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I will give the organizers                     

a PDF of  the slides.

You don’t have to worry about 

writing down what’s on the slides.



What will it likely take to 

be successful in the 

21st century?



• Being able to concentrate and stay focused 

• Creative problem-solving:

If there’s a problem that you haven’t been able to solve, 

…can you conceive of the problem, frame the problem, 

in a whole new way?

…come up with a different way of attacking it?

• Being able to reason (playing with ideas and facts in 

your mind, relating one to the other)

• Being able to delay gratification and stay the course

• The self-control to not put your foot in your mouth

• Flexibility to adjust to changed demands or priorities

• Flexibility to take advantage of a sudden opportunity



ALL of  these 

are

EXECUTIVE FUNCTIONS



‘Executive Functions’ 

refers to a family of  

mental processes needed 

whenever  going ‘on automatic’ 

or relying on instinct or intuition 

would NOT be a good idea



Executive Functions 

depend on Prefrontal 

Cortex and the other 

neural regions with 

which it is 

interconnected.

Prefrontal 

Cortex



Central 
Sulcus

Prefrontal 

Cortex

Frontal Cortex



1. Inhibitory 

Control 

2. Working 

Memory

3. Cognitive 

Flexibility 

The

3  core 

Executive 

Functions



Inhibitory

Control

involves resisting a 

strong inclination to   

do one thing, 

and instead do what 

is most appropriate 

or needed.



Focused 

Attention 

Inhibitory control 

at the level of  

attention:

Self-Control 

Inhibitory control 

at the level 

of  behavior:



FOCUSED ATTENTION

Example:  Singing a song as a Round 

• Screening out distractions
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Being able to concentrate 

on what someone is 

saying on the phone 

when someone else is talking       

to you in the room



Being able to hone in on 

the one thing you need

in a sea of  distraction



BUT, because we are able to 

selectively attend, we can miss 

important things because we were 

selectively attending for other things



People were asked to count the number of  

photos in a newspaper.  

Some people finished in a few seconds; others 

took minutes.  

It was not that some were faster counters.

The secret lay on Page 2 where in huge block 

letters it said:

STOP COUNTING!  THERE ARE 43 

PHOTOGRAPHS IN THIS PAPER.

Many people missed that enormous headline.

They were so focused on counting the 

photos they hadn’t notice it.



“Our notions of  what should

happen [can] block us from seeing 

what actually does happen.”    

-- Bernie Glassman, 

Bearing Witness

“For things to reveal themselves to us, we 

need to abandon our views about them.”

Dogen



We need to balance 

selective attention 

with 

cognitive flexibility



Focused 

Attention 

There’s Inhibitory 

control at the level 

of  attention:

Inhibitory control 

at the level 

of  behavior:
Self-Control 



SELF-CONTROL

resisting temptations, 

not acting impulsively, 

thinking before you speak or act



Examples of  when you need 

SELF-CONTROL

• wait your turn, don’t hit, don’t eat dessert 1st

• resist hurting someone just because that 

person hurt you    (cycle of  ‘tit for tat’)

• WAIT: don’t blurt out the 1st thing that 

comes to mind

• WAIT: resist acting in the heat of  the moment  

• WAIT: resist jumping to a conclusion of  what 

something meant or why it was done 



and  Discipline & Perseverance

resisting the many temptations to quit 

and not finish what you started

to stay on task despite 

boredom, 

initial failure, setbacks, difficulties 

more fun things calling



Evidence shows that discipline 

accounts for over twice as 

much variation in final grades 

as does IQ, even in college. 

(Duckworth & Seligman, 2005)



Without inhibitory control we’d 

be at the mercy of  impulses, 

old habits of  thought or action, 

and stimuli in the environment 

that pull us this way or that. 



Self-control saves us from putting our foot in 

our mouth or making a social faux pas.

Think of  all the trouble you’d get in if  you 

told your boss your real opinion of  him or her, 

..grabbed whatever you wanted without 

asking or paying, or 

..did other socially inappropriate or hurtful 

things. 
If  we want to change, 

if  we want to mend our ways, 

we need self-control. 



Inhibitory control is the 

EF most predictive of  

long-term outcomes. 



Children with better inhibitory control 

(i.e., children who were more persistent, less 

impulsive, & had better attention regulation) 

later as teenagers, 

were LESS likely to 

• make risky choices, 

• have unplanned pregnancies, or 

• drop out of  school

and



and as adults 30 years later were found to have:

better health 

higher incomes and better jobs

fewer run-ins with the law

a better quality of  life (happier)

than those with worse inhibitory control as 

young children,

controlling for IQ, gender, social class, & home 

lives & family circumstances growing up

across diverse measures of  self  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.



Working 

Memory

Holding 

information 

in mind 

to work or  

play 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 and relating 

that to what is happening now.



Reasoning and Creative Problem-

solving: relating one idea to another 

Mental math calculations

Understanding cause and effect

Remembering multi-step instructions 

& executing them in the correct order



Working memory and inhibitory control 

each independently predict both 

math & reading competence 

from the earliest grades thru university 

often better than does IQ.    

