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aspects of  physical fitness and  

how best to assess degree, duration, & frequency 

of  aerobic activity) 
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“For years I 
have seen 
people try to 
bring educa-
tors together 
with health 
specialists, or 
either with 
researchers.  

I have never 
seen any effort 
work as well as 
what you put 
together in 
Vancouver.” 

-- Michael 
Meaney 



    ‘Executive Functions’ 

refers to a family of  mental 

functions that are needed 

whenever going ‘on 

automatic’ would be 

insufficient or detrimental.   



The 3 core Executive Functions are: 

• Inhibitory Control (self-control) 

• Working Memory 

• Cognitive Flexibility  

Higher-order Executive Functions are: 

• Problem-solving 

• Reasoning  

• Planning 

   

 



Inhibitory control includes being able to    

(1)  stay focused despite distraction    

SELECTIVE or FOCUSED ATTENTION 

(2)  stay on task (& complete task) 

though tempted not to - DISCIPLINE  

(3) resist temptations; inhibit acting 

impulsively & instead make a more 

considered response (not hitting, not 

drinking too much, not putting your foot 

in your mouth)     SELF-CONTROL 

 



Children with less inhibitory control (i.e., 

children who were less persistent, more 

impulsive, and had poorer attention regulation)  

as adults 30 years later have… 

  worse health  

  earn less 

  and commit more crimes  

than those with better inhibitory control as 

young children,  
 

controlling for IQ, gender, social class, & home 

lives & family circumstances growing up 
 

across diverse measures of  inhibitory control. 

 



That’s based on a study of  1,000 children born 

in the same city in the same year followed for 32 

years with a 96% retention rate.  

 by Terrie Moffitt et al. (2011)   

 Proceedings of  the Nat’l Academy of  Sci. 

They conclude that “interventions that achieve 

even small improvements in [inhibitory control] 

for individuals could shift the entire distribution 

of  outcomes in a salutory direction and yield 

large improvements in health, wealth, and crime 

rate for a nation.”  

 



(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. 

      



 

 relating one idea to another  

 relating what you read (or learned / 

heard) earlier to  what you are reading 

(learning / hearing) now 

 mental math calculations 

 understanding cause and effect 

 remembering multi-step instructions 

& executing them in the correct order 

 

 



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  



When one door closes, another 

door opens; 

but we often look so long and so 

regretfully upon the closed door,  

that we do not see the ones which 

open for us. 
 

          - Alexander Graham Bell  

An example of  poor  

cognitive flexibility: 



What will it likely take to 

be successful in the 

21st century?  



What will it likely take to be successful in the 

21st century? 

1) Creativity  

• Coming up with new ideas, hypotheses and 

Inventions. 

• If  one way of  solving a problem isn’t 

working, how else might we succeed here? 

Can we think outside the box to come up 

with a way of  attacking this no one else has 

considered before? 



2) Flexibility 

• Seeing opportunities and seizing them:        

I was planning to do X, but an amazing 

opportunity has arisen to do Y, do I have 

the flexibility to take advantage of  

serendipity? 

• My opinion was X, but now that I see this 

new information, I’m able to change my 

opinion.  

• Being able & willing to change course 

when it seems you were wrong  



3) Self-control  

   

 

Having the self-control to… 

• think before you speak or act 

• not put your foot in your mouth 

• not do something you might regret 

• resist temptations 

• give a considered response instead of  

an impulsive one 

 

 



4) Discipline 

 

   

 

Having the discipline to stay on task…  

seeing it through to completion despite 

some aspects being tedious or difficult 

being able to stay focused despite 

distractions 

continuing to work at something though the 

reward may be a long time in coming 

 

 



ALL of  the above are 

“Executive Functions” 

or rely on them 

 



   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 (e.g., Gathercole et al., 2004, 2005; 

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

    



  Executive Functions are also 

critical for job success. 

  Poor EFs lead to poor 

productivity and difficulty 

finding and keeping a job (Prince 

et al. 2007).     



  Executive Functions are also 

important for marital harmony. 

