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Definition - prevalence - associat\io&é
Genetic contribution

— Families studies, twin stEc{(@gSénetic syndromes

General cognitive fa
— inhibition, work%g ory, long-term memory

— Finger agng
* Numeri ors
— Th ber sense

— The access to the magnitude representation from symbols
— The automatic activation of number magnitude

Definition (DSM)

» Developmental dyscalculia is a specific ‘g&g d/ff/culty
manifested by failure to achieve adeq roficiency in

arithmetic despite normal intellige holastlc opportunities,
emotional stability, and SUffICI ivation.

» These difficulties do n erom a sensorial deficit

» These difficultj rfere significantly with daily life and/or
school suc

A variety of difficulties

Writing & reading numbers \SS

— Reading: 85 => eighty-two (Paul; Temple, 1989) e

— Writing: fifty thousand ninety => 50,9 m@\} van, Maracaruso & Sokol, 1996)

Calculation procedures

— Mastery of the procedures r §To solve multi-digit written
calculation: carrying, borro . (SW, Temple, 1991)

« visual-spatial dysc ia »

— Errors in countin om patterns of dots, problems in left-right
orientation (< , mastery of the positional system of the Arabic
notation ), geometry (Spiers, 1987)

Arithmeti@ttacts : 3+6; 9-2: 4x6; 12:3
— longer RTs, immature strategies (counting all, counting on fingers),

less retrieval from long-term memory, more errors (counting &
retrieval)




NR, a dyscalculia of arithmetica(l facts
x>

33 y.0. woman, normal intelligence \ ®0
Simple 1-digit additions : 15% erroré

— 1+4=4  3+5=9 X

Simple 1-digit muItipIicatio&Q})% errors

— bx5=35; 7x4=21, 0x5

Divisions: impossibl@)

Count on her fipd®s

=> many Ities with dealing with her money, shopping,
compayi rices; did not obtain her certificate of primary
scho

Prevalence & associatiQns
)

Badian: 1476 American children, 7-14 y.o. \e

—  3,6% difficulties in math (< pc 20 on the Stanford\/-\ ; ent test),
- 2,2% difficulties in reading 6

- 2,7% difficulties in math & reading .

Lewis et al.: 1056 English chi|dr6‘9- 0 y.0.(NS < 85)
1,3% difficulties in math
3,9% difficulties in readifg)»

- 2,3% difficulties(a@ & reading

Gross-Tsur, r & Shalev (1996): 3029 children from Israel, 10 y.o.

- 65 %@ e < two grade below mean & 1Q > 80)

- 1,1:1 girls:boys

— 26% of the dyscalculic children met the criteria of ADHD (Conners Q)

global batteries not suited to detect specific problems, different criteria

Selection criteria
N
\6
In the clinical setting O

— Scores on a numerical tes{ SD or
— > 2 years behind an q%al intelligence

\
In research [Pderl & al. (2004) |3 SD below the mean &
— # cutoff ‘\%

teacher’s classification,
normal IQ

—#1Q _\) _
6O Jordan et al. (03) < 35 percentile

Shalev et al. (97) 2 grades below CA,
Q>80

Temple & al. (02) 1 year below CA

A persistent problem

AN
3 year follow-up of 123 dyscalcu{i%ﬁﬁdren (DC)
Dyscalculic (< pc 5)
47% persistent dyscalculi
95% scored < 25 pc
Persistant vs. Nor@gsistent DC
More attentigpfPoblems
More anxi roblems
simj ormance 1Q (100.4 vs. 104.2)
equivalent verbal |1Q if arith subtest is excluded
46% vs 28% of siblings received arithmetic tutorials

‘{&6

Shalev, Manor et al. (1998), J. Pediatr.




Persisting difficulties
W\
3@

* 6 years follow-up

- Among the 104 DC children
* 40 % : score < pc 5 st Qsed test

* 95% : score < pc 2\)
— The profile ange
« Difficu in counting, difficulties in doing simple computations
. @ in the retrieval of simple arithmetical facts from memory
. or

s in complex (written) calculation
+ Difficulties to handle and understand fractions, decimals

Shalev & al. (2005). Dvptal Med & Child Neurolol

Genetic contribution: genetic sderomes
N
X<

Turner syndrome (Rovet & al. gg@)nme & al., 1998;
Bruandet & al., 2004) 6

Williams syndrome ¢ {@)n & all, 1999)
Fragile-X syndro@ agerman & al., 1992)
22911 (simo 5

O
O

Genetic contribution: family studles
\)

X<

,0\)

— 31 families of persistent DC (over 3year36
— 149 family members tested for DC % of DC
— DC criteria: g
* poor performance in arithme%p 5), mothers 67
« 1Q> 85,
- significant # between @)énd IQ (> 1SD) fathers 41
K siblings 53

= half of the fa Q@mbers were DC
= 10x mor@&ln the general population

S

Shalev et al. (2001)., J. Learning Dis.