(Alloway & Alloway, 2010; Bull & Scerif, 2001; Dumontheil 

& Klingberg, 2012; Gathercole et al., 2004; McClelland & 

Cameron, 2011; Nicholson, 2007; Passolunghi et al., 2007;  

St Clair-Thompson & Gathercole, 2006; Savage et al., 

2006; Swanson, 2014)



Storytelling

is a terrific way to 

challenge and improve 

Working Memory

(both telling and listening)



I’m a huge fan of  Storytelling
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Storytelling requires and invites a your 

rapt attention for extended periods 

(sustained, focused attention), and 

working memory to hold in mind all 

that’s happened so far, different 

characters’ identities, 

story details and to 

relate that to the new 

info being revealed –

without visual aids                                              

(like pictures on the page !
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Cognitive 

Flexibility

involves 

being able to

..see an issue from 

different perspectives

..think about something 

in a whole new way 

(“thinking outside the 

box”)

..seamlessly adjust to 

change or unexpected 

situations



If  you always do

what you always did,

you’ll always get

what you always got.

- Einstein



In what way is a carrot like a cucumber?

In what way is a carrot like an orange?

In what way is a carrot like a potato?

In what way is a carrot like an apple?



Cognitive Flexibility also includes 

having the FLEXIBILITY…

• …to take advantage of  a sudden 

opportunity (serendipity)

• …to get to your desired goal despite 

unexpected obstacles seeming to 

block the way

• …to admit you were wrong when you 

xxget more information



  

“You learn the most from 

the unknown.   

The things you don’t 

expect will come up 

and they will be your 

teacher.”    

 

             -- James Morton 

 



an example of good cognitive flexibility:

I NEVER PROMISED YOU A ROSE GARDEN

by Rachel Naomi Remen

My backyard is actually a very small meadow.  

In the summer and fall of every year a stag visits 

each day at dawn and at twilight.  This is quite a 

thing for someone who grew up in Manhattan. 

I never planned to have a stag; I planned to 

have a rose garden.  

The year after I moved here, I planted 15 

rose-bushes…The roses bloomed in the late spring 

and for a month the garden was glorious. Then the 

roses started disappearing.…



Getting up one dawn and glancing out the 

window, I was transfixed by seeing the stag for 

the first time. 

Every year since then I am faced with a 

choice:  Am I going to put up higher fences and 

have roses, or am I going to have a stag 10’ from 

my back door?  

If I tell people this, some say in disbelief, 

"You mean that you are letting this deer eat your 

roses?"  But when they come over and see the 

stag, they are stunned into silence.



If  there’s a problem that we haven’t 

been able to solve, can you ‘think 

outside the box’ to…

…conceive of  the problem, frame the 

problem, in a new way?

… come up with a completely different 

way of  attacking it?



For example,

What unusual uses can you  

think of  for a TABLE? 

Can you creatively see the 

same thing from different 

perspectives?



You could hide under it.

Turned it on its side to keep a 

door closed.

Turn it upside down to play 

horseshoes.

Use it as a percussion 

instrument.

Cut it up for firewood.



Karen Pape, MD:

“Habit Hides Recovery”

By thinking outside the box, Dr. Pape has 

been able to help children with motor 

coordination problems when everyone 

else had given up: 

www.devcogneuro.com/videos/

Karen_Pape_composite_42min_52sec.mp4



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:



The 3 core Executive Functions are:

• Inhibitory Control 

• Working Memory

• Cognitive Flexibility 

Higher-order Executive Functions are:

• Problem-solving

• Reasoning 

• Planning



The 3 core Executive Functions are:

• Inhibitory Control 

• Working Memory

• Cognitive Flexibility 

Higher-order Executive Functions are:

• Problem-solving

• Reasoning 

• Planning

= Fluid Intelligence



There’s been 

GREAT interest 

in trying to improve  

executive functions.



Luckily, there are existence 

proofs (isolated successes) 

showing that EFs can be 

improved at any age from 

early infancy thru old age.



There are 3 basic ways to improve 

functioning that requires EFs:

(a) work on EFs - train them, challenge 

them, & practice, practice, practice

(b) find ways of  reducing the demands on 

EFs (circumvent the need for EFs, in 

part) – scaffolding

(c) work on reducing things that impair 

EFs (stress, lack of  sleep, etc.)



References for our Reviews of  Studies    

that have tried to Improve EFs

Diamond, A. & Lee, K. (2011). Interventions shown 

to aid Executive Function Development in Children 

4-12 years old. Science, 333, 959-964.

Diamond, A. & Ling, D.S. (2016). Conclusions about 

interventions, programs, and approaches for 

improving executive functions that appear justified 

and those that, despite much hype, do not.     

Journal of  Developmental Cognitive Neuroscience, 

18, 34–48. 

and



Adele     Diamond, A. & Ling, D.

