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“Executive Functions”
 

is 

shorthand for the cognitive 

control abilities that 

depend on Prefrontal 

Cortex 
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“Executive Functions”
 

(EFs) are 

comprised of 3 core abilities: 



(a) Inhibitory control  (self-control)

the ability to resist a strong

inclination to do one thing

and 

instead do what is most 

appropriate or needed

Makes it possible for us to resist 
acting on our first impulse so we do 
not do something we’d regret. 



Being able to…

(1) pay attention despite distraction 

e.g., suppressing attention to what 
others are saying 

such as screening out all but one 
voice at a cocktail party

so that you stay focused on what’s 
important

SELECTIVE or FOCUSED ATTENTION



Being able to…

(2) stay on task despite boredom, 

initial failure, interesting tangents,
 

or tempting distractions

such as resisting the temptation to 

do something more fun and instead 

finish what you started

DISCIPLINE



Evidence shows that 

discipline accounts for over 

twice as much variance in final 

grades as does IQ, even in 

college.  

(Duckworth & Seligman, 2005)



Being able to…
 

(3) inhibit acting 
impulsively

 
& instead make a more 

considered response
 

enables you to:

resist grabbing another child’s toy

resist saying something socially 
inappropriate (or hurtful) 

resist ‘tit for tat’
 

(hurting someone 
because that person hurt you)

resist jumping to an interpretation of 
what something must have meant or why 
it was done 
resist a luscious dessert when dieting



Inhibition can be critical in 

helping students resist the 

temptation to answer quickly, 

instead taking the time they 

need.



THE DAY-NIGHT TASK

“Day” “Night”

Semantically conflicting labels

(Gerstadt , Hong, & Diamond, 1994) 

Requires holding 2 rules in mind, and inhibiting 
saying what the images really represent,  

saying the opposite instead.
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Percent Correct on the Last 4 Trials (out of 16) 
on the Day-Night Test
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Response Latency on First 4 Trials  
(out of 16) on the Day-Night Test
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Response Latency on the Last 4 Trials  
(out of 16) on the Day-Night Test
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Experimenter sings a little ditty

 think about the answer, don’t tell me 

before the child responds.

Imposes time between presentation of stimulus 
and response to make children take the time 

they need to ‘compute’

 
the answer

DITTY
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Inhibition allows us a measure of 

control over our attention and our 

actions, rather than simply being 

controlled by external stimuli, our 

emotions, or old habits of mind or 

behavior.  

Therefore it helps make change
 

possible.



(b) Working Memory:

Holding information in mind 

while mentally working with it 



Working memory is critical for 

making sense of anything that 

unfolds over time,
 

for that always 

requires holding in mind what 

happened earlier & relating that 

to what is happening now.

but…

WM is ephemeral, like writing on 

fogged-up glass.



such as …

relating one idea to another 

relating what you read (or learned / 
heard) earlier to  what you are 
reading (learning / hearing)

 
now

understanding cause and effect

following a conversation while   
keeping in mind what you want to say



WORKING MEMORY is critical to 

our ability to see connections 

between seemingly unconnected 

things, and hence to
 

CREATIVITY, 

for the essence of creativity is to be 

able to disassemble and re-
 

combine elements in new ways. 



being able to easily & quickly switch 
perspectives or the focus of attention,  

flexibly adjusting to changed demands 
or priorities,

being able to think outside the box.

(c) COGNITIVE FLEXIBILITY



COGNITIVE FLEXIBILITY is critical to 
creative problem-solving.

What are other ways I can react 
when something happens?

What are other ways I can 
conceptualize a problem (e.g., 
perhaps it is an opportunity)?  

What are other ways I can try to 
overcome a problem?



These core executive 
functions are critical for higher 
order EFs such as:

planning

problem-solving

reasoning



Executive Function skills 

are more important for  

school readiness
 

than are 

IQ or entry-level reading or 

math.

