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Definition (DSM)

Developmental dyscalculia is a specific lear lff culty
manifested by failure to achieve adeq iciency in arithmetic
despite :

» normal intelligence,

» scholastic opportunities, E
» emotional stability, &
>

sufficient monvat%‘
These diff i&s do not result from a sensorial deficit ’

Tl h%diﬁiculties interfere significantly with daily life and/or school
success

prevalence
* In Flanders, MLD, 3978 children (Desoete et\a&, 2004)

» 2.27% in second grade 6\ @,

» 7.70% in third grade

»  6.59% in fourth grade O{\‘
e In Israel, 3029 children (Gross Tsur, et al. 1996)
» 6,5% (score <t e below mean & 1Q > 80)
* 06 years f& P (shalev & al. 2005).
Am 104 DC children

>
e § §; EA : score < pc 5 standardised test
> 95% : score < pc 25

Core deficit <
’@0
)
6‘&
\%

General co@éict)lve factor: WM
Basic num%r@al factor: the number sense

%0‘)@




A simple story
* Babies \)(

» Parallel individuation system: % S of small sets
(<4) in WM (or more if chunk; \ igenson & Halberda, 2008)
» Language-independeng 3§stem for representing

numerosity \
> Analog magnifie System: ANS

> Weber rzéio@mt
*
6\\ (b) Logarithmic model with fixed variability
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 Acuity of the ANS increases through
development

oe&
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P 6
o p®chophysics Model
b Netates
14 igmoid Model
- Estimates

0.8 1 B Previous Estimates From
) The Literature

=== Logarithmic Trend
0.6 (psychophysics model)

= Logarithmic Trend

K (sigmoid model)
Sk I
0 2 4 6 8 10 12 14 16 18 20 22

Age (Years)

eber Fraction (w)

e Around 3 y.o

» Learn the counting list
» Map this counting list to the A%@& build
meaning of these words . @'\)\'

(b) Lg 1ri®&c model with fixed variability
O\ 1 5 10
o\ i v ¥

0/« 2 4 6 81012

One, two, three, four, five, six, seven ....

Gallistel & Gelman, 1992

Learning symbols in monkeys

\
Trained 2 monkeys to discriminate ssq'@\}ets, and then
pair sets and Arabic digits (1-5) | @\>

* seti, | s. delay, set j: O{\

press a lever lf they a‘é A dot protocol B shape protocol
the same

* pairing Arab’\gligits
and sets for one

Diester & Nieder, 2007, Plos Biol




» Comparable performance for both
formats in the match-to-sample task

(87 - 88% cr) \
@

dot protocol

\\ wmonkey #1

shape protocol

=]
o

as sample >
.

Noise in matching
digits to sets, even for
2,3and 4 ,&\)

:
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% judged same as sample 0 % ju

* Math learning builts on this ANS
representation
o
N
(b) Lo&@c model with fixed variability
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0/« 2 4 6 81012

1 2 3 4 ] 6 2 3 4
g"‘o"e, Numerosity Numerical value Q&a"e,
Fhk % o
N £ A 3 One, two, three, four, five, six, seven ....
Sed A4

In unselected population

N
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.« 64 ers of 14 y.o.
* Measure of the acuity of ANS correlated with past school performance

in math

Halberda, Mazzocco & Feigenson (2008)

In unselected population

160—

140—

\)? | y=-96512x + 142,27
@, R =0.3237
012 023 0.34 0.45 0.56

8 y.o.