Genetic contribution: family studies
ADHD and dyscalculig
y \e\g

— ADHD : criteria of the DSM IlI-R
— Exclusion: major sensorimotor dlsabllltles’{'@o&s reading problems, 1Q <

80

Males- }& no— Females- Females no-

ADHDC‘ DHD ADHD ADHD
\

Probands \S@\‘ 120 140 122

(n)

Siblings Q9 174 129 143 131
(n)
Parents 280 239 274 238
(n)

Monuteaux et al., J. Learning Dis. 2005




N
o X<
» Dyscalculia: discrepancy b v@én the WRAT-
R score and the one e d on the basis of

1Q
— 5.7% DC amo e ontrol probands
- 10.7% DC % the ADHD probands

— #is sigsﬁ i&nt (p=.05)
O

Monuteaux et al., J. Learning Dis. 2005

ADHD in relatives of probands

Increased rate of ADHD in

probands with ADHD (with &O§ ¢

and without dyscalculia)
relative of control prob@& 10
2
— ADHD-DC. HD #
from&& p<.01)andDC 30
s2
Oe° YDHD

Monuteaux et al., J. Learning Dis. 2005

Dyscalculia in relatives of probands

Higher rates of dyscalculia in 9§ -
the relatives of dyscalculics O\
probands (with or without 6

ADHD) compared to th@é el

relatives of control pro S
*

8

\ w0
- ADHD-DO C > control s

(p<.
-

deC gAecygjcnjice
« ADHD and dyscalculia are mdependently

transmitted in families and are etiologically distinct »

Monuteaux et al., J. Learning Dis. 2005

Genetic contribution: twin s(tudies

oS
* Dyscalculic twins \)\’

— 58% of monozygotic co- t\& re DC
o Q\
— 39% of dizygotic co& are DC

9\)
— ConcordanrSj e is even higher when
conS|d§§S yscalculic children with not reading

dlff%
vs .56 (mono and dizy)
+ .85 vs. .46 (mono and dizy; no reading diff)

Alarcon & al. (1997), J. Learn. Disabilities




What are the questions ?
W
7
* Why do some children pre§@3‘|’sﬁiculties in
learning math ? X
— General cognitive faétQ@\?
— Specific, numeria@ ctors ?
— Are these re\gt%'s the same for DC and DC-RD ?

O
O

General cognitive factors: intelligence

oV
No problem of intelligence is ong 93& criteria of the
DSM lli

Gross-Tsur & al. (96) seleﬁ’&.gC children with an 1Q
\\

>80 6

— 1Q of DC: 98.2 \)

— Performance | 4
— Verbal IQ ): 94.8
3 years * persistent vs. non-persistent DC

erformance 1Q (100.4 vs. 104.2)

— Similar verbal (no arith)
6 years later: persistent vs. Non-persistent DC
— #in performance 1Q: 98.7 vs. 104.7

— #inverbal 1Q (no arith): 93.2 vs. 97.6

General cognitive factors: WM

o>
» Afrequent difficulty in DC conce(n‘sgﬁ‘lple calculation
— DC are slower
- produce more errors,

— use less mature strategies (Q}’}t'rols
algorithm : 8
— Counting alk@% =1,2,3,4,5,6,7,8,9,10
— Countt n:2+8=34,56,7,89,10

— CoynN{INg min: 2 +8=9,10
eiteval: 2+ 8 =10
. ort : finger - verbal - mental

Fleischner et al., 82; Geary et al., 87, Geary et al. 90

General cognitive factors: WM

Geary’s hypothesis (1993; Psych Bull) \S\
— To form an AF in long-term memory, one \d@'co-activate in WM the

problem and the answer .
— Low WM capacities would preve{@\ormation of these associations

The repeated use of an to solve a problem does not lead
to the constitution gf ak/AF (problem-answer in LTM)

n: 39/16 /55 55 =the sum? 16 (=n1orn2?)
mpare: 39/16/25 25 in between? 16 (=n1o0rn2?)
+ Better recognition of 16 after compare than add

\
- Theveﬁ rrouillet & Fayol (2001)




General cognitive factors: WM

N\
N2
Weaker WM capacities in DC \)