(e.g.,  Blair, 2002;  2003;  Blair & Razza, 
2007;  Normandeau

 
& Guay, 1998)



Executive Functions are also 

important for school success.

Working memory and inhibitory 

control each independently 

predict both math and reading 

competence throughout the 

school years. 



WORKING MEMORY INHIBITION

VERY EARLY GRADES

Language Skills
Adams & Gathercole, 1995;

Blair & Razza, 2007
Blair & Razza, 2007;

McClelland et al., 2007

Math Skills
Blair & Razza, 2007; Espy et 
al., 2004; Passolunghi

 

et al., 
2007

Blair & Razza, 2007; 
Espy

 

et al., 2004; 
McClelland

 

et al., 2007

LATER GRADES

Language Skills
De Beni et al.,  1998; 

Gathercole et al., 2004, 
2005; Savage et al., 2006

De Beni et al., 1998;   
Fiebach

 

et al., 2007;   
Savage et al., 2006

Math Skills

Barrouillet

 

et al., 2005; Bull 
& Scerif,  2001; Gathercole 

et al., 2004; Swanson & Kim, 
2007

Bull & Scerif,  2001; 
Shallice

 

et al., 2002; 
Passolunghi

 

& Siegel, 
2001



Want to be able to use PFC whenever 

you…

.. are presented with the unexpected,    

.. need to think outside the box, 

.. need to concentrate particularly hard,

.. need to adapt to change…

BUT



Want most tasks to be so familiar and 

well learned that PFC
 

is NOT needed.  

Instead, those tasks are handed off to 

subcortical regions that have had 

100,000s of more years of evolutionary 

time to perfect their functioning and can 

subserve task performance ever so much 

more efficiently than can PFC.

(re: Zen and the Art of Archery )



To learn something, you need PFC

When something is new, those who 

recruit PFC
 

most, usually perform best

But when you are really good at it, you 

are NOT using PFC

AFTER something is no longer new, 

those who perform best usually recruit 

PFC
 

least
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Note also that because we are able 

to selectively attend, we can miss 

important things because we were 

selectively attending to other things.



“Our notions of what should
 

happen block us from seeing 

what actually does happen.”

--
 

Bernie Glassman, 

Bearing Witness



need to be open to what you get

need to be open to serendipity

to see / appreciate / make use of 

what happens vs. what you 

wanted or expected



Congruent 

Push Left

Push Right Push Left

Push Right

Incongruent 

HEARTS & FLOWERS 



HEARTS –
 

CONGRUENT 

Each time you see a HEART, press with the thumb or 
forefinger on the SAME side as the stimulus.

For example, if the heart appears on the left, press 
with your left hand.

Remember:

PRESS ON THE SAME SIDE AS THE HEART











FLOWERS -
 

INCONGRUENT

Now you’ll see a flower.  Press on the side OPPOSITE  
the flower.

For example, if a flower appears on the left, press  with 
your right hand.

(Here, you’ll need to inhibit on every trial the natural 
tendency to respond on the same side as the stimulus)

Remember:

PRESS ON THE SIDE OPPOSITE
 

THE FLOWER















HEARTS & FLOWERS-MIXED:   Now you will sometimes 
see a heart and sometimes a flower.  

On only half the trials will you have to inhibit the 
tendency to press on the same side as the stimulus, BUT 
you’ll have to switch between the same-side and 
opposite-side rules.

The rules stay the same:

For HEARTS, press on the SAME side.

For FLOWERS, press on the OPPOSITE side.

HEARTS –
 

SAME SIDE

FLOWERS –
 

OPPOSITE SIDE























It is
 

not that children forget the rules.  

Indeed, children often call out the 
correct higher-order rule on trials in the 
mixed condition (e.g., “same,”

 “opposite,”
 

“opposite,”
 

“same”) even as 
they are making errors.  

The problem seems to be in quickly 
translating the rule into the correct 
response.



It is not enough to know the right 

thing to do, you need to get yourself 

to behave accordingly.

