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The wave of the brain.

Photo by Tony Stone Images

t's a jungle out there! vantage of the growing body of ev-
We have all heard and prob-idence that neurologists are un-
ably uttered that phrase. Well,covering about how humans learn.
the Nobel Prize winning neuro- He says, “To learn more about the
biologist Gerald Edelman pos-brain, scientists had to discover
tulates that it's a jungle insidehow to perform intricate studies
there as well. Edelman, director ofthat would provide solid informa-
the Neuroscience Institute at thetion on its most basic operations—
Scripps Research Institute, comthe normal and abnormal actions
pares our brains to a dense web aiff a single neuron, the synchro-
interconnecting synapses. Hisized actions of networks of neu-
metaphor gives us insight into cur+ons, and the factors that trigger
rent, sometimes confusing, re-neuronal activity.”
search on how the brain works and It’s clear that no two human
its connection to learning theory. brains are alike. Every nerve cell
Many of us use the Internet(neuron) serves as a relay station.
daily and are astounded by the vastieurons not only receive signals
and seemingly endless connecfrom other cells, but they also
tions we can make. The brain’sprocess the signals and send them
interconnections exceed the Interon to other cells across tiny gaps
net’s by an astronomical numbercalled synapses. Chemicals called
The typical brain has approxi-neurotransmitters (there may be as
mately 100 billion neurons, andmany as 100) cause the signals to
each neuron has one to 10,008ow from one neuron to another.
synaptic connections to other neuThat electrochemical process is the
rons. Says Edelman, “The intri-basis of all human behavior. Every
cacy and numerosity of braintime we speak, move, or think,
connections are extraordinary.” electrical and chemical communi-
Our brains are suffused with acation are taking place between
vast number of interdependentens of thousands of neurons.
networks. We process all incom- “As a nerve cell is stimulated
ing information through those by new experiences and exposure
networks, and any information al-to incoming information from the
ready stored influences how and
what we learn.
“The human brain is the best-

organized, most functional three
pounds of matter in the known
universe,” says educator Robert
Sylwester in his bool& Celebra-
tion of Neurons: An Educator’s
Guide to the Human Brairilt's
responsible for Beethoven’s
“Ninth Symphony,” computers,
the Sistine Chapel, automobiles,
the Second World WaHamlet
apple pie, and a whole lot more.”
Increasingly, educators such as
Sylwester are relying on brain-
based learning theory to take ad-

0 The human brain’s inter-
connections exceed the In-
ternet’s by an astronomical
number.

0 Educators are increasing-
ly relying on brain-based
learning theory.

O Imaging technologies
such as MRIs are helping
scientists understand memo-
ry, recall, and how the brain
manages information and
information overload.
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senses, it grows branches called det
drites. Dendrites are the major receptiv
surface of the nerve cell. One nerve ce
can receive input from as many a:
20,000 other nerve cells. If you have 10
billion cells in your brain, think of the

complexity! With use, you grow branch-
es; with impoverishment, you lose them

“The ability to change the structure
and chemistry of the brain in response t
the environment is what we call plastici-
ty,” says Marian Diamond, a neuroscien
tist and professor of neuroanatomy at th
University of California at Berkeley.

As we might imagine, for a subject as
vast and complicated as brain researc
and learning theory there are a variety ¢
views. Some scientists feel that there ai
fundamental differences between learr
ing and education. They insist that the
brain-based research on learning isn
the same as research done on educati
theory. They also note that many of ths
initial neurological inquiries into learn-
ing have been done on animals and th
it's an iffy proposition to extrapolate
from animals to humans.

But during the past 10 years, knowr
as the Decade of the Brain, a number ¢
scientists have been using new technolt
gies such as Magnetic Resonance Ima
ing (MRI), Functional MRI (fMRI), and
Positron Emission Topography (PET,
scans. Those tests help scientists expla
how human brains process memory,
emotion, attention, patterning, and con-

A Few Brain Facts
Weight: 3 pounds
Shape: walnut

O

brain for further processing.

0 hypothalamusndpituitary glands.

Size: coconut Adapt the body to environment by con-

Color: uncooked liver stantly adjusting hormones.

The brain is divided into two hemi- o hippocampuslnvolved in securing

spheres called theerebral cortex long-term memory.

