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DEFINITION: DSW.V

Dyscalculia: difficulties "-u. ing r ser-related concepts or using the symbols and functions to
perform math calculet Hns.
Can include diffic!ties . *th
* number ser g,
" men. rizing m h fe s,
*math = -ula. ne
*ma 1 rease 'ing, and
*mai orobl i solving
“hes diti. Les
* (1) >rsist for at least 6 months, despite the provision of specific interventions;

*?) appear during school age and can last until adulthood, interfering witt .. indiv dual’s
academic or occupational performance;

(3) not due to a brain damage or diseases, neurogenetic disorders, pren. ture bii .1, visual
or hearing impairments, intellectual disabilities, or poor psychoedu~ “>nai “‘mulation

: PLAN

I. What do we know 2

IIl. Two questions under discussion
* What is the basic number deficit underlying dyscalculia

* What are the subtypes of dyscalculia?

Ill. Conclusion

CRITERIA IN RESEARCH

*below 35t percentile in both 1st and 2" grade, 1Q > 80 (Ge ry et ', 2000: MLD),

-below 25th percentile (Passolunghi & Mammarella, 7012, 4LD,, wilson & Lee
Swanson, 2001: disabilities in mathematics)

*below 1 SD to mean (about the 16th percenti’_, . “wc =sts, over 4 years, IQ > 70
(Bugden & Ansari, 2016: DD)

-below 10t percentile (Mazzocco etal,, 2v “1: . )

+< 2 DS on a math test (about 2" nercc atile), 2 > 85, no other neuropsychological
disorder (ADHD, motor disord . ...)(De arli & 1., 2023: DD)

*below 3 $D on an arithmetical v ttes ‘Landerl et al., 2004: DD)

lagging 1.5 years in schc > (van ¢ »r Sluis et al.,, 2004: arithmetic-learning deficit).



CRITERIA IN RESEARCH

*below 35t percentile in b th 1< an'. - 1 grade, IQ > 80 (Geary et al., 2000: MLD),

*below 25t percentile (F assoi. ngh % M.ammarella, 2012: MLD), Wilson & Lee
Swanson, 2001: disabilit' . - in 1. ~thematics)

*below 1 SD to mean (- o it the *5th percentile) in two tests, over 4 years, 1Q > 70
(Bugden & Ansari, 2(16: L.

*below 10th per= = tile Mazzocco et al., 2011: DD)

+<2DS"nar ath tes (about 2" percentile), IQ > 85, no other neuropsychologica.
disorder. Dk _mc or disorder ...) (Decarli & al., 2023: DD)

«"elow 3 SD 0. an arithmetical fact test (Landerl et al., 2004: DD)

l~gy 2g . Triars in school (van der Sluis et al., 2004: arithmetic-learnir. - ¢ =2t it).

: 'E MLD # DD : severity of the difficulties + exclusion crit :ria

PERSISTENT DIFr!Cd".f1z5

Gross-Tsur et al. (17 76):
= 3029 Fourth grada chilc. »n
= 6.5% of them ire 2, ears v chind despite normal intelligence and schooling
Shalev & l. (. 105)
= 6 yec . late, ~etest those children with learning difficulties
Half ¢  them ¢  still DD (performance below pc 5)

9. ‘ot =~ ure performing in the lower quarter of a math test

PREVALENCE

In Israel, 3029 children 10 y.o. (Gross-Tsur, et al. 1996)
= Criteria:

* (1) math score : more than 2 years late

" (2)1Q > 80
6.5 % meet the criteria

In Belgium, 3978 children (Desoete et al., 20L

= Criteria:
* (1) arithmetic performance at least 2 SD be ow the orms,
* (2) performance lower than expe  ad o1 be s of ge cral school results or intelligence,
* (3) not responsive to remediation * _ho.

»7.7% in third grade

»6.6% in fourth grade

COMORBIDITIES

Dyslexia

= about half of the DD children are poor readers (43% in B< dian, . *83, 64% in Lewis et al.,
1994, 62% in Luoni & al., 2023)

ADHD

= Between 25% (Gross-Tsur, Manor, & Shalev, 1. 26; ¢ a et il, 2015) and 42% (Desoete, 2008)
of DD children have attentional problems

* Ashkenazi and Henik (2010) observ~a deficie t attenti I functions in adults diagnosed with DD

Math anxiety
= children with DD,
* have more math anxiety than ypica. hildre.a (Kucian, 2018)
* are twice as likely to have hiy mathem ics anxiety (Devine et al., 2018)

* but 77% of children » ... m( hematics anxiety had typical or high mathematics performance, so DD #
math anxiety) (Devir - etal, 218,



Children

Adults

TESTIMONIALS

“I've never been good with numbers,
but, being articulate and an excellent
reader, it was dismissed as me being
lazy or disruptive ... (...) (I was)
feeling stupid, angry, miserable and
very, very alone”

Moderator : How do the chilc ren v >l in wiaths class when

they lose the thread?