Poor WM is associated with ;{T@ture addition
strategies

Poor WM is associat o@‘th less elaborated counting

string 70}
Weak WM c@bcdties may lead to some arithmetical

disabiliti
%6\\

WM capacities in DC

« Lower forward digit span 0\60

— Geary, Brown & Samaranayake 99D\
— Hitch & McAuley (1991)

d‘
N

5
S
0

WM capacities in DC

N

» Weaker central executive capa \\;@
— Siegel & Ryan (1989) 6’&

+ counting span <

« listening span = &O

/ four five /

/ four / / five /

WM capacities in DC :
Studies controlling for reading (kgabllltles

« Mc Lean & Hitch (1999) ,&\)\‘

* 8-9 y.o. children: DC (no reawgbelms) and controls

PL &
— Forward digit span: @ controls

— Non-word rew no #

+ VSSP

- Cor5| controls
" no #

q ials tests: DC < controls
— Missing items: DC < controls




@ @ @ Trial tests

6‘&
&O

‘b'\) Missing item

@O 3= 44

=9

WM capacities in DC
N
(20)

\'
5%
¥
&O

(o>

*

O

Noél & Verstraete

WM capacities in DC

Passolunghi & Siegel (2001; J. Exp Child Psyc)

— Poor / good problem solvers 0\8

« Listening span (.05) 6@

» Counting span (.02)
* Animal dual task (.002)
+ Digit span (forward) (05 &O

 Digit span backward (
* Word forward (ns) @

Word backwagd

But Geary& @
D

C DL, controls
- fo rd digit span: No # in
« Backward digit span: DC-DL < 3 other groups

=> Poorer WM abilities in DC, especially CE
— Low processing speed ? (Bull & Johnston, 97)

— Low inhibition of no more relevant information ? (Passolunghi & al.)

WM and calculation strategies

Test 3 groups: DC, DC-DL,por@
in 1st,

<
\S@\)
@

3d and 5th grades 0\

Lower counting span fdOBC and DC-DL in the three
school levels

Counting spa @c%frelated with
— More fin unting

— Less.{©Yal counting

— Mor

errors in finger counting

Geary & al. (2004) J. Exp Child Psych




WM and calculation strategies

Test of WM capacities (PL & CE) and sing
speed when entering school (grade 1 ber)

Predictive power of these mea &on addition

— PL: digit span, short-word span rd span, non-word
repetition

— CE: listening span

— Processing speed: c&)ubtest (WISC)

*
4 months later; ition
* algor
agountmg al: 2+8=1,2,3,4,5,6,7,89,10
Countingon: 2 + 8 = 3,4,5,6,7,8,9,10

— Counting min: 2 + 8 = 9,10
— Retrieval: 2 +8 =10

+ support : finger - verbal - mental

Noél, Seron & Trovarelly (2004)

Results

= the general processing speed measure had no significant
predicting power X r)\)‘

S
&
O

*:p=.05:%; p=.025: ** p<.0]: *¥**

Subgroups with low vs. high PL capacmes

’@0
Le2b

% coLLecy LE{LIGAT| conunuaé?‘amc

Hiom
mpidp

Interpretation

* Weak WM capacities => less accur@o

=> monitoring the counting string (cfr,ad@)s Healy & Naire, 85; Logie
& Baddeley, 87):

=> monitoring the number of ntirg steps
* Weak WM capacities Q)ncrete support needed
to monitor the cou@ steps
=> finger counti
+ Weak WIV@ﬁamhes => less mature counting
strate
- V\%/ ? Immature counting string ?




WM in learning to coun(t ?

o>
« PL cgp.a}cities have been shown {qg&&!ict vocabulary
acquisition Q
* What about the number we’s{k :
« Particularities &

— Number words m recited in a specific order
— The counting.stg eeds to be elaborated
* Unbrea Ist

* Br @ chain (start counting from n#1)
. ﬁrable chain (counts number words)

idirectional chain (recite in both directions)

WM in learning to count ?
Predictions 0(
| y <
» Phonological loop capacities are\r*)ed to
— Development of the number vQca ry
— Development of the counti{@%ng (order)
Central executive cap?&s are related to

— The level of e@r ion of the counting string
— Ability to ounting to solve additions

O

WM in learning to count ?
Method 0(
S

Population \ @0\
— 4 y.0. Children (38) & 5 y.0. Children @
Evaluation of ‘{\,

— Counting level &O

* Count as far as you
* Number fluency
 Count from 7, a number

+ Count @ rom a given number
- WM C@ées
. Qpr ge: word span and nonword repetition / Corsi span

» CE: reverse order word span / short-words span with categorical
restitution

WM in learning to count ?
Results
\\

. . D

 Split of the population in twor%liS@OUps

— Those with lower memory 38 an expected for
their age

. \
— Those with higher m&(@\y spans than expected
for their age

* No # when gr, are based on the VSSP
measure QO

 #wh ups are based on the PL or the CE
measures




Low WM: a way to DC ?
W\
* Weak WM capacities => \)‘\e

— Smaller number vocabulary d(b'
— Less extended number string ‘
— Lower level of elaboration &Qountlng string

