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Agenda
A What is number sense?
A Core Systems of number:

-Core system 1: Approximate Number
System

-Core System 2: Exact Number Object
Attention System

A Space and number: Integer
representation

A Your Brain on Math ks 1480 B
- Dyscalculia % é‘: '

A Recommendations for instruction

# Students Days of Counting

Billion .20 days
3 days

7 days

14  days

15 days

17.5 days

31 days

4380 days 12 Years
6935 days 19 vears
7300 days 20 Years
10000 days 214 vears
694449  days [ ovasvears
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What is Number Sense?
A Infants

A Animals

Andigenous Peopl

A Brain studies

The Approximate Number System

Approximate Number System

A Fight or Flight

A Foraging
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Approximate Number System

Number Sense

A Number sense and the
Approximate Number ||~
System are the same
thing

Approximate Number System

A Modality invariance A Objects, sounds,

actions )
y 4

< b

(e.g., Brannon, 2001; Dehaene, et al., 2004; Lipton & Sp
2003; McCrink & Wynn, 2005; Wood & Spelke, 2005; Xu,|
2002)




Approximate Number System

A No tracking of A Gross estimation:
individual elements Quantity comparison,
addition, and subtraction

o.o e e e ’.

(Brannon, 2001; Xu, 2002; Lipton & Spelke, 2003; Wood
Spelke, 2005; McCrink & Wynn, 2005; deHevia& Spelke,
2008)
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Approximate Number System

A Spontaneous linkage td
space toe
A A natural propensity to ‘
represent quantity alon 8
a mental number line Vs,
== =

(deHevia& Spelke, 2008)

Approximate Number System

A Ratiodependence

(e.g., Brannon, 2001; Berger, et al., 2006; Libertus & Brannon, 200)
Lipton & Spelke, 2003; McCrink & Wynn, 2005; Wood & Spelke, 2!
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Approximate Number System:

Ratio Dependence
A 6 monthold babies

e d .
i Discriminate 8 vs. 14 | © o, so. o :.
T Butnot 8 vs. 12, 2a® o ot

I Ratio 1:2 @ l..'.o..'..
A 9 monthold babies §;0 e
i Discriminate 16 vs. 4 [, © .
_ e @ e %
T Ratio 2:3 e '.
A Adults: ratio 9:10

What is RatieDependence?

o =
Logarithenic Numbeg Ling 1“\\_\\\
\\
.

.
v L‘\-.)
|z : (2]

(Dehaene, 2003; Gallistel & Gelman, 2000;

Huntley-Fenner, 2001; Temple & Posner, 1998]

Approximate Number System
Precision

Representation of a number

Low variability vs. High
variability

Target Number

(Neider, 2004; Neider & Miller, 2003)
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Approximate Number System

Precision
l.
4

5075 N\ s
2 6
S 0.5 7
- 5.9 10
< 0.25

0

01 2 3 45 6 7 8 9 10111213 14
Mental Number Line

(Halberda, in press)

286 SNDRE [ |

=

sensation is doubled

from an initial value and

the sensation is noted, N

the intensity will have '\@ X 10

A If the intensity of a @
AN

to be doubled again to
give the same

perception of increase d

in sensation \

2 568NRA [ & |y
A Discriminate 13 from 10 at 90%
A Numerical distance of 3

A Double the reference array to 20:

A How far from this numerosity do we need to go to again reach
90% correct discrimination?

A We need to double the numerical distance to 6, presenting an
array of 26 dots
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Approximate Number System
Precision

Low Weber fraction= low variability and more precision
High Weber fraction = high variability and less precision
SD =(w)

~

A
\ 4

Target Number

(Halberda, in press; Neider, 2004; Neider & Miller, 2003)

T TR

/

(Pica, Izard, Lemer, & Dehaene, 2004)

ANS and Math
[3 3o |[Ba3
8 8 8
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“Sarahhas 64 candies.”  “She gives 13.0f “John has 34 candies.
. them away." Who has more?”

