 use on a l&5t

AcceSSing emotional
mefnOfy dunng the
assessment process
may be difficult

Some students can
access emotional
memOries through
performance.

The students llOlIlly have lhlllf ~nktf'9"verb sonos memol'lzed They
srng ,hem wihngly, end lam pleased With me results They Nve taken
an oral quIZ lJf standrng m Iront of the room and SInging 'NIth !heir
groups I watch ther hps carefully and hsten'Of each VOIC8. I have also
grven them awritten quiz. Theyhadtowrltedcwm the words on paper.

We are beglnnrng to classrfy sentences with hnklf'lg verbs The
connectIOn rs not therelllrnd that many students wtlo recerved As on
thelf qUizzes lire puzzled and he5l1ant wheo they encounter a ~nkrng

V9lb rn a sentencel Are therr automatIC memO(les farlll'lO them7

My students were not making the connt'Ctions that I hopN tht·y
would. I r\l.'t'dcd to include another ~tt'P In !IllS procts). Once the rnfor­
matlon was in llUtOmatic m('mory, the studenu needed to prncllce using
tlllS skIll wl\h an applrGltlOll procCM. Fll,~t they needed to wnle down
from JlIrlTlory lhe linking I'erhs. Then they could proctt.'<i to the stn­
tences, Chl'Ck rng for those link rng \'erhs. [as)ullltod thcy would ~auIOtl\ati­

call( do this. Some of them could, but many could not.

Emotional Memory Assessment
ACCl'S5rng students' feelings during the texhing process 1) far ('asi('r

than during the assessment process. Emotional memones are powerful
enough 10 ol'erride logiclllthinkinJ:. Sticking to the {actS may be difficuh
depending on how emotional the rssues hal'e become. In dealing wnll the
rifle Story dcscrilx.'(l in (hapter 7, stlKlcnts somctimt'S allowed their feel­
ings and opinions 10 overwhelm them, and they retrieved very little fac­
tual infonmllion.

Most emotional memories are not so ovel'JXl\\·ennll. When emotions
are invol\'ed. some students Clm retrieve them throul1h performance. A
pro)t"Ct .11(h as role-playing, apuppet )how, or ask Jl would he :lpprollriate.
Appl\'ing thest emotional memor~' (oncepts toa dif{('rcnt context mar be
beneficial as well. For inst:lll(e. if \'ou h:ll'e Sludrtd II survh'al issue, mlher
than have the stlldc!1fs rcenact thl.: survival situution you studied, huve
them crcm e 1I flew situnt iOJl and apply the SIJr\'i val pri Jlciplcs to it. Other
swdentj will nt'«l to aprIl' and denton.llTlIIe their cmOlionillmemory



through writ1l'n work. Writing newspaper :lTli(']es, editorials, essays, or
short storics, and creating posters arc examples of this kind of emotional
memory performance. What if )"01.1 hdped your stlldentsstorc infonniltion
in CIlIOt ionalme1l10ry through celebration or music? Re-pellt ing that ccle­
bmtion and playing that music during ate-St will help them remcmber.

Perh3ps you reached their emotions through your own enthusiasm. If
this was onc of your techniques, be enthusiastic on Ihe day of the asscss­
ment. Try to getthelll as excited about whm they have Icarned :'5 you lire.
Explain to them that a test (by is a day to share and cclebl1lte what they
have learned. Some teachers play special celebmtion music on the dal'S of
their exams.

If you have accessed the elliotions of your Students in your teaching,
\'011 have given them an incrcdihle roo1. Emorions will wke prioriry over
everything else in the bmin. Assessing students through their emotional
memories will also be an opportunity for you to assess emOtional intelli·
gence (Oolt:man, 1995). Do your students understand their f('Clings about
rhe topic! Havc their feelings changl'<\ in :my way! Do they undersr:md
the fec1inb'S ofoth('rs! Have they displayed empathy! Assessing e1l10tlonal
intcll igcncc is sometimt'S tricky, I'et giving your Studl'ntS the orponunity
to consider these key iSSues may he the most important learning of illl.
Keeping a journal would be a wonderful way for them to sclf-aSSC'SS.

Semantic Memory Assessment
YOII may Ix think ing that th is seC[ ion is unn~cessary OC'CllUSC you ha\'e

been gil'ing tests for I'ears, Butj'ou need la be aware of this; if information
is ~torl'(l ill rhe scnm11l ic lan(', then gi ving tmdit ional teSts usually lI'orks;

if the information has not been stored there, your students \l'dl underper­
(orm, Aren'[ there lllwa\'s a few students in \,Out room II'ho consistently
utlderperfor1l1 on the tCstS, yet j'ou are certain that thcy were ~geltil\g it"
when you \\,('rc tellching!

In chapter 4 I talked aoout looking in the bakery aisle for the milk.
Perhaps your students ate looking in the scm;Huic lane and not TCtrieving
information beC1IUSC it's not therc. TIlis brings us to t~"Il questions. Do you
f~cl rhe n~ed to give rmditional scm~mric asscssmemsllf so, can you till<'
memories from another lane alld somehow get them Into the semantic
lanc for this type of tcsr!

For me the illlSwer to both questions is ycs. I want to give tr....dltion:.1
pl.pcr-and-rcnciltem. Wh},! I hcliel'c in bahmce. I use both authentic
and tmdlllonal assessment with most units because I feelstudems need to

learn to handle both types. Also, 1want to m('c! the nl't--ds of the stlllknts
who feel safe and secure with tradil ionil1tests. They do well on thcsc, and
\ want them to feel succC'SSflll.

Display the same
enthus'ilsm when you
assess as you did when
you taught the matenal.

K&eplng a lournal can
be a wonderful wwy for
students to self-assess.

Can you take
InfOfmallon from
another lane and get it
Into the semantIC lane?

TradltiOl1altests have a
place In the
blalrKompatible
classroom,



Changing lanes: Teach to the Test!

SemantIC tests will
prOVIde true
accountability only II

informatIOn was taught
to that lane,

PractICe tests are a
practical way to begin
to move inlOfmatiorl
Irom allY other memory
laM into the semantic

lane.

Studerlls can r«reate

power pictures or other
visual organizers as part
01 the assessment.