(commonly known as the conscious:t amygdala. Registers and generates

thinking center), covered in a thin skinfear.

of deeply wrinkled gray tissue, and Last, thebrainstemcarries informa-

separated by theorpus callosum tion from the body into the brain and

That curved band of white tissue actgstablishes general levels of alertness

as a bridge between the two halvesind such automatic tasks as breathing,

shuttling information back and forth atblood pressure, and heartbeat.

such a rate of speed that for all practi- A few additional terms are needed to

cal purposes the two hemispheres acinderstand the brain’s physiology:

as one. With the exception of thea neuron.The primary building block

pineal gland,every brain module is of the brain. Neurons carry electrical

duplicated in each hemisphere—aneharges and make chemical connec-

other of nature’s creative duplicationtions to other neurons.

systems. 0 axons Long fibers (extending from
The areas lying beneath the corputhe cell body) that transmit messages.

callosum make up thiambic system, o dendritesShort fibers (surrounding

the area that relates to the unconsciotise cell body) that receive messages.

and yet profoundly affects our experi-0 synapsesTiny gaps between axons

ence. Its job is to feed information up-and dendrites (with chemical bridges)

ward to the conscious cortex. Emotionghat transmit messages.

are generated in the limbic systenm myelin.A sheath that serves as insu-

along with many urges that direct oulation and allows electricity to flow be-

behavior and usually help in survivaltween the axons and dendrites

Within this limbic system, are the

0 thalamusDirects incoming infor- The definitions comes fromMapping

mation to the appropriate part of the the Mindby Rita Carter.

O oo

text—among other areas in this vast argar portion of its tissues) receive input only  Eric Jensen, author d@eaching With
of inquiry. from other parts of the brain, and they givéhe Brain in Mind,points out that our
Renate Numella Caine and Geoffreyutputs to other parts without interventiorbodies have high-low cycles of about 9
Caine, in their bookJnleashing the Power from the outside world. The brain mightto 110 minutes. When students are at t
of Perceptual Change: The Potential obe said to be in touch more with itself thaop of those cycles, they’re more atten
Brain-Based Teachingonfirm the idea with anything else.” tive. At the bottom of the cycle, people’s
that our brains are whole and interconnect- There are several directions thaenergy drops along with their level of at:
ed. “Even though there are a multitude dbrain-based learning theories are exantention. Jensen suggests that if educatc
specific modules with specific functions,ining. As we will see, they are intercon-and trainers “learn to ride with the cy-
thought, emotion, physical health, the nanected in much the same way as our owgies,” they’d have fewer problems.
ture of our interactions with others, evercomplex neuronal groups. Renate Caine talks about the differer
the time and environment in which we types of motivators and what happens i
learn, are not separated in the brain. Thekttention our brains depending on the source of ma
are not dealt with one thing atatime.” It appears that the thalamus, in the centévation. “When we encounter high-stres:
Says Edelman: “The nervous systenof the brain, plays an especially importanin learning, there is a psychophysiologica
behavior is to some extent self-generatewle in attention. According to Sylwesterresponse to the threat, accompanied by
in loops: Brain activity leads to move-the thalamus is the “relay center betweefeeling of helplessness or fatigue. Thi
ment, which leads to further sensation andur sense organs and the cortex.... Thigpe of response keeps people from usir
perception and still further movementprocess holds the important informatiortheir higher order, more complex thinking
The layers and loops between them are th@thin our attentional and short-termand creativity.”
most intricate of any object we know, andnemory systems by ignoring the less im- During high-stress situations, physio.
they are dynamic. They continuallyportant information, and thus seems to crdegically the information takes the primary
change. Parts of the brain (indeed, the mate the visual awareness we experience.” pathway through the thalamus and amy
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dala and then moves into the cerebellum. That clearly illustrates the economyactions trigger what we call “the experi-
Memorization of isolated facts can be acef brain-processing mechanisms. Thence of emotions.”
complished under high-stress conditiondyrain makes a connection and general- “Good learning engages feelings
but higher order and creative thinking mayzes even though the generalizatiofRather than viewing them as an add-ol
be lost. We tend to respond with either anight be wrong. One conclusion is thaemotions are a form of learning. Emotion
primitive mode of behaving or to rely sole-detail isn’t efficient and generalizationalso engage meaning and predict futut
ly on early programmed behavior. is, though not always correct. The braiearning because they involve our goals
In situations that may involve stresgloesn’t have values; it's an informatiorbeliefs, biases, and expectancies. Emq
but in which we have a sense of contrabrgan. It isn’t an arbiter of values, oftions drive the threesome of attention
or choice, the physiology shifts. The pri+ight and wrong. What we do have is aneaning, and memory,” says Renat
mary path is no longer directly throughsystem that puts related events togethé&aine.
the amygdala but through other paths ah hierarchies and categories. According to Daniel Schacter of Har-
the cortex, the parts that are involved in Geoffrey Caine states: “The brain-vard University, author aearching for
higher-order functioning. Thus, wemind naturally organizes information in-Memory,there are two possible explana
avoid a “knee jerk response.” to categories. We can generically callions for the way emotionally chargec
Learning situations that are low stresghat ‘patterning.’ These patterns alwaygvents are emblazoned in our memorie
favor reflection and analytic thinking. Saysnvolve interpreting information in con- One is that stress hormones and chemic
Renate Caine, “The thalamus, hippocantext. There’s a great deal of research tmessengers, or neurotransmitters, are f
pus, and cortex (where stored memorieshow that we learn from focused attenleased at such times, which “tag” the ever
are housed and higher-level thinking taketion as well as from peripheral percepwith special significance and give it
place) are involved. With this system, yodion. When people are forming patternsprominence in the memory pathways. Th
can translate factual elements and malkelot of the information that brings theother explanation for what are commonly
connections. Furthermore, you can makpattern together is peripheral or contexknown as flashbulb memories is that eve

