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How t he Brain Learns
Revisiting Effective Teaching
Pat Wl fe

New research in neuroscience validates |ong-held theories of
effective teaching.

Those of us who have worked in schools for a while have watched a
| ot of programs, theories, and innovations come and go. Mny
experienced teachers, frustrated with the pendul um sw ngs, have
adopted a wait and see, or "this too will pass," attitude. But I
wonder whet her too often we have elimnated very effective
practices in favor of the newer innovations on the bl ock

Participants in nmy workshops frequently reinforce this thought as
they point out or ask about the connections between Madeline
Hunter's Elenments of Effective Instruction (1982) and current
brain research. | can frequently point out how neuroscience
research has validated one or another of the practices Hunter
espoused. And it's not just Hunter's work that participants ask
about, but that of John Dewey and Al fred North Whitehead in the
early 1930s; Jerone Bruner's witings in the 1960s; and the
findings fromJere Brophy, Barak Rosenshine, and others whose work
we studi ed under the headi ng of Effective Teaching research. These
studi es focused on what teachers did that resulted in increased
student |earning. W sel dom hear nuch about these findings
anynore, but are they really outdated or have we been too quick to
| ook for sonmething new? Is it possible that the effective teaching
strategi es of 20 years ago are still relevant today and that we
can look to current cognitive and neuroscience research to help us
under stand why they are?

Setting the Stage for Learning

Let me begin with a relatively sinple and fam liar exanple from
Hunter's work. Hunter tal ked about the inportance of an
anticipatory set, a way of hel ping students attend to the rel evant
data of the upcom ng instruction. She adnoni shed us to ask
focusi ng questions, have students recall previous information
state the objective, or otherw se assist students in focusing on
informati on that they would need to be successful. This enphasis
on setting the stage for learning fits precisely with the research
on the attentional mechani snms of the brain.

The only way to get information into the brain is through our
senses. At any one noment, our sensory receptors (the retina of
the eye, the tynmpanic nmenbrane in the ear, and so on) are

si mul t aneously bonbarded with an enornous anount of data. If we
were able to pay conscious attention to all this sensory
informati on, we would go stark, raving mad. To keep us sane, our
brain immediately starts sifting and sorting through all the
sensory input and gets rid of irrelevant material. This initial
processing step i s unconsci ous and appears to be acconplished by
the brain as it searches through previously stored information and
| ooks for rel evant hooks for the new information. There is
actually no such thing as a student who is not paying attention.
The student's brain is always paying attention to sonething,



al though it may not focus on relevant information or on what the
t eacher intends.

For exanple, if | begin describing a train trip and tell you how
many peopl e entrained or detrained at each stop, your brain may
search for and retrieve information about previous trips taken. If
your brain picks up on the nunbers, you may begin nentally to add
and subtract the nunber of people on the train. Wien |I reach the
end of the story and ask how many times the train stopped, you
probably won't have a clue because your brain had attended to the
wong information. The brain constantly searches through existing
neural networks to find a way to nake sense of incom ng data. An
anticipatory set increases the possibility that the brain wll
search through the right networks and attend to the information
that is relevant for a particular topic or issue.

The Learning Environment

The effective-teaching research resulted in a great deal of
informati on about the effects of the |earning environment on
student achi evement. Hunter hel ped clarify our understandi ng of
the effects of the environment as she discussed | evels of
difficulty and | evels of concern. | don't see nany articles in
current educational journals or teachers' magazi nes that use the
phrase "l evel of concern," but | do see a lot witten about how a
cl assroom needs a | earni ng atnosphere that is high in challenge
but Towin threat. Is there a big difference? | don't think so.

Hunter told us that if a task is either too difficult or too easy,

we will have little notivation to continue. She al so pointed out
that a level of concern (or stress) either too high or too | ow
will interfere with efficient |earning. Sounds pretty sinple,

doesn't it? But is it true? Does current research help us
under stand why stress or |evel of concern enhances or inhibits
| ear ni ng?

Again, let's consider the pathways that information takes as it
enters the brain. As part of the initial sorting and sifting
process, the brain sends information com ng in through the senses
to several organs deep within its center. One of these is a small,
al nond- shaped structure naned the anygdal a.

The amygdal a coul d be called the psychol ogi cal sentinel of the
brain. Part of its role is to check out information for its
enotional content. Is this information potentially threatening or
aversive or is it something | like? Should I run away fromit or
run toward it? If the brain determnes that the information is
threatening, it imediately sends cheni cal messages throughout the
body to prepare the organs to adjust their activity level to match
the denmands of the situation.