Child
Kid 1

Child
and

Chile

| don't w1t to .ave to do any more maths.

"When | was in secondary 2, they
agreed to let me pass on conditic

that | never studied math" < "l ¢ ul-" /'t
calculate what the cashier gc. = n.
back, so | never dared do a stuc ~nt
job" ... "I don't me .ags my hudg
very well, or | have o w. ‘te everything
down" (26-year-old . ~ma. ).

1: It's horrible.
: You feel upic

5:Wh nldor  know something, I'd like to be clever
blome 1. sself.

I wa tto cry and | want to be at home with Mum and

DIFFICULTIES EVEN'IN v ASIC NUMERICAL TASKS

CHILDREN WITH DD

Reciting the counting s~ uvence “lower (7 y.o., Lander| & Butterworth, 2004)

Enumeration of sets: slow - weaker understanding of the underlying principles (Landerl &
Butterworth, 207 4, C ary al., 1992, Karagiannakis & Noél, 0205

Reading nd w ‘tir 4 nui sers (Temple 1989, Sullivan et al., 1996, Karagiannakis & Noél,
020

Subitiz’ g: sma. =r range (Moeller & al., 2009, but see Decarli, 2020, Karagiannakis &
1voél, 2 '20)

“om, vring = magnitude of two numbers: slower and less accurate (Rousselle & Noe 700,
nd mc v others)
82
Pos. ~ning numbers on a number line: less precise (Geary, Hoard et al.,, 2008, S —
“aragiannakis & Noél, 2020 L 10

One-digit calculation: more errors, slower, less mature strategies (Karagiannakis « Noél,
2020)

: IMPACT

In children
“*Impact in school performance

<+ higher math anxiety, lower self-esteem (Fritz, & al., 2019)

In adulthood

“*Lower performance in numerical daily activities (Vigna et ' 20,
* Time (e.g., can you tell me for how long we have been doi 4 this .ervie. ?),
* Measure (what would be the amount of pasta inc averc e r rtior ,
* General semantic numerical knowledge (e.g., do yo. "eme. ~er th. dates of the last world war?),
. _l:gt)aney (e.g., if a shirt normally costs 50 euros by it is . aunteu by 10%, how much would you have to pay for
ite).

<+ people with low numeracy have a wer i ~ge ° wo: .ing opportunities, lower salaries, poorer
financial well-being (Bruine de Bruin e« . 20 ; Paisons & Bynner, 1997, Rivera-Batiz, 1992)

¢ less access to Internet technology (e.g., « mpute s and cell phones) (Jensen & al, 2010)

DIFFICULTIES THAT REMAIN EVEN IN ADdINS

Difficulties in adults in very basic numeric | skin
= Smaller subitizing range [Cohen & al., 201¢, Z'ksi n & al., 2019]

= Difficulties in number magnitude con. ~aris n " shi 2nazi, & al., 2010,
Mussolin & al. 2011, Cappelletti & Pr- 2 '4 "se Visscher & al., 2018,
Lepoittevin & al., 2023]

= difficulties with basic arithn sticc’ coi ~eptc such as the base-10 system
and calculating with decima: and  -actions (Eckstein, 2016)

« affected children d< 1ot ‘g ~w out’ of DD » (Kaufmann et al., 2020)
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BRAIN PECULIARITIES

:less grovma ter e
posterior parietal cortex, incluiing
the IPS (Isaacs, & a', - 201, ° tzer et
al., 2008; Rykhle - <aia, © al., 2009),
in prefrontal c~~tex Rotzer et al.,
2008).and i | hi* pecainpal areas
(Rykhlev kaic =t al, 2009)

De Sn. 't, Pete.  Ghesquiére (2019)

BRAIN PECULIAK!ITIES

= Less 1 the ™S during nonsymbolic
comparison (Price, . ‘slloway, Rasanen, Vesterinen,
& Ansari, 2C ./, 'ym. »lic comparison (Mussolin et
al., 2°10;  slte .z, ™ al., 2007), and symbolic
orderit. (KL an e’ al., 2011).