Sometimes children know the right 

answer but cannot demonstrate that 

in their behavior.
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At every age 
studied, 
children were 
slower & less 
accurate on 
the Flower 
block than on 
the Heart 
block. 

That effect is completely absent in adults.

Hearts and Flowers Task:  Accuracy



Adults have little difficulty 

exercising inhibition in steady-state 

in single-task blocks, 

but children of all ages demonstrate 

a cost in doing so.



Even very young children have 

excellent memories.  Inhibition 

is a far greater challenge for 

them than holding information 

in mind.



Abstract Figures -
 

Center Presentation

Push Left

Push Right





Increasing demands on 

INHIBITION are more difficult 

for children (ages 4-9 years) 

than increasing demands on 

how much information they 

must hold in mind (2 to 6 items). 



Even very young children have 

excellent memories.

The difference in their performance 

when more INHIBITION is required 

(the Flower block vs. the Heart block)
 

is 

GREATER
 

than the difference when 

they have to hold 6 vs. 2 rules in mind.



The opposite is true for us 

adults: 

Increasing MEMORY demands 

is far more difficult for us than 

increasing demands on 

inhibition.



The costs associated with 

increasing MEMORY DEMANDS 

are greater for adults, 

the costs associated with 

manipulations of INHIBITION 

are greater for young children. 



We adults may not appreciate 

how inordinately difficult 

inhibition
 

is for young children 

because it is so much less 

taxing for us.  



Stress impairs Executive 
Function and can cause 
someone to look as if he or 
she has ADHD.



Even mild stress increases DA release in PFC 
but not elsewhere in the brain

Stress and Prefrontal Cortex

(Roth et al., 1988)



People often mistake the symptoms 
of unmanaged stress.  Children may 
be reprimanded by teachers or 
parents for actions that are really 
stress reactions, rather than 
intentional misbehavior.



Yerkes –
 

Dodson Curve
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This classic function, taught in almost all Intro Psych 
courses, says that people do better on demanding 
cognitive tasks if slightly stressed, if slightly on edge, 
than if they are quite calm.



But that may be true only for males!

But that may only be 

true for males!
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PFC
 

Stress



PFC



Putting Feelings Into Words 

Produces Therapeutic Effects 

on the Brain

When you put feelings into words, you 

increase activation in prefrontal cortex and 

that produces a reduced response in the 

amygdala. 





Matt Lieberman et al., 2007

Amygdala activation went up in ALL conditions when an 
angry or fearful face was shown, but ONLY in the one 
condition (a) where subjects had to assign a verbal label 
to the emotion, did amygdala activation GO DOWN.



Inverse Relation between Activation in PFC
 

and 
the Amygdala in the Lieberman et al. study

(When activation in PFC

 
goes up, activation in the 

amygdala goes down.)



If you can get people to talk or 

write about their problems, their 

psychological and physical health 

improves. 

---
 

James Pennebaker, 
Opening Up: The Healing Power 
of Expressing Emotions



Translating an emotional 

experience into language, 

talking or writing about, alters 

the way it is represented and 

understood in our mind and our 

brain
 

(gets prefrontal cortex 

more involved).



We are not just intellects, 

we have emotions

we have social needs

& we have bodies



Our brains work better 

when we are not in a 

stressed emotional state.

Amy Arnsten
1998, Science

This is particularly  true for PFC
 

& EFs.



Not just absence of stress, 

but JOY / Flourishing

(Not just the absence of disease, 

but the presence of well-being, 

radiant health)



JOY  is NOT the opposite of
 

SERIOUS

JOY
 

is the opposite of
 

UNHAPPINESS

Serious business (like learning) can 

be JOYFUL



Passionate Enthusiasm (‘Ruach’)

To engage students’
 

interests, 

imagination, intellect, & passion



“History is not only of cruelty, but also of compassion, 
sacrifice, courage, and kindness. What we choose to 
emphasize in this complex history will determine our 
lives. …If we remember those times and places --

 
and 

there are so many --

 
where people have behaved 

magnificently,

 
this gives us the energy to act...