  People with poor EFs are more 

difficult to get along with, less 

dependable, and more likely to 

act on impulse (Eakin et al. 2004).     



Poor EFs can lead to social 

problems  

such as aggression, emotional outbursts, 

& crime (Bailey 2007; Broidy et al. 2003; Moffitt et 

al. 2011; Prince et al. 2007; Saarni 1999).  

Early EF gains can reduce the later 

incidence of  aggression & anti-social 

behavior (Nagin & Tremblay 1999). 



EFs are core skills critical 

for cognitive, social, and 

psychological development,  

 



EFs are core skills critical 

for cognitive, social, and 

psychological development, 

mental and physical health,    

 



EFs are core skills critical 

for cognitive, social, and 

psychological development, 

mental and physical health, 

and success in school and 

in life.   

 



“Executive Functions” 

depend on Prefrontal 

Cortex and the other 

neural regions with which 

it is interconnected. 
 

 



Nowhere is the importance of   

social,  

emotional, and  

physical health  

for cognitive health more evident  

than with PFC & EFs.   



PFC & EFs are the first to suffer, 

& suffer disproportionately,  if  

we are 

 •  sad or stressed  

 •  lonely or 

 •  not physically fit  



Amy Arnsten, 1998 
The biology of being frazzled  

Science 

This is particularly  true for PFC & EFs. 

Our brains work better 

when we are not in a 

stressed emotional state. 



 

 

 

Even mild stress increases DA release 

in PFC but not elsewhere in the brain 

Stress and Prefrontal Cortex 

(Roth et al., 1988) 



In college students, one month of  stress in 

preparation for a major exam disrupts 

prefrontal cortex functional connectivity.   

Stress decreases coupling between left DL-PFC and right DL-

PFC, and between DL-PFC and premotor cortex, the ACC, the 

insula, posterior parietal cortex (PPC), and the cerebellum. 



Stress  impairs their attention shifting (shifting 

between attending to color or motion).   

Liston et al. (2009) PNAS 



Desseilles et al., 2009 
von Hecker & Meiser, 2005 

When we are sad we’re worse at 

filtering out irrelevant information 

(i.e., worse at selective attention). 

When we are happy we are better at 

selective attention. 

Gable & Harmon-Jones, 2008 



THE most heavily researched predictor of  

creativity in social psychology is mood.  

The most robust finding is that a happy mood 

leads to greater creativity (Ashby et al. 1999). 

It enables people to work more flexibly (Murray 

et al. 1990) & to see potential relatedness 

among unusual & atypical members of  

categories  (Isen et al. 1985, 1987).                          

People show more creativity 

when they are happy 

Hirt et al. 2008: 214 



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.  
 

 Campbell et al. (2006) found that during math tests 

there was Prefrontal Cortex worked less efficiently 

among participants who felt isolated.  



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 doesn’t 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. 

 
 



For example, the pre- 

Supplementary Motor Area (pre-SMA) 

is important for sequential tasks,  

whether they are sequential motor 

tasks or  

sequential numerical, verbal, or 

spatial cognitive tasks. 

                              Hanakawa et al., 2002  



   

     Most cognitive tasks that activate  

dorsolateral prefrontal cortex also activate 

the cerebellum. 

     When dorsolateral prefrontal cortex activity 

increases so does activity in the contralateral 

cerebellum.   

     When dorsolateral prefrontal cortex activity 

decreases (e.g., when a task has been 

practiced and requires less concentration) so 

does cerebellar activation.   

     Activation in these two regions is strikingly 

correlated and closely coupled.  



      Motor development and 

cognitive development appear 

to 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  



   

   When cognitive development 

is perturbed,  

    as in a neurodevelopmental 

disorder,  

    motor development is often 

adversely affected as well.  



For example…… 
 

At least half  of  all children with ADHD have 

poor motor coordination & fit the diagnosis 

for developmental coordination disorder. 
 

At least half  of  all children with develop-

mental coordination disorder have ADHD. 
 