= Som¢ ames, increased brain activity in the
froni pariei . network (e.g., during arithmetic,
L vis *al 2009; Rosenberg-Lee et al., 2015),
may e compensatory mechanisms characterized by
_rong.r recruitment of supporting areas associated
wi > working memory or control processes

Dften, no difficulty-related modulation of the
frontoparietal network in children with DD

De Sm idt, Peters, Ghesquiére (2019)

: BRAIN PECULIARITIES

. : weaker
connections between the prefrontal
cortex and the posterior parietal
cortex (Tsang, & al., 2009; Van
Beek, & al., 2014, Rykhlevskaia et
al.,, 2009, Kucian et al., 2014).

. QUESTIONS
UNDER DISCUSSION

Q1: what is the
basic number

deficit?

De Smedt, Peters, Ghesquiére (2019)




Q1: WHAT IS THE BASIC NUMBER DEFICIT? DEFICIT IN THE ANS: yszz0cco resenson wo maseron, 201

14 y.o. children,

»Dyscalculia would be ¢ 2 to nin i ad Approximate Number Sense - ANS 10 MLD : performed < pc 10 on a math fest Yegree fim, ‘eci” on of the ANS
(Wilson & Dehaene, 2007, 9 LA: pc 11-pc25 05
. . N L HA: > pc 95 s 98
»>Babies (and many ¢ .um. 's) cc. discriminate between two dots collections if o 0.4
they are sufficiently umeric !ly distant from one another (Xu & Spelke, 2000) g 0.35 J
T z
87 o2r
2 Q2
-
o
s 2 01
3 =
> V.05
g 0
< Question: Are there more ’ '
blue dots or more yellow dots? D A Low ‘Typ.u:llly & High

012 3 45 6 7 8 5 1 '112. 14
Approximate ri ber sys. m

PUBLISHED RESULTS: ‘M" CRYANCE OF THE AGE | "HUMANS ALSO USE NUMERICAL SY#RU''S

L g [N ¥ cymbolic | Non-symbolic The first deficit is not in the

De Smect & Gllmare, 208 i bp=c non-symbolic comparison The words: one, two, three, four ....
Rousselle & Noél, 2007 7 y.o. DD=C
Landerl & al., 200 8-9 y.o. 5 The Arabic digits: 1,2, 3, 4 ...
luculano et a. 20C 8-9 y.o. DD=C
Decarli & 1. 20.° 9 y.o. DD=C

.azze &« 2010 10 y.o. DD<C
1. solin, Aejias & Noél, 2010 10-11 DD<C

y.0.

v ‘e & . asari, 2007 12 y.o. DD <C
Anow .ie & al. 2018 12 y.o. DD <C
‘azzocco, Feigenson & al. 2011 14 y.o. DD <C

( pdated Noél & Rousselle, 2011)



ANS MAPPING HYPOTKSIS

= Children learn the mea. ing ¢  n'mt ~ words by mapping them onto the ANS

*the ANS is the basis . ~r-ali nal !~ arning — a more acute ANS allows a
better learning of nurnik >rs a. 1 math

Activation

012345678 91011121314

7 N

Seven, 2,3

NEW REPRESENTATIQW WYPOTHESIS

Only after, the child //in" anne " Soth representations together and be able, for
instance, to estimait the siz »of a collection without counting it.

0.75 \J*L

4

5

A\ :
5. 3 2
05 / 8 9 10 / 12 4 5 67 8910
.25
"l‘l—r

2123 456 7 8 91011121314

1

Acti.ation

four, se »n , ...

=> this exact system is the main basis for calculation

NEW REPRESENTATION HYPOTHESIS

Learning the meaning of number words is a long process because if/ equ res the child
to create a new type of representation: a precise repres. > atic of . iber
magnitude.

i

1 2 3 4 5678910

four, seven , ...

, FUBLISHED RESULTS: IMPORTANCE OF THE 4G

|
B b N
[ [ose [eymbolic | Non-cgboliy The fist deficit i not inthe

De Smedt & Gilmore, 2011 6 y.o. DD<C D=C non-symbolic comparison
Rousselle & Noél, 2007 7 y.o. DD<C L=
Landerl & al., 2004 8-9 y.o. DD<C -
luculano et al., 2008 8-9 y.o. L <C ' D=C
Decarli & al. 2020 9 y.o. oD< DD=C
Piazza & al., 2010 1 y.o. - DD<C
Mussolin, Mejias & Noél, 2010 v | DD<cC DD<C
y-0.
Price & Ansari, 2007 1. co. - DD <C
Anobile & al. 2018 12 ye DD <C
Mazzocco, Feigenson & al 201 .7 ‘y.o. DD<C

(updated Noél & Rousselle, 2011)



