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What are Executive 
Functions?

• Viewed as the “air traffic control 
system” of the mind.

• They control our thoughts, behaviors, 
and our emotions. 
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What are Executive Functions?

• Dimensions of executive functions:
• Inhibitory control: our ability to ignore distractions and pay attention
• Working memory: our ability to hold information in mind and manipulate it for later use
• Cognitive Flexibility: our ability to shift between tasks, goals, or strategies
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What are Executive Functions?

Shopping at 
grocery store

Solving a math 
problem

Organizing your 
clothes by color 

and season
Driving 
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Executive Function and Academic Outcomes

• Reading and mathematics skills
• Learning disabilities
• Language ability
• Attention hyperactivity disorders

Executive functions are highly related to a host of 
academic outcomes:

Individuals who perform well on executive function 
tasks often do well in many aspects of school 
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Executive Function Assessments

• Stroop Task
• Numbers Reversed 
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Stroop Task

Measures Inhibitory Control and Cognitive 
Flexibility
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Stroop Task 

Ignore the 
color, say the 
word (inhibit)

Ignore the 
word, say the 
color (switch 
and inhibit)
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Numbers 
Reverse

Measures Working Memory
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Numbers Reverse

• Remember the numbers, manipulate them in another order 
(working memory)
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How are executive functions at work 
in my students?



What might EF struggles look like?

• Struggles to plan or organize for long-term goals

• Trouble controlling behaviors or emotions (i.e., poor emotion regulation)

• Concentrating on a specific task

• Trouble remembering details
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Working Memory Cognitive Flexibility Inhibitory Control
Being able to flexibly use 
different strategies

Being able to hold information 
in mind and use it in some way

Focus attention and ignore 
distractions

When doing algebra, holding in 
mind which steps you did on one 
side of the equation and the 
answer you got so you can 
balance it on the other side.

Being able to switch back and 
forth quickly and easily between 
solving multiplication and 
subtraction problems.

Ignoring irrelevant details when 
solving word problems and 
focusing on the information 
needed to complete the task. 

Math Example

Component

EFs in a Mathematics Classroom



Working Memory
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Working Memory
Being able to hold information 
in mind and use it in some way

When doing algebra, holding in 
mind which steps you did on one 
side of the equation and the 
answer you got so you can 
balance it on the other side.

Math Example

Component



Cognitive Flexibility 
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Cognitive Flexibility
Being able to flexibly use 
different strategies

Being able to switch back and 
forth quickly and easily between 
solving multiplication and 
subtraction problems.

Math Example

Component



Inhibitory Control
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Inhibitory Control
Focus attention and ignore 
distractions

Ignoring irrelevant details when 
solving word problems and 
focusing on the information 
needed to complete the task. 

Math Example

Component



Why are executive 
function skills and 
mathematics skills 

related?
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Testing Theories of EF and Math

• Examined three theories of working 
memory and math/reading skills
• Are WM and these skills the same?
• Does WM help take information from our 

mind? (processing)
• Does WM act like a filter?

Miller-Cotto and Byrnes, 2020
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Math K Math 1 Math 2

WM K WM 1 WM 2

Cognitive 
Filter

Math K Math 1 Math 2

WM K WM 1 WM 2

Positive
Manifold

Math K Math 1 Math 2

WM K WM 1 WM 2

Transactional



Testing Theories of EF and Math

• National Sample

• Used statistical analyses to test these 
three theories

Miller-Cotto and Byrnes, 2020

52%

12%

27%

9%

White Black Latinx Asian
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Testing Theories of EF and Math

• Findings
• Analyses suggested a reciprocal relationship
• Relations decreases with age

Miller-Cotto and Byrnes, 2020

Math K Math 1 Math 2

WM K WM 1 WM 2
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What now?

• Suggests that working memory helps pull information from 
memory
• This might suggest that building working memory would improve 

one’s ability to pull information from memory
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What now?

• EF training has demonstrated limited results.
• Less focus on training, more on other things.
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Supporting 
Executive 
Functions
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Supporting Executive 
Functions

• Fading Worked Examples

27



Change Math Problem Presentation

• Does presenting too much of a problem at 
once overwhelm students?

• Worked Examples
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Change Math Problem Presentation

• Does presenting too much of a problem at 
once overwhelm students?

• Altered the way mathematics problems 
were presented
• Faded worked examples
• Faded worked examples with self-explanations
• Self-Explanations
• Business as usual

• Students with lower prior knowledge 
benefitted from the altered presentation.

• How does working memory and inhibitory 
control fit in?
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Change Math 
Problem 

Presentation
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Children were given faded worked 
examples, faded worked examples with 
self-explanation prompts, worked 
examples, as business as usual

Assessed their 
inhibitory control and 
working memory

Children’s 
adaptation of 
the Stroop Task
Numbers 
Reverse Task

Children who demonstrated weak 
working memory but average prior 
knowledge benefitted most from faded 
worked examples. 



Educational Implications

• Executive functions appear to affect how much students benefit 
from problem presentation. 
• Some people argue it may be fruitful to train executive functions.
• Unfortunately, there is little evidence that training executive 

function skills transfers to academic outcomes. 
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Math K Math 1 Math 2

WM K WM 1 WM 2

Cognitive 
Filter

Math K Math 1 Math 2

WM K WM 1 WM 2

Positive
Manifold

Math K Math 1 Math 2

WM K WM 1 WM 2

Transactional



Alternative Perspective 33

• What if there is something about children who do well on EF tasks that 
also do well on academic tasks?
• Prior work has already ruled out intelligence as the underlying factor

Strategies?



Strategy Mediation Hypothesis

Working Memory Academic Skills

Strategy
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What can 
we do to 
advocate 
for our 

children?
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Takeaways

• Things to remember:
• There is more research around success in supporting EFs than building.

- Altering presentation

- Giving directions in fewer steps

- Going slower
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Takeaways

Things to remember:
- Executive Functions practices for one topic won’t 

necessarily transfer to another topic
- Practicing executive functions in reading won’t transfer to 

mathematics
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Thank you!

damcotto@udel.edu