.« 64 ers of 14 y.o.
* Measure of the acuity of ANS acuity correlated with past school
performance in math

Halberda, Mazzocco & Feigenson (2008)




Developmental dyscalculia

» Deficit of the ANS \)\
> deficit in learning and processing numerical s @
> Deficit in math 6

O
(b) Lgﬁr'i@c model with fixed variability
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Reduced acuity of the ANS in developmental
dyscalculia

“chooz.e the larger”

 Population
» children from age 3 to 6
» MLD children (10 y.o0.)
» control children (10 y.o0.) ‘{\'

» 20 adults &O

@ non-dyscalculics
@ dyscalculics

power function
(R?=097)

10 15 20 25 30
Age (years)
Piazza, M., Facoetti, A., & al, Cognition, 2010

e 15MLD (10-11y.0.),<pc 15in X° fluency
* 15 controls (10-11 y.o.)

* Normal reading and 1Q 6&
Y
Non canonical dot patterns —éontrolchildren MD children
1o
o

"7

Reaction t

700 ~
600 \
60 500 T T .

1 2 3 a

Numerical distance

Mussolin, Mejias & Noél, 2010, Cognition

Yet ...

- N
* Population 0\6
» 45 children with MLD (7 y.0.) 6\ >
» 45 control children (7 y.o.)‘{\‘

» Tasks 6\0

» Non-symbolic @) symbolic
)

23
Easy Difficult
condition condition

Rousselle & Noél, 2007, Cognition




collections comparaison

N
S $*
3,05 &’y/ E 3 \
3 R e e -
25 | / (()\\' Condition difficile §’ 2.95 (0\ _ ;IEL
w291 —_ 6
Sl g ER Y
S 281 ) K
S \ - . 2,85 1
275 \)}2’(\ w Condition facile on symbolic Symbolic
O 23 '
S o) 25
— MLD
£,
Symbolic task correlates with 3-7

In unselected populations

* Population 0\
» 6y.0. (n=26), 7 y.0. (n—31) 6}‘26 (n=27)

» Magnitude compari 3-7
» Comparison § Q) symbols (1 -9)
> Comparj two sets (1 - 9 items u
p: ( ) (m Ve
> Mat§ ormance L
culation score (Woodcock Johnson Math)

> Math fluency (+,-,x in 3°)

Holloway & Ansari, 2009, JECP

- Calculation score: r@gs)=-.222*
- Math fluency:rge)=-.339**

5 8
atical Fluency

©

Calculation
Standard Scores

Distance Effect

Non g?nbollc task does not correlate with
- Calculation score: rs)=-.07
- Math fluency: re)=.037

=> Not related to the approximate number sense




A developmental account of MLD ?

R\
\> age ic Non-
\ ‘a, REZN symbolic
H . 6 h Its 2 De Smedt & Gilmore (2011) 6ye O
OW can we acco( or these results Rousselle & Nogl (2007) OV
6 Landerl & al. (2004) R -9 y.0.
(b\) Tuculano et al. (2008)  ON!| 89 y.0.
‘\% Piazza ,;\6 - 10 y.o.
\)((\ Mussolin, Mg Noel 10-11 y.o.
%0 2010~ O
Price &wdisari (2007) 12 yo.
o o
\4 Sl
A developmental account of MLD ? A developmental account of MLD ?
AN AN
age S ic Non- age ic Non-
REZN symbolic REZN symbolic
De Smedt & Gilmore (2011) 6yQ O‘ MLD<C De Smedt & Gilmore (2011) 6yQ O‘ MLD<C MLD=C
Rousselle & Noél (2007) O MLD<C Rousselle & Noél (2007) O MLD<C MLD=C
Landerl & al. (2004) . -9 y.0. MLD<C Landerl & al. (2004) . O¥oyo. MLD<C -
Tuculano et al. (2008) w 8-9 y.o. MLD<C ITuculano et al. (2008) w 8-9 y.o. MLD<C MLD=C
Piazza ,;\6 - 10 y.o. - Piazza ,;\6 - 10 y.o. - MLD<C
Mussolin, M Noel 10-11 y.o. MLD<C Mussolin, M Noel 10-11 y.o. MLD<C MLD<C
2010~ O 2010~ O
Price &whsari (2007) 12 yo. - Price &wsari (2007) 12 yo. - MLD<C
0&‘*’:0