- () )
wiledlod flelkeike, uaa

“Sarsh has 51 candies.” “Paul has 64 cookies.”  “John has 34 candies.
Who has more cardies.

Gilmore et al. (2007)




The Exact Number System
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The Exact Number System

Infant Addition and Subtraction

A Infant object permanence
A Infant number processing

(Wynn, 1992)




Infant Addition and Subtraction

Berger, et al 2006
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Exact System: Limits

A Set Size Limit-3

A Explicit number or object files

A Numerical cognition or objeet
[ ] based attention?

Persistence Task

; ‘/ (Feigenson& Carey, 2003;
Feigenson, Carey & Hauser, 200!

Search Task VanMarle, 2005)

Exact System: Limits

12 month olds Manual Search

Percent choosing more

(Adapted from Hauser, et al., 2000)
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Exact System: Universal
A Set Size Limit-3
A Explicit number or object files
A Domain limit, objects
A Numerical cognition or objedtased attention?

(RuganjRegolin & Vallortigarg 2010)

The Linear Number Properties
The logto-linear shift is hard

Why is Number Mapping Difficult?
A Requires a logo-linear shift
A There are several number properties

A Most number properties are spatial but
numbers are expressed symbolically

10



Cardinality Principle

A Put one fish in the pond A Put two fish in the pond

Ddo

W@ Seg

2yrs. 5yrs.

(Butterworth, 2005; Carey & Sarnecka, 2006, 2008; Lipton & Spelke, 2006; Wynn, 1.
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1:1 Principle

A Count each item only

1
once 10
92
g 3
7 4
& 5

(Butterworth, 2006; Gelman & Galistel, 1978; Wynn, 1990

Abstraction Principle

A Wishes and dreams

(Butterworth, 2006; Gelman & Gallistel, 1978; Wynn, 1990

11



Order Irrelevance Principle

A Start anywhere

(Butterworth, 2006; Gelman & Gallistel, 1978; Wynn, 1990
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Stable Order Principle

A Start at the beginning
A Goin order
A Mental Numberline

AN

n
Y,
Wy

(Butterworth, 2006; Gelman & Galistel, 1978; Wynn, 1990

Successor Function

A How many vs. how much

- -
- - - T e
- - - ea”, cee
- e " e =
- - - -
- - -
= [—]
- - -
- - ‘.--...'
- - - *‘..‘.’**‘-*
- . *Ta%e " "a
- - -

(Butterworth, 2006; Gelman & Gallistel, 1978; Wynn, 1990
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Number and Space

99

31
84 J
52 1

l larger or

smaller
than 65 ?

‘WH
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Numbers and Space: Continuous
Extent

(Brannon, Lutz, & Cordes, 2006; Cordes & Bran
2009; De Hevia & Spelke, 2010)

ANS and Space: Number vs.
Continuous Extent

13



Numbers and Space: Magnitude
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Numbers and Space: Relative
Magnitude

Numbers and Space: Position

(Cantlon & Brannon, 2006;Lyons & Beilock, 2011; Picoz|
etal.,, 2010)

14
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Integer Representation

A Approximate System A Exact System
- Approximate mm) - Exact

- Sets m=) - Individuals
- Continuous exten™® - Discrete objects
- No limit =) - Limit 34

- Multi-modal ™ _ visual
- Spatial = Mental - - Objectbased = No
numberline numberline

- NoLanugage ®Emp - Languagedd, 1, 2, 3)

Measuring Number Sense

How do We Measure Number Sense?
A Quantity Comparison

YELLOW

(Halberda et al., 2008)
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Quantity Comparison: Sample Outp

Performance

Percent Correct

100 125 150 178 200 225 250 275 300
Ratio (larger number / smaller number)

