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Executive Functi on - Defin¡ti on

A set of skills that allow people to control their
own behavior

Goal-oriented skills that require effort (not
automatic)

"higher level" cognitive processes
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Executive Functi on - Components
Cognitive Flexibility (shifting)
The flex¡b¡lity to consider multiple perspectíves or shift tasks,
directíons, response sets ("cognitive flexib¡lity")

Working Memory (updating information, mental work space)
The ability to simultaneously think about and man¡pulate information
in ovr "mental workspace" (verbal or visual info) DIGIT SPAN

lnhibitory Control (response inhibitionI
The ability to resist making an automatic or desired
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Sustained attention - The ability to maintain attention during a task
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Executive Functi on - Development

Develops rapidly in preschool years (3 to 5)

Conti nues to develop through early adulthood



Whether a problem has EF demands
depends on the student's math knowledge and skills

7+4+8=

p-I=5p+3p-8

(2o-1X8o-s)
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-ô. Whether a problem has EF demands
epends on the student's math knowledge and skills
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@ all of the groups that add up to 3.

Work as quickly as you çan.

3
Eve n ta s ks like co u nting
or the Numbers Sets

Task (to the r¡ght) can
pose EF demands,
depending on the ch¡ld's
skill level,
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Rivera et al., 2005

Developmental Changes in Mental Arithmetic

Ages 8.5 to 19 year olds
(meârì = 13 years)

{typica I ly developine)

Measured activation during
Arithmeti c minus Control

'Pu¡h if Correef
(3û *rc.)

'PuÊh lF Zgru'
{3O aec.}

figura l. $chernatic nf task design, shnwing blorks ol experimental and *nnt¡nltú¡ls.
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Cc¡chr¡l l¡¡rtcx \r¡ycrnhrr 20{lf ;I5;I ?79-1?9t}
rir¡i: I û. 1 (l93Jecrt-{}r/hhi05 i
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Developmental Ghanges in Mental
Arithmetic: Evidence for lncreased
tunctional $pecialization in the Left
lnferior Parietal Gortex

Rivera et al., 2005

'F

4+3.8

Areas of increased
Brain activity with age

Areas of decreased
Brain activity with age
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Executive function skills :

. promote doing math (bu¡lding proficiency)

. promote learning math
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Mathematics

EF Skills

MATH and EF Associations



Executive function skills :

May be over taxed if number {and other math) skills
are weak; so low math skills increase the EF demands

of a d¡fficult or novel math problem

EF Skills
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Circle all palrs of numbers that

add up to

Illork as quíckly as you can.

19

Mazzocco & Hanich, 2ALA
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12, 6 I6, 3 5 16 5, 14 13, I 11,4 11,9

Composing and
Ðecomposing
Numbers Test

{cDNr)

60 sec limit

6th Graders

5,14 I I 7
I

12,7 4, 14 13, 6 12, 11 14,7

2, 13 7, 12 6, 17 4, 15 8, 11 6, 15 5, 13

'15, 4 14, 5 3, 15 16, 3 7, 1613, I 6,9



Clrcle all palrs of numbers that

add up to

!{fork as quÍckly as you can.

19

From Mæxmæry&tffiayïfuh,

Composing and
Decomposing
Numbers Test
(cDNr)

Pictured is the
"close foils"
su btest.

Sums = L9

Or L9+l- L-4

60 sec limit

I1112, 6 16, 3 5, 16 13, g 11,4

12,7 1 12, 4,711

, 15 8, 117, 122, 13 6, 17 6, 15 5, 13

13, I 6,9 14,5 3, 15 7, 1ô
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Circle all palrs of numbers that

add up to

llUork as quic*ly as you can.

'lg

M

From Mæxmæry&wffiuvtfuh,

Composing and
Decomposing
Numbers Test
(cDNr)

HlTs + TN =
Corre ct/20

M isses

False Alarms =
Erro rs/29

60 sec limit

12, 6 16, 3 5 1 6 13, I 11,4

12,7 1 12, 4,711

,15 8, 112, 't3 7, 12 6, '17 6, 15 5, 13

13, g 14, 56,9 3, 15 7, 16

INSTITUTE OF CHILD DEVELOPMENT



Clrcle all palrs of numbers that

add up to

llVork as quickly as you can.