A developmental account

« First deficits are not seen in non-symbo&\)‘\merical tasks
» not due to a deficit of the ANS
* First deficits are seen in symbc& %merical tasks
K\

&
=> How do childre the meaning of number symbols
(words) ? ((‘\\6
e

* Around 3 y.o
» Learn the counting list

» Children must develop a representation gf exact
natural numbers @0

> Seven does not mean “about seveny

» Meaning of number words 6%‘&‘[ learned by simple
mapping with the ANS‘{\

&

(@)
ol
(Q
co® I\

ég One, two, three, four, five, six, seven ....
e

* Around 3 y.o

» Learning the meaning of number words ¢s very slow
and sequential : one (= 36 months) %6 months
later), three (%3 months later) a r in the “give

me” task N\ @'
‘ {&6

> subset knowers

» understand the coﬁt@ principle and can give any
number of item&}" e word is in their counting list

> subset knowers
> CP knowers




Transformations that lead to a change of
numerical label

Two sets, one is labeled “this tray has five {h{k@ and then
transformed

Question: “point to the tray with @{'e@n sheep”

4 groups
» 1o change of the set (sta@ sets in 2:1 ratio)

» rearrangement of thw art with 2 sets in 2:1 ratio)
» doubling of the S art with 2 sets of the same size)

> halvmgw (start with 2 sets of the same size)

0

Two types of number words

1001

80

60
O known

H unknown

40

20

&

n subtract rearrange no change

(1}
* Correct rs for the “no change” condition
. nswers for known words

* Random answers for unknown words,

Subset knowers do not know which transformation

» Known
£, . - o,
/ @ > Unknown but it the counting list f@%y  affects the use of unknown number words
Sl Condry & Spelke, 2008 JEP:G Sl Condry & Spelke, 2008 JEP:G
The successor function - direction The successor function - unit of change
» N items placed on each plate, * the word for N+1 is the one just after N . \)‘
> E.g., look 5 items here and 5 items 6 s qurlf;czr?tﬁzf?m abox: "lam putting N (four) 1te®
» E moves one item from one 0 the other. » Now Iqa?; adding o{:;e/two more items. NXMH or N+2
items ? (five or six?
> Nogt; there is a plate vg& d a plate with 6, where . => only CP knowers > mnt&;m
IA & 6(
2> >
70 D - 70 . e
=) R
g ™
< )
30% 0% cr 0 O % cr
20 20
£, 1 10
. 0

pre-2-know  3-know 4-know  CP know

Sarnecka & Carey, Cognition, 2008

pre-2 know  3-know 4-know  CP-know

Sarnecka & Carey, Cognition, 2008




* Only 4-knowers and CP-knowers know that adding one Mapping number words to the ANS in
item to a set gives a number word further away rather
than before \)( subset knowers &

» only CP-knowers know that addir%’&@ item to a set &8
gives the number word just a&l@‘ « Two arrays, ratio of 2:1 (e.g., \6@0-5)
=> they master the successor@c n and the counting principle s “can you point to the car6@ Six sheep?”’

O &O
o2
%0‘)((\

=
% @«;;g@

Sarnecka & Carey, Cognition, 2008

4 Condry & Spelke, 2008 JEP:G

Mapping number words to the ANS: in

Mapping number words to the ANS
\
S

» Known numbers: 86% cr 6\‘3'

» Unknown numbers (irtgé'counting list): 49% cr
(chance) \

g\)
=> Sub ‘\ﬁhowers map known numbers to
él@\é S but not unknown words

Condry & Spelke, 2008 JEP:G

subset and CP knowers

\
- 116 children from 3 t0 5 y.0. \,@0
» All accurate in counting a list 8@‘1‘[@1115
* give me task {\
» 42 Subset knowers (O

