Human Development’s Elise Temple leads kids
where some researchers feared to tread: into
MRI machines to discover how humans learn.

Further
Adventures
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Incredible

Plastic Brain

he photos—given from a
motherly looking
neuroscientist to youngsters
who endured weeks of
remedial training (for dyslexia)
and survived trips through a scary
environment (a magnetic resonance
imaging [MRI] machine) while mapping
arbitrary symbols onto the auditory
system (reading)—were more than just
keepsakes. The pictures were something
to show those kids back at school and tell
them: “You can call me ‘dummy,” you can
call me ‘dyslexic,” but I'm rewiring my

brain. What have you done for yours lately?”

Elise Temple had just arrived at Cornell, as a

newly appointed assistant professor of human

development in the College of Human Ecology,
when the prestigious Proceedings of the National
Academy of Sciences (March 2003) published her
work—conducted as a graduate student at Stanford—

that changed the way
neuroscientists and
educators think about
developmental dyslexia.
Although all the causes for
severe difficulties in
learning to read were yet
to be explained, Temple
and her research
colleagues found a way to
track treatment for
dyslexia. Temple’s widely
hailed experiment with
fMRI (functional
magnetic resonance
imaging) scans of the
brains of children with

dyslexia—before and after remedial training when the

children le

arned to associate vowels and consonants with

English language sounds—showed that specific regions of
the brain become more active as the children begin to learn

to read.

Even more interesting to neuroscientists, the children with
dyslexia were using different parts of their brains—in the
right side—compared to children with good reading skills, as
their language skills and reading performance improved.
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Functional MRI highlights brain activity by proxy, by
looking for changes in blood oxygenation when particular
neurons become more active. The fMRI scans of kids with
dyslexia learning to read also detected some activity in the left
side of the brain (specifically, the left temporo-parietal cortex
and left inferior frontal gynus), but not as much activity as
normal-reading children show in that region. The surprising
finding was that children with dyslexia displayed activity in
“mirror” regions of the right brain (the right-hemisphere frontal
and temporal regions and anterior cingulate gynus) that normal-
reading children rarely use. Before their training sessions, the
dyslexic children had no brain activity in any of those regions as
they struggled with exercises that simulated reading.

Two Reasons for Pride “They were rewiring their
brains in response to a behavioral-treatment program,” Temple
says. And she didn’t mind if the children went back to school to
brag about their achievements. She had reason to be proud, as
well. Temple was among the first researchers to show that
functional neuro-imaging can be conducted on fidgety young
children—with a few inducements.

While fMRI had been applied to brain scans of adults for
more than 10 years, few researchers were eager to try the time-
consuming technique on children. Other technologies had their
drawbacks, too. Positive emission tomography (PET) scans
require injections of radioactive tracers, and PET scans are not
allowed simply for research on children under age 18, according
to U.S. Food and Drug Administration rules. And brainwave

scans with electroencephalography
- (EEG) do not have enough spatial
resolution to pinpoint changes in brain
activity, compared with fMRI,
although Temple has used EEG with
young children in other kinds of
studies.
So Temple decided to try to
adapt fMRI to young children
(ages 7 to 12) by alleviating fears
and offering rewards. Before the
children agreed to enter a real

MRI machine, they got to try a

look-alike simulator, complete

with recordings of the noises they
would hear when the powerful
magnets and motors switched on.

If they weren’t discouraged by the

simulator, they graduated to the

real MRI machine. The payoff for
remaining absolutely motionless
for each five-minute scan was their
choice of baseball or Pokemon
trading cards—plus the coveted
picture of their actual brain in
action!
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Brain function in children
with no reading disability

Brain function in children
with developmental dyslexia

Children with dyslexia show
increased brain function after
training

Left side of brain

Just for Science Temple was careful not to make too
many promises and raise false hopes with the children’s parents.
Her neuro-imaging tests are not a diagnosis of dyslexia or any
other disorders, and they’re certainly not a treatment. If children
and parents are to participate in the studies, it is “just for
science,” to have a small but meaningful role in advancing the
understanding of how the developing brain works its magic.