— Less mature counting stgatdgies in addition

— Weaker abilities to n@Sr counting for calculation
— More calculatj ‘r\%’ors

— Use of ext @support

- Pooia@}ons for establishing an association in LTM between a
prob and the correct answer

General cognitive factors: inhibition
BN

* DC have low CE capacities becqﬁ)ﬁey can not
suppress no more relevant info@ ion from WM

*

(Passolunghi & Siegel, 2001, 2004) \

» DC is often aSSOCIa\esj ch ADHD (inhibition problem)

« DC’s problems F (slow RTs and more errors) could be due
to their diffi 0 deal with interference in the AF network

O

General cognitive factors: inhibition
BN
« AF are stored in a long-term ory network
with many interference

» Errors are often table-related b@z 24)
» There can also be namin{ﬁ (2 x 8 =28)

» There is an operatio 6 4 +5 =20)

=> |nh|b|t|w%eeded to deal with that interference

nhlbm@—OActlve suppression mechanism that prevents irrelevant
information from disrupting cognitive processing (Hamishfeger, 1995)




‘2

Network InTer‘fer@odel
Campbell ( 39?0 95
- the presentation of a

problem activated many
different responses

General cognitive factors: |nh|b|t|on
e\)

S
» Barrouillet, Fayol & Lathuliére ( 9®>

+ Adolescents with learning d|ff|g<' in math

» Multiple choice task
— 4x6=18,24,28,30 ( % ated foils) 74% cr
- 4x6=21,24, 25 unrelated foils) 83% cr
- 4x6=22,23, non -table foils) 82% cr

— =>more di & when foils are table-related
— But ch h very low 1Q (mean of 75), no control group

* Bull & Scerlf (2001)

— 7 y.o. Children: significant correlation between math
performance and a numerical Stroop (222, 333: say how many
symbols) but not with a Colour Stroop (blue)

General cognitive factors: |nh|b|t|on
N

X<

,&\)

* Inhibition has # functions aQMiyake, 2004)
— Controlling interference xternal distracters

— Inhibiting dominant regp®#ses
— Suppression of no& relevant information

, 20, 24, 28, 32, 36
=> selecting 32 but inhibiting 16 or 24
=> inhibition of the dominant response ?

Learning disabled: 11 y.0, n=15; 1Q 98=%9; > 2 years behind in math
and reading

Controls: 11 y.0., n=15; IQ=104+=12; no Iearmn&@&ms

Inhibition of external distracters &&Qment - Incongruent
— Flankers letters: \

6(0 DDDDDDD GGGDGGG

— Flankers digits:
Inhibition of a domma%’&onse 2222222 1112111
— Colour Stroop \

~ Digit Stﬁé) red blue

22 33

Censabella & Noél, Journal of Learning Disabilities, (2005)




Censabella & No€l, Journal of Learning Disabilities, (2005)

Congruity effects
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General cognitive factors: inh(ibition
ou
 Problem for inhibiting infor 33@‘1 that are no
more relevant for the tas%' hand ?
&O
>

When learpy AF

- 6+ 3308,

— Ke& in WM the problem and the last number

produced (the response) but inhibiting the
intermediate results

General cognitive factors: inhibition

» Math disabled: 10 y.0., n=20; IQ 98,4=%7; <pc15 m®>p050
reading

+ Controls: 10 y.0., n=20; IQ=101%9; >pc E\()ng)ﬂ&readmg

ongruent - Incongruent

* Inhibition of external distractors {\,

— Flankers letters: 6(0 DDDDDDD GGGDGGG
* Inhibition of a domlnant r@wse
red blue
— Stroop colour (0\
\} The crone if for the king.

Horses live in nests.

. Suppressuﬁ elevant information
— Intrusior™n a listening span
Wrong answer: crone - nests

Censabella & Noél

couduneur Jucouduneug couﬂmsu; IUCOI.laLf'IGUI
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Censabella & Noél

Controls vs. DC

>
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Flankers lettres Color Stroop

Listening span




. ) . ) Censabella & Noél
Contrdles vs. Weak in arihmetical facts

Fluency in multiplication (1” test): <pc 25

A\

e\)
6‘&
&O
‘b\)

)

‘\.
SO
O

Flankers letters Color Stroop Listening span

General cognitive factors: inhibition ?
BN
* When considering DC children tg&quate 1Q (DC

only, DC-dyslexics or DC for AIQ] ere was not sign
_of inhibition deficiency in 8@ e three functions of

inhibition

— Inhibiting external di ag
— Inhibiting dominan@gponses

— Inhibiting ng, : relevant information

* same éaékjsion by van der Sluis et al. (2004). J. of
Experimeittal Child Psychology.