inferences based on other things you knowual information.” though they don't need to be rehearsed |
This higher-order thinking includes syn- reiterated, they usually are. “People ten
thesizing information and integrating it toEmotion to discuss and go over the things in the
come up with new ideas.” The amygdala, an almond-shaped strudives that are important to them, and the

ture in the brain’s center, seems most irstrengthens the memory,” says Schacter.
Context and patterns volved with emotions. According to  Renate Caine points out that the cli

“Without context, emotions, or patterns Jensen, it has 12 to 15 distinct emotivenate of the workplace is critical to the
information is considered meaninglessiegions and often exerts a tremendousnd of product you're going to get. If we
There’s a tendency to try to form soménfluence on the cortex. “Informationfeel supported in that environment, the
kind of meaningful pattern out of ourflows both ways between the amygdal@hysiological effect is a slight increase ir
learning—this process seems innate And the cortex, but many other areas attbpamine, which releases the righ
says Jensen. involved in subtle emotions,” he says. amount of acetycholine (another neura
He adds, “While the brain is a con- “Making daily decisions based ontransmitter) that stimulates the hippocarn
summate pattern maker, intellectual maemotions is not an exception; it's thepus. People with increased dopamin
turity often enriches the process. PETule,” says professor Antonio Damasioshow improved episodic memory, work-
scans indicate that a novice chess playarneurologist at the University of lowa,ing memory, verbal functioning, flexibili-
burns more glucose (has to work hardeiip his bookDescartes’s ErrorEmotion, ty in thinking, creative problem solving,
and uses the step-by-step sequential lékeason, and the Human BraifWhile decision making, and social interactions.
side of the brain. A master chess playarxtremes of emotion are usually harmful
uses less glucose and engages larger pat-our best thinking, a middle groundMemory and recall
terns from the right side of the brain.” makes sense. Appropriate emotion®ne of the most spectacular uses of r¢
A lot of recent memory research in-speed up decision making enormously.tently improved imaging technologies
volves pattern-making abilities. One study Brain research shows that emotionsuch as CAT scans, MRIs, and the fMRI
that has been replicated several times imnd thought are deeply interconnecteds to show the brain at work—
volves reading a long list of words to dn Molecules of EmotiorCandace Pert thereby helping scientists understan
subject. When the subject is asked to revrote that on the surface of every celinemory, recall, and how we manage in
member certain words on the list, an interin the body are receptors that responfibrmation and information overload.
esting thing happens. Let's say the list ha® molecules such as various pep- “Memory is the ability to repeat a
25 words strung together, including caketides and neurotransmitters. Scientistgerformance. In the nervous system, it i
cookie, sugar, train, candy, tree, car, dogised to think that those neurotransa dynamic property of populations of
If asked whether the worveets on the mitters were found only in neurons inneuronal groups. Unlike computer-base
list (it wasn't), most subjects sggsbe- the brain, but it turns out they're in everymemory, brain-based memory is inexac
cause of the wordsake, cookiegndsug- part of the body. When we haveBut it's also capable of great degrees c
ar. Interestingly, the same area of braim thought, many of the peptidesandeneralization. Memory would be use
that registered other words that were oneurotransmitters interact with celldess if it couldn’t in some way take into
the list lights up on an MRI. throughout the body, and those interaccount the temporal succession C
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make sense of things and remember
For More About the more easilyTo transfer information ef-
Brain and Learning fectively, we need to see the relevance of
o ascd.org what we're learning.