Similarly for dyslexia, autism, and other 

disorders. 

 



    The cerebellum (especially poster-

iorally) is smaller in children with 

ADHD (and children with autism) 

than in normal controls.  

    Indeed, the LARGEST difference in 

the brains of  ADHD and non-ADHD 

children is the smaller cerebellum 

in ADHD children. 

 



    Children with ADHD show more 

sway when tested for balance than 

control children. 

     Either with eyes closed (no visual 

input), or when on a foam pad 

(reduced somato-sensory  input). 

    They have problems when they 

need to rely on vestibular input. 



Motor development shows as protracted 

a developmental timetable as does 

cognitive development: 

 Fine motor control,  

 bimanual coordination, 

 and visuomotor skills  

are not fully developed until adolescence.  

 

Just as the most complex cognitive skills 

are not fully developed until adolescence.  

 



Cognitive and motor skills obey 

the same laws and are acquired 

in fundamentally similar ways. 

 

 
Rosenbaum DA, Carlson RA, Gilmore RO 

2001 

“Acquisition of intellectual and perceptual-motor skills” 

Annual Review of Psychology  

vol 52,  453-470 



One example:  

Training Effects 

Massed practice produces better 

immediate performance than spaced 

practice, both for cognitive tasks (Landauer & 

Bjork, 1978; Rea & Modigliani, 1985) and motor tasks 
(Shea & Morgan 1979; Magill & Hall, 1990). 

Spaced practice leads to better long-term 

retention than does blocked or massed 

practice in both domains. 

 

 

 

 



Though many studies have found that 

aerobic exercise improves prefrontal 

function and EFs……. 



Nature Reviews Neuroscience  (January 2008)  

“Be Smart, Exercise Your Heart:  

Exercise Effects on Brain and Cognition” 

Charles Hillman, Kirk Erickson & Art Kramer 

The evidence shows that physical activity (especially 

aerobic exercise) robustly improves cognition and brain 

function.    

In particular, the frontal lobe and the executive functions 

that depend on it show the largest benefit from improved 

fitness. 

The positive effects of  aerobic physical activity on 

cognition and brain function are evident at the molecular, 

cellular, systems, and behavioral level.  

  



Though many studies have found that 

aerobic exercise improves prefrontal 

function and EFs…. all but 3 of  those 

studies have either been with adults 

and/or examined effects of  a single 

bout of  aerobic exercise, where 

benefits may be transient.  In 

general, the studies with children 

have not found strong effects. 



Tuckman and Hinkle (1986) 

compared aerobic running to a 

standard physical education 

curriculum (each N was 77).  

Sessions were 30 min, 3 times/ wk, 

for 12 wks (18 hrs total).  The 

running exercises became increas-

ingly more demanding over time.  



After the 12 weeks, 8-12 year-olds in 

aerobic running showed better 

cognitive flexibility and creativity 

(alternate uses task) than did 

controls. 

There were no group differences on 

non-EF skills (visual-motor coordina-

tion & perceptual-motor skills).  

 



Davis et al. (2011) randomly assigned 

sedentary, overweight 7-11 year-olds to 

no treatment (N = 56), 20-min/day (N = 55) or 

40-min/day (N =60) of  group aerobic games 

(running games, jump rope, basketball, & 

soccer), with an emphasis on enjoyment 

and intensity, not competition or skill 

enhancement.  Aerobic sessions were 5 

days/ wk, for roughly 30 wks (totals of  22 

& 43 hours respectively). 



Though children in the low- and 

high-dose groups improved similarly 

on a treadmill test of  endurance --  

Only  the high-dose aerobics group 

showed better EFs after 13 wks 

compared with no-treatment 

controls (& only  on the most EF-

demanding measure). They also 

showed better math performance 

(Woodcock Johnson-III) than controls. 



The low-dose (20-min/day) aerobics 

group performed at an intermediate 

level (significantly different from 

neither the no-treatment or high-

dose group).  

Thus, dose-response benefits of  

aerobic exercise were reported for 

the most difficult EF task and for 

math.  