> 6 one—know‘;%go
> 14 twq-

> 18 &owers
> @ r-konwers

6QP knowers

Le Corre & Carey, 2007, Cognition




Mapping symbols to ANS * For the CP knowers, two groups emerge:
» flat curve : CP knowers non-mappers

Esti b ) | \)( ber of » curve increasing with the size of the t: CP
stimate without counting ( s\%@e number o knowers mappers 0\
dots (1 to 15) ?“b N
» Average numeral pro Se according to the O{\ CP-knowers
. 10
size of the target & & g
» Beyond the y know, the curve is flat for subset @.0 2
knowers\S (0‘\% 2
*One” B “two-knawers "Trree" B “lou"-knowers E 4 4
e° 1 ® N
i e 2
-‘E E ."i-f--i--}‘_ E 3 -'Z); l
;.3 3 f g H ! o, Set size
€1 1234 & B 10 * L] 134 6 8 10 § 3
St sire St size % 5
Le Corre & Carey, 2007, Cognition %5 Le Corre & Carey, 2007, Cognition
ANS COV (SD/mean)
N
100 _ . e
Same ANS for bOth groupS N ANS: stable cov (even from 1, Cordes & Geln\lan i bell (2005)
\ Stable cov for sets of 6-10 in CP@:@]@ers
O{\ But unstable cov for sets ofie &
& - => Not based on the sa@&system
@'0 2va 2vé  6vi0  8v10 - “0\
(0‘\9 CP mappers Set size .r\\é 2 |3 |4 |6 |8 [10
CPnonaN* 10 |02 |.14 |25
co® Cras 014 .
= CP-mappers |() |0 |.01 [.12].22 |.24].18
° 2v3  2v6 6v10 8v10 G,

NSy
%
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A
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Le Corre & Carey, 2007, Cognition Le Corre & Carey, 2007, Cognition
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Summary of the developmental steps

N
+ Innate ANS N
* Acquisition of the counting hs N

 Slow and progressive ac ‘n?ﬂon of the cardinal meaning
of the number words (é subset knowers

* Understanding of. unting pr1n01p1e and of the
cardinal mean all the words in the count list, thanks
to the un% ding of the successor function: counting
princi owers

s nths later: mapping number words to the ANS:
CP mappers

Le Corre & Carey, 2007, Cognition

*  Mapping sets of 1 to 4 items and number Word

. Then

* Thus, the development of the understanding of the cardinal of number

words and the principle of the counting precede the mapping between
the ANS and the symbols, so they are not learn by this mapping !

t rely on the
ANS since it does not present a stable COY \>

* Hypotheses: based on

» parallel individuation systems th’ﬂereate in WM, models of small
sets [Oi, Oj, Ok]
» Semantics of the quantlfé{m language (cfr cross-linguistic differences)

+ Understanding the rpa‘ g of the the first number words leads to
n

discover the suc function, and then the principle of the
counting = @ on of a representation of natural numbers
0

nto the ANS

Le Corre & Carey, 2007, Cognition
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* A developmental model

X<
6‘@‘\>ANS M
N

o0& |

. 6 6 Representation of Natural numbers
\((\\ Based on the successor function

R e —
Quapfifiers in language

One, two, three, four, five, six, ....

* A developmental model

0& |
X<
\ ®\>ANS M

Approximate

i

&0\
‘&

((‘\\9 Representation of Natural numbers

\ Precise
S
Quabpfifiers in language

One, two, three, four, five, six, ....




* A developmental model

N
Secondary deficit in DD \Z M
R RY . A

Approximate

N
©*
d # acuity
>
‘\6 Representation of Natural numbers
First in DD < Precise

O |

N One, two, three, four, five, six, ....