brainconnection.com

cainelearning.com Motivation

dana.org Richard Restak, a neurobiologist, writes

21learn.org in his bookThe Brain:“Learning is not

lern.org primarily dependent on a reward. In fact,

newhorizons.org/blab.html rats—as well as humans—will consis-

thebrainstore.com tently seek new experiences and behav-
iors with no perceivable reward or
impetus. Experimental rats respond pos-
events—of sensory events as well as patively to simple novelty. Studies con-
terns of movement,” says Edelman. firm that the mere pursuit of information

Rita Carter, who wrot®apping the can be valuable by itself and that humans
Mind, says that new neural connectionsre just as happy to seek novelty.”
are made with every incoming sensation Robert Aitken at the Vancouver
and old ones disappear as memories fad@ritish Columbia Community College

“Each fleeting impression is recordedpoints out that we choose to stay moti-

for a while in some new configuration, butvated. “One of the things becoming clear
if it's not laid down in memory, the patternis that our brains have been built for sur-
degenerates and the impression disapival. That hasn’t changed in 30,000
pears like the buttocks-shaped hollow in gears. If something helps us survive,
foam rubber cushion after you stand upwve’re motivated to learn.
Patterns that linger may in turn connect “Trainers have to find ways to con-
with, and spark off, activity in other vince learners that this is vital to their
groups—forming associations (memosurvival. If we get an emotional buy-in
ries) or combining to create new conceptshen learning takes place.”

“Little explosions and waves of new We can approach motivation from
activity, each with a characteristic patseveral different points of view, says Ge-
tern, are produced moment by momeniffrey Caine. “The distinction is be-
as the brain reacts to outside stimulitween intrinsic and extrinsic motivation.
That activity creates a constantly changntrinsic motivation has to do with what
ing internal environment, which thewe want, need, and desire. It's deeply
brain then reacts to as well. That creategrounded in our values and feelings. Ex-
a feedback loop that ensures constatrinsic motivation is often an attempt by
change. The loop-back process, somasomeone else trying to make us want to
times referred to as neural Darwinismgdo something. In terms of learning and
ensures that patterns that producereativity, we know there’s a positive
thoughts (and thus behavior) and thatorrelation between creativity and in-
help the organism thrive are laid downrinsic motivation. When we’re organiz-
permanently while those that are uselesag information in our minds, the way
fade. It's not a rigid system.” we form patterns is deeply motivated by

According to Carter, it seems that inwhat we're interested in.”
coming information is split into several We have all heard the phradse it or
parallel paths within the brain, each ofose it. That's the ultimate truth of the
which is given a slightly different treat-healthy brain’s capability to learn,
ment depending on the route it takes. Irchange, and grow as long as we're alive.
formation that's of particular interest to  “The most exciting discovery about
one side of the brain will activate thatall of this work is that education should
side more strongly than the other. Yowcontinue for a lifetime. With enrichment,
can see that happen in a brain scan: Thee grow dendrites; with impoverish-
side that’s in charge of a particular tasknent, we lose them at any age,” con-
will light up while the matching area oncludes Diamondi
the other side will glow more dully.

Geoffrey Caine reminds us that whemRuth Palombo Weiss is a freelance
we can connect rote memory with ordiwriter based in Potomac, Maryland; piv-
nary experience, we understand andtal@erols.com
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