Neither aerobics group 

improved more than controls 

on the EF skills of  selective 

attention or working memory, 

or on reading.  

  

 



When 7-9 year-olds were randomly 

assigned to 2 hours of  fitness training 5 

days/ wk for the school year (36 wks [300 

hrs ttl]; aerobic activities for 70 minutes 

then motor skill development) or no 

treatment (Ns = 22 & 21 respectively),  

those who received fitness training 

showed more improvement in working 

memory than did controls (Sternberg task; 

Kamijo et al., 2011).  This was most evident 

when working-memory demands were 

greater.   



BUT, working memory did 

NOT differ significantly 

between the two groups 

at post-test or pre-test.  

Controls started off  with 

somewhat better WM, & 

aerobic group caught up. 



Suggestive evidence from studies 

of  physical activity (Budde et al., 

2008) and music training (Rauscher 

et al., 1997; Bergman-Nutley, 2011) 

indicates that exercising bimanual 

coordination (crossing the midline, 

doing different things with each 

hand) may improve EFs.  



Exercise alone appears not to 

be as effective in improving EFs 

as exercise-plus-character-

development (traditional martial 

arts) or exercise-plus-mindful-

ness (yoga). 



Girls 10 & 13 years old were randomly 

assigned to yoga or physical training for 

75 min/ day, 7 days/ wk for 1 month (35 hrs 

total; Ns = 10; Manjunath & Telles, 2001).   

  Yoga training (physical training, 

relaxation, & sensory awareness) 

improved performance on the Tower of  

London (which requires all three core 

EFs), especially on the more difficult 

conditions with more moves.  

 Physical training (increased physical 

activity without mindfulness) produced NO 

improvement.   



Ross & Thomas (2010)  

The Health Benefits of  Yoga and Exercise:  

A Review of  Comparison Studies 

J Alterna. Complement Med.  

“In the studies reviewed, yoga interventions were equal, 

or superior, to exercise in nearly every outcome mea-

sured….In both healthy and diseased populations, yoga 

may be as effective as, or better than, exercise at im-

proving a variety of  health-related outcome measures.”  

 

Galantino et al. (2008) 

Therapeutic Effects of  Yoga for Children:  

A Systematic Review of  the Literature 

Pediatric Phys Therapy 

“The evidence shows physiological benefits of  yoga         

  for the pediatric population.” 



Lakes & Hoyt (2004) randomly 

assigned children in grades K 

thru 5 (roughly 5-11 years-old) 

by homeroom class to Tae-

Kwon-Do martial arts (N = 105) 

or standard physical education 

(N = 102).  



Children who had been assigned to Tae-

Kwon-Do training showed greater gains 

than children in standard phys. ed. on all 

dimensions of  EFs studied (e.g., cognitive 

[distractible —focused] and affective 

[quitting —persevering] - subtests of  the 

Response to Challenge Scale). This 

generalized to multiple contexts and was 

found on multiple measures. They also 

improved more on mental math (which 

requires working memory).   



Traditional martial arts 

emphasize self-control, 

discipline (inhibitory control), 

and character development.  



In a study with adolescent juvenile 

delinquents (Trulson, 1986), one 

group was assigned to traditional 

Tae-Kwon-Do (emphasizing qualities 

such as respect, humility, 

responsibility, perseverance, honor 

as well as physical conditioning). 

Another group was assigned to 

modern martial arts (martial arts as a 

competitive sport).  



Those in traditional Tae-Kwon-Do 

showed less aggression and anxiety 

and improved in social ability and 

self-esteem. 

Those in modern martial arts 

showed more  juvenile delinquency 

and aggressiveness, and decreased 

self-esteem and social ability.  



Whether EF gains are 

seen depends on the 

way an activity is done. 



Diamond, A. & Lee, K.  