(forthcoming) 

“Fundamental Questions Surrounding Efforts 

to Improve Executive Functions”

The first review to look at all the different 

methods (e.g., cog. training, phys. exercise, etc.) 

and at all ages (children thru elderly). 

in an Oxford UP book edited by Bunting et al.

An Integrative Approach to Cognitive & 

Working Memory Training



Regardless of  the 

program to improve EFs, 

a few principles hold, 

including: 



1. EF training appears to transfer, 

but the transfer is narrow. 



You improve on the skills you 

practice and that transfers to other 

contexts where those same skills are 

needed -- but you only improve on 

what you practice – improvement 

does not transfer to other skills.



There’s been a lot of  

interest in computerized 

cognitive training. 
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Nonverbal working memory 

training improves performance on 

other measures of  nonverbal WM but 

not on measures of  verbal WM.

Training on one type of  reasoning 

improves that type of  reasoning but 

not other types of  reasoning. 



Cogmed® is the computerized 

method for training working 

memory with by far the most

and the strongest evidence.

80% of  the15 studies that have 

looked found that Cogmed indeed 

produces working memory benefits.



BUT even for Cogmed, 

only 1/3 of  the studies found 

evidence of  transfer 

to any skill other than 

what they trained on.



EF gains from training in traditional 

martial arts (Lakes & Hoyt, 2004) and 

school curricula (Raver et al., 2011; 

Riggs, Greenberg, Kusché, & Pentz, 

2006) are wider, perhaps that’s 

because the programs train multiple EF

skills, so you get narrow transfer to 

many more EF components.



If  improvement in multiple EF 

skills is your goal, then you 

need to engage in activities 

that require & train each of  

those different skills.



Despite intensive marketing of  

Cogmed as beneficial to children 

with ADHD, 

the evidence is stronger for 

Cogmed benefitting typically-

developing children than children 

with ADHD. 



Indeed a large, recent RCT found that 

while the working memory improve-

ment from CogMed was still present 1 

yr later, it was gone 2 yrs later, and 

those who had trained on CogMed 

performed worse in math 2 yrs later 

than others who received regular 

classroom teaching rather than 

CogMed. Roberts et al., 2016, 
JAMA Pediatrics



Thus, it’s fair to conclude that WM 

computerized training improves 

working memory, but 

the results have generally been 

disappointing with narrow benefits 

that fade away in several months time.



There has been very little study of  Cogmed 

with older adults, but WM deteriorates 

earlier and more severely during aging

than most other cognitive skills. 

The few studies of  Cogmed and N-back 

training with older adults suggest that 

such targeted working memory training 

might be especially beneficial for adults 

experiencing memory decline.



2.  Sometimes the reason 

something works is different 

from what anyone expected: 

Although most studies of  

CogMed® don`t mention the 

mentoring component, 



to be certified to administer CogMed®, 

adults must get trained in, & commit to, 

mentoring those doing CogMed®. 

de Jong found that the mentoring 

seems to account for the benefits of  

CogMed® more than what’s on the 

computer.

de Jong, P. (May 20, 2014). Effects of  training 

working memory in adolescents with a below 

average IQ. Presented at ‘Workshop on Enhancing 

Executive Functions in Education’ in Nijmegen, NL. 



One group found comparable results 

from Cogmed vs. special math 

training (Gray et al., 2012). 

Another group found comparable 

results from Cogmed vs. an 

intervention called “Pay Attention in 

Class” (van der Donk et al., 2015). 



Given how different the these 

programs (Cogmed, Math training, & 

Pay Attention) were, perhaps they 

produced comparable results 

because of  the increased adult 

attention rather than the content of  

the training programs per se. 



3. Whether EF gains are 

seen depends on the 

way an activity is done.
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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 or 

standard physical education

for almost a full school year.



Children assigned to Tae-Kwon-Do 

showed greater gains than children in 

standard phys. ed. on all dimensions of  

EFs studied (e.g., cognitive [focused vs. 

distractible] and affective [persevere vs. 

quit] and emotion regulation). This 

generalized to multiple contexts and was 

found on multiple measures. 



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 respect, 

humility, perseverance, honor as well 

as physical conditioning).

Another group was assigned to 

modern martial arts (martial arts as a 

only 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.



A relatively understudied approach:

mindfulness practices involving movement 

(e.g., taekwondo, t’ai chi, Chinese mind-body 

practices, and Quadrato motor training) 

have shown the strongest results for  

improving EFs thus far. 



Often initial findings look strong but then do 

not hold up in subsequent studies. 

However, right now, ALL 7 independent 

studies of  mindful movement practices  

100% ! 

have found at least suggestive evidence of  

EF improvement. 

No other approach to improving EFs can 

claim that.