SCAFFOLDING OR REFiMEMENT ? : SUMMARY OF RESULTS

D [ose  [symbolic | Nonsymboiy [RNEURSNENSMIN

* Scaffolding: the ANS is the basis { ~ all n ith Ir arning De Smedt & Gilmore, 2011 6 y.o. DD<C DD=" < 1-symbolic comparison
Rousselle & Noél, 2007 7 y.o. DD<C DD=C
! Landerl & al., 2004 8-9 y.o. DD<C
co7s
% o5 luculano et al., 2008 8-9 y.o. DD<C 'D=C
= . ,
) Decarli & al. 2020 9 y.o. DD <C DL C
- Tiiiiserssuwnmny ) .
Piazza & al., 2010 10 y.o. - T D<C
* Refineme:. lea. "ma < abolic numbers and processing them (arithmetic) leads to a better (more Mussolin, Mejias & Noél, 2010 10-11 RIS D<C
precis | ANC Noél & Rousselle, 2011) y.0
m W; . Price & Ansari, 2007 1 y.o. - DD <C
A fos A Anobile & al. 2018 12 pD<C
Toas o
12 3 4 5678910 . & :‘\'_ Mazzocco, Feigenson & al. 2011 "4 y.o. DD < C

THE MUNDURUKLS

(updated Noél & Rousselle, 2011)

SCAFFOLDING OR REFINEMENT ? suseerrec civ < sooms, 201

38 children tested at 10 and 13 y.o.

A
Weber fraction a Munduruku, uneducated Weber fraction
05 = Munduruku, some education 05 * Test of Symbolic arithmetic (additions, suk". < “ion. and multiplications)
o ltalian participants (group means) S
04 04 ] * " Magnitude comparison of two sets” € dc s: ,eri )rmance and brain activation in
; x : .
= . . the IPS
s *
0.3~ 2 w 0.3 4 *
‘ .\. B a *
0. = . 0.2 1 - ‘ Right 1P
- C] - A d
‘ e T - S
= = $ .
T s A = 01t . o e =
- " : $ \
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0 10 20 30 40 50 60 70 0 1. 2 .5 6 7

Lev. Hf Education

r.azze * ' sych Science 2013

27

FIGURE 3 ROIs in the left and right IPS. ROIs were anatomically



SCAFFOLDING OR REI:I:IEMENT ? SUAREZ-PELLICINI & BOOTH, 2018 : Q]: CONCI.USION

[E"earsTJ Results:
X - The core number deficit is still debated
Dot comparison (performance and brain

— S ‘ g —Current data are in favor of the refinement account: learning vmbe - numbers (words
; ‘ activation) at 10 y.o. does not predict and Arabic digits) leads to the development of an exac’ . sber >+ ‘esentation that will
Approximate number math skills at 13 y.o (seeffelding-eecount) refine the ANS
system in parietal cortex Sym. ‘ic math ability

=lIf children have difficulties understanding and processi. ¥ symbolic numbers, the
refinement of their ANS is slower

10 year. ld 13 years old Symbolic arithmetic skills at 10 y.o. = in terms of Ihte. precision of the ANS: th. diffc = _e b. ‘ween them and typical children
4 predicts both performance and bre i inSredsesloyeIptins
“ \{ —) . activation in the dot comparison at '3 y.o
A
: ‘. — Approxdmate number => supports the refinement ~cou. *
s nbolic. th ability system in parietal cortex

[I. QUESTIONS o 4

UNDER DIS(US%

Q2: what th

+Q2: SUBTYPES OF DYSCALCULIA ?

=Different studies, using cluster analyses for instance, ave 1. ~d to distinguish among
subtypes of people with DD

=Very different profiles were obtained

*No clear ideas of the mechanisms unde ;.. » thc  Jifferent subtypes of dyscalculia

subt pe@ :

=> “subtyping has not yielded + siste * domain-specific differences among children
with dyscaleulia, and has not.=rove< wusetul in understanding or treating the disorder”
(Shalev & von Aster, 2008)




Q2: SUBTYPES OF DYSCALCULIA ? oe vissuee, & nort

0One type of dyscalculic cence ms |~ e who have serious difficulties with arithmetic and,
in particular, with remem! { ‘ing < ‘thmetical facts (3 x 5=2)

oWe have reported 1.e ¢ =e o. . woman (high IQ) who had severe difficulties in AF,
especially multiplicc ‘on fac = and showed that is was due to a hypersensitivity to
interference in ~or, ‘DeVisscher & Noél, 2013, Cortex)

oGroup *udy >f grai = 4 children: those with low arithmetic fluency show greater s< ssitiv v
to interf~- nce >~ _mory (De Visscher & Noél, 2014 Developmental Science)

