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“The Cola Area”

McClure et al. (2004)



Apple triggers ‘religious’ reaction in fans’
brains, report says

Er' By Mark Milian, CNN
May 19, 2011 6:33 p.m. EDT | Filed under: Gaming & Gadgets
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At product launches, Apple store employees cheer for the first customers to buy the company's latest gadgets.



“The Love Area”

Fisher et al. (2005)



American Physiological Society
A new study suggests that an area
of the brain known as the caudate is
associated with passion.
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Watching New Love as It Sears the

Brain
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Neuro(cognitive) Topics

Mathematics

Language and embodiment
Social processing

Affective processing

Learning

Scientific reasoning
Intelligence
Motivation and reward
Moral reasoning
Media and the arts



Mathematics Across Contexts

Educational context

ARITHMETIC
Behavioral Simple
number tasks
7 7 ’
Number Arithmetic Concepts,
symbols fact retrieval principles,
procedures
Cognitive \ / /
Numerosity Spatial
representation, abilities
manipulation
Fusiform Intraparietal Angular Prefrontal
gyrus <> sulcus <> gyrus <> cortex
Biological ?;::L’L“r‘; Parietal lobe Frontal lobe
Genetics

Exercises on
manipulation
of numbers

Exposure to
digits and facts

Experience of
reasoning about
numbers

Practice with
numerosities

Butterworth et al. (2011)



Mock Scanner
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Arithmetic Across Development

Decreasing
w/
Development

Increasing
w/
Development

Rivera et al. (2005)
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Arithmetic Across Individuals

Contrast estimates
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Grabner et al. (2007)
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Arithmetic Across Cultures

English Speakers Chinese Speakers
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Broca, Wernicke; PMA, SMA Tang et al. (2006)



Broca’s area
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The Language Network (Classical)

Wernicke’s area

Mondrian (1923) Composition A
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Meta-Analysis of fMRI Studies

Vigneau et al. (2006); Seurat (1989) La Parade
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White Matter Tracts, DTI, and Fiber Tracking

Dendrites

Myelin Sheath

Cell Body \/%

Hagmann et al. (2008)
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Network Connectivity Predicts Individual Differences

Beaulieu et al. (2005)
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Network Connectivity Predicts Individual Differences
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Mirror Neurons in Monkeys
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lacoboni & Dapretto (2006)
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Mirror Neurons in Monkeys and Humans

Human

Rizzolatti & Arbib (1998)
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Motor Representations of Sentences

~ Leg sentence:
| kick the ball.

Arm sentence:
| grasp a knife.

Face sentence:
| bite an apple.

Tettamanti et al. (2005); Pulvermuller et al. (2005)



The Social Network
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Burnett et al. (2011)
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Self-Perception and mPFC
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Kelley et al. (2002)
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Close Other vs. Far Other and mPFC
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Mitchell et al. (2006)



L. TPJ

Theory of Mind and R. TPJ

mPFC

R. TPJ
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Saxe & Wexler (2005)
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Empathy and mPFC

Judgment task ROI Self-reference task ROI
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Ames et al. (2008)



Biological Movement and STS
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Change in MR Signal Intens ity
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Pelphrey et al. (2003)



Incorrect

Grasping and R. pSTS

Correct
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Pelphrey et al. (2004)



Intentional Eye Gaze and R. pSTS

Congruent
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Pelphrey et al. (2004)
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Mutual Eye Gaze and R. pSTS
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Pelphrey et al. (2004b)



Basic Facial Emotions

31

Ekman & Friesen (1971)



Affect in the Brain

[] Happiness
Bl Sadness
[ Disgust
[ Fear

B Anger
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Phan et al. (2002)
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Amygdala Lesions and Facial Fear Production

AFRAID

Adolphs et al. (1995)



Films Recalled (+SEM)
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Amygdala and Memory for Emotion

Number of Films Recalled
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Cahill et al. (1996); Hamann et al. (1999)
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Stereotypes: Automatic and Controlled Processing

R. DLPFC

Cunningham et al. (2004)
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Mathematics Learning and R. IPS

sample: mathematicians; R. IPS
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Spatial Learning and HIP
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Maguire et al. (2000)



Cluster Volume/mm*3

Music Learning and L. IFG
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Science Learning and R. HIP
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scan

Draganski et al. (2006)
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Language Instruction and L. SMG/AG

Impaired

Before Instruction After Instruction

Eden et al. (2004)
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Visual Learning and Effective Connectivity
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Neurocognitive Foundations for the Learning Sciences

* A new perspective on psychology and education

e Learning / training / instruction / remediation
 Development

* Individual differences

* Group differences

* Revealing surprises
* Revealing undetected differences
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Scientific and Pragmatic Challenges for Bridging

Education and Neuroscience
Sashank Varma, Bruce D. McCandliss, and Danlel L Schwartz

Educaionslneuroscence & an emergng frt. o negrate neuro-
cthods. par with behavioral
methods to address issues of \urv'\z and rstruction. This artide con-

scbdates comman concerns about connecting sducation and neuro-

sence. One set of concems iz scentific in-principle differences in
methods, data. theory. and philozophy. The other set of concems is
progmatic: conssderations of costs, timing, locus of contral. and likely