In the case of the dyslexia studies, the participants helped to
show that intervention programs can change the way the brain
functions. The children learned a new meaning for plastic, as in
neuroplasticity. They were living proof that human brains have a
lifelong ability to reorganize their own neural pathways.
(Temple examined results of the Scientific Learning
Corporation’s Fast ForWord Language program, but others
might work equally well, she says).

Temple’s take-home message to parents, children, and
educators is that many cognitive developmental disabilities have
a biological basis. Children with dyslexia, for instance, are not
necessarily incurably “defective” in some mysterious way.
Rather, their brains work differently—and more important,
there’s something they can do to change that.

At least that’s what Temple says. What kids hear is: “My brain
is plastic! Way cool!”

Into the Classrooms That’s also a message that
resonates with seventh-graders when Temple’s undergraduate
students take “Brain Science” into Ithaca-area classrooms. The
undergrads share some of what they’ve learned in Human
Ecology courses, such as HD 220 The Human Brain and Mind:
Biological Issues in Human Development and HD 320 Human
Developmental Neuropsychology.

The undergraduates’ discussions of neurons and synapses and
neurotransmitters and memory make perfect sense to seventh
graders, who already know more about computers than most
parents ever will. Since middle-schoolers usually are reading
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somewhere near their grade level and are beginning to learn
new languages, they appreciate the difference between
language acquisition, which many animal species can do to
some extent, and learning to read, which is exclusive to the
human species.

Then comes the shocker: scientists can tell—and display in
pictures—precisely which parts of the brain are active when
the brain’s owner is sounding out the syllables of an unfamiliar
word. Or storing cell phone numbers and the sounds of their
signature ringtones. Plasticity of learning and memory! Who
knew?

That’s why brain science is a natural way to turn kids on to
science, which is another of Temple’s passions. She dreams of
hearing a knock on her office door and a tentative: “Professor
Temple, I heard about neuroscience when your college
students came to my class at DeWitt Middle School. Well, I
got into Cornell and now I want to learn more.” Or even more
farfetched but not impossible: “Dr. Temple, I was one of the
original participants in your dyslexia studies, and now . . .”

Can proximity to horrific events change the
brain—even in people who do not have Post-
Traumatic Stress Disorder or depression or
anxiety?

The Visible Brain Temple’s Cornell students, who are
already intrigued with cognitive neuroscience and human
development, become even more so with the opportunity to
get involved in her research. Working together with Human
Development graduate students and postdoctoral researchers,
the undergrads help analyze data, test new experiments before
they’re run in the MRI machine, and prepare participants for
their turns. The closest available machine for fMRI is in New
York City at Weill Cornell Medical College’s Sackler Institute
of Developmental Psychobiology, where Temple is a faculty
fellow.

A typical dyslexia experiment, for example, displays random
letters on a screen inside the MRI machine. Participants might
be asked to indicate (with a hand-held keypad) which letters
rhyme (D and B rhyme, but D and K do not). Or they might be
shown a nonexistent “word” that readers can sound out,
phonetically, but one that would deter some people with
dyslexia who have trouble connecting letters with the sounds
they represent.

The Human Ecology undergrads have proved to be so
adept that Temple might enlist their help with MRI
experiments on even younger children. Age five is probably
the lower limit (because staying absolutely still is difficult for a
preschooler), and Temple doubts that the costly fMRI scans
will ever be used routinely to diagnose dyslexia. But her work
might lead to early-detection screens that could be performed
in schools or even in preschool situations.
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More Tests for Neuro-imaging While Temple’s
studies of learning in the developing brain continue apace, she
also is involved in fMRI studies of brains that learned to be
horrified. She is helping Sackler Institute colleagues study
New Yorkers who lived or worked near the scene of the World
Trade Center attacks on September 11—people who might
have reason to suffer post traumatic stress syndrome (PTSD)
but apparently do not.

An earlier Cornell study looked at PTSD in New York City
firefighters who were directly involved in 9/11 rescue
operations. This time, study participants inside fMRI
machines were shown photos. But the pictures were not the
now-all-too-familiar images of planes ramming the towers, or
fires, or people who died in the attacks. Rather, the pictures
simply showed human faces with various expressions. Some
faces appeared calm, while other faces expressed fear. Temple
and her research colleagues are asking the question: can
proximity to horrific events change the brain—even in people
who do not have PTSD or depression or anxiety?