Percent of Studies 

finding even 

Suggestive
1
Evidence 

of EF Benefits 

(#studies)

Percent of Studies 

finding Clear
2

Evidence of EF 

Benefits (#studies)

Percent of EF Outcome 

Measures on which 

Experimental Group 

showed more Improve-

ment than Control Group 

(#measures)

Percent of EF Outcome 

Measures on which 

Experimental Group 

performed better at Post-

test than Control Group 

(#measures)

Cogmed Training 80% (15) 27% (15) 63% (75) 31% (52)

N-back Training 50% (10) 30% (10) 35% (34) 32% (34)

Complex Span Training 50% ( 2) 50% ( 2) 39% (18) 39% (18)

Task-switching Training 75% ( 4) xx0% ( 4) 70% (30) 48% (21)

Misc. Other Cognitive Training 51% (33) 15% (33) 35% (141) 17% (122)

'Plain' Aerobic Exercise 41% (17) xx6% (17) 20% (70) xx9% (64)

Aerobic Exercise w/ Cognitive 

&/or Motor Skill Demands
33% (18) 12% (17) 30% (69) 14% (35)

Resistance Training 14% ( 7) xx0% ( 7) 22% (23) x5% (20)

Yoga 33% ( 6) 17% ( 6) 19% (26)3 14% (29)

Mindfulness Practices involving 

Movement (other than yoga)
100% ( 7) 29% ( 7) 70% (20) 47% (17)

Sitting Mindfulness Practices 56% (16) 13% (16) 31% (61) 25% (59)

School Programs 50% (14) 36% (14) 49% (68)4 38% (56)
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Might the mixed findings for yoga 

have to do with how the activity was 

organized and/or how close a 

relationship was developed between 

the instructors and the participants?



Contrary to influential reviews 

of  the benefits of  aerobic exercise….

Nature Reviews Neuroscience (January 2008) 

“Be Smart, Exercise Your Heart: 

Exercise Effects on Brain and Cognition”

Charles Hillman, Kirk Erickson & Art Kramer

In particular, the frontal lobe & executive functions 

that depend on it show the largest benefit 

from improved fitness.



The majority of  aerobic 

exercise interventions thus far  

have NOT produced 

improvements in either                   

memory or

executive functions.

(no suggestion of  benefits in 63% of  35 studies)
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Complex Span Training 50% ( 2) 50% ( 2) 39% (18) 39% (18)

Task-switching Training 75% ( 4) xx0% ( 4) 70% (30) 48% (21)
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&/or Motor Skill Demands
33% (18) 12% (17) 30% (69) 14% (35)

Resistance Training 14% ( 7) xx0% ( 7) 22% (23) x5% (20)

Yoga 33% ( 6) 17% ( 6) 19% (26)3 14% (29)

Mindfulness Practices involving 

Movement (other than yoga)
100% ( 7) 29% ( 7) 70% (20) 47% (17)

Sitting Mindfulness Practices 56% (16) 13% (16) 31% (61) 25% (59)

School Programs 50% (14) 36% (14) 49% (68)4 38% (56)



Consistent with the disappointing 

effects of  aerobics on EFs 

is the oft-replicated finding that

improvements in aerobic fitness 

are uncorrelated with cognitive 

improvements 

meta-analysis: Etnier et al. 2006; 

review: Kramer & Erickson, 2007



Results are even worse for 

Resistance Training, 

where 86% of  the studies have 

failed to find even suggestive 

evidence of  EF improvement.
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Complex Span Training 50% ( 2) 50% ( 2) 39% (18) 39% (18)

Task-switching Training 75% ( 4) xx0% ( 4) 70% (30) 48% (21)

Misc. Other Cognitive Training 51% (33) 15% (33) 35% (141) 17% (122)

'Plain' Aerobic Exercise 41% (17) xx6% (17) 20% (70) xx9% (64)

Aerobic Exercise w/ Cognitive 

&/or Motor Skill Demands
33% (18) 12% (17) 30% (69) 14% (35)

Resistance Training 14% ( 7) xx0% ( 7) 22% (23) x5% (20)

Yoga 33% ( 6) 17% ( 6) 19% (26)3 14% (29)

Mindfulness Practices involving 

Movement (other than yoga)
100% ( 7) 29% ( 7) 70% (20) 47% (17)

Sitting Mindfulness Practices 56% (16) 13% (16) 31% (61) 25% (59)

School Programs 50% (14) 36% (14) 49% (68)4 38% (56)



BUT

People who are more physically 

active and have better aerobic 

fitness have better EFs.

That’s true for kids:  Scudder et al., 2014 

Hillman, Castelli, & Buck 2005

and for older adults:  Boucard et al., 2012

Voelcker-Rehage, Godde, & Staudinger, 2010 



That’s a seeming contradiction:

People who are more physically active & 

physically fit have better EFs

but

Aerobic interventions (even ones that 

last a year) do little to improve EFs



It could be that the correlation between 

better physical and cognitive fitness is due 

to one or more other variables and not to 

better fitness per se. 

Perhaps people who are more physically fit 

have the good sense to eat better or get 

more sleep, tend to be healthier in general 

or tend to be more highly educated. 



Or, maybe causality goes in the 

opposite direction since one probably 

needs good EFs, especially good 

inhibitory control and discipline, to 

maintain a regular exercise regimen. 



Then there are likely differences in the 

physical activity experience and its 

characteristics.