(2011)  

Interventions shown to Aid 

Executive Function Development  

in Children 4-12 Years Old  

Science, vol. 333 

accompanying online tables 

Science asked me to write a review of  all interven-

tions shown to improve EFs in young children  



Diverse activities including 

computer games, aerobics, 

martial arts, yoga, mindfulness, 

playing a musical instrument, & 

school curricula have all been 

shown to improve children’s 

executive functions..  



Regardless of  the 

intervention,  

a few principles hold:  



1. Those with initially poorest EFs  

     gain the most.  

e.g., lower-income, lower WM 

span, or ADHD children 

generally show the most EF 

improvement from any program 



Since those with initially poorest 

EFs gain the most, early EF 

training is an excellent candidate 

for leveling the playing field and 

reducing the ‘achievement gap’ 

between more- and less-

advantaged children.  

 



Children at-risk start school with 

worse EFs than more 

economically advantaged 

children and fall progressively 

farther behind each school year 

(O'Shaughnessy et al. 2003).  



Why? 



  Feedback Loops 



Consider negative feedback loops 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 to expect 

themselves to be 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 

expect them to do well and the 

children come to expect they’ll 

succeed -- a self-reinforcing positive 

feedback loop is created.  



No wonder children at-risk fall 

progressively farther behind other 

children over the school years  

(O'Shaughnessy et al. 2003).  

That widening achievement gap 

may result from 2 feedback loops 

going in opposite directions. 



Small differences at the 

beginning can lead to 

bigger and bigger 

differences over time. 



Maybe improving EFs 

early could nip that in 

the bud. 



2. EF computerized training transfers to 

new things never practiced, but the 

transfer is narrow.  

Working memory training improves 

working memory but not inhibition or 

speed & probably not reasoning in 

children.   

 Nonverbal WM training transfers to 

other measures of  nonverbal WM but 

not to verbal WM. 



EF gains from training in  

traditional martial arts, and  

school curricula are wider,  

perhaps because the programs 

themselves address EFs more globally,  

so the transfer may not be wider but 

the programs address more EF 

components.  



3. Consistently, the largest differences 

between  intervention groups vs. 

controls are found on the most 

demanding EF conditions.  

Everyone does okay when EF 

demands are moderate. Group 

differences are clearest when 

significant executive control is 

needed.  



4. EFs need to be 

continually challenged 

to see improvements - 

not just used, but 

challenged. 



Groups assigned to the same 

program, but without difficulty 

increasing, do not show EF gains.  

Setting aside a time to work on EFs 

is less effective than working on 

EFs as part & parcel of  everything 

you do. 



Consistent with: what Ericsson reports is 

key for being truly excellent at anything  -- 

need countless hours of  practice always 

trying to master what is just beyond your 

current level of  competence & comfort  

Vygotsky: zone of  proximal development: 

just beyond a child can do one his/her 

own unaided, but within what the child 

can do with a little help 

 



Father 

scaffolding 

his daughter 
 



“Scaffolds” enable children to 

practice skills they would not 

otherwise be able to practice.   



   Scaffolds thus help children 

get practice, the pride of  having 

succeeded, & increasing 

confidence that they’ll be able to 

succeed. 

And, through repeated practice, 

they improve.  



     The Importance of   

     Repeated Practice  



To learn something new, we need 

prefrontal cortex.   

But after something is no longer 

new, persons who perform best 

recruit prefrontal cortex least.   

Prefrontal cortex  

(what I specialize in)  

is over-rated.  

Prefrontal 

Cortex 



TT 

NS MT 

DO 

DC KO 

RB 

The DLPFC 

Slice for 

8 Individuals 
 

CB 



To learn something, you need PFC. 

 When something is new, those who 

recruit PFC most, often perform best. 

 

But when you are really good at it, you are 

usually NOT using PFC so much.     

 AFTER something is no longer new, 

those who perform best usually recruit 

PFC least.         

 

 



Older brain regions have had far longer to 

perfect their functioning; they can subserve 

task performance ever so much more 

efficiently than can prefrontal cortex (PFC).  