* First deficit is on the symbolic tasks

* Later: deficit on non-symbolic tasks as well

» Hypoth: connecting the exact number R°  with the approximate
magnitude system would increase the precisiog §Nthe later
LD children,

» This refinement process would be weake
thus leading to # between MLD an({c@ 1 children

X s

*
Fa\X
\}'s5 6750910 1 2 3 4 56780910

1 2 \5

%O Approximate number R° «— Exact number R®

/ |

2,
&
&

£a%
S )
: Al : A : 0 0% « SiX »
N = o0
Vi Vi
: : nstruction Go back to
What is the fate of MLD children ? fnstructi o
V4
6& End: press 1000 ms 1500ms 500 ms 1500 ms 500 ms Enlqd: r:_asp. Enlc_ld: to
* MLD: math learning disapy
» Many difficulties in‘&ﬁ calculation Instruction . T
» Quid in approxi@&@ calculation ?
®\> Instruction Go back to
* «0»
(Q\c-’ .
% Instruction Go back to
«0»
S &"‘m@r
: 5’ % 5’ Mejias & Noel, submitted
fird T,




AVNIVERSIE,
9% 5., Q%
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%EE
s sigypunt™

« 19MLD (10-11 y.o.)

» <pc 15 in arith fluency (+,-,x)

» <pcl5 Simonart

» Teacher: some or severe math diff
* 19 controls (10-11 y.o0.)
* Normal reading and 1Q

ate - target |

/¢
2.

S
(@)
log %ﬂ

3
o
=3

Log AES

Mejias & Noel, submitted

AVIVERSIE,
i 5., %s
0y

&
%5
s sigypunt S

* 17 adults who were MLD (25

The fate of dyscalculics

N
y.0.)

* 17 adults control, same %ésame studies or
profession

» Global math &r@

> Error rates

o

(202 11) > CTR (6% 5): t(32)=4.95%*
(1235370 s) > CTR (755£284s): t(32)=4.24**

Mejias, Gregoire & Noél, submitted

o . - . - . - .‘ - Ea
«0»
End: press 1000 ms 1500ms 500 ms 1500 ms 500 ms 1500 ms End : resp. End:"“0"”
validation validation
\ \>.
o . . . ‘ - Ea
«0»
Instruction . < Go bzck to
«0»
o
.\& 043
~7

0,

o . . . .

o

Go back to
«0»

ANVERSIy
2=
E &
2 N

"o s15puntS

o
3
&

<

Log AES =

log | estimate - target |

1,60

score d'erreur {log)

140

DD adultes

1,20

C adultes

1,00

0,80

0,60
0,40 -
0,20

0,00




In conclusion

N
* The ANS deficit seen in\dx&l culics

L N
We like 31mp1%§&es but
: reality mi ¢ more
» 1S secondary ‘\'6 y‘ @l
: \ com
» Might even be t@(&rally
N N
6.0 L : Qﬁanks very much !
. Howev@\ﬁeterogenelty is expected ((\\ Ty :
oV
S
o £,
Sl Wl

Same-size dots to Arabic number

s L
«S

Go back
to«0»

End : 1000 1000 \ G'M\lsv End : Enlqd: ‘;9"
ress ms ms response validation
Heterogl:aneous-size dots to ‘s?(méize dots jation
\\
& N
N N
(0‘\6 Heterogena@us-%ize dots to Arabic
e

numbers

\
cJO\)(\\ .

Arabic numbers to same-size dots




Munduruku

QuickTime™ et un

. décompresseur .
E sont requis pour visionner cette image.

% * Number naming:

H @ ¢« Approximate mapping between words and sets
5 o f
3, &

WES Pica et al., 2004, Science

* Non-symbolic arithmetic tasks:

exact subtraction

¢ NI1-N2 (with N1<=6) .
* Pointing to the solution: 0,1, 00\

O

N
X<
‘&\)

QuickTime™ et un
. décompresseur .
sont requis pour visionner cette image.

@&
.
crm D
chkﬂmﬁe n
décergprdeSeur
sont requis pob\q tonner cette image.

. * Large effect of the size of N1

S
§§ * Better performance when N1<4