Education is somewhere berween the two poles of early

this journal,
997) forecfully considered the relevance of neuroscience

adopters and tentative newcomers. A decade ago,
Bruer

to education. His conclusion—that =
far"—was noteworthy because Bruer

McDonadl Foundation, whi
both disciplines. Altho

nections between the disciplines, he found

h was actively funding research in

h it was in his best interests to find con-

payofiz. The authors frst arsculats th i then revize them,
reincerpecting them a: potentid cpporunitics. They dso provide
nstances of neurczcence findngs nd methods that are relevant to
education. The goal s to offer education researchers 3 window into
contemporary neuroscience t prepare them to think more specf-
ally about the prozpects of educationsl nevrascience

Keywords: brain; developmen: dyscalouia: dyslexa; educaon:

math: mathematics; neurosdience; reading

’— i U.S. government’s designation
u Decade of the Brain” (Jones &
Mendell, 1999). The rapid development of functional neurois
ing techniques has given researchers

wecedented access to the

2, 2002) d:wlnp-
Munskats, & Gilmore,

2005). h s

eurocco-

increasingly true in cconomics, where the

nomics (Camerer, Locwenstein, & Prelec, 2005) has caght the
actention of the popular press (Cassidy, 2006). Other social sciences,
,nJmhnW" manication (Anderson et L, 2006). poliical sence
(Wexder, 2006), just begin-

whether their rescarch an

informed by neuroscience.

that ml'[zm]

neuromyths. Sinc Bn

I this arcicle, we negoriate the middle ground between the

pessimism of Bruer and sec who follow

and neurcscience. Some are
ensuing commentarics. Others come

muusm in both disci ,\1 nes, and =i

espoused. We then revisit
potential opportunitics (slso in Table zoach permits

us to review 2 selection of neuroscience studies relevant to con-

We focus on recent funcriona magneric resonance

bl problerms of common interee. It i the success

lines on tract

Educational
Neuroscience

Edited by
Denis Mareschal, Brian Butterworth,
Andy Tolmie

WILEY Blackwell

FEATURE ARTICLES

Infusing Neuroscience Into Teacher Professional

Development

Janet M. Dubinsky', Gillian Roehrig?, and Sashank Varma'

Bruer acvocated connecting neurcecience and education indirectly through tha intarmediate discipline of paychology.
Wa argue for a parallel route: Tha neurobiclogy of leaming, and in paréiculsr tha core concept of plssticty, have tha
potentis! to diractly transform tascher praparation and professicnsl developmant, and ulsmatsly to aflact how students
think about their own learming. W presant a case study of how tha core concapts of neurcacience can ba brought to
in-sarvice teachars—tha Brainl) workshops. W than discuss how neurosciance can ba meaningfully itagrated into pro-
sarvics tescher praparation, focusing on institutional and cultural barrars.

Keywords: mived methadk; neurosdiancs; obsarvatnsl rasasrch; profassions| development; sdence sducsticn;

toacher oducstor/davelopmant

" here have been a number oiulkomwpm 15 yeans for
explocing how neurcecience findings could guide educa-
ool ecarch and practic (Blakerore & Feth, 2005
Immodino-Yang & Damasio, 2007; Pickering & Howard-
Jones, 2007; Varma, McCandliss, & Schwarez, 2008). In an
eady influential article appearing in these pages, Bruer (1997)
ued that this was a “bridge too faur*—that the disciplinary
distance berween neuroscience and education was too great, and
i b i bl

would do more barm than good. (The National Research
Council’s [2000] influential How People Learn similarly urged
caution in this regard.) Instead, Bruer (1997) proposed routing
ugh i Poy 2. Thi
then, and appears today, to be a sound sirategy. Collaborations
berween neuroscientists and prychologists have produced an
spunive e wich i ooy bl copi-
tive neuroscience, developmental neuroscience, social neuro
coce, vt messocicce,and 2 on. Collboraions betwees
peychologists and educational researchers, and the historically
close connestion between thesefields, have resuleed in 2 number
of edocational interventions grounded in prychological princi-
ples, and a large lterature with its own collection of bbeks: edu-

and 0 on. What cemains, according to Broer's modsl i to com-
bine these two mappings.
“This paper propases 2 paralel route to educational

concept of plarici, have the potential o direcdy transfoem
teche prepaaion and pofesional derelopmen. and -
o i bow susdss think abou this own Jsving,
Far f
roscience cepresent practical knowledge R patential to
inform teacher peactice in classroom sectings, as well 1 motivare
students o lear
“This paper fist advances neuroscience learning concepts that
diealy inform teaching and Lening, These idess decve froon
oce Co
s (Socieyfor Nearoscince, 2008), They have the porendal
to transform teacher preparation and professional development
and o ultimately affect bow students chink sbout their awn
learning, The article next evahuates this proposalin 2 case sty
of how these neurcacience concepes can be beoughe t in-service
teschers. Empirical evidence is presenced for the efficacy of
Brainl, 3 summer professional development institute we have
developed for middle and high school science teachers, This case
sty reveals the issues thar arise when experienced teachers
erapple with the neurobiology of lesrning and wy t integrare
shese conceps nco hei pedigogia pracee. The i next
questica
meaningfuly mlegm:d ioto pee-service teacher preparation.

ence. The neurobiology of learning, and in particular the core
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