And if we do act, in however small a way, we don’t have to 
wait for some grand utopian future. The future is an 
infinite

 
succession of presents, and to live now as we 

think human beings should live, in defiance

 
of all that is 

bad around us, is itself a marvelous victory.”
“I wanted students to leave my classes not just better 

informed, but more prepared to relinquish the safety of 
silence, more prepared to speak up, to act against 
injustice wherever they saw it."  

--

 

Historian, Howard Zinn



Pride & self-confidence,

which comes from seeing 

yourself succeed at something 

that you know is not easy



Believe in children and 
give them the opportunity 
to do things that enable 
them to believe in 
themselves, and to see 
that you believe in them. 

Don’t let them get away 
easily -

 
hold them to high 

standards.

PRIDE, SELF-CONFIDENCE

Go to the edge
I'm afraid
Go to the edge
I might fall
GO to the edge
They go.  Then he 

pushes
And, they..... fly.



We are not just intellects, 

we have emotions

we have social needs

& we have bodies



Our brains work better when we are 

not feeling lonely or socially 

isolated.

Loneliness: Human Nature and 
the Need for Social Connection

2008
a book by John Cacioppo

 
& William Patrick

This is particularly  true for PFC
 

& EFs.



Roy Baumeister

 
et al. (2002, Journal of Personality and 

Social Psychology) 

- One group of subjects were told beforehand they’d  
have close relationships throughout their lives; 

-

 
another group was told the opposite; 

-

 
a third group was told unrelated bad news. 

On simple memorization questions, the groups were 
comparable.

On sections involving logical reasoning (EF), 
subjects told they’d be lonely performed much worse.

A later study by a separate research group found that 
during math tests

 
there was

 
less activity in Prefrontal 

Cortex among participants who felt isolated.



We are not just intellects, 

we have emotions

we have social needs

& we have bodies



Our brains work better when our 

bodies are physically fit.

Nature Reviews Neuroscience (January 2008) 
“Be Smart, Exercise Your Heart: 

Exercise Effects on Brain and Cognition”
Charles Hillman, Kirk Erickson & Art Kramer

“There is little doubt that leading a sedentary life

is bad for our cognitive health.”

This is particularly  true for PFC
 

& EFs.



The brain does not recognize the 
same sharp division between 
cognitive and motor function that we 
impose in our thinking.

The SAME or substantially 
overlapping brain systems subserve 
BOTH cognitive and motor function.



The cerebellum, basal ganglia, and 
cortical regions (premotor, SMA, & 
even primary motor) are important for 
cognitive as well as motor functions.

Conversely, prefrontal cortex (PFC), 
through its connections with cortical 
and subcortical centers important for 
movement control, plays a role in 
motor functions, as well as cognition. 



If you get a brain region function-
 ing

 
better through motoric

 exercise and challenge, it stands 
to reason that it might then func-

 tion
 

better for other things as well.

Diamond, A.  (2000) 
Child Development, vol

 

71, 44-56 

Close Interrelation of Motor Development and Cognitive 
Development and of the Cerebellum and Prefrontal Cortex. 



For example, the pre-Supplementary 
Motor Area (SMA) is important for 
sequential tasks, 

whether they are sequential motor 
tasks or 

sequential numerical, verbal, or 
spatial cognitive tasks.

Hanakawa
 

et al., 2002 



Motor development and 
cognitive development may 
be fundamentally intertwined.

Diamond, A. (2000) 

Close interrelation of 
motor development and cognitive development 

and of the cerebellum and prefrontal cortex. 

Child Development, 71, 44-56 



“Brain-based”
 

does NOT mean 
immutable or unchangeable.

Experience and activity change the 
brain.

