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Developmental dyscalculiaDevelopmental dyscalculia
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Core cognitive symptomsCore cognitive symptoms
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Some examples…Some examples…

Llanderl, Bevan & Butterworth, 2004. Note that the impairment is in 
response time as well as accuracy
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Llanderl, Bevan & Butterworth, 2004.
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Mental number line developmentMental number line development

0 100"Put a mark where 64 goes"

Siegler & Booth, 2004 Individual differences on this task correlate 
with maths achievement scores.



Mental number line in dyscalculiaMental number line in dyscalculia

0 100"Put a mark where 64 goes"

 
a) Number placement at T1: 0-100 number line 
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Likely other symptomsLikely other symptoms
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Consequences in adultsConsequences in adults
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The big questionsThe big questions
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Numerical cognitionNumerical cognition
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Mathematics is componentialMathematics is componential
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Non-verbal bases of numberNon-verbal bases of number
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Platt & Johnson (1971). 
Rats taught to press button 
a certain number of times 
for reward. 
Mode at the right value, but 
responses approximate.

Platt & Johnson (1971). 
Rats taught to press button 
a certain number of times 
for reward. 
Mode at the right value, but 
responses approximate.



Approximate number: Demonstration

Which side has more dots?
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Ratio = 0.5

Faster, more accurate

Ratio = 0.79

Slower, less accurate



Approximate numberApproximate number
Ability to discriminate depends on ratio of the two 
numbers. This "distance effect" is found in 
animals, and human adults and children.

Ability to discriminate depends on ratio of the two 
numbers. This "distance effect" is found in 
animals, and human adults and children.

e.g. see Brannon (2003) for review
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Ratio = 0.5

Dots: faster, more accurate
Digits: the same!!

24 19

Ratio = 0.79

Dots: slower, less accurate
Digits: the same!!



Approximate numberApproximate number
Ability to discriminate depends on ratio of the two 
numbers. This "distance effect" is found in 
animals, and human adults and children.

Ability to discriminate depends on ratio of the two 
numbers. This "distance effect" is found in 
animals, and human adults and children.

e.g. see Brannon (2003) for review



Approximate arithmeticApproximate arithmetic

Barth (2005) –
Five year old children
Barth (2005) –
Five year old children



Approximate numberApproximate number
What have we learned about it so far?

• Non-verbal
• Non-symbolic
• Present in animals / human infants

What have we learned about it so far?

• Non-verbal
• Non-symbolic
• Present in animals / human infants• Present in animals / human infants
• Still accessed in skilled adults
• Used for representation and operations

Next: Has a specific brain basis

• Present in animals / human infants
• Still accessed in skilled adults
• Used for representation and operations

Next: Has a specific brain basis



Number senseNumber sense

“ Number sense ” is a short-hand term for our ability to 
quickly understand, approximate, and manipulate 
numerical quantities.  (Dehaene, 2001)
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Number sense in adultsNumber sense in adults

z = 44 x = 39x = - 48

Left hemisphere Right hemisphere
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Neurons & approximate numberNeurons & approximate number

Areas that respond to a change of numerosity
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Number sense in childrenNumber sense in children

Neural correlates the same 
as in adults. 

Non symbolic 
tasks
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Mathematics is componentialMathematics is componential
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Supramarginal
gyrus

Angular gyrus

Superior Frontal Gyrus

Middle Frontal
Gyrus

Intraparietal
sulcus

Inferior
Frontal Gyrus

Middle Temporal Gyrus

Inferior temporal Gyrus
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Causes of dyscalculiaCauses of dyscalculia
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"Core deficit" hypothesis"Core deficit" hypothesis : : 
Deficit in number senseDeficit in number sense
(Butterworth, 1999; Gersten & Chard, 
1999; Wilson & Dehaene, 2007)

Dehaene, S. (1992). Cognition, 44, 1-42.
Dehaene, S., & Cohen, L. (1995). Mathematical Cognition, 1, 83-120.
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Brain bases of dyscalculiaBrain bases of dyscalculia
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Causes of dyscalculiaCauses of dyscalculia
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"Core deficit" hypothesis"Core deficit" hypothesis : : 
Deficit in number senseDeficit in number sense
(Butterworth, 1999; Gersten & Chard, 
1999; Wilson & Dehaene, 2007)

"Access" hypothesis : 
Deficit in link between 
number sense and symbols
(Rouselle & Nöel, 2007)

Dehaene, S. (1992). Cognition, 44, 1-42.
Dehaene, S., & Cohen, L. (1995). Mathematical Cognition, 1, 83-120.