General cognitive factors: Long-term
memory &

+ DC children have difficulties to store andw e AF in LTM
* AF might be stored in a verbal format@ Dehaene, 1992)

— DC children are slower
* in speeded naming tasksé ry & al., 91; Kirby & Becker, 1988) but
1

not always (Geary & 991)
* DC chidren are sl 0 count (Hitch & McAuley, 1991)
— Significant cor n between articulation speed and frequency of
AF retrieva (Bull& Johnson, 1997)

=> Geary eaQZOOO): hypothesis of a deficit in retreiving verbally coded
informatioh from LTM

= Associate a multiplication to its product

= Associate a verbal expression to its ending word

= Associate a form to another similar form spee@‘@‘cessmg of selecting an

answer, no retrieval from LTM)
o
Faits Verb on Association Association
arithmeé tiques N pays- capitale percep tive
2x3 6c>avoir la chair de PARIS |:|
6 8 poule canard FRANCE JTLIE O I:l

= Associate a capital to its country

Mussolin & Noél




General cognitive factors: Long-term
memory 0(

— If deficit is specific, the only # between the @ups is for the
multiplication

— If deficit is in learning verbal as &st‘lghen # could be seen in

multiplication and verbal ex
— If dficitis in Ieaxr%&rbltrary associations » then # could be seen
in multiplicat; in country/capitals

If th%ébs globally slower, # should be seen in all the tasks

General cognitive factors: Long-term
memory <
oV

X
s
= Population {\

= 18 DC children (score < Qau KRT)
18 controls (score >1®40 au KRT)
* No reading F\@&]S (tests L3 et LUM)

IQ > 85
" \}ps paired on age, sex, IQ and education

Mussolin & Noél
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=> Specific difficulties in accessing AF from LTM, why ?

Siegler’s Distribution of Associations

Model (1988, 2000)
(

Each time an answer is generated in resp Qgé a problem, an
association between this problem and nswer is created in
LTM

=> problems are associated @Q@approprlate response as well to

errors 0

The associativel{ﬁérgt etween a problem and an answer

Developmental model

increases with quency of production of that answer

What is é@%ponant is the relative associative strength,

* The asSociative strength of a given answer relative to the associative
strengths of all answers to that problem

This determines whether this answer will be the one retrieved and
the speed to retrieve it




Distribution of Association

" \!
1+6\§3'gjdistribution"

t! grength

“Flat distribution”
3+4 .

Associa

L]

DOAin DC ?

3 groups )\@V Age- | Ability-
_ DC 4th gra de . (a}> Matched | Matched
N 11 11 11
— Control -same age
— Control - Ability-Matched C\&e 117.09 | 11591 | 105.00
DC criteria (in months) | (3:48) (3.27) (4.60)
— Mental arith test < ppﬁ) 1Q 102.11 | 102.64 | 102.11

— Reading test >*K 1 (8.90) | (021 (8.11)

- IQ>85 LVS-Mental | 37.18 | 54.82

Arithmeti 7.64 2.04

DC an g \i-}y matched have |27rete |06 | @09
the san¥ score on a

Multiplicat 30.55 54.36 30.27
° Fluency | (8.21) | (14.62) | (8.04)

multiplication fluency task

Censabella & Noél

12 multiplications presented 8 times
Stressing the speed of responses (within 3 sic)

e i
Answers
Block |Child A[Child B
1 36 49
TR
3 804 :
) 1 Child B
5 49\\M9_| 2
6 [2) 49 | 8
7 6 | 49 | g2
8 (4D | (@D | < .00]

36 42 49 54 56 42 49
Stated Answers

Censabella & Noél

BN

— Speed for accurate resp sé
« DC = ability matched ><@\rols same age

— Errors: more e and flatter distributions for DC

than abilit tched and controls of the same age
>
Censabella & Noél




[6x8]
MD Ability-Matched Age-Matched
95

81
w \SS
.20 \'e
0=l == Hfm
32 36 40 42 48 49 50 56 60 63 72 32486886 404248
Stated Answers \
%0 6x9 . x(‘ >

5 MD Ability-Matched Agpaid
$

Associative Strength
5
&

Associative Strength

[7x6]
Ability-Matched Age-Matched
= 93

364245546364 54637273
Stated Answers

.67

Associative Strength
A
3

R RRERREARR wE T anmm Censabella & Noél

Stated Answers

DOAin DC ?