Louis and Pierre live in the street Er-i'a J« ¥n

2x8= - 16
Pierre and Jacques live in 1l 2 str_ et .o. Denis

Jean and Jacques live in'.  stro =t L .ie Pierre 8x3= 24

Denis and Jean live in " stre +'ouis Denis

O
4

6x3=""——"——"18

4xb=——— 24

Em ‘2: 1 2x8=16 2x8= /\Lé
L Wi O 8x3=24 N

8 3= /
Jud ves: 6x3=18 * % s

. *nis: 1 4x6=24 6x3= }\ 18
Jea - 6 //\<
Pierre: 8 4x6-- <4 24

35

» Memorize

Louis and Pierre live in the street Emile Jean
Pierre and Jacques live in the street Louis Denis
Jean and Jacques live in the street Emile Pierre

Denis and Jean live in the street Louis Denis

U2: SUBTYPES OF DYSCALCULIA ?

DE VISSHER, VAN DER LINDEN & NOEL (2015, COGNITION)

Hypothesis
OA hyper-sensitivity-to-interference in people suffering from ¢  AF dyscalculia
oAn order deficit in people with global dyscalculia t* at p: .vents 1em from learning ordered series, even
non-numerical series
Population
020 adults with no learning difficul’ :s (c< »troi
018 adults with math difficulties sinc- |, <imar, “chool; reasoning (Raven) > 30™ percentile; no other
difficulties
0Global DD: < 7™ percentil on & lobai .nath test and weak in AF as well
oSpecific AF deficit: in the 1. ‘ms for 1. e global math test but < grade 5 children on an AF test



\ \ \

TASK

Learning non-sense sequences: Hebb para

Fillers: all different sequences

@
¢ [Repetition [CONDITION sl 7O Jssyi Josyi
1
2 1 Interf_Rep
3
4
5
6
7
8
9
10 3 Interf_Rep
1
12 3 No_interf_Rep
De Visscher, Szmalec, Van inden x Noél, 2015, Cognition
Experimental sequences repeated severc ' times during the experiment and made of Ex, =rimental sequences repeated several fimes during the exper’ h d made of
the same syllables as the fillgrs =" int. fe . .
Y e of other syllables: non-interfering Y

Order Repetition CONDITION' . ~vil syl ‘Order Repetition CONDITION

3 No_interf_Rep




RESULTS

Mean |
;‘:‘:;:. u Interfering repeated sequence R ES U I_TS
m Non-interfering repeated sequence |
6
> People with a specific AF in.pairm .nt
show a hypersensitivity 1 irter, ~enc ir 57 ~ » People with Golbal DD have order memory 16 | _® lrepetitions
memory problem 14 L7
4 4
The Hebb learning stopped when the 12 g —
R participant correctly reproduced two successive L
| non-interfering repeated conditions 8
24 Number of repetitions needed to reach ti (
stopping criteria y
14 * Global D needed more repetitions that Control or AF- 2
only (p=.031)
0
0- — = AF-only Global-D Controls
AF Only D Global D “ontroi.

De Visscher, Szmalec, Van o Linden x Noél, 2015, Cognition

Estepl
Hstep 2

People with global deficit cshow i« duce leo ning in all 14 I Q 2: ( 0 N c I_US I 0 N
|

the conditions

Nb errors

When asked to say the ''able ne, or two steps
further in the (non-inter ering ‘epeured) sequence, 104

Profiles of persons with DD can be quite different
much more errors

There is not yet a clear categorization of thess L1 “iles, ~or of their underlying

) 6+ mechanisms
=> glob. oro ' .n of 1emory (order memory)
4 De Visscher, Szmalec, Van der Linden 8 "« ! (2o 7 7, made a first attempt in this
T direction
=>twc vpes ¢ | profiles, two underlying mechanisms 21 !
ol nﬁ Future research should follow \ = ave “ue ... try to associate specific math profiles
AFONLYD  Globe sntrol with specific cognitive mechanism. and, -=lated to this, specific interventions programs

* AF deficit: due to a hypersensitivity to interference in meic.
* Global deficit: associated with a problem in order men »>ry



. THANKS VERY MUCH R
CONCLUSIONS FOR YOUR

| STTENTION |

Dyscalculia is a fre v2n. 'lec =lng disability that is still

underdiagnosed. S s A
Research show: hat . both due to specific numerical deficit g ey
(probably e*the ~vel of the precise number representation) and
some nene “o! ccynitive factors like memory

"Hyper- ssiti **v 7, interference in the case of AF deficits

EQUALS TWO!

Mor glob ' order memory problem for more global DD problems

MARIE-PASCALE NOEL AND GIANNIS KARAGIANNAKIS