Encourage students to

put the techniques thllY
have learned to good
use,

So hcre's the llooJ news; Wc cnn TCtrieve mcmories from Other lanes nnd
put them in the semamic lane, Onc method involves doing what ~'ou

have repeall'dly heen told not to do: TI,:;lch 10 the test. &gin by working
backwards. What do you expect your students to gain (rom the material
you arc covering? Be sure \'00 cover those poillls. TIlen give prnctice tCSts.
Yes, this t:lkes time; but in the cnd you and your students will be h:lppier.
In other II<wJs, you must give \'oor studcnt.'lthe opportunity to practice
taking information from onc of the other lanes and using it semantically,
with words. As you give the practice t(';'its, talk the students through it.
Remind them of the procedllres, the automatic memories they have, lhe
emotional content, and have them look around the room:lt the episodic
information. If you played music during the learning activities, pby the
music at least Juring the practice testS. AII of this \\'i 11 :111011' yom students
to change lanes or access all of them. (Had I done this dllring the Greek
mythology unit, itw(JUld ha\'e made a great difference in the results,)

If you used any o( the &tmanlic slmtegks from ch:lpler 6, llllow I'om
students to use these on [he :lssessmelll. For example, many leachers who
use the power-picture or ml ml-m~p tl'(hnlque llsk their SI udents to rccre­
me the picture or m:lp (wml1lcmory :lnd put it on the back of the exmn,
Bccnusc the nmin purpose of this techniqlle i~ to builJ I'isual memol)', the
students will probabl~' be able to do this. Then allow them !O usc thal in­
fonmllion [0 help them answer lhe leSt qlIL'Srions. Some leachers give ex­
tm credir (or the map, The important point is that you tallght \,om
student~ ~ stmtegy and now you arc showing them how to apply if.

This approach will work with other scm:mtic techniques. If your stu­
dents \lSt,:'(1 I1 peg systelll, gke [hem [he opportunlt}' to re-cre'.IIC it on Iheit
test p<lper. They c.1n also re-create time lines, wrile down thciracrostics or
acronyms, or make an o\ltlint', Encourage them to pUI the rechniques
they have learned to gooJ use. This will be a lesson in ho\l' to transfet
information.

The sludents should have inform~tion stored by melll\S of the other
semantic techniques that \'011 uSt'd, sHch as role-pbying and pt.'\'r reach­
ing, III their semantic lanes. Retrieving most of that information should
be easy.

You can use any of the sl'm~nlic techniqucs suggeswd (or retrieving
information from multiple lanes. That is the beaury of manl' o( rhese
techniques. The peg system takes semantic information and places it in
automatic memory. The power-picture technique takes semantic infor­
mat inn and places it In the precedu rJI and u)ua 11ythe emOI ionaIlanes he­
cause the students oflcn bceomc emolionalll' attached to their drnwings.



·m'", Thar Mirr r. In LW llnl~fll rar git 9

1 r U had rh . Stu I m' w rk \i ith oth 'r' "r" tin an ) th· 'mn 'm mi
d lees, emotions were pro bly itwol cd. An ~c hniqu inv lvin tu,
d '0 r. workln 1 togcrh 'f mrl ha • led to mori< nil I m 'm( r :tora 1 ..

Designing Tests for iMemory Retrieval

e able to

pr 1 ide

• Automatic mar', Use sentence complNion, he associ tion
.h'lr Olr :ruelr" haH~ ma le tlr r ldil aVrlila 1· with his t hnique.

Ex mpie: TI,riHc 'fi (gi" en t
• _motionaL Mem.o . U " ,lin 'I wmds.
Exampl.e: he er t r f the rifle \ a cl t lose it b au'

wt \ ~l rh, :olto )fd t: I'in ,aJ at out I). L g it?
• I rocedut(4 Memar I~ U C' transition word th t ,rill help rh tu'

cl m rcm mb r th pro ·dur .
xanlple: t r rh w t r i' h' cl, II h Aid _

or

Any t chnique involving
stu ants working

tog" her may tap into
motional e ory

storag .

"Feellng" words on
raditional te ts may

tri r emotional
memories.

'lllding II ium, wl ich of lh' 110\ ~

11m: thrudrnt' to rc- reate mnemonic
Allow sun 0

f th p re-create mnemo ic
evices.

or

R mind th m the <. ther trat 'gie ,
E mile: Wl n \ . l)l ' hIY·· tb

wasw n by _
all, of
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The Strategies in Action

DISCUSS the memory
lanes wl\h your
students. so they
understand how they
learn.

Students need to
experience how the
memory lanes can work
for them.

Most students find that
working together
facilitates learning.

MusIC and the ability to
move around help many
students access
memOfies

In :m effort to share memory strategies wllh my sllIdents, I often create
situations that clearly show them how the different memory lanes work.
This reinforces for both them nnd mc the nw:lrcness that memorks can be
consciollsly milde morc powerful. TI1C (ollowing ,lct ivity was dl:scrihl.:J in
the hook M~'TllOT)' by Mnrb'lllics and Sylwcstcr (1998):

It IS Bram Awareness Week. I am spendmg the entire 'Neek shanng in­
formation With my students about the brain and learning. After several
days of diSCUSSion and demonstrations on the structure and the func­

tion of the brain. 'Ne are ready to move on to short-term and long-term
memory.

I have planned an interesting experiment to try with my studentS,1
dlVkle the ctass II'l half. I send one group to the hbrary to memonze a
long list of faets. They may use any method they choose, and they may
work alone or as agroup. These students Wllhngly leave. The remalnmg
group listens to a story. The story is on tape and includes musIc All of
the facts that the other group IS memorizing are ptesented WIthin the
context of the story

When the story concludes after about 20 minutes. I bnng both
groups together. I questlOn the groups orally, Group members may
work together to confer on answers. I am eager to discover If the lis­
teners 1',1111 do bener because they formed more emotional memones. I
know that information In thiS format IS general~ recall&d easl~. I also
want to determine whether the memonzers will excel because they
used good strategies,

We investigate the fllsults. Both groups do well. 1Ntry'l My stu·
dents give me the answer during our discuSSIOn of the process, The lis­
teners believe they missed out by not haVing aVisual to follow. A fewof
them took notes, but not many. The memonzers agree complete~.

They found that through working together and seeing the list. memo­
rizing It was easy. They had fun workmg together, so they also had an
emotIOnal component,

Let's examine the techniques used :md the memorics stored by c;lCh
!,'1'OIlp:

• The Iislrnt'1'S had music with lyrics pbyed repeatedly 10 help the
automatic memory, emotional content in the stor), to hdp the emotional
lane, and ~emnntic infClTlIlillioll in ~f()ry form to help the episodic rncrn·
ory. The listeners also had the advamag(' o( learning and being tested in
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the !lame room.
• The lnemorizl'TS had a visual list ofscmantic infonnation. the oppor­

tunity to talk to each Other and listen (scm:TllI ic memory), and the ;tbil ity
to move around while learning (procedural memory). In (IclJition, they
shared semantic srrategies th:u each uscd, and they had fun working to­
gether (cmotionalmemory).

Both groups (:-arncJ similar scores on tests I;il'en immediately after the
learning experience and a week later, I-Iowel'er, on an individual perform­
ance test gil'en thrL'1: weeks later, each of the listeners answered at least
tll'O more questions comxtly than did the memorizers.