A child may know intellectually (at the level of  

PFC) that he shouldn’t hit another but in the 

heat of  the moment if  that knowledge has not 

become automatic (passed on from PFC to 

older, often subcortical, regions) the child 

will hit another (though if  asked, he knows he 

shouldn’t do that).   



knowing what one should do 

vs. 

2nd nature (automatic) 

(i.e., NOT dependent on PFC) 

 

 

 

 



The only way something 

becomes automatic 

(becomes passed off  from 

PFC) is through action, 

repeated action.   

Nothing else will do.   



“We are what we repeatedly do.  

Excellence, then, is not an act, but a habit.  

 

We don’t act rightly because we have virtue 

or excellence, but we rather have these 

because we have acted rightly; these 

virtues are formed in a person by doing the 

actions;  

we are what we repeatedly do.” 

 
Aristotle, Ethica Nicomachea, 4th century BC  



MANY activities not yet 

studied might well 

improve EFs.  



The most important element is 

probably that the child really 

want to do it, so that s/he will 

spend a lot of  time at it.            

It’s the discipline, the practice, 

produces the benefits.   

  



Might as well have children 

do something they can put 

their heart and soul into. 
 











Circus Arts 



Circus  

challenges one’s executive functions; 

have to concentrate & stay  focused  

 



Circus  

 builds community, learn to cooperate & 

to trust others not to let you get hurt 

 





Doing circus arts brings kids JOY 

and builds their confidence, & sense of  self-

efficacy.  They learn that with effort they 

can succeed. (fail, then succeed, iteratively) 

 



Circus  

 develops physical skills (fitness, balance, 

coordination, strength, flexibility) 

 





Dance, sports, circus, martial arts... 

 …challenge our executive functions,  

 …make us happy & proud, 

 …address our social needs, and 

 …help our bodies develop 

 



These activities challenge EFs 
including….  

inhibitory control 

selective attention 

self-control & discipline  

(resisting temptations, 

thinking before acting) 

working memory 

cognitive flexibility  

creatively thinking outside the 

box, flexibly adapting to 

changed conditions 



These activities…  

require serious discipline & 

perseverance 

They’re cognitively demanding              

have to concentrate & focus,  

sustain your attention,                     

    & hold complex sequences 

in working memory  

 



Children learn a work ethic 

To get good you have to 

practice, practice, practice 



Through repeated experiences of  

“fail, exert effort, succeed” children 

learn not to give up. 

 Enable young people to come to 

believe in themselves (building pride 

& confidence) by seeing themselves 

succeed, conquering challenges, 

mastering what at first looked 

impossible.  

 



Sports, dance, & circus provide 

great joy for those involved. 
 

   Happiness.  Joy.    

      Feelings of  flow. 

  Feelings of  vitality. 
 

  They reduce depression. 

 
    



 

In NDI, El Sistema, Youth Circus, &  

the 2 curricula shown to improve 

EFs (Tools of  the Mind and 

Montessori) embarrassment is rare.  

 



  move with increased grace 
 

Experience a positive physical transformation 
 

Mastering skills; can see one’s own improvement 
 

Learning to trust one’s body 
 

Increased self-confidence in using your body 

      Improve Self-Image, Self-Esteem,  

              Self-Confidence  (for many reasons) 
 

 Experience having courage  
 

 Don’t feel as physically awkward 



You've never failed until you've tried for the  

last time, and you've never lost until you quit.

                      --  Samuel Proctor Massie 
 

Few people have attained the respect, admiration, and degree of 

excellence achieved by Samuel Massie, born in the segregated South. 

Born in Little Rock, Arkansas in 1919, Samuel 

Massie was the grandson of slaves.  In 1966 he 

became the first African-American professor at  

the US Naval Academy. He was named 1 of the   

6 best college chemistry professors in the US &   

one of the 75 premier chemists of the 20th 

century, along with Marie Curie, James Watson, 

and Francis Crick.  In 1995 Dr. Massie’s portrait 

was hung in the National Academy of Science 

gallery and in 2002 the US Dept. of Energy   

chose to name its Chairs of Excellence in the 

environmental sciences in his honour. 
It’s never over 

‘til it’s over 



     Shared Activities (group, ensemble,    

         team) Reduce Social Isolation  &   

Provide a sense of  Belonging 

Children who are part of  a team, an 

ensemble of  dancers or of  musicians 

learn to help one another, listen to one 

another, and respect one another.    