Many who are drawn to exercise have been 

more physically active their whole lives, not 

just for the months or the year of  a study.



Many people who maintain better fitness do 

so by participating in physical activities that 

involve cognitive challenges and complex 

motor skills (such as ultimate Frisbee, squash, 

tennis, rock climbing, soccer, beach volleyball, 

social dance or martial arts). 



Perhaps aerobic exercise 

interventions haven’t seen more  

EF benefits because they            

have had minimal cognitive or 

motor skill demands

(e.g., riding a stationary bike).



Results for aerobic interventions 

w/ more emphasis on motor skills 

and/or cognitive demands

have been just as disappointing, 

however.
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Percent of Studies 

finding even 

Suggestive Evidence 

of EF Benefits 

(#studies)

Percent of Studies 

finding Clear 

Evidence of EF 

Benefits (#studies)

Percent of EF Outcome 

Measures on which 

Experimental Group 

showed more Improve-

ment than Control Group 

(#measures)

Percent of EF Outcome 

Measures on which 

Experimental Group 

performed better at Post-

test than Control Group 

(#measures)

Cogmed Training 80% (15) 27% (15) 63% (75) 31% (52)

N-back Training 50% (10) 30% (10) 35% (34) 32% (34)

Complex Span Training 50% ( 2) 50% ( 2) 39% (18) 39% (18)

Task-switching Training 75% ( 4) xx0% ( 4) 70% (30) 48% (21)

Misc. Other Cognitive Training 51% (33) 15% (33) 35% (141) 17% (122)

'Plain' Aerobic Exercise 41% (17) xx6% (17) 20% (70) xx9% (64)

Aerobic Exercise w/ Cognitive 

&/or Motor Skill Demands
33% (18) 12% (17) 30% (69) 14% (35)

Resistance Training 14% ( 7) xx0% ( 7) 22% (23) x5% (20)

Yoga 33% ( 6) 17% ( 6) 19% (26)3 14% (29)

Mindfulness Practices involving 

Movement (other than yoga)
100% ( 7) 29% ( 7) 70% (20) 47% (17)

Sitting Mindfulness Practices 56% (16) 13% (16) 31% (61) 25% (59)

School Programs 50% (14) 36% (14) 49% (68)4 38% (56)



Most studies have looked at ‘decontext-

ualized’ skills abstracted from the sport they 

are used in, such as practicing dribbling a 

basketball but never playing basketball.

We are less motivated to master arbitrary 

skills abstracted from their practical, real 

world use.



A recent study evaluated the 

effects of  2 different types of

tennis lessons — technique-based 

approach (TBA) and a game-based 

approach (PLAY+STAY [P+S]) — or 

watching TV - on the EFs of  

81 kids in Japan, 6-12 years old.



P+S = Play + 

Stay; the game-

based approach 

where children 

played tennis

TBA = Technique-

Based Approach; 

drills of skills 

(e.g., forward 

stroke), but never 

play tennis

CONT = control 

group. They 

watched TV.



The Beneficial Effects of Game-based Exercise Using Age-appropriate Tennis 

Lessons on the Executive Functions of 6- to 12-year-old Children

Isihara et al. (2017) Neuroscience Letters, 642, 97-101 



Maybe people who freely choose to do aerobic 

activities enjoy them more than people who are 

randomly assigned to them. 

There’s evidence that any benefit of  physical 

activity for cognition may be proportional to 

how much joy the physical activity brings 

(Hill et al., 2010; Raichlen, Foster, Gerdeman, 

Seillier, & Giuffrida, 2012; Heyman et al., 2012; 

Wolf  et al., 2010) .

Boring exercise is particularly unlikely to 

yield cognitive benefits.



Nucleus
Accumbens

(Executive Functions)
We’re able to exercise 
better executive functions.

(Reward Center)
We’re happier and willing to 
work harder & persevere to 
achieve a goal

1. Endocannabinoid
When we’re enjoying ourselves, the 
brain releases endogenous cannabinoids 

The VTA is the source of the DA projection 
to PFC & to the nucleus accumbens

They activate dopamine (DA) 
neurons in the VTA:

2.

3a.

3b.



Many people who maintain better fitness do so 

by participating in activities that engage their 

minds, their hearts & their souls –

many are passionate about these activities 

and deeply committed to them

these activities may be an important 

aspect of participants’ social lives & their lives in 

general

these activities may be an important 

source of pride and personal identity.



That, I think, gets at 

the crux of  it.



Improving aerobic capacity per se, or 

improving particular cognitive  skills 

isolated from their use in an activity,  

is less likely to improve EFs 

than touching the hearts and minds of  

participants, as a commitment to a holistic, 

coherent activity (e.g., soccer or dance) 

can do. 



I propose that what’s needed is to engage 

people in activities they really care about, 

where improving EFs is needed for what 

they want to do, where mentors and 

experiences inspire and instill self-

confidence. We never evolved to learn for 

learning’s sake.