Based on this classroom research, I concluded that a Story format may
be ocncficial for long-t..-nn memory. I discussed with my studctlts the pos­
sibiliTies of yet anOther srnuegy-rnking the sclllantic infonn:nion from
their textbooks and making astory out of It. Although they fl'h this might
be a tedious task, many thought writing the story would be an enjoyahle
group project.

Test Anxiety
Kecp in mind that many ofyour studenTS Sllffcr from ICSt anxicr~'. This is a
physical probh.·m that triggers the stress response. Many studl'nts arc not
SO stressed that they can't use their memory hl11l'S. HOII't:ver, for some Stu­

dents, this Gill be a major difficulty.
Many smdcnrs will have an easier time rerrieving information

through different lane:;, and Ihis is information )'OU should share with
them. Try to enCO\lT'~ge them by ~,ying you will be approaching th~ unit
in 11 \l'ay thm will make it e:lsil'r for thl'l1l to learn :llld rl'ml'mbcr. Knowi till
thJt you care (an gil'e students a SCI\SC of security that may pre\'ent astress
resJXJt1sc.

Pretcsting, practice testing, and c\'en retesting are sometimes appro­
priMe and nec~lry, Our gO:11 is to h('lp sttldtnts understand how they
learn so they can be better learners. Some stud..-nts belie\'c they have poor
memories. Many adults belie\'C rhe same thing. Whnt lllHy acnmlly be
happening is thm the memory is there, but the person is simply not lIC­

cessing the appropriate memory lane, ForOllr students, proofoftheir good
memories bct:omcs a gmde. GnKles are determined by assessments. Wc
must offer students th..- opportunity to discover the power of their good
memories :ltld their wonder(ul brains.

It is aparticularly bad day, I feel as though I have no control mmy class·
room. The quiz I give is 8disaster. It feels like I am working outside in

Putting tnformatlOl1 into
story format usually

allows the Information
to travel alOng different
lanes.

Test anxiety IS a
common problem.

For many students,
proof of theIr good

memories becomes a
grade.
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On some days, nothing

seems 10 worl<.

Other days mal<e all of
the work. worthwhile.

the sun: I am hot ar;cl sticky. 'Wtr'/In the world am I VI'Or'King this hard
under these condl!lons? I'm an Intelligent person. I could probably get
a job in an M-conditIOned office and not have to tall< to another dlild for

monthsl
Ibolt for the front door of the building and head for home. Igrabthe

mall as I wall< In my front door. Alii want to do IS rip off my clothes.
jumpin the shower, and then watch "Oprah." The stad< of bills does IXIt
help my dispoSition. but beneath the requests tor my hard-earned
money IS a letter from a former student. She writes that she has re­

cerwd asct10larshlp to a Midwestern univerSity where she IS studying
to become ateact1er. She says it IS because I inspired her. She remem­
bers the quotes I had hanging In my room, the preposl\lon songs. the
teamwork, and the fun we had. She says that herold classmates know
that she IS going to be a teact1er "like Mrs. Sprenger:'

Well, that does itl The tears start to tall Iam not sure I cry because
I am toud1ed by these words or just because I deserve to cry today.
The letter is wntten on notebook paper, and I take care not to tear it or
soak It With tears. Iwalk to my box of laminating paper. I carefully lami­

nate thiS lener that contains the words that will gel me to sd1oo1 to­
morrow morning.
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I m gratful that through the ye JS the information I h ve sh red
seems to have made adi erence in the outlooks an the lives ot many
educators and parents. It has been heartwarming to hear teachers say

that because of the current research and related strs egies they no
Ion er c un h days to r ir men . Thy f el nergii nd 10 '
withammunit~on for another sdhool y ar,

Despie what we know abou brain-compatible instruction, many

questions r m in unansw red simply becauso this is a n wand
emerging field of research. But there are some questions that educa­
tors consistently ask because w - all sh re a love of children an - ade·
ir to do what is • est for them. This ch p er provides answers to

some of those questions,
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Although many
questions a out the
br in remain
unanswered, research
has provided answers
to others,

The as of a
newbom's brain are not
as differ ntia e as h
areas of an dult'
br In,

"Windows of
oppor unity rr in the
brain are periods of
ime availabl for

dev lopment of
specialized brain areas_



EmotlOf1al development
occurs in the first f&oN

years of life.

Prolonged llttention to a
learning e~peneflCe

may flOt be desirable.

The number of minutes
a student can focus IS

equal to the student's
age plus two.

:waibhlt' again. Thrrefort', adults who learn a ~ond language will usu­
ally have an accent dm a child mal' not have. The fi~t few yea~ of life
;ne critical for emotional development. Ifchildren nre not nurtured, their
brain. are greatly atTt'Cted, and they mal' never re<:over. [n studies of ne·
glected children in Rumanian orphanages, positron emission tOlOOb'T3phy
(PI:l") scans show that their hmins arc underdeveloped in the emotional
areas (Bcgley, 1997).

ReSt';lrche~ ;lgrce th;lt the enonnou. amount of growth in the hmin
that begins during fetal develofllilent ~tllrtS to cnd at about age 10. At this
time, the brain is rapidly pruning unused synapses (Diamond & Hopson,
1998). This is not to say that the brain h~ls difficulty learning fmm this
paUl!. [t still rapidly learns and retains infonnation. This prullIng of sl'n­
;lpSt'S is simply the brain's IV,ly ofdisposing ofwhat it perceives ;lS unneces_
sary and ab3lldollt"(1 connC(tions. It's therefore easier (or the hrain to cllre
(or the importllnt connections already made lNash, 1997).

Question: Hoti' elln I kup my swdcllls' allrntiOllI
Current research suggests that conStant attention is nOt only impossi­

ble, but also undesirable. TIIC brain needs time for bOlh focusing and
processing. Your students mu.t fi~t pay aTtention to the in(orm:trion be­
ing learnL-d or discoveTt'<l. Then thl'y nl~"(t time to make those connec­
tions in their brains-IO form those neural networks Ihat lead 10

long-tern! memory.
Getting a student's attention is usually not a problem. There arc many

W;lyS 10 attT:lC!lltlention. Emotional srimulus, novelty, mol't'ment, and
music arc il few. Whm mosttcachers arc tnlly asking is, "Once I havc their
attention, how do Ikeep it!" This qucstion deals directly with how 10llg a
student can focus.

Children ofdifferent ages can focus (or different amounts of time. Re­
search indicates rh:1f most children can focus for;l nUnlocr of minutes
eqllaI to thetr age plus two Uenscn, (995). TIlere(ore, :1 6-year-old can (0­

cus (or about eight minutes. After this (ocw time, the brain needs SOniC

time to process the infllrm:uion in adifferent way.
Ideally wc mould confine learning activities wilhin those focus min­

utes and then allow for some mo\"Cment to Tt"(lircct the students' atten­
tion so that processing can take place. This h a ll1ne to try some of the
semantic strategies previously mentioned, such as peer teaching or mind
mapping.