Flatter distribution in DC than in ablk@}ched

More aberrant associations
— non-table errors

— very distant operand-r %k@k
Many competitors = V\% r relative associative

strength with the ct response

=> less retrieva orrect responses

=> Slower (éal of correct responses
=>no to resort to an hypothesis

— of w aker active inhibition capacities

— of a general problem to access information in LTM

Why do DC children build these flat DOA ? Weak WM
Censabella & Noél

General cognitive factors: finger
agnosia ? \)(

“whenever a counting technique (...) ex:s@&ﬂ finger-counting
has been found (...)” Dantzig
Common ethymological roots : dlgltal” “five” - “fingers”
Fingers are used to count ( @ er for one object) and to
touch the objects we count
Fingers can be used t,z ess the magnitude of number words
« Which is biggex, or five ?
« =>recite th er names, raise one finger more each time,
compareyt ollections of fingers
Finger used to calculate: add - subtract
Fingers‘are used in a regular order => configurations to
represent numerosities => help accessing the cardinal meaning
of a number words

General cognitive factors: finger
agnosia ? R\

Gerstmann syndrome (1924) \S\

— Lesion on the dominant parietal Iobe:&a@lia, finger agnosia, left-
right disorientation & agraphia . \

Kinsbourne & Warrington (6@;‘

— 8 children with fingmsia, 6 of them were at least 2 years
behind their age% ematics

Fayol, Barr%)k Marinthe (98)
(o]

— Neu logical test including finger gnosia in 189 children (59
y.0.) icts mathematical performance 1 and 3 years later

Noél (2005)

— Finger agnosia at 6 years better predicts math skills one year later than
processing speed




General cognitive factors: finger
ia ?
agnosia “ e&

Population: 98 children (6 y.o.): \S\
— 16 with low scores in finger gnosia 6@'
— 16 with high scores in finger gnO\h\

Significant # between the_t oups in the numerical tasks
— Slower to show x with nds
— Less good in “Cqupbasé@ar as you can”

\O¥#&: which one come first when you count ?

Poster: playing a musical instrument leads to better finger gnosia as
well as to better numerical skills (in grade 5 but not in grade 2 after one year
of practice)

Gracia-Bafalluy & Noél

General cognitive factors: finger
agnosia ? R\

Fingers have a critical role in the develor@nf numerical
abilities in children 6\

Finger gnosia predicts numaiﬁﬂ)&%lities

In case of lesion, fing osia can be associated with
acalculia . 6

- “hoM finger sense leads to dyscalculia in skilled adults

wh nger count on their fingers?” (Butterworth, 99)

General cognitive factors: finger
agnosia ? <
Sl

Finger mouvements and finger positi & % they are used in
numerical tasks, get associated w@ merical meanings

Finger and hand shapes areyr @ ented in the parietal lobe
(mirror cells for planning move ts of the hand and fingers)

The number represen t@n gets associated with finger/hand
representation in‘t% etal lobe
\

00(0

Functional relationship => geographical proximity
Links in development links in acquired cases

Butterworth, 1999

General cognitive factors: visual-spatial
factors ? <
oM




Numerical factors: number(sense
&

Populations (8-9 y.0), IQ =

18 control children 6\®' DC-RD
+ 10 RD (< pc25 in reading) . \ bC
« 10 DC (< -3ET in AF) ‘0\ Lo
* 11 DCand RD 6

\) controls
DC and DC-RD ar I%er

* Reading igit Arabic numbers ...even when controlling for colour

nami d
- 21220, 45-65, 2 to 20 (by 2), 20-1

% counting

» Comparing the magnitude of 2 Arabic digits, but not their physical size

Landerl, Bevan & Butterworth (2004) Cognition

Landerl, Bevan & Butterworth (2004) : DysfunctiQn of the
number sense (%)
N

6\?}
N
®)
But all the tasks used re&e the processing of symbols
(Arabic &}ts or number words)

O

Q

90\) & Possible hypothesis

U Magnitude representation is intact but the problem lies
in the access to this representation from symbolic codes




LU LU Rousselle & Noél (Cognlflon 2006)
30 \st 60 e\)

1 2

(b‘\) * 499 second grade children ? \'
6 + Selection on the basis of a coII@I e testing

\ — Writing Arabic numbers
&O Comparing Arabic numberg
Transcoding tokens intosAra#ic numbers
Additions & subtract&xlth no temporal constraints

Collectio \6 Symbols Additions flue
* if score <@ and same evaluation by the teacher

Qb\& Ex: — 46 DS €YMren (half were DC-RD)

— 47 cowtrol children

'\ / + =>same age (8 y.0), same intellectual level (WISC)

‘%

Comparaison of Arabic digits

- processing quantities from a symbolic code

Distance 1 Distance 3-4

\)'S small T2 " e DCar lobally slower
\@ i g S duced size and
2 5 6 6’0 e ;3; gg 6\ %\;&nce effects
\ 8-9 6-9 “\'
- processing quantities 8@ collections 6(0\
®0 el [9186 6'\) cjoec WL
. 800 : — 400 .
\6 & 820 d\\ 820
, 000 = \‘)\ 00 +—m—m —
U 020 q’\\) = CLlKI 220 _
W m 1000 > -+ DC 1000 ——CLlKI
1020 - .
e RN o —» [+ DbC |
. .. 1120 ~ 1120
Easy Condition Difficult Condition 1500 1300 o«
1320 1320