4. Whether EFs improve 

depends on the amount of  

time spent practicing, 

working on these skills, 

pushing oneself  to 

improve.



That’s true for being truly 

excellent at anything…

Practice, practice, practice 

Ericsson: 10,000 hrs of  practice

Ericsson, K.A., Nandagopal, K., & Roring, R.W. (2009). Toward a 

science of exceptional achievement: Attaining superior 

performance through deliberate practice. Annals of New York 

Academy of Sciences, 1172, 199-217.



It’s the discipline, 

the practice that 

produces the benefits



Setting aside a time to 

work on EFs is less 

effective than working on 

EFs as part & parcel of  

everything you do.



The Tools of the 

Mind early 

childhood 

program is based 

on the theories of 

Vygotsky and 

Luria

Elena Bodrova  & Deborah Leong 



The Importance of  

…Action for Learning

…Learn through Doing
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Hands-on Learning

We evolved to be able to learn to help us 

act, to help us do what we needed to do. 

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).  

You learn something when you NEED it 

for what you want to DO.



“The act teaches us the   

meaning of  the act.”

- Abraham Heschel



(My son teaching me to program 

the VCR) 

The same is true when we teach 

children in school. They need 

opportunities to concretely 

apply what they are taught.  



To learn something new, we need 

prefrontal cortex.  

But after something is no longer 

new, people who perform best often 

recruit prefrontal cortex least.  

Prefrontal cortex 

(what I specialize in) 

is over-rated. 

Prefrontal 

Cortex
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When something is new, those who 

recruit PFC most, usually perform 

best.

(Duncan & Owen 2000, Poldrack et al. 2005)

But when you are really good at it, 

often you’re NOT using PFC as much.

(Chein & Schneider 2005, Garavan et al. 2000, 

Landau et al. 2007, Milham et al. 2003, Miller et 

al. 2003) 



Want most tasks to be so familiar and  

well learned that PFC is NOT needed.  

Want those tasks to be handed off  to 

older brain regions that have had far 

longer to perfect their functioning; they 

can subserve task performance ever so 

much more efficiently than can PFC. 

(re: Zen in the Art of  Archery)



When we try to be in control, we 

don’t do things nearly as well as 

when we aren’t trying to be in 

control.

When we try to force things, we 

often mess them up.



A child may know intellectually (at the 

level of  PFC) that he should not hit 

another, but in the heat of  the moment 

if  that knowledge has not become 

automatic (passed on from PFC to 

older brain 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 



Not only that:  

5. EFs need to be 

continually challenged 

to see improvements -

not just used, but 

challenged.



And that, too, is key for being truly 

excellent at anything…

Ericsson: 

the type of  practice where you are always 

trying to master what is just beyond your 

current level of  competence and comfort.

Vygotsky:

the “zone of  proximal development.”



While training and 

challenging EFs is needed 

for them to improve…



that alone is probably       

not enough to achieve      

the best results.



It’s likely that indirectly supporting 

executive functions by 

lessening things that impair them

and 

enhancing things that support them   

is also critical.



Here’s

why



Prefrontal 

cortex is the 

newest area 

of  the brain 

and the most 

vulnerable.

Prefrontal 

Cortex

Frontal Cortex



If  you’re

• sad or stressed

• lonely or 

• not physically fit 

Prefrontal Cortex and Executive 

Functions are the first to suffer,          

and suffer THE MOST.



Conversely, we show better 

Executive Functions when we’re 

•  happy

• feel socially supported, &

•  we’re healthy & physically fit



Hirt  et al.  2008 

J. of Personality 

& Social Psych.

vol. 94, 214-230.

Yang, Yang & 

Isen.  2013 

Cognition and 

Emotion. 

vol 27, 474-482.

We have better 

executive 

functions 

when we’re 

happier.



Desseilles et al., 2009

von Hecker & Meiser, 2005

Yang, Yang, & Isen, 2013

When we’re sad we have worse 

working memory and 

selective attention.

When we’re happy we have 

better working memory and 

selective attention.
Gable & Harmon-Jones, 2008

Yang, Yang, & Isen, 2013



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  

(specifically greater cognitive flexibility)

(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).                        

Hirt et al. 2008: 214



JOY
is NOT the opposite of

SERIOUS
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Serious business 

(like learning) can be 

JOYFUL



The distinction between work

and play disappears when you 

are doing something you 

thoroughly enjoy.



Whether something is ‘work’   

(i.e., onerous) or ‘play’  (i.e., 

fun) is not an intrinsic property 

of  the activity –

math, history, or any other 

activity can be fun



Research shows 

we learn more and get more 

done, when we’re happy. 



Most EF interventions have focused only 

on training EFs (or only improving aerobic 

fitness to improve EFs) ignoring powerful 

emotional factors. 

Yet, if  you’re passionate about an 

activity, you’ll devote lots of  time & effort 

to it, & it’s the hours practicing, pushing 

yourself  to improve that drives the benefit. 



Amy Arnsten, 

1998

The biology of 

being frazzled

Science

Our brains work 

better when we 

are not 

in a stressed 

emotional state.