Adults arc not much different (rom chIldren. They cannot focus for
morc than 15 to 20 minurt'S. Ihave found in my gmdu31c classes Ihat sw­
dents lleed 10 tnke breaks, change activities, or engage in pll\"~ical

mov{'m{'nt.
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M:my factors affect auenrion. such as diet, emorions, and hormones.
We must encourage our students to eat in a brain-compatible way. This
inclmk-s eming plenty ofrrotein :me! drinking lots offlllids, and avoiding
carbohydrmcs III hrge qll:mtitics Ot11sen, 1998). Protein will help the
brnin St.ly alert by providing the :lIJlino acids lO produce the alertness neu·
rnrr:msminers dopamine and norepinephrine. The brain consists of abom
80 percent water. Fluids are necessary to keep those connl'Ctions strong.
Excessive carbohydrates are calming. Limiting them helps keep an alert
Slate (WlIrunan. 1986).

Inform:llion enters our brain through our senses. A multisensory ex­
perience will provide a better opportunity for attention. Different brains
f;war different S('nsory stimulation. Kinesthcric learners nl't-od more move·
ment, :luditory learnNs nffll to talk :lboul the material, :md visu:llleam­
crs nt-e<1 (OkI' somcthingconcrclc. Appropriate tcaching sl\'les will allow
each ofthose kinds ofleamcrs to lock in on the learning (Rose & Nicholl.
1997).

Emotional stimulus and novelty are the twO biggest attention.getters.
It helps IQ keep these in mind when planning lessons. Another facl()r is
biologic:lL Our biochcl1lbtry runs in 90-l1linute C\'c1es that flucluate
throughout the day. More attentional neurotr.msmitters arc available 10

us in the morning th:m in the afternoon (Sylwester, 1995). Perhaps that is
wh\' most primary teachers teach more difficult content in the morning
:Illd allow for morl' social inter;lction in the afternoon. This information
should be 11 lI'ake'up call for midJle and S(.'C(mdary schools. Rotming
schlxlules may be the most brain·compatible approoch. allowing for peri.
odic teaching of difficult comem in the morning. One school m which I
taught u~ such a schl'<lule. [I took tl~lchcrs ,I while to adjll'it, bUI the
kids 100'ed it. All of lIS arprcci~ted the variety, and the students who USlI'

all\' :utl:ndcd difficult content classes in the l:ue afternoon had theoppor.
tunity to be more alert and receptive when class was held in the morning.

Another considemtion is the b"lin·s ability to pay ,mention. Re·
search h~s found that the brain can direct its attention alld block out an·
other stimulus. In other words. if we direct our St udems to pay at tent ion,
they h,lI'e more ability to do so. When we tdl a ~IUJent to "watch this
carefully." a structure in the brain helps block out other stimuli and aids
the occipirol area in its focus. Norepinephrine may act to reduce back·
grounJ activity; less hackground electrical activity is present; and mote
blood flows to the Meas of rhe brain that are focusing on the stimulus
(Posncr & Raichle, (997).

Queslioll: \V/t{(l is going on in lhe mind of lily 13-y('ar-oW? I just do IIOtlllu/(:r­
stand her!

Many factors aHect
attentIOn, such as diet,
emo\lOns. and
hormones

InformatIOn enters the
blain through the
senses.

Emotional stimulation
and nO\Jeltv are two big
attenllOn'9f!nerS,

The brain can direct its
anentlOn.



The mind of a
13·year-01d can be
puzzling.

Growth spurts occur in
the brain at ages 10 to
12,14 to 16. and 18to
20

AcademIC ennchment
dUring the teenage
years is very important.

Certain foods cause the
fe~ase of certain
neurotransml1ters.

TyroSine, found In

prOlein. produces the
alertness chemicals.

This is n frl'quently n.ked question, rhough the s~cific nge 1I1~\' vary
somewhat. Adolescents' brains arc enigmas for llIan~'. Researchers have
!,ocncrally found rhm !(rowth spurts occur in th~ brain lit ages 10 10 Il, 14
to 16, ~nd 18 to 20 (Di~llIond & Hopson, 1998). Brain growth plateaus
betwl'Cn these periods o( growrh. Couple this with r:lging hormones ~md

the result is a person IdlO is difficult to unJerstand. The adolescent is fac­
ing physicHland emotional changes as aduhhood approaches.

From the sciemific perspective, brain growth Ht lhis stage is not com·
pamble to brain growth during fet~1 development and rhe early years.
Studies do show, ho\\'ever, that academic enrichment during the teenage
rears is very imporwnt. &..causc the brain is st ill pnming unnl'Cessary syn·
apses, wc must provide stimulation to this maturing brain.

Teenagers need support. They lV~nr rofit in and be acct'Pred in their
newly developed bodies. From their perspective, belonging and fitting in
is morc imporwntthan schoolwork. This need to belong may stcm from
the hunwn bmin's adaptation to life hundrt'<!s of years al,'O, when !:roup
interacrion mllde sUTvh'al possible. Teenagers ne('d opportuniri('s for
j,'Toupwork and soci:,j interaction in their learning.

QuesrilJlI: \Vhal is a really good brain diet!
To wnrk wdl, youT brain nct'{!s Stver:,l rcndily I1va.i1nble neurotrans­

miners. Acetylcholine is made from choline, which occurs in e!U,'S, liver,
jlnd soy products. This chemical hdps build long-term memory, so it is
quitc important. Norepinephrinc :md dopamine, sometimes called the
alertness chemicals, arc produced when ryrosine rcnches rhe brain. Tyro­
srne is (ound in protein. C:trhohydrmes life also 11l'Cessary for :, ht~llthy

bmin. Carbohydrates eonrain tryptophan, which CI1IISCS the release of se­
rotonin. Serotonin has a calmmg e((t'Ct on the brnin lInd hod\' (Wurttnan
& Suffes, 1996). Asubstance called calpain cleans neurons' rcreptor sites.
It is derivl,<l from calcium, ~nd so the conSUtnpllOn of calcium aids mcm­
aT'\' (HOWllrd, 1994).

I( you have to br :lIen for most of the dll\', it makes scnsc to Stllrt the
day with three or (our ounces of protein. You may eat small amounts o(
carbohydratcs wilh yOllf meal. The lyrosine will rCl,ch your brain before
the tryptophan and will prevent the release of serotonin. A protein-rich
lunch will continue to keep you "on your roes" for the nfremoon. Save
most o( your carbohydrates for late afternoon or for your evening meal.
This is a time when you will probably be morc able ,md willing l() rdax.

Drink wllter. TIle brail) consists of about 78 percent water, and it
needs to ~ k~pt hydratt'<l Oensen, 1998).