19

21, 17 16,3 25, 16 5, 14 13, l8 12, 19 11,8

5, 14 12,26 12,7 24, 14 13,6 11 14, 1412

Composing and
Decomposing
Numbers Test
(cDNr)

"distant foils"
su btest.

Sums = L9

Or L9+/- 8+

I ¡tm60 sec

2, 13 7, 12 6, 17 4, 15 8, 11 6, 15 5, 13

15, 4 3, 15 16, 3 7, 1613, I 6,9 14, 5
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Circle all paÍrs of numbers that add up to 19
and cross out all pairs of numbers that add up to more than

/

Work as quickly as you câno Pictured is the
"interference
trial" subtest.

Sums = L9

Or I9+/- B+

for L0 foils

60 sec limit

(cDNr)

L r 5 16,3 613, I 619 3, 15

l2r 6 16,3 5, 16 5, L4 llr 4 11, I9

6, 13 14,5 2, 16 1 7, 14I 2r 17 3r l2

9, 15 l1r 7 l5r 4 I, 13 916 2,17 3, 16
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Middte schoot decomposition skitts poor
numeracy mimics poor working memory?

Fercent Correct
1n0

gB

gt

EI

00

l\¡picel lch Lorl Ach TLD

t gi$tant Fsils I Êlose Foil* ffi lnterference

Easiest Ha rdest
T \N'ERSIT\' OF }It\\ LSC)T\

INSTITUTE OF CH¡LD DEVELOPMENTMazzocco & Hanich, 2üA
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2O year old
Strong EF

Strong verbal
skills
Low math skills

Easy math
problem
req u ires a pla n,

o rga n ization,
focus
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?rst 25 't20 year old
Strong EF

Strong verbal
skills

Low math skills

Easy math
p ro b lem req u ires
a pla n,

o rga n izatio fl,

focus - Solving
for how many
rows of 5 is
needed to have a
set of 50 items

,tppl ied fhoblcrns S/ork¡hcer
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Figure from lVlazzocco, 2009, Developmental Disabilities Research Review
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LL year old
Poor number sense?
Poor EF?

ln this casê, poor math
skills increased EF

demands of the task
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Reading Problems Task
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Which one of these tools
shows more water in the ta

Context does make
math more
m ea n ingfu l.

But overload ing
instructions on how to
do a task may
increase the EF

demands (and

difficulty) of a task
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Executive function skills :

may be drained or overtaxed by math anxietv,
and less available to support mathematics

ô

I

Mathemati cs

Math Anxiety

EF Skills

UNNiERSTTY OT' MNNESOTA
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Executive function and math skills :

Promote development of each other

Mathematics

EF Skills
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Magician's Tricks

O

O

Activity Goa ls:

- Teach n u m ber ord€r, cou nting oh, n u m ber
re latio ns

Support working memory and self reflection
development

Activity Steps:
Number cards placed in numerical order (then flipped)
Point to cards and guess number
Point to cards and keep guessed cards flipped (relational terms)

DREME Network Research Study

'iit
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Magician's Tricks Chal lenge St rategy
Examples

DREME Network Research Study

Decreasing Demands lncreasing Demands

Math

Explicit review of basic counting

Encourage use of fingers when
cou nting

Encou rage counting backward with
high cards (6-10)

Use more counting cards (up to L2 ar
20, instead of L-10)

EF

Use fewer counting cards (1-5)

D is p lay seco n d set of ca rds a bove
flipped set

Put cards in 2 or 4 rows, instead of 1
row

Cove r begin n ing ca rds ( 1-5)

T:NN'ERSITI- OF MNiNf SOTA

INSTITUTE OF CHILD DEVELOPMENT
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SUMMARY - Mathematics and EF

Executive function skills :

promote doing math (bu¡ld¡ng proficiencyl

promote learning rnath

may be over-taxed by math anxiety / stereotype threat, but...

may be used to override the interfering thoughts

mediate development of early numerical (spatial) thinking
may benefit from quality mathematics activities

a

o

a

a
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