verbal
"six"

quantity

visual
6

visual
6

quantity

��� �
��� �

��� �



 -��0���������M����0���������������
' (������
�������������)������
���
��#����������
��� �

' /���������
��
�������
����
�:���0
�
�������

 ;��0���
' �
��
�������
����
���
��#����������
����#��
�����
 0����

' ���
�
������
��������)
�6

 -��0���������M����0���������������
' (������
�������������)������
���
��#����������
��� �

' /���������
��
�������
����
�:���0
�
�������

 ;��0���
' �
��
�������
����
���
��#����������
����#��
�����
 0����

' ���
�
������
��������)
�6

One subtype proposalOne subtype proposal

' ���
�
������
��������)
�6

 ()����
���
' �
��
�������
������������
����#�����
����������M�� 
������

' ���
�
������
�����>�66

 "���
���
' �
��
�������
�����0
�
J
��#����������

��
���
�:�� �0
�
��

I����
��N�����������0����
��6

	
��
��.���������%4EEA&

' ���
�
������
��������)
�6

 ()����
���
' �
��
�������
������������
����#�����
����������M�� 
������

' ���
�
������
�����>�66

 "���
���
' �
��
�������
�����0
�
J
��#����������

��
���
�:�� �0
�
��

I����
��N�����������0����
��6

	
��
��.���������%4EEA&



Talk outlineTalk outline

 	����
�����������
�6
 -����
�����
��
�

�
 *������
�����������
�
 ����������
�
�0
�
�����
7���

 	����
�����������
�6
 -����
�����
��
�

�
 *������
�����������
�
 ����������
�
�0
�
�����
7��� ����������
�
�0
�
�����
7���
 1����
�
���

�
 �����
��

�
 $���������

 ����������
�
�0
�
�����
7���
 1����
�
���

�
 �����
��

�
 $���������



	��������������������
�6

>
������
��0��
�����
�
��������6

*���
��0��8���������96

	����
������0���������
�������
��

�6

	��������������������
�6

>
������
��0��
�����
�
��������6

*���
��0��8���������96

	����
������0���������
�������
��

�6

The big questionsThe big questions
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Auckland comorbidity projectAuckland comorbidity project
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An aside...An aside...
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An example from reading...An example from reading...
������
�	
��
%/��J��
�� ������#�4EE3C�$����� ������#�4EE3C
"�
���
�
��H����
���*
��
���

�&�

������
�	
��
%/��J��
�� ������#�4EE3C�$����� ������#�4EE3C
"�
���
�
��H����
���*
��
���

�&�

 �����
������� �
��������
������
��

 "���
�
��H��������1���
�����#������)
� "���
�
��H��������1���
�����#������)
�

 1�����
���
��
�
�����
��������

�
%?�M�����
��?4����&

Temple et al. 2003



Talk outlineTalk outline

 	����
�����������
�6
 -����
�����
��
�

�
 *������
�����������
�
 ����������
�
�0
�
�����
7���

 	����
�����������
�6
 -����
�����
��
�

�
 *������
�����������
�
 ����������
�
�0
�
�����
7��� ����������
�
�0
�
�����
7���
 1����
�
���

�
 �����
��

�
 $���������

 ����������
�
�0
�
�����
7���
 1����
�
���

�
 �����
��

�
 $���������



IdentificationIdentification
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Profiling testsProfiling tests
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Dyscalculia Screener (nferNelson)Dyscalculia Screener (nferNelson)

Brian Butterworth, University College London
www.mathematicalbrain.com

Computerised, for use in schools
– Number stroop
– Subitizing / Counting

Brian Butterworth, University College London
www.mathematicalbrain.com

Computerised, for use in schools
– Number stroop
– Subitizing / Counting– Subitizing / Counting
– Mental arithmetic

Administration time: 30 minutes
Advantages:  Precise measures including reaction time, 

standardised, fast
Disadvantages: Assumes dyscalculia caused by core 

deficit in number sense

– Subitizing / Counting
– Mental arithmetic

Administration time: 30 minutes
Advantages:  Precise measures including reaction time, 

standardised, fast
Disadvantages: Assumes dyscalculia caused by core 

deficit in number sense
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Individual remediationIndividual remediation
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How to help in the classroomHow to help in the classroom
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What about subtypes?What about subtypes?
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The Number RaceThe Number Race

http://www.unicog.org/main/pages.php?page=NumberRace
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Research based instructional principlesResearch based instructional principles
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Adaptive algorithmAdaptive algorithm
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Future goalsFuture goals
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A copy of this presentationA copy of this presentation

...Can be found on:

My website:
www.aboutdyscalculia.org

...Can be found on:

My website:
www.aboutdyscalculia.orgwww.aboutdyscalculia.org
(look under “news”)

Contact information:
anna.wilson@auckland.ac.nz

www.aboutdyscalculia.org
(look under “news”)

Contact information:
anna.wilson@auckland.ac.nz
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