Each is an important part of  the whole. 

In a direct and sometimes high risk way, 

they learn to trust one another. 

 



 Increased Sense of  Belonging / Community,  

    Experience Being Accepted by Others  
 

Work toward a common, shared goal   

     “we’re in this together” 
 

Over time, children get to know each other better  

- share the same special experiences & challenges 

- share ideas, physical space, & goals   

- come to accept individual differences  

- they are there for one another, & 

- come to respect one another 

   those experiences create bonds. 



  

Learn how to collaborate,  

   how to work with others. 

Come to see value of   

collaborating &  

cooperating. 
 



Another characteristic of  El 

Sistema, NDI, & Youth Circus is  

close mentoring relationships 





“ I believe the greatest gift 

I can conceive of  having 

from anyone is to be seen  

by them, heard by them, 

to be understood.” 

-- Virginia Satir 

 



Physical Activity is involved  
 

Orchestra trains visuomotor skills, 

bimanual coordination, & fine motor 

skills. 
 

Dance improves aerobic fitness, 

muscle strength & flexibility, helps 

you move with increased grace 

& reduced awkwardness. 



It’s been shown repeatedly that 

aerobic exercise improves PFC 

functioning and EFs. 

I predict that social, communal dance 

should have an even greater beneficial 

effect. 

(We have a grant pending to test that.) 

  



The social, emotional, & 

cognitive aspects of  physical 

activity are critically important 



Physical activity  

is not only good for our bodies  

…it is good for our minds &  

intellect 

…it is good for our emotions 

…it is socially nourishing. 

 



To show the EFs they are capable of, to 

achieve the academic outcomes of  

which they are capable, children need to  

•  feel joyful and relaxed (not stressed)  

•  feel they are a valued member of  a 

supportive community they can count 

on, and           

•  their bodies need to be fit and healthy.   



Hypothesis gaining support: 

PHYSICAL ACTIVITY may be 

critical for achieving the 

outcomes we all want for our 

children. 



The different parts of  the human 

being (cognitive, social, 

emotional, & physical) are 

fundamentally interrelated.   
 

Many different types of  physical 

activity can address each & 

every one of  those parts. 



If  a child’s emotional, social, 

or physical needs are unmet, 

those unmet needs will work 

against that child showing as 

good EFs as he or she can 

and doing well in school. 



Even if  your goal is only  to improve 

academic achievement, the best way to 

achieve that is not  to focus narrowly on 

academics alone, but to address children’s 

emotional and social development (as do all 

curricular-based programs that improve 

EFs) and children’s physical development 

(as do aerobics, martial arts, & yoga). 

 Counterintuitively, the most efficient 

and effective strategy for advancing 

academic achievement is not to focus only 

on academics but to nurture all aspects of  

the child. 



Thank you so much  

 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 



Is the term ‘Executive 

Functions’ synonymous with:  

 cognitive control 

 self-regulation 

 working memory 

    IQ 

If  not, how do they differ? 

 

 



Is ‘Executive Functions’ 

synonymous with:  

cognitive control 

YES 

 

 



Historically, EF researchers have focused most on: 

 cognition,  

 in non-emotionally-charged situations,  

 using objective [arbitrary] behavioral measures. 

 Emotion seen as something to be controlled.   
 

Historically, SR researchers have focused more on:  

 on social situations,  

 often with strong motivational components,  

 often relying on parent or teacher report     

         [observed over time in real world situations]. 

 Emotions need expression as well as controlled. 

There is much overlap between EFs, 

especially its inhibitory component, and 

self-regulation.    But: 



Many working-memory researchers use the term 

“working memory’ so broadly that it becomes 

synonymous with executive functions.   