Size Distance




Comparing collections

easy difficult

1/2 2/3 1/2 2/3 (
o

6-12 6-9 6-12 6-9

8-16 10-15 8-16 10-15 0\
>

14-28 16-24 14-28 16-24 \
R\ :
Qfﬁcult
s 53

200 * * 6"\) @\)
3 00 ‘\6 / easy ‘\6
E 00 \)‘((\\ d:o

800 %Qi e e

o . DC=CTRL

1100 . * easy < difficult

Ratio < 12<273
Conclusion Magnitude Numerical factors: automatic access
regresentation to the magnitude representagon

O
o2 FEE TS
= Magnitbc{éﬂ%esentation is preserved
S

= Difficulties in accessing magnitude representation from
symbolic codes

X<
N
N




N\
Number comparison &O

-Effect of congruency
>

- similar in all the groups

\.
Size compariso ;(Q

-No effect of

ency

Landerl & al. 2004, Cognition

Automatic activation of magnltudes ?
N\
« Adults: \)\e

— 19 who were diagnosed in the p |§ aving dyscalculia
difficulties (DC) (no dysIeX|a or ADHD);

— 19 controls &
* Three comparjs%n@
Physical Height Grayness

5%(3) 5 4 5 3

Rubinsten & Henik, 2005, Neuropsychology

Automatic activation of magnitudes ?

Group x task x congruity (p=.05) \)
— Grayness: congruity effect in controls nce ) but not in DC
— Height: congruity effect in controls (in nce ) but notin DC

- Size: group x congruency: ns co unyeffect in controls (interference
& facilitation) and in DC (|n&

Rubinsten & Henik, 2005, Neuropsychology

Automatic activation of magnltudes ?
W\

2)
+ Conclusion \‘

“DC group have an intact |nterng@r'esentatlon of
magnltude (...) if it had bee ed, no congruency
effect could have app @ any of the tasks”

— “people with DC@% problems automatically
associatings| | representations of magnitude to

Arabic n{@
6

Rubinsten & Henik, 2005, Neuropsychology




Automatic activation of mag n{tudes ?
. \6\\
+ Population D)

17 dyscalculics adults (no dysIexméA% or ADHD)
17 dyslexics adults

1 controls adults &O\
Numerical Stroop ag\)

* Numerica) ¢ on: select the larger number
. Physi% rison: select the digit in the bigger physical size

O

> 8

Rubinsten & Henik, in press, Educ. Psych.

Neutral

RT (ms) . \)\
S >

5O

Dyscalculics @) - Dyslexics Control

* Physical judgmen ster than numerical comparison
« This differenc, larger for the dyscalculics
*  Numerical arison
— Same congruity effect (of the irrelevant physical sizes) in the three groups
* Physical comparison
— Smaller congruity effect in the dyscalculia group, composed only of an interference effect

Rubinsten & Henik, in press, Educ. Psych

W\
Navon task: \@

— a big Hebrew letter made of srg\'@tters with the
same sound or a # one

— Name the larger or the s&@r letter

Rubinsten & Henik, in press, Educ. Psych

DAecs|cn|is DA2sxi19 CoufLo|
10 1
180 1

RT (ms)
250 1
200 1
200 1 EIDIuseuf 20MUq
0 Ouenpus)
6- El2swe 2onuq

€10 - ®\6

. Respor%ng was faster in controls
* Phonological congruity effect, but smaller in the dyslexics

Rubinsten & Henik, in press, Educ. Psych




Automatic activation of magnit(udes ?

N

« The ability of the dyscalculia @éup to
automatically associate Ar&bic numerals with

their representahon&{@u\agnltude is not fully
automatic

) ‘2>
O
* The abillg(& converting graphemes to

phon s would not be fully automatic in
dyslexic participants

Rubinsten & Henik, in press, Educ. Psych

Automatic activation of magnit(udes ?
N
2

* In Landerl & al., the # between th Sical judgment

and the numerical judgment m@) ave been so
important that the numenc@eﬁqformatlon did not have
the time to interfere WI physical judgment

* In Rubinsten nik (|n press), the # between

physical umerical judgment was larger for
dysca@bcs than the other groups ... This could

possibly explain their smaller congruity effect ?

Rousselle & Noél, 2006, Cognition

Automatic activation of magnitudes ?