Most of us are familiar with this reaction, comonly called the
fight or flight response. The heart beats faster, lung capacity
i ncreases, palms become sweaty, and so on. But in addition to
these fam liar responses, other |ess noticeable reactions occur.
The i mune and di gestive systens are suspended; bl ood-clotting
factors increase; and the conscious, rational, thinking part of
the brain,the cortex, becones nuch less efficient, in a sense
"downshi fting."

If you've ever been insulted and couldn't think of a response
until the next day, you've experienced downshifting. Sinmlarly,



downshi fting occurs when you forget what you studied for an

i mportant test, when you cannot renenber what you were going to
say as you stand in front of an audience to give a speech, or when
you are so angry that you engage in irrational behavior. Anything
that an individual brain perceives to be threatening can slow the
creative, rational processing of infornation.

Enotion is a doubl e-edged sword. The brain is hardwired for
survival. If the event or information has little or no value, the
brain has a tendency to drop it. If the enotional content is too
hi gh, downshifting can occur, and the conscious, rationa
processi ng becones less efficient. | think these reactions are
exactly what Hunter was describing when she tal ked about |evel of
concern. Every teacher has seen exanpl es of these behaviors. What
research is contributing is an understandi ng of why they occur.
Thi s understandi ng can hel p us sel ect appropriate strategies for
dealing with them

Task Analysis and Memory Research

One of Hunter's Elenents of Instruction that teachers often found
difficult was task analysis. Basically, the idea is that the
teacher breaks a task (such as identifying the main idea in a
story, solving an equation, or shooting a basket) into its
essential conponents to have guidelines for planning instruction
Thi s process increases the possibility of addressing all necessary
el ements to conplete a task successfully. In practice, however
teachers found task anal ysis arduous and often were not able to
conpl ete an anal ysis. Again, research fromthe neurosci ences hel ps
us understand why task analysis is so necessary, yet so difficult
to acconpli sh.

The brain stores different types of menory in different ways. Most
neur osci entists distinguish between two maj or types of menory,

decl arative (explicit) and procedural (inplicit). Declarative
menory consists of semantic information (facts, places, nanmes) and
epi sodic information (episodes of one's life). Both types of

decl arative nenory can be "declared,"” or stated, and are believed
to be stored in the outer layer of the brain, the cortex. To
declare information, we nust retrieve it and bring it into

consci ousness.

Procedural menory consists of information or procedures that we
have | earned at the automatic |level, that we npbst often gain
access to without conscious attention. For exanple, nost of us
have experienced driving a car over a famliar route, arriving at
our destination, and having no conscious recollection of driving
there. The processes involved in driving,especially on that
rout e, have becone totally automatic. Qther exanples of procedura
menory include renenbering howto walk, wite, tie a shoel ace,
decode words, or pass a football. | suspect that many procedures
used by teachers in classroons are also carried out automatically.

Neurosci entists believe that the physiol ogi cal process underlying
procedural nenory is one in which brain cells (neurons) that "fire
together, wire together." In other words, circuits or networks of
neurons that are used over and over get accustoned to firing
together and eventual |y beconme hardwired and fire automatically.

It is interesting to note that Madeline Hunter used the phrase
"Practice doesn't nmake perfect; it nakes permanent." |If we
practice sonmething incorrectly, our neurons don't know the
difference and nmake the permanent connections incorrectlyNas



anyone knows who has attenpted to master a task wi thout expert
assi stance or coaching.

Wiy woul d the brain's design allow us to performcertain tasks
automatically? The reason is probably connected to survival,
giving us the ability during danger to run wi thout having to think
consci ously about which nuscles to nove. Procedural nenory appears
to involve structures deep within the brain,mainly the hippocanpus
and cerebellumthat allow us to perform procedures without using
the linited consci ous-processing space.

VWhat ever the origin, being able to get sonme of the basics of a
skill at the automatic level is necessary for us to nove to higher
| evel s of functioning. (Conprehendi ng what you are readi ng now
woul d be nearly inmnpossible,or at |east |aboriously slow and
inefficient,if your decoding skills were not automatic.) | recall
reading an article in this mgazi ne many years ago in which
Benj am n Bl oom di scussed how i ndi vi dual s become experts in various
fields. He | abel ed procedural menory "automaticity" and stated
that it is the "hands and feet of genius."

On the surface, procedural nmenory appears to be the marvel of the
brainfNuntil we try to change an automatic procedure or to teach it
to soneone else. Wtness our difficulty in teaching children how
to decode. The process is automatic to us, and it is extrenely
difficult to explain the processes that we use to do it. The sane
is true of any skill or procedure that we have developed to this

| evel, such as swinging a golf club, regrouping in subtraction, or
performng an experinent in chemstry.