Queslitll\: Whl1l is IM diffcrmce oc(uun aCAT scan, a PET scan, and an
MRI!
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E.1ch of these is nn imnging technique ,hat is cUTrl'ntly used to 'fUdy
the brain. CT or CAT stands (or ~computed tomography," a type ofstudy
tharllses radi~rion 10 produce imagcso( slices of the brain. This shows rhe
density of the tissue.

MRJ :ltld funcfional MRI rc(er tll ~magnetic resonnnce imaging."
TI\CS(' images show great detail without using radial iOIl. By using a large
m~gnetic Add, the atoms in the brnin arc mapped, The MRJ im~ges the
~mlcture of the brain, and the (uflClional MRJ imaf,,'cs both ~tnlCture and
(unction. As the p:ltielll pcrfonns mental or physical tasks, the amount o(

oX\'llm consumed in the blood in certalll parl5 of the brain call be
lllellf.llreJ.

A PET scan refers to "positron enmsion tomography." TIlis rroccdure
~Jso looks at a slice o( the brain. The p~tient is inject('(lll'ith r~liOilCtive

glucose and asked to perform a task. 1111' glucOS(' will be concentrated in
the areas of the brain thm arc being used. High levels o( the radionctil'e
glucose sho"' which areas o( the br:nn arc functioning (or particuhr men­
tal and physical tasks (Cohen. 1996).

Question: H()W can I im/JrOt'e m) memory!
If you have difficulty remcmocring important in(orm:ltion that you

need immcdbtely, such as people's mmes. 1'011 can uS(' memory rricks. NJT
instance, when you meet someone, you can attach some funny connota­
tion to thilt person's nilme, Mr. Joncs haS:t big nO$C; therefore, you re­
member him as Mr. Joncsknows. TIle semantic strategies l1lentiont'<1 in
chapter 6m~y also help.

Health food stores offer cert:lin products tlm claim to aid in memory.
Onc mentioned by the American Medical Associarion as possibly ef(ec­
tivc is ginkgo, n tree cxtrnet (Le Ihrs et aI., 1997). Although I have had
nopcrsonat experience with this product, Jhave md many who liS(' it and
belicve in it. (You JUSt ha\'c to rCI1l('mbcr to take it!)

Eating well and taking Cllre of yourself arc imponantto memory. Fol­
low the bmin dict previously mentiont'<l. TIIC less strc:.s you have in your
Hfe, the easier it willlX' to remember what is important. Also, visual mem­
ory is very powerful. As my children grow up, I find mysel( looking
through albums and remembcring the "{,'OOd old days." For your personal
memories, k~ring a journal :md mking photogrnphs Illny be a gre,lt way
to rclil'e md revive some great times.

QuestiQn: I hl"'C heard about memory in rekttion w somerhing called CREB.
What is it!

CREB stands for "cyclic amp-response elemem binding" protein. Sci­
entists arc slUd~'illg this protein molecule Ilt-(311)C they believe it may be
responsible (or long-term memor),. Man)' pharmaceurical comp:mies

Imagmg lecllnrques,
sud1 as poSItion
emission tomography
(PEll. magnetic
resonance imaglng
(MRll. and compuled
1omography ICT or CAn
allow researdlers 10

study both the structure

and function of the
brain.

There are tricks that you
can use to Improve your
memory.

Ginkgo, a tree extract,

may Improve memory.

Lowering your stress
level may help your
memory.

The CREB molecule is
believed to be
responsible for
Iong·term memory.



Many companies are
davelopln~

memory-enhancing
drugs.

Important information
should be presented at
the beginning of class.

Pm-exposure is a
powerful way to help
students make
connections,

Presd1oo~rs who took
music lessons scored
higher on
spat~l·temporal

reasoning,

der~rl1lined ro find drugs to aid in memory treatment are conducting re·
search on this protein.

Onc study of (mir /lks found that those with a higher level of CREB
(aImed memories more quicklr than those with a lower levcl (Societj' for
Neuroscience, 1997). In fact, thc (nlit /lics learned aft~r on1r onc lesson l

Studcntli would dcfinitelr benefit if research proves this protein molecule
is critical to long-tenn memory development, Rl'SCarch continues, and
manr comrxmics have developed memory·enhtmcing drugs that they
hope will help patiems with AI:heimer's disease and other (OlntS of d,>
mentia, Further research will be requirl-a before such drugs arc used. on
children.

Quc.~tilm: \\i'hcn should new infarmation be introduced in lhi classroom!
For students to remember new mfomlation, it must be reptoated, Mon­

day, TlleS(:!:ly, and perhaps Wed nl'S£lttr are good days (or intf()(lucing infor­
mat ion. I find that studentli gcn~rally forcct any n.::w concept that I
introduce on Thursday or Fri(by. Because of the intervening weekend,
they simply hal'e not had enOllgh time to activate long-term memory.

Becmsc mOSt JX'Ople remember beginnings and endings better than
micIJlc S&tions, Lry to present import<Ult information at the start ofclass,
work with material through nn activity during the middle ofthe class, and
reltlforce the concept at the cnd. TIll: bmin Gm retain incoTTl-ct informa·
tion given ilt the beginning of a class; so be sure you hare preSCntloJ the
new information cortectly before scekinJJ stlident feedback. Unfortu­
nately, misinformmion could show up on a tesr because the brain was so
eager to absorb whm was presented inc\lTTl-ctly at lhe opening o( the class
(Sousa, 1995).

Pre-eX\XlSUre can be a power(ul wa\, 10 help kids make cotllll'oions
with new material. Imake it a habit to go through the tablc of content! in
textbooks with my students. Wc disclliS the topics casually, but this expo·
sure to the material helps them I~am it later in the yeM. Another pre·
exposure trick is to hang posters or other information in the room \1 few
weeks be(ore presenting the actual content. The student! have some
idemificmion with the material, IInd it does not appeat as frightening Ot
new (Jensen, 1996).

QucstiOl1: Can ml4sic make kiJs sllUlrt('l'!
Stmhes of music :md leaming have been going on for decades, with

some promising results. Gordon Shall' and Frnnces R:llIscher of the Uni·
\'eTSIt r of C11 i(omia at lrvine conJuctl-d experiments usltlg the music o(
Mo:art. The rcsults showed that listening to MO!:lrt could incrcllsc
spatial·tempolOllIQ. Extending this findinJJ, these researchers then gal'e
preschooleTS music lessons. When compared with a group that had not
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h~d lessons, thesc children scored higher on sp:uial.lemporal reason·
ing-knowmg how items fit in space and time. The effects appear to be
long-tenn (Diamond & Hopson, 1998).

Playing mllsic from the Baroqu(' p<:riod has been said to increase
mernory and resr·mking skills. This may be a result of the relaxing effect
this music has on the OOJI' and possIbly the bmin (R05C, 1985).