+ Paradigm used by Mussolin & Noél . Cllnw bey, in press)
» Balancing the speed of physical andg ical Judgment
— Measuring the speed of numeric ent

— Measuring the speed of ph8§Qudgment 2- 2

O
7o)
G
> o L™

U SOA : the # between physical & numerical
judgment, calculated for each individual

(2
C

Rousselle & Noél, 2006, Cognition

+ Congruity effect
« Similar in the two groups 0

Automatic activation of magnitudes ?
N
X<

A\C@Quec;

50 \
0 é‘ '* [ cougLoj2
2 @ ol | ooc
2 (&“ 80
2 3 O\\)' 100

Rousselle & Noél, 2006, Cognition




Automatic activation of magnitudes ?
N
* Dyscalculic children are slow@‘g)access
magnitude from numerlcﬁ mbols

(O
« But if that parti ity is taken into account,
they show ame automatic activation of
magnitg) S controls

S

conclusion
» General cognitive factors ? \)
— Not a problem of inhibition nor of acces@mformanon from
long-term memory 6

— For some DC, a problem of WB(‘
* Numerical factors

— Maybe not a default i t umber sense

— Maybe not a defa he automatic access to magnitude

— Probably ad fgt in accessing magnitude representation
from sym

— Finge ht play a role in this connection: analogical
rep@ tation, serial order, typical configurations that act as
first symbols ?

» DC and DC-RD:

— not different ... Just more difficulties for DC-RD in situation
where language plays an important role

\
«e°
» These conclusions hold for, rgt)ps of

participants, not for ea o@calcullcs'

— # between control a s&@&:alcuhc children in
magnitude comp of Arabic digits

— But only 9/4%51@calcullcs have RTs > controls by
28D

— 13/%@3\@ normal RTs (< .5 SD from the controls)
* Itis pOssible that different (cognitive) causes
provoke dyscalculia

Thanks to my PhD studies and all
theteam!
S

* Laurence Rousselle \ (&\)\’
» Christophe Mussolin 6

« Sandrine Censabella 0

* Maria GraC|a-BafaII 6

* Gaelle Meert .

. %
* Sandrine !&Q&
O

* And Xavier Seron and Mauro Pesenti and ...




Kindergarten predictors of math
learning dlsablllty&

210 children studied for 4 years \SS’
Testing in kindergarten G{b'
- Basic math s \
— Key-math test (numeratign xn, measurement & geometry)
— TEMA: Tests of Early atics Ability

— Woodcock Johnson calculation subtest (basic concepts, operations,
applications)

— Reading-related gkill

— Lette N entification;
- R rapid automatized naming (colours, numbers, objects)
— Visual al skills
6 evelopmental test of visual perception

— Stanford Binet Intelligence test
Prediction MLD: <10 pc on both grade 2 & 3 => n=23

Mazzocco & Thompson. 2005. Learnina Disabilities Research & Practice

Kindergarten predictors of math
learning dlsablllty&

Predictive models based on test scores 9
— Key-math (geometry & measurement subtest: @" correctly classified
— Key-math (the 4 subtests) and TEMA: 83 %é
— Key-math (the 4 subtests), TEMA, ws@ eption test and RAN: 79.1% cc
m

o note: 4 items are always include odels

Prediction based on items
— Number consistancy (with@)than 6 items)

— Reading 1-digit nu
— Additions with 1-gk mbers (manipulatives)
— Comparing 2 {-\Nit numbers

Yo}

. But%PPV% of MLD among those who test positive (38.8%) => too much false positive
(but are they also weak learners in mathematics ? )

=> best predictors : some numerical skills (not RAN on numbers, not counting larger sets
(> 13) or small ones (<6)), no visual-spatial skills, no reading skills

Maz7nrrn R Thamnenn 2NNK | aarnina Nicahilitiae Racaarrh R Dranticra

N

Etude de Molko et al. Neurc{\ (2003)
oM
Comparaison de sujets ad Lt@lontréles VS.
porteurs d 'un syndrome,e \urner

* |RM structurale: altﬁﬁbns structurale du
sillon mtraparle it chez Turner (longueur,
profondeur) - 6

* IRM fon elle dans des taches de calcul:
varia@ﬁs atypiques de | 'activité cérébrale en
fonction de la taille des nombres.




Etude de Isaacs, Edmonds, Lucas & Badian

(2001) <
2
* Deux groupes d 'adolesce s@& prématurés
— Résultats en calculs com les a ce qui est

attendu sur base de é%@ elligence

— Résultats en c& érieurs a ce qui est attendu
sur base de elligence

. Imagerle\@\resonance magnétique au repos

O

Résultats

g Une bi}le région

"Qémgue les deux
\oopulatlons

4 — Sulcus intrapariétal
gauche

— Densité de matiére
grise inférieure chez
sujets pauvres en
calcul




