
Executive Function
• A set of attentional skills (ways of using attention) 

involved in the goal-directed control of thought, 
emotion, motivation, and action

• Processes related to, but different from, 
“intelligence”
– Using knowledge in service of goals

• EF skills invoked when we notice problem, go off 
autopilot

• Develop as a result of reflection



Reflection changes one’s 
perspective, providing 
“psychological distance” from a 
situation
Just as physical distance provides 
a panorama, psychological 
distance
– shows us the range of possible responses
– allows us to select among them



Delay of Gratification (Prencipe & Zelazo, 2005)

• Choice

– Smaller immediate vs.    
larger delayed reward?

• 3- and 4-year-olds

• Self & Other versions

Would you like to have 
one candy now or two
candies at the end of 

the game?
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Dimensional Change Card Sort (DCCS)

Zelazo, 2006, Nature Protocols



Target Cards

Test Cards

Told to sort by shape



Target Cards

Test Cards

Told to switch and sort by color
Told rules on every trial  



Basic Results
• Regardless of dimension order, 3-year-olds: 

– Continue to sort by the first dimension (e.g., shape)

• Despite:
– Demonstrating knowledge of the new rules 
– When asked, “Where do the red ones go?” they’re 

correct
– “Where does this red one go?” they perseverate, and 

sort by shape…. 





Minnesota EF Scale 
(MEFS™)

Carlson and Zelazo, 2014

Version designed as computer-
adaptive iPad game for 
convenient school use, ~4 min



N = 2,495; Carlson, 2013Age (years)

Rapid Changes in MEFS Performance



Interest in Development of EF

• EF skills predict learning, achievement, adaptation

• Problems with EF are associated with clinical conditions 
w/ child onset
– ADHD, autism, Conduct Disorder, others

• Evidence that EF skills can be improved with practice

• EF skills protect against risks associated with poverty



Why does EF Predict Key Outcomes? 
• EF skills provide a foundation for learning and 
adaptation across a wide range of situations

• Essential for learning in classroom environment
– Paying attention, avoiding distractions
– Remembering rules
– Resisting impulsive responses
– Managing emotional reactions, including motivation 

and boredom



Children with Better EF…
• Learn more efficiently (e.g., Benson et al., 2013)

• Show > gains in math, K-1st grade (Hassinger-Das et al., 2014)

• Children who have not acquired these skills by K
– Distracted, fail to remember rules
– Act out in class

• Learn less effectively 
• Get in trouble, suspended, even expelled



Training and Neuroplasticity

• EF skills are modified by experience
• The brain is an inherently adaptive organ: We 

grow our brains in particular ways by using them 
in particular ways

• When we activate brain networks, they adapt
– Synaptic pruning and myelination

• True across lifespan, but periods of relative 
plasticity



Periods of Relative Plasticity
– Suggests windows of opportunity (malleability) for top-down 

skills (although clearly plasticity across lifespan)

– Also:
– Easier to build good habits when don’t first need to break bad 

habits

– Boost in EF prior to a sharp increase in demands placed on 
children’s EF (e.g., kindergarten)

– Initiate a cascade of positive events: > motivation to learn, good 
relationships w/ teachers, < in problem behaviors
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Heckman, 2006; Barnett, 2004



Effective EF Interventions

• Provide opportunities for children to practice reflection 
and specific EF skills, learn by doing

– Practice reflection (pausing, considering options and goals)
• Aware of EF skills
• Recognize when to deploy them

– Practice paying attention, thinking flexibly, keeping 
information in mind

– Increasing challenges



• Reflection training 
Changes in the brain (< in 
the amplitude of the N2 
ERP)

• Trained children not only did 
better, but their neural 
responses now looked like 
those of older children

Photo: Electrical Geodesics Inc.

Espinet et al. (2013, Dev Cog Neuro)



Mindfulness
• “Mindfulness means paying attention in 

a particular way; on purpose, in the 
present moment, and nonjudgmentally.” 

Kabat-Zinn (1994)

• Mindfulness trains sustained reflection while 
also creating conditions conducive to reflection
• Reducing stress ( cortisol)
• Increasing openness and curiosity ( dopamine)
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• Collaborative goal-oriented problem solving 

• Context in which to promote relationship, reflection, 
autonomy, mindfulness

• Provide structure, predictability, opportunities for 
reflection

Ready 4 Routines
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Take Home Messages

• Skills needed for learning and adaptation
• Different from IQ , develop rapidly in childhood
• Predict academic and other outcomes
• Effective interventions promote reflection and 

provide opportunities to practice EF skills