That is particularly true    

for prefrontal cortex        

and executive functions.



Stress impairs Executive Functions 

and can cause anyone 

to look as if  

he or she has an EF impairment 

(like ADHD) 

when that’s not the case. 



You may have noticed that 

when you’re stressed 

you can’t think as clearly 

or exercise as good self-control.



Here are some of  the 

neurobiological reasons     

for why that’s the case.



Stress and Prefrontal Cortex

(Roth et al., 1988)

Even mild stress increases DA release in 

PFC - but not elsewhere in the brain



Sánchez MM, Young LJ, Plotsky PM, Insel TR 

(2000)

Distribution of  Corticosteroid Receptors 

in the Rhesus Brain.

J Neurosci, 20, 4657-4568

In humans (& primates in general) 

Prefrontal Cortex has 

more receptors for CORTISOL 

than any other area of  the brain.



A few weeks of  stress in preparation for a 

major exam disrupts communication   

between PFC and other brain regions.

(including parietal cortex, anterior cingulate cortex, 

the insula, and the cerebellum) 

Liston et al. (2009) PNAS



If  you’re stressed,

you can’t do your 

best in school 

or at work.



RELAX



Imperfect ≠ Worthless 



You’re not perfect.

You’re going to make 

mistakes.



You don’t need to 

be perfect.



Imperfect ≠ Worthless 

Don’t be so hard on 

yourself  when you 

make a mistake.



It’s okay to mess up.

EVERYONE makes 

mistakes.



Making a mistake

is NOT a problem.



Worrying  

or getting down on yourself

for having made a mistake

is a problem. 



The only way to completely 

avoid mistakes is to stay with 

what you already know, 

to stop growing. 



Anyone who has never 

made a mistake has never 

tried anything new.

- Albert Einstein 



When we find out we were right, we’re 

not learning anything new.  

It is only when we are surprised -- when 

we were wrong -- that we learn 

something we didn’t know before. 

Take the risk of  making a mistake or 

being wrong!

Be thrilled when your hypothesis is 

disconfirmed!  



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

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

-- Samuel Proctor Massie

It’s never over 

‘til it’s over



You haven’t failed ‘til 

you’ve stopped trying.

Samuel Proctor Massie was born in the 
segregated South in the early 1900’s. You 
know he encountered a lot of discrimination, 
setbacks, and failures.  Yet he rose to become 
one the most highly respected and decorated 
chemists of the 20th century.



from Brene Brown’s TED talk:   The Power of Vulnerability

http://www.ted.com/talks/brene_brown_on_vulnerability

Shame is the fear that there’s something 

about me that if other people knew it or saw 

it would make them not want to be with me. 

(I’m not worthy.)

Yet, for connection to happen, we have to 

allow ourselves to be seen, really seen.

http://www.ted.com/talks/brene_brown_on_vulnerability


In Brene Brown’s research, only one variable 

separated people who had a strong sense 

that they have love and belonging and 

people who struggle for it 

and that was that the people who have a 

strong sense of love and belonging believe 

they are worthy of love and belonging.

-- Brene Brown, TED talk:  The Power of Vulnerability



What keeps us out of connection is the fear we 

aren’t worthy of connection.

Those folks who felt they were in a loving, 

nurturing relationship had the courage to be 

imperfect.

They had the compassion to be kind to themselves.

They were willing to let go of who they 

thought they should be, 

in order to be who they were.



We blow up the importance, and how 

horrible, something we did was, or how 

horrible some flaw in us is -- when in actual 

fact we’re just human. 

The parts we’re afraid to let others 

know about will not bother others nearly as 

much as we fear. 

Surprise!  You’re not as terrible a person 

as you thought. Your girlfriend will still love 

you; your friends will still want to be your 

friends even if they knew about those parts.



“We believe that the unacceptable 

aspects of  ourselves create our 

suffering, 

but it is actually our non-acceptance 

and disowning of  those aspects of  

ourselves that create all the 

unhappiness in our lives.” 

Ajaya, S., 1997. Psychotherapy East 

and West: A Unifying Paradigm



Loneliness: 

Human Nature and 

the Need for Social 

Connection

2008

a book by 

John Cacioppo 

& William Patrick 

Our brains work 

better when 

we are not 

feeling lonely 

or socially 

isolated. 



That is particularly true    

for prefrontal cortex        

and executive functions.



We are fundamentally social.

We need to belong.

We need to fit in & be liked.

Children who are lonely or 

ostracized have more   

difficulty learning.



Roy Baumeister et al. (2002, Journal of  

Personality & Social Psychology) told a

- group of  subjects that they’d have close 

relationships throughout their lives; 

- told another group the opposite; &

- told a third group unrelated bad news. 

On simple memorization questions (that don’t 

require EFs) the groups were comparable. 

On logical reasoning (that requires EFs), 

those told to expect that they’ll be lonely 

performed worse. 



Campbell et al. (2006) gave subjects                 

a survey when they came in the lab 

that included questions like “Do you feel 

socially supported?  Do they feel lonely?” 