Another developmental neuroscience project will try to
apply neuro-imaging and other techniques to test the so-
called theory of mind explanation for autism. According to the
theory of mind hypothesis, something in the autistic brain
blocks normal perception of other people’s emotions,
attitudes, and beliefs. Temple and her colleagues will ask: Do
individuals with autism have a deficit in the ability to pay
attention to the “correct” aspects of a situation? Are they
especially impaired when information has social cues?

She looks forward to working with a new faculty member
in Human Development, Matthew Belmonte, whose fMRI
and EEG research provided physiological evidence that people
with autism lack an ability to selectively enhance relevant
stimuli (and instead resort to amplifying everything in a state
he calls hyper-arousal). Belmonte suspects “too much cross
talk between separate neural systems” in the autistic brain as
the cause of reduced information-processing capacity.
Evidently, “either
everything is turned on
or everything is shut
off,” Belmonte has
written, noting that
“pseudo-autistic traits,

Elise Temple
Cornell University
Human Development
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“We have so much to

learn about the brain

mechanisms that

underlie reading and

language,” Temple says.

“We choose to focus on an especially exciting time in the
development of the brain, when children age and undergo
education and become literate. Sometimes an easier way to get
at ‘normal’ development is to study what’s happening when
Plan A fails and development doesn’t proceed as scheduled. Or
to study how the brain compensates for a traumatic injury—
perhaps a stroke or a gunshot wound—with its amazing
capacity for neuroplasticity. If we’re smart and lucky, our
payback for those people will be the development of new ways
to treat their disabilities.”

computer



Building a Behavioral-Neuroscience Faculty

One of the fastest-growing sections in Human Ecology’s
Department of Human Development, the field of behavioral
neuroscience, is adding specialists in autism and in aging.
Recruiting Joseph A. Mikels from the Stanford University
Department of Psychology and Matthew Belmonte from the
University of Cambridge’s Autism Research Centre should make
Cornell behavioral neuroscience a force to be reckoned with as
the discipline of developmental psychology moves toward a
behavioral-brain perspective. The increase in faculty also will
give Human Ecology students a more comprehensive array of
course work from which to choose. Other members of this new
section include:

Richard Depue, a faculty member since 1992, who focuses his
research on the neurobiology and neurochemistry of
personality, emotion, and cognition. Of particular interest to
Depue are the personality traits of extraversion, fear-anxiety,
affiliative bonding, and behavioral stability. Depue teaches
HD 266 Emotional Functions of the Brain.

Steven Robertson, who uses a range of techniques, including
eye tracking, to study mind-body development during early

Brain scan
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infancy, when independent locomotion is not yet possible and
“visual foraging” is the way infants explore their world. Noted
for his dynamical-systems approach to questions in
developmental psychobiology, Robertson creates mathematical
models of visual foraging in collaboration with colleagues at
Cornell’s Center for Applied Mathematics. Robertson teaches
undergraduate courses such as HD 334 Infant Behavior and
Development.

Elise Temple, whose research and teaching are described in the
accompanying article. Temple uses brain-imaging techniques,
such as functional magnetic resonance imaging, in an effort to
understand neural processing as children develop language
and reading skills, as well as the way the brain compensates
when injury or developmental disability occurs.

Mikels conducts behavioral, neuro-imaging, and life-span
studies of the aging brain to examine the interfaces between
emotion and cognitive processes such as selective attention
and working memory. His students at Cornell should not be
surprised when Mikels has memorized their names by the
second class of the new semester—using a memory trick he
developed at Stanford: take pictures of every new student and
connect faces with bits of personal information he has learned.

The appointment of Belmonte marks a return to Cornell for the
neuroscientist and computer scientist, who received his A.B. in
1990 from Cornell’s College of Arts and Sciences and whose
research at Cambridge, beginning in 2002, used functional
magnetic resonance imaging to study perceptual and executive
systems in autism. Now regarded as one of neuroscience’s
preeminent researchers in autism, Belmonte previously
examined parallels in information processing by computers and
the human mind in the 1993 book, Computer Science, And
Why: Science, Language, and Literature. At Cornell, Belmonte
will teach a Human Development class in autism and the brain,
and will help establish a new electroencephalography
laboratory in the College of Human Ecology.
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