When pt-'Ople hear music they like, the experience causcs the re!elSt'
of cndorphim, which makes them feel good. If il stude1ll is in a po~itivc

st:lte, it sC<'ms natural thatleaming may take place more easily. In earlier
chapters I have suggested some ways to use music. I find it very I'aluable as
H memory aid,

QIH.'slwn: How do reu'ards fit into abmin-comf/(lIihle clo.ssrOOll1!
We would all like our students to be intrinsically motivated. Some of

them milY be; ltl,Hly arc not. By giving tangible rewards to students, you
are litetally taking away some of that lOuinsic motivation. The brain per­
ceivcs not receiving the reward ~IS ~l JXlnishmenl. Rewards also seem to

limit indlv Idual creativity. For example, the st udent mal' think, ulf I write
my cssay just like this, I'll get an A. Idid it this way the bst time I !,'Ot ~m
A" (Kohn, 1993). Reed Larson of the University of l11inois believes that
rewards and punishments rake away motivation. The reward ir.sclf bc­
cOllies the focill, and the punishment causes frustration (Diamond &
Hopson, 1998).

Positive feedback raises serotonin levels and is itself a reward. We
need ro mlk more with our students find give [hem the feedback rhey
need. Recognition is more lJ()werful than re"llrds. Celebrating at the end
of il unit gives students an emotionalmcmory that may help motivate
them for tilt' next unit. This celebration cmlllot be based on test results or
bchavior, however-<>r it becomes a teward.

Believe mc, there Me dat's when I would like 10 hribe my ~tudems to

behave or work hanlcr. It h1lS taken me St'vernl years to hold back the
c.'1ndy, homework passes, and othcr rewards. When Iplace my students on
teams and they kecpchans for self-assessment, Ifind they work beuerand
feeloctter about themselves. Occasionally I have a student who asks me
what he will "get" if he scores well. I simply walk up to the student, take
his h:md, and sh:lkc it. The issuc is usuall\, dropJ'l.xl.

QUl.'5IiQII: Do lile\'ision and t'ideo games hell) hrllins grow!
WatChing tclel'ision does nOt srimulate brain growth. On the con­

trary, it mal' result in loss of neuronal connections. Dendriles wi 11 shrivel
from lack of use. Both television find video gflmt-s ma\, be responsible for
~uch loss (Diamond & HOIlSOll, 1998). Brain researchers and child dCl'el·
opment expertS recommend limitcd amounts of lime for either of theSt'

MusIC that you enjoy
will cause the release
of efldorphrns-those
leeli)OOd brain
chemfcals.

Rewards and
pumshmeflt may
dimiflish motivation

Celebrations that ale
not based on beh8Vlor
01 test results are no!
rewards,

TeleVision watching
does flot stImulate bfalfl
glCM'th.
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Today there are more
than 25.000 registered
neurosclentlsts,

Braln.imagmg
ted1mques have
dlanged the way
scientists can look at
the brain.

IQ can dlange
throughout life

ilCtivities. 11u::y alS() suggo.::st th:u television viewing IX' sUpcTviSl.-..:L Al­
though \'ideo games may improve eye-hand coordination, they do not re­
place the need for problem solving, reading, and writing {Heal\-" 1994).

Quutilm: \\:thy has brain research ~come so importllnt!
Congress and President Bush proclaimed that the 1990s would be the

decade of the brain (Soci<:ty for Neuroscience, 1997), My interest began
in the lare I980s as 1was desfI\:mtely trying to fib'lIre out wh,111O do with n
class. I was looking for answers, llrld hrain research g:lI'e llIe kl'eral.
Twenty-fi\"(' years ago thert were only about 500 neuroscicnrisrs in the
United States. Today there :lre more than 25,000 registerL-d neuroscien­
tists (Societ\, for Neuroscience, 1997). The field has been expanding in
pmtlx'<:ausc of incmJihle new brain-imaging and tcsting lL'<:hniques.

Doctors ha\'e always ocen interested in the bl'1lin, bUluntil recemly
their rntthods ofdiscovery wer(' very limittd. Usually, lhey had ro USt:: ca­
d:lvers and autopsy to find out anything. They would monitor JXltiems
with certain problems and, after death, diSSC<t the brain; based on the pa­
tients' symptoms, they would thcn figure out which area was dmnaged.
From this infornl3tiollthey slowly discovered :lpproxim:ltel}' which areas
of the brnin controlled certain functions. It was a slow and often disap­
pomting process. Now so many kinds of research are going on thm the
field needs morc neUToscientists.

Much of this new study has produced astonishing results. Researchers
are beginning to undersmnd bmin development. They ll:ll'e idcntified
many areas of lhe brain that contribute to lcarning and memory. The dis­
cOVCt)' of how fhe brain com~nsOtles for loss and danwgc has been en­
lightening and promising for those with bmin disease. This plasticity, the
ability of the hrain to change, means that IQ can ch:mge throughout life.
11le idea of enriched environments has affected parents, teachen;,
schools, and dal' (are (enters. We now ha\"(' information available that
can make a difference in everyone's life.

111e lnterntt pillS much information :lboul till: hr.lin;ll our fingertips.
Sites for children ;lTe also available, such as the following World Wide
Web resources:

• Neuroscience for Kids: hllp:l/wcher.u.washington.todu/-chud·
lerfneurok.html

• JIlY'S Brain: http://wll'\\·.exn.nctfMaill/JaysBr:lin/archives.cfm
• Mind Ol'er Mllller: http://www,nid:l.nih.gov/MOMrrG{momtg­

index,hllnl
(Note: Web site addresses change frt'quent1y, so be sure to do some

.search(·s of your own.)



Thl' fmurists tell us 1har informlu ion is doubling ~t acce1er:uecl rilleS.
Learning everything is impossible. What has become il.I important as
ll::lrning (()111C11l is k:lrning how best to learn. Our children must under·
sland their own lcarning ne.'ds so they can learn what is nccessMy at dif­
(erent limes in their lives. Brain research is giving us this in(ormMion, Wc
are a long lI':ly from knowing it all, but wc arc getting closer every dal'.