EFs depend on the brain --
but they can be improved 
by the proper activities



EF skills can be improved 
even in children as young as 4-5 years

without expensive, highly                
technical equipment 

by regular teachers
in regular classrooms 



9 yrs

13 yrs

17 yrs

back of 
the brain

front

Primary Motor 
Cortex

Primary Visual 
Cortex

Even at 17 years of 
age Prefrontal 
Cortex is not fully  
mature

Human Brain Development



Even those who believed that EF can be 
improved, have doubted whether that could 
be done as early as

 
preschool since EF 

depends on PFC, and PFC
 

isn’t fully mature 
until young adulthood.  

(Analogy with leg length at 2 years and 
walking and even running at age 2.)

Just because PFC
 

isn’t fully functional, 
doesn’t mean that it isn’t 
functional at all.  



Exercise / use / practice can 
improve the functioning of a 
neural system (cognition) just 
as it does muscle function 
(motor skills).

Environmental Influence on 

Executive Function Development 



Kovács
 

AM, Mehler
 

J. (2009) 

Cognitive gains in
 

7-month-old
 bilingual infants. 

Proceedings of the National 
Academy of Sciences.  

vol
 

106, p. 6556-6560



Very little is fixed or unchangeable.

90% of our genes are switched off.  
To a large extent, our experiences, and 
our reactions to them, determine which 
genes get turned on (& off), when this 
happens, & which genes stay on.

Experience also sculpts the brain, 
and the brain changes throughout life

 (neuro-plasticity).



WHY try to improve EFs early?

Just because it is possible to 

improve EFs early does not 

necessarily mean that we 

should.

Why not wait?



Evidence shows that 

early deficits in EFs often do not 

disappear but can grow larger 

(Nigg
 

et al. 2006; 

O'Shaughnessy et al. 2003; 

Riggs et al., 2003).



Feedback Loops



Children at-risk fall progressively 

farther behind other children in 

academic achievement over the 

school years. 

That widening achievement gap may 

result from two opposing dynamisms 

going in opposite directions.



Consider the negative feedback loop beginning 
with poor initial EFs:

Poor EFs lead to problems paying attention in 
class, completing assignments, and inhibiting 
impulsive behaviors.  

School is less fun…
the teacher is always getting annoyed with you
& compliance w/ school demands is very hard.

Teachers come to expect poor self-regulation 
and poor work, and the children come see 
themselves as poor students.  



On the other hand, children who 
have better EFs are likely to be

 praised for good behavior, enjoy 
school more and want to spend 
more time at their lessons.  Their 
teachers enjoy them and a self-

 reinforcing positive feedback loop 
is created. 



Small differences at the 

beginning can lead to 

bigger and bigger 

differences over time.



Powerful Role of 

Expectations (by others AND yourself) 

and Attitude

Pygmalion in the Classroom --
 

powerful 

role of expectations Robert Rosenthal

Stereotype threat -
 

female performance on 

math exams
 

Claude Steele



I hypothesize that benefits from early 
EF training may INCREASE over time.

Improving
 

EF skills
 

early
 

gets
 

children
 started

 
on a trajectory

 
for success.

Conversely, letting
 

children
 

start
 

school
 behind

 
on these

 
skills

 
is

 
letting

 
them

 
get

 started
 

on a negative
 

trajectory
 

that
 

can
 be

 
hard and extremely

 
expensive

 
to 

reverse.



Many children begin 

school having very poor 

EF skills.



Research shows that 5-year-
 olds today are behind in EFs 

compared with 5-year-olds of a 

couple of generations
 

ago.

(Smirnova, 1998;
 

Smirnova
 

& 

Gudareva, 2004) 

not just a problem for at-risk kids…



If children’s EFs are indeed worse 
today than in the past, what is 
different about their life experience 
that is causing that?
•

 
less social play; more time alone in 
front of computers/ videogames

•
 

videogames/TV shows assume 
short attention spans

•
 

less time outside in nature
•

 
less physical activity, less music,     
dance, and the other arts



I predict (& we are now testing) that 
early EF training, 

might
 

reduce the incidence
 

or 
severity

 
of mental health disorders 

of Executive Function, such as 
ADHD, because the children will 
have learned how to exercise self-

 regulation.