Al t hough Madel i ne Hunter didn't have access to the information on
t he physi ol ogi cal under pi nni ngs of procedural nenory, she knew
that teaching woul d be nore effective and efficient if we could
sonmehow "wat ch" oursel ves conplete an automatic task, delineate
all the conmponent parts of the task, and use that analysis to
gui de students through the "massed" and "di stributed" practice
necessary to formthose permanent neural connections that are the
foundati on of procedural nenory.

The Importance of Prior Learning

The link of prior know edge to | earning was enphasi zed often in
the effective-teaching research; few of us would argue with its
i mportance. Here again, new research increases our understandi ng
of why prior know edge plays such a crucial role. Information,
neur osci ence research explains, is not stored in a specific
location in the brain. Rather, it is stored in various

| ocationsNin the visual, auditory, and motor corticesNand is
joined in circuits or networks of neurons. It appears that each
time we recall an event or a previous experience, we literally
reconstruct it by using the sane circuit or circuits we used to
store it. (The nore nodalities we use to store the infornmation or
experience, the nore pathways we have available to access it.)

When we experience sonething new, the brain |ooks for an existing
circuit or network into which the new information will fit. For
exanpl e, a young child who has |l earned that a snmall furry ani nal
is called a dog nmay, when seeing a cat for the first tine, call it
a dog. The child's brain searched through its neural networks to
find a place to fit this new aninal and sel ected the cl osest
match. Likewise, if | amreading an article on applying quantum
physics to managi ng an educational system | will be hanpered in



my understanding if | lack previously stored information on
physics. My brain can find nowhere in its previously constructed
networks to fit the new i dea.

Reaffirming Hunter

Teachers who have been exposed to no nore of Hunter's work than
the i nfanous "l esson design" and who view her work as sinmply a

met hod of direct instruction may be surprised to | earn that she
was appalled at this application of her work. She enphasi zed over
and over that teaching is decision nmaking and that the nore we
know about the science of teaching, the better we can artistically
apply that know edge.

It appears to ne that the study of brain research validates her
position. Brain research is not a programto be inplenented in
school s; neurosci ence does not prove that any particul ar strategy
of method works. Rather, the research is adding to our know edge
base, hel ping us better understand how the brain | earns,or doesn't
| earn,and why. W are beginning to gain a scientific understanding
of the | earning process, and fromthat understandi ng, we can nake
better decisions about how to structure |earning environments and
instructional practices.

Teaching is still decision nmaking, as Hunter adnoni shed us.

Behavi oral psychol ogy was the foundation for the

ef fective-teaching research and for Hunter's work. We did not have
the tools to ook inside the brain while it learns and had to rely
on the observation of student behaviors to validate or reject our
theories of |earning. The absol ute expl osion of information from
current research in the neurosciences is changing that scenario,
but it does not necessarily indicate a rejection of the
information that preceded it. What we have is a synthesis of
psychol ogy and biology that is giving us a new vocabul ary and an
ability to be nore articul ate when we tal k about | earning.

It is not surprising that the research com ng from neurosci ence
parall el s many of the earlier findings. Mich of the

ef fective-teachi ng research was based on observing teachers who
obt ai ned good results in student |earning. Wile working with and
monitoring their students day after day, effective teachers have
al ways been on the front Iine of "research" about teaching and

| earning. On the basis of their observations and reflections, they
have devel oped a wi sdom of practice that warrants our respect.
Theodore Marchese (1998) conments that many of the findings seem
to confirmwhat we've already known, or at |east theorized. "I'd
be suspicious of any neuro-scientific theory of teaching," he
says, "that was much at variance with what best teachers already
knew and did."

It's time, | think, for all of us to step back before we enbrace
the newest thing com ng down the pike. W need to give teachers
time to reflect on their practice, to engage in substantive

di al ogue with others (including the researchers) about what they
are acconplishing and why, and to assist teachers in carefully
studyi ng new research and innovations to determ ne whether they
validate their practice, require themto rethink their practice,
or both.

Brain Fact: Language Explosion

Most babi es speak their first words at about 9 to



12 months, and by the time they are 15 to 20
mont hs ol d, nobst have a vocabul ary of about 50
wor ds.

Then comes what Marian Dianond calls "a veritable
| anguage A-bomb." After learning the first 50
words or so, children begin | earning new words at
the astonishing rate of about 50 words a week,
and this pace continues through nost of

el ementary school. The devel opnent of grammatica
skills, says Dianond, appears to be innate and
programmed, appearing spont aneously around
preschool age. By the time nost children are 4,
"the vast majority of their utterances are

compl etely grammatical ," says psychol ogi st Karin
St r omswol d.

Source: Dianond, M, & Hopson, J. (1998). Magic
trees of the mind: How to nurture your child's
intelligence, creativity, and healthy enptions
frombirth through adol escence (pp. 170D171). New
York: Dutton.
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