Qlleslioll: How can I s['(lTllMking m)' classroom brain compmible!
You have many oplions. You cm usc multiple intellib~nces, le~rning

styles, or the memory lanes to begin, TIlese will make your teaching more
brain comr:1tible. Dedde which o( thcse wil1l)t:~t lit your tcaching stl'le.
l( you decide to make changes after school has already begun. go slowly.
Your sllIdents have berorne accustomed to your style o( teaching and the
structure in your classroom. Their brains will shirt down to sUtl'lvallevel
i( 1'011 change toolllllch at once,

I began using brain-compatible stralegies after a summer of tmilllng
lmd reselltchillg. I ~m rhe type o( person II'ho jumps into lhings qllickly,
and It worh-d well (or me. I crl:at.-d colorful posters and dcCoratl-d my
room with posit ivc affirnmtions, I replaced all o( the white chalk wit heal·
ored ch~lk to make using the chalkboard more (un and llppeahng. I stud·
ied rhe IISC'S o( music and pur together a collecrion thm I wanted to uS£'
during the year. [pbnned to put m~' sllldents In teams and dL't:ided how to
(onn the teams and a~ss them. [Sl't gools for myself and made p1:I11S for
my students to set gmls. I looked at the units o( study [ \I'culd cOl'er lmd
decided how ro aCCd;S rhc memoty bncs. I del'clorx-d assessments thar I
(elt would tell me whm llIy students had learnl-d through those bncs. [ be­
gall teaching in amultimodal fashion, making sure that every lesson con­
tained a I'isual, an auditory, and a kineSlhetic component. nl\~SC were
some extcrnal changes that [made. They could be accomplished within a
school year by mnking II (I'\\' chan~'\:s at a time.

I had to make some internal changes as well. I kncw I could no longer
be the focal roim in my d~&S. I began to look ~t my students as teachers
and treat them that way, too. I became a facilitator. That was a new role
(or me.llih·d it. My students hccame little bmins with dendrite.> search·
ing for learning and meaning. Ifelt as though Ihad a lIluch morc impor­
tant job th~n JUSt teaching ~ curriculum,

QucsliQlt: First 1was trained in leaming styles; then I lOok (l class in llluhi(Jle
intellig..'1\w (\l}hich Iry the way, they keep adding to--are there eight or nine
now!); mu! now )'ou ..mnt It1l' la look at these IrtelllDry lanes. Wha! am Isup­
posed tooo! Thereare too man)' things for1nl' to think about in QlU'class period!

Whenever I :Ull a)ked this qucstion. Ilhink lloout my own teaching
schedule and undcrstand exactly what a burden and responSibility all o(

InlormatlOl1 is doubling

at enormous rates. We
musllearn how- to
learn.

Ma~e manges in your
ctassroom slow-fy,

Ma~e learning

appeallllg.

Loo~ at your students

as teamers, too.
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Teachers make
hundreds of decIsIOns
each day

Choose strategies that
you are comfortable
with.

Educators have been
seeking research WIth
classroom applications.

Brain research IS here
to slayl

this mny be. I havl' trouble retlll'mbering my ID numher so IclIn ear in tilt'
cafctcria, my calling card number so I can call lily childrcn at school. and
the grading scnlc! Now, let's SL'C. There nre currelllly 8 intelligences, 22
elemcnts of onc of thl' Icaming style progmtnS, and 5 mcmory lanes. I
opted for the 101l·cst n111nbcr-5.

Seriously, using any of thest> approaches to your teaching will proba­
bly be quite brain friendly. HOll'ard Gardncr's (993) mulriplc inte[)i­
{:ence thl'Of)' is hmin-bascd. Research suggestS that leMning styles (Ire as
well {Givcn, 19(7). Choosc whatever will work beSt for you, Teachcrs
need to belicve in what they are trying to do. I havc used techniqucs re_
latlxl to leaming styles in my classroom sil\c(, the 1980s. It hitS Ixx:ome my
way of thinking whenever I put lessons together. I began adopting the
mcmory lane stT:llegics in the past sc\·crnl years ~IS I beClme morc in­
volved in memory resc:arch.lt works (or me. I also usc the multiple intelli­
gence thl'OT)' at various times througholll the year. Wh:ncvcr lIpprooch
you choose will still allow you to incorporate the other approaches.

Quesliun: /5 brain research jllSl atlOlher fad!
Brain rCS('Ill'l:h is nO! ncw. For at lcast thc last 25 ycars edU(arofS have

been sceking research that translates into practical application in the
classroom. The first brain-research thoof)' I was ever introduced to was
the rightneft brain thc(lry (I-Ioopef & Teresi, [986). It was different and
exciting at thc time. Shortly afrer that. I rcad about thc triune brain the­
ory and bec:uoe excited about its implications for L-dllClnion (Healy,
1994). Now thcre MC hundrL.Js of thoories, but nor tOO many that we Cll!l

:tpply to classroom instruction. NeuroscientiSlS nre nOt pursuing research
that can be applied to reaching. Howel'cr, many of us have put some brain
thl'Ories 10 rh\: resr and have obrainlxl positive results in the classrQolll. It
is going to takc thison-the-job training and research todiscover what will
work.

Brain research and brain-compatiblc methoos have stood the tcst o(
time. Thou is what usually dctemlines value :md credibility_ Br-lin re­
search is hcre to Stay. It is giving validity to thc successful m\:thods that
hnve worked for years, and it is uncovering new information th:lt will
change the way lI'e teach and thc way student.s leam for decades tocome.



Glossary

~cel)'lcholille-neurotrnnsn1irler invoke<1 in IIlUS'
de movement and mcnlOf)'

aClion polenlial~lgnal $em down the axon of a
neuron when the neuron is stimulateU

adrenaline-hormone released fTOm lhe :ldrenal
ghnt! Jurmg SITe!»; also c:llleil epinephrllle

amino acids-fait-actin!: neurotrnosm;tlers that in­

dude GABA and glutJlIunle
amr~dala-(orebrnin muclure T1m cJ.laIOj;!i emo·

tional memo!)'
anridepreu;lnr-drug used to hahoce J.l'aibhlluy of

neurolT:m$lllitH'l'S in the brain
association cortex-area of rhe cerebrnl (Onex re·

sponsihle for processing ;n{ornt.11 ion
authentic aSSl:isment-a»M's.sm<'nt aSSOCiate<! wllh a

re-al· life ta,k
auu:>nlOllic ~mory-rdlexil'e memo!)' I<>cutl'd in

the cerebellum

;lXoo-pan ofIhe neuron that st'nds the signal roan­
other OeUT<l1l

brain stem-lower part of the brJin where in(Olmu­

!lOll enters

Broca 's ~rea-arc;, in the fronta1lobe lhat pUIS spo­
ken words in order

c~I('Cholamines-ncurommsmiltelS such lIS nOR'Pi­
nephnne, epinephrine, and dopamine: a tITle

of monoomine
cdl membr.ne--oo.ller co,'cring of lhe brain cell or

nellron

cerebellum-hindbram muctuH' responsible for b.ll­
ance and posture: contains procedllral and
aUlOlll:ll ic memotit'$

cerebrum-forehrmn STl'Ileturt' thal conmins most1)'

ml'e1in;\loo axun fibers
corpus callosum-large band of nili'D connecting

the 1\\0 hemisphert'$ of lhe br.lin
corlisol---5rreM chemical rdeased by Ihe adrenal
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,Llbl'lll that CMI (bma!,'C the hippocallll'llS
CREB (crelic amp-response d.'men! billdingl­