They found that prefrontal cortex 

functioned less efficiently 

in those who felt lonely or isolated.



Being socially excluded activates 

the same brain network as that 

for physical pain (the dACC & 

insula) and the more social pain 

you feel, the more activity the 

dACC shows pain.

Naomi Eisenberger et al. (2003) Science



We need to feel there are people 

who care about us, believe in us, 

and will be there for us 

and 

we need to feel we’re part of  

some-thing larger than ourselves 

(e.g., a group or community with 

common, shared goals).



Early Life Stress can also cause 

Accelerated Telomere Shortening

Review:

Price, Kao, Burgers, Carpenter, & Tyrka

2013

Telomeres and Early-life Stress:  

An Overview 

Biological Psychiatry

Jan 1; 73(1): 15-23



A telomere is the protective tip at the end of a

chromosome that caps and protects the chromosome
from deterioration.

Elizabeth Blackburn gives this analogy: Think of

telomeres as like the plastic tips that cap your

shoelaces to prevent fraying. Telomeres stabilize the

ends of chromosomes, allowing cells to divide while

holding the important genetic material intact.



A cell dies when its telomere gets too short. 

Thus telomeres determine the lifespan of cells, 

and by extension the lifespan of us. 

If telomeres get too short, the cell can also 

become malfunctional, e.g., causing inflammation 

or triggering the development of tumors.



no exposure

> 2 exposures

adverse early 

life events

differ-

ence in 

telo-

mere  

length

differ-

ence in 

telo-

mere  

length

Shalev… 

Puterman, Lin, 

Blackburn, & 

Epel, 2013



Maternal sensitivity & warmth 

can completely override the 

effect of  early adversity 

on telomere length
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Maternal Responsiveness Virtually Erases 

the Effect of Early-life Risk on Telomere Length

Asok et al. 

(2013)



Asok, A., Bernard, K., Roth, T. L., Rosen, J. 

B., & Dozier, M. 

(2013)

Parental Responsiveness Moderates the 

Association Between Early-life Stress and 

Reduced Telomere Length. 

Development and Psychopathology

25 (3), pages 577–585 



This is probably also true of  fathers;

it is just that all the research has  

been with moms thus far:

Maternal sensitivity & 

warmth trumps…

..early adversity

..low SES

..social/ econ. disadvantage

hands down. 



We are not just intellects, 

we have emotions

we have social needs

& we have bodies



You need your sleep.



Lack of  sleep will produce 

deficits in EF skills, and cause 

someone to look as if  he or she 

has an EF 

impairment, 

like ADHD.



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, an area of  the brain 

called the pre-SMA

is important for sequential tasks, 

whether they are 

sequential motor tasks  or 

sequential cognitive tasks.

Hanakawa et al., 2002 



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 



The different parts of  the human 

being are fundamentally 

interrelated.  

Each part (cognitive, spiritual, 

social, emotional, & physical) 

is affected by, and affects, 

the others. 

Diamond, 2007



The best and most 

efficient way to foster 

any one of  those, 

is probably to foster all 

of  them.



If  you are emotionally, socially, 

and physically nourished 

you are more likely to show the 

full cognitive ability of  which you 

are capable and 

do better in school.



On the other hand, 

if  you are stressed, sad, 

lonely, or not physically fit, 

those unmet needs will make it 

harder for you to achieve       

your  academic goals. 



What activities directly 

train and challenge 

executive functions and 

indirectly support them by 

also addressing our social, 

emotional, and physical 

needs?



What activities touch your 

heart and your mind,

inspiring you, challenging you 

to reach for the stars, 

building your self-confidence 

and pride? 



Traditional

Activities

that have been 

around for millennia.



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

cultures, storytelling, dance, art, music 

& play have been part of  the human 

condition. 

People in all cultures made music, 

sang, danced, did sports, and played 

games. There are good reasons why 

those activities have lasted so long and 

arose everywhere.  



These activities

…challenge our intellect (EFs), 

…make us happy & proud,

…address our social needs, and

…help our bodies develop



Key is that you

really love the activity and really 

want to do it, so you will spend a 

lot of  time at it, pushing yourself    

to improve – the activity could 

be almost anything:



could be caring for an animal….



Focusing exclusively on academic studies

may not be the best, or most efficient, way 

to achieve the best academic outcomes.

Addressing your social, emotional, and 

physical needs may be key to 

whether you do well in school and in life.



While it may seem logical that if  

you want to improve academic 

outcomes you should concentrate 

on academic studies alone, 

not everything that seems logical 

is correct.  



Nurturing your whole self

may be critical for 

achieving the academic 

outcomes   

you hope to achieve..



My thanks to the NIH (NIMH, NICHD, & NIDA), 
which has continuously funded our work since 1986, 
& to the Spencer Fdn, CFI, NSERC, & IES for recent 
support our work - and especially 
to all the members of my lab.



thank you so much for 
your attention

adele.diamond@ubc.ca