= Your Performance (w=.31)
- 00th Percentile Performance for 11-year-old (better performance, w=.17)
-~ 10th Percentile Performance for 11-year-old (poorer performance, w=.40)
© Your Data
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Quantity Comparison: Sample Outp

l-
4

£ 0.75 A5
'g 6

0.5
> 8
g 9 10
< 0.25

D-

01 2 3 4 56 7 8 9 10111213 14
Mental Number Line

How do We Measure Number Sense?
A Numbekrto-Position

Where s 762

(0] 100

(Halberda et al., 2008; Siegler & Booth, 2004)
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Numberto-Position: Sample Output

Kindargarten 100, First Grade 100 Second Grade

Estimate

(Siegler & Booth, 2004)
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Dyscalculia

Your Brain on Math

A HorizontalintraparietalSulcus Al Calculation

A Calculation/Language]
A Grasping objects
Am Manual tasks

Ammm Visuospatial tasks

A Attention

A Saccadegyid eye fixations)

(Adapted from Dehaene, 2013)

(Simon, Mangin, Le Bihan, Cohen, & Dehaene, 2002)

17
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Your Brain on Math

Using number sense activates the IPS

Observation of a change in object Observation of a change in number

Tasks that activate this region:
AComparison of numbers
ASubtraction

AApproximation

AThinking about space

ANon-Symbolic Tasks‘

Brains on Math

Neurotypical brain  part of the Is structurally Twin study

processes calculation network  abnormalin shows

numero_sltles in dyscalculics ANeural and

g“japa”em' Zago et al, 2001 behavioural

uicus Isaacs etal, 2001  abnormalities
. correlate

Castelli et al, 2006 ABoth are

heritable
(slide adapted from Butterworth, 2013) Ranpura et al.,

2013

Brains on Math

A Why is numerical and spatial information related/confused?
A Monkeys taught to discriminate number and length (continuous extent)
A Neurons that encode number, length/space, and both

18



Dyscalculia

A Severe difficulty in mathematics, not explained by general
cognitive difficulties or educational opportunities

A Prevalence: around-6%(same as dyslexia!)

A Fraction of the studies compared to dyslexia

(Butterworth, 2002; Shalev & Gross -Tsur, 2001,
Geary, 1993, 2004)
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Observable Deficits

A Countingstrategies g, counting on from larger vs.
counting all)

A Prolonged use dinger countingslow, inaccurate, finger
agnosia

A Decomposing numbers (e.g. recognizing that 10 is made
up of 5 and 5)

A Place value

A Multi-step procedures

(Wilson, 2008)

Cognitive Deficits

A Difficulty representing quantity (number sense).

i Large Weber fraction/poor quantity comparis
i MentalNumberlineslow todevelop/logarithmi
Where is 7?

i Slow to enumeratset of objects

i Slow tosubitizesets of 14 objects
Numbersymbols notautomatic .

.

i Numberstrooptask
(Rouselleg Noel, 2007)

19



Subtypes

A Number sense

A Spatial

A Verbal
i Difficulty with counting, fact retrieval, word problems
i Associated with dyslexia?
A Executive
i Difficulty with fact retrieval, use of strategy/procedure
i Associated with ADHD
Wilson & Dehaene (200f)
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Instruction

Weber Fraction and Math
Performance

A Halberda et al., 2008 A Quantity Comparison

U 64 teenagers of 14 y.o.

U Assessment of the acuity of
their number sense

U Record of their past school
performance in math

Halberda, Mazzocco & Feigenson (200!

20



Weber Fraction and Math
Performance

Score at the math test at 8 y.o. (high = good)
W: acuity of number sense, at 14 y.o., low = good

Manipulatives Continuous
Magnitude

A A display of continuous
magnitudes involved in
trained addition
problems promotes log[®
to-linear mapping

A Babies can map
approximate sets to
length (Spelke) and so
this tendency is strong
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Board Games: Continuous Magnitude

&

A Linear but not circular
board game play
encourages logo-linear
shifting

A Explicit feedback on
numberline anchoring
(eg., calibration
priming) encourages
log-to-linear mapping
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