molc'<:ule Ill'liel'e<1 to be :lSSO(13led with long·
leon memorr

dendrite-neuronal structure Ihat receives Signals

frum Sl'ndmg neurons
dopamine-neurotTansmlller associatC{1 wilh mo\"e­

fllellf and I'lea>urt'
emotional memory-memory filed in !he aml'b'ibla

th:ll deals with fel'1in!,'S
endorphin-endogemxls morphine; the NX/j"S natu­

ml pain killer
epinephrine-allother term (or adrenaline

episodic memOq"-IOC31ion-oricnled memories

fil...d in the hippocampus
exciratory neuTOlmnsmitlel'--<hemical Ihat causes

IU~Ur01\) to tire
explicit memor)'-tl'pe o( memory associated wuh

tllt: hippocampus Ihm itwoll''''' mcnwries of
words, (am, and places

fur~brain-lml.'C part of' the broin conmining the
cerebral hemispheres, hippocampus, amysdab,

tha!:lmus, hYf'Othal:lI1ll1s, pituiwry gland. ;llld
pineal ~land

frontal lobe-the pm of' the (I""lt of the hrain thm is

in \'oh'ed in cnucal thmlinl:' problem solvinl:'
planlllng, and deCISion making

GAGA (g<lRlma.aminooulyric addl-\'cr}' preva­
lent inhibitory 1',('lllOtmn;;mifl~r

&1ial cell-brain cellthm nurtures neuron.;
~Iutamate-\'ery pre\"alent exdmtory neurotmns_

flutter
hindbrain-loweT area of the bt:1in Ihat includes Ihe

bmin stern, llIedulla oblong-at:l, and pons
hippocampus-structure located in the foreht:1in

th;ll calalO\:S long-h:rm f;lClllal memories
hypothalamus-stl'llClure locafed in Ihe foreht:1in
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fh~1 Tt.'gllbfell ~nd!\Om imem~l in()Tm~finn

implicil mt'mury-i1l\'Olumary Ill~mory such as th~

l'rocoollml. emotional, ~ml autlllllatlC memo·
ries

indoleamincs-nellrotrnnsmiUets s~lch as sc-rolnnin
~nd llIelmonin: a Inll' of monoomine

inhibiTory neurolransmitler-brmn chemical lhat
l'r<:l'enlS ncuWlll (rom firitlg

ion-~lomlhat is ch~r~1 in [he brnin, such as po.

f~llSillm Hnd sodi"lll
limbic syslem-lllea of the hr-un a';!iOCiated Wilh

L'ffiOl kms and memory
long.IUln memory-process by which the hr.lin

S[ore, in(onll~lion (or long periods olTime
long-term polemi3lion (LTP)-ptOCCS5 by which

neuml networks MC SI rcngthelled quickly
magnetic resonance imaginl: (MRI)-hrain·

imagmlllechnique usinll' a brb"" magne[ic (jeld
to m"p the SUOClllTe of the hmill

mammalian brain-limbIc area o( lhe brain
mclaTonin-neulOlrnnsmincr Msocl~led with lh~

wahfsk~p cycle
midbrain---timal1 ~re~ of fhe hr~in aooci~tc-<l .... ith

v"i0n
mnemonics-devices to nmke semantic ICilming

~aslcr

monoamines-grcllJp of neuroHansmillell divided
inh1 lWO c1:l»es: calccholamines and indo·
le~mmes

myelin-fall I' suhmmce that coms mOSt axons (or
smOOTher and fasler transmission o( messages

ncocortu-lll'f/Cl byer o( the cerebrum, aboo.J[ OIle'
eight l\-inch thick, ""here higher thinkinl: t:lkes
place

neural pruning-lemol'al of s\,napses thal are
unused

neurohormone---.<hemical rde~d by the brain
[hal nffect! the bo<ll'

neuroll-br,lin cell as.ociated with learnlllg and
memory

neurOSoCientisl-iCientiSI who studies lh~ flltlCli\)n
and strucT"r!.' o( the brain

neuffltransmiller--.::hemical f'Toducrd in 3 neuron
that c~rn~s information in the hrain

norepinephrinc-neurotransminer aloSOClaled witb
iller! ness

occipitallobc-pnn of lhe brain, loca[w a[ [he lear
o( Ihe ceTt'brum, where I'islon 18proc~",.;rd

parielnllobe-I'an ofThe bram located on the 101' (/

11* c<:lehnun thilt receives >ensalion (TOmlhe
body 1[\ the f011ll of pain, pressure, tempI'm·
lure, and touch

peptide5-hormones lhat lral"e1 lhroul!hoUl Ihe
body caflying mcss.1b'CS

p~rlormance asseHm~nt--Jelnonslrallon of a be·
hal'ior [haT is el'aluiltC\1 using a ruhric

pineal glami-;,:bnd lhal r~gulal~s the relea,e of
neur0lmnSmittelllhat re~1lble sleep

pituitary ~Iand-~land th:lI runs the endocrine
s~'stl'm

positron emission tomography (PEn-brain­
lmaging lCl:hlllque thal mcalUres lh<" amoulll
ofghlCOoSe consumed bl' meas o(Ihe hrnin \I"hi le
suhjl'<:ts perform I'arlous acTiviTies

reptilian br.1in-hrain sII'm
rest ing potential-voltage 0faneuron when 11 IS nOI

being SI ilJlu1:uc-<1
r~tirular acTil"dtinl: sysT~m (RAS)~ystl'l1\ that

regulaTcs lhe amounl and flo", o( information
emering the hrain

semantic memot}'-wonlmcmory
serOttmin-TlCurOlmnsmitter lklt call$CS rclnxalioll

and affccls mood
short-term memory-memory th;H lasts onl\,

seconds
sl'napsc-5p3ce hc","ccn the axon (/ a ...ndi~ neu­

ron and lhe delxlrite or Il'c'1!lO! site of lhe ll'­

n:civing neuron
tempordllobe-patt o( Ihe hmin locmeU on lhe sides

of lhe celehrum Ihnl is rcsponsihle {or heaTIng,
speech, mxl.i0rn~ learning and memory

Thalamus-forcbmin SlnICIUrc, pari of the limbIC
sYSl~m, th~l son. incominl; informatiOn

triune hrain-model o( fhe brnin {kvelopl.'d hy Dr"



P~lIl ~bcle~n in which the br;lin is thoul;ht of
us t1lf~"" S}'SttlnS

\'Csiclel-sforn~'t' areas for ncurlxmnsmirters Wil hin
tlu: neuron

Wemich'~ area-area locat~1 in lht fcmpomllohc
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fha! ch~nges thou/!hts and sounds into ,,'ords
working mt'mor'f---tJroct'Ss thlt t:tke; place in tll<'

frontal lobes m whICh tnfonnation is tcmpomr.
11\' 5tured UtH il t'nht'r ,rore'd tn 100IJpenn mem­
ory or dropped
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