   For ex., Engle & Kane define WM as the ability to 

(a) maintain selected information in an active, easily 

retrievable state while (b) blocking or inhibiting 

other information from entering that active state 

(i.e., memory maintenance + inhibition).   

     Similarly, Hasher & Zacks emphasize inhibitory 

components of  working memory: (a) gating out 

irrelevant info from the working-memory workspace 

& (b) deleting no-longer-relevant information from 

that limited-capacity workspace.  

 



Functions of  the central executive in Baddeley’s WM 

model include Inhibition & Cog. Flexibility: (a) multi-

tasking, (b) shifting between tasks or retrieval 

strategies, & (c) the capacity to attend & inhibit in a 

selective manner.   

A large literature has assessed WM development & 

function using “complex span tasks” (also called 

“working memory span tasks”) that require more 

than just holding information in mind and 

manipulating it.  They require multiple sub-

components of  executive functions.  It would 

probably cause less confusion if  they were called 

executive-function tasks.   



There’s little overlap between EFs and what 

most traditional IQ tests assess   

    most IQ tests assess “crystallized” intelligence”  

    e.g., memory of  previously learned facts   

   Patients in whom the frontal lobe has been 

      removed usually score within the normal range 

      on such IQ tests. 

BUT, there is much overlap between EF and 

“fluid intelligence” (i.e., reasoning and 

problem-solving) which tests like Raven’s 

Progressive Matrices assess.   

 

 



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.  



Cerebellar patients (especially if  their damage  

is in posterior regions) often show cognitive    

deficits in abilities linked to prefrontal cortex. 

verbal fluency: Appollonio et al., 1993; Schmahman 

& Sherman, 1998 

verb generation:  Fiez et al., 1996 

planning:  Botez et al., 1992; Leiner et al., 1986; 

Schmahman & Sherman, 1998 

set-shifting:  Schmahman & Sherman, 1998 

working memory:  Fiez et al., 1996; Schmahman & 

Sherman, 1998 

source memory:  Ciranni et al., 1998    



Dancing Makes You Smarter 
 

Verghese et al. (2003) examined the 

relation between leisure-time 

cognitive activity or physical activity 

on the incidence of  dementia.  At the 

study’s outset all participants were 

at least 75 years and dementia-free. 

Five years later…..  



  Reading or doing crossword puzzles 

was associated with 35% reduced risk 

of  dementia.  

  Almost none of  the physical activities 

offered protection against dementia – 

except dance.  

 Dance conferred the greatest risk 

reduction of  any activity studied, 

cognitive or physical – a whopping 76% 

reduced risk of  dementia.  

 



reference: 

Verghese, J., Lipton, R. B., Katz, M. J., Hall, 

C. B., Derby, C. A., Kuslansky, G., et al. 

(2003). Leisure activities and the risk of  

dementia in the elderly. New England 
Journal of  Medicine, vol. 348, p. 2508-2516. 

 

not random assignment.  those who did 

social dance might have been healthier to 

begin with or differed from the other groups 

in any number of  other ways.   
 

but still a fun finding. 



Children need opportunities to do 

things that enable them to believe in 

themselves:  do-able challenges.   

 

Pride, self-confidence, joy come from 

seeing yourself  succeed at something 

that you know is not easy -- even in the 

youngest infants. 

 



Usually if  we hold children to high 

standards, they will rise to them. This 

helps children believe in themselves. 

And our presenting such challenges 

shows that we believe in them.  

If  we don’t let them try, they won’t 

fail, but they never get a chance to 

win either. 



It’s important to communicate 

loud and clear our faith in 

each child and expectation 

that each will succeed. 



“Treat people as if  they 

were what they ought to be 

and you help them become 

what they are capable of  

being.”  

– Johann W. van Goethe  

 



Powerful Role of   

Expectations (by others AND yourself) 

and Attitude 
 

Pygmalion in the Classroom -- powerful 

role of  expectations    Robert Rosenthal 
 

Stereotype threat - e.g., female perform-

ance on math exams   Claude Steele 