Many issues are not simply 
Education issues or Health 
issues.  They are both.



How can young children be 

helped to develop these 

critical EF abilities?



Scaffolding



vs. what teachers usually do:

-
 

avoid problem situations

-
 

provide external control

-
 

scold for lack of control



The Tools of the 
Mind program is 
based on theories 
of Vygotsky and 
Luria

Elena Bodrova  & Deborah Leong 





Vygotsky:   Engaging in social pretend play is critical for 
developing executive function skills in very young 
children.  It is emphasized in Tools of the Mind.



•
 

flexibly adjust to twists and 
turns in the evolving plot 
(cognitive flexibility) 

--
 

all three of the core 
executive functions thus       
get exercise. 

•
 

During social pretend play, children must hold 
their own role and those of others in mind 
(working memory) 

•
 

inhibit acting out of character (employ 
inhibitory control), and 



Deb and Elena tried EF activities as a 
module, added onto a curriculum.  

They found that children improved on 
what they practiced in the module, but 
the benefits did not transfer to other 
contexts or other EF skills. 



They found that for benefits to 
generalize to other contexts and 
other EF skills, supports for, 
training in, and challenges to EF 
needed to be embedded in all 
aspects of the school day.



November 30, 2007

(Executive 
Functions)



Congruent 

Push Left

Push Right Push Left

Push Right

Incongruent 

HEARTS & FLOWERS 





Mixed Block (Hearts & Flower Trials Intermixed)
Percent of Children who Passed Criterion for Testing

Almost 2x 
as many in 
Tools 
passed 
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Percentage of Correct Responses on
Reverse Flanker Trials
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Whether children were in 

Tools of the Mind or not
 

accounted for more variance 

in EF than did age or gender.



Superior academic performance in 

children who have been through Tools
 has been replicated 

in other Tools of the Mind programs with 

other children and other teachers, in 

other schools and states, and with 

different comparison conditions. 



An Exceptional Opportunity 
probably once-in-a-lifetime

• A funding agency (IES) wrote to me asking me to 
submit a grant (how often does that happen?) to test 
the efficacy of Tools in BC, & they’re willing to put 
many million of dollars into this.

• Surrey, Vancouver, and Coquitlam school districts 
have agreed to participate in a study where we’ll 
follow children who have Tools in Kindergarten & a 
matched group who do not through grade 6.

• 2011-2012 would be the 1st year of training 
Kindergarten teachers on Tools

• 2012-2013 would see the beginning of study of the 
children



EF skills can be improved 
even in children as young as 4-5 years

without expensive, highly                
technical equipment 

by regular teachers
in regular classrooms 

Take-home Message #1:



Schools are under pressure to cut back 
on time allowed for play to provide more 
time for academic instruction.

BUT, the children in Tools, who have 
more time to play, perform BETTER on 
academic outcome measures than the 
children who had more time in direct 
academic instruction.

Take-home Message #2:



PLAY does not take away time 

from improving academic 

outcomes; play helps improve 

academic outcomes.

Though not all play is the same.



Importance of 
Action (Doing) for 

Learning

Take-home Message #3:

Hands-on Learning



a Chinese proverb: 

I hear, and I forget.  

I see, and I remember.  

I do, and I understand.

If information is not relevant for action, 
we don’t pay attention in the same way 
(hence the difference in route memory 
for the driver, versus the passenger, of a 
car).  



A key aspect of Tools of the Mind 

is the minimal time devoted to 

large group activities
 

and the 

emphasis on children actively 

engaging with one another and 

with the material. 



“If you want others to be 
happy, practice 
compassion.  

If you
 

want to be happy, 
practice compassion.”

--
 

Dalai Lama



Do Acts of Kindness DAILY
(Joy YOU

 
get when you bring a smile  

to someone else’s face)
say thank you to someone -

 

perhaps the person who 
hands you your school lunch

hold the door for someone

compliment somebody: “great smile”; “I like your shirt”

offer your seat on the bus to an older person

let someone else play with the toy you wanted

comfort someone who is upset

congratulate someone on good perf

 

--

 

as in a sports game;
or “that was a great point you made”

help to set the dinner table

give your parent a neck rub or foot massage



Act like you are good and you will 

become good.

James-Lange theory of emotion

We are made kind by being kind.      

--Eric Hoffer



Tools of the Mind not only 
addresses EFs and not only 
addresses cognitive dev.

Take-home Message #5:



Reduced stress
 

in Tools classrooms. 

Because children in Tools exercise better 
EFs, teachers need to discipline them less & 
“time-outs”

 
are not needed. 

By helping children inhibit their 
impulsive behaviors & act appropriately, 
Tools reduces the stress experienced by 
both teachers & students. 

Also, Tools teachers are taught procedures 
for implementing paired activities by the 
children that create a positive atmosphere 
of cooperation & friendship.



There’s more JOY 

in a Tools of the Mind

classroom.



Tools intentionally helps children develop 
socially

 
as well as academically.  

Vygotsky: cognitive development occurs in 
the context of social development; growth in 
each depends, in part, on growth in the other.

Children in Tools do a lot of activities with one 
or a small number of other children, & within 
each week, every week, every child is paired 
with every other in the class at least once. 



For 10's of 1,000's of years, across
 

all
 cultures, storytelling, dance, art, & play

 have been part of the human
 

condition. 
People in all cultures told stories 

and passed down information by word 
of mouth, made music, sang, danced, 
and played.  There are good reasons 
why those activities have lasted so long 
and been found so ubiquitously.  



Why?



Music-making, singing, dancing, and 

playing address our physical, 

cognitive, emotional, and social 

needs.

These activities 

challenge our executive functions, 

make us happy & proud,

address our social needs,

& help our bodies develop



We ignore any one of these at our peril.

I hypothesize that programs that 
address all of those aspects of the 
human being (the WHOLE CHILD) will 
be most successful at improving any of 
one them.  



THE ARTS, PLAY, and PHYSICAL
 

ACTIVITY
 

(perhaps
 

especially
 

Tai 

Chi, Yoga, or Communal Dance) 

may
 

be
 

CRITICAL
 

for achieving
 

the ACADEMIC
 

outcomes.





Storytelling requires and invites

a child’s rapt attention for 
extended periods (sustained, 
focused attention), and,

working memory to hold in mind 
all that has happened thus far, 
different characters’

 
identities, 

and to relate that to the new 
information being revealed.





HARD WORK, PERSISTENCE, DISCIPLINE
practice, practice, practice

HIGH STANDARDS

 
–

 
challenge the children

COGNITIVELY DEMANDING

 
–

 
challenge concentration, 

sustained attention, working memory (remember 
complicated sequences)  COGNITIVE

PHYSICAL ACTIVITY, INTENSIVE MOVEMENT & 
VISUOMOTOR TRAINING                             PHYSICAL

SELF-CONFIDENCE, PRIDE

JOY, PASSION

 
–

 
engage & motivate    EMOTION

SOCIAL SUPPORT, SOCIAL BELONGING

 
–

 
part of a group 

(an ensemble of dancers or musicians) –

 
children help 

one another, listen to one other, & respect one another.  
Each is an important part of the whole. SOCIAL



Thank you for 
your attention!



My thanks to the NIH
 

(NIMH, NICHD, & NIDA), 
which has continuously funded our work since 1986, & 
to the Spencer Fdn

 
& IES

 
for recently adding to our 

funding -
 

and to all the members of my lab.

Claudia Paige  David Cecil  Joel   Kaye  Adele  Holly Jeanette Rose

Kiera Paige  vid

 
Cecil

 
Eva                    Yvette      Sarah  Courtney
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