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1.			Approximate	Number	System	

	≅	Early	sensi'vity	to	numerosi'es		

o  Approximate	:	increasing	imprecision	with	
numerosity	

o  Innate/precocious	:	Independent	of	learning	:	
babies	could	discriminate	numerosi'es		

o  Basis	of	subsequent	learning	:		
u  Connec'on	with	verbal	number	words	

u  Connec'on	with	arabic	numbers	
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2.	Object-file	mecanism	:	pre-a7en'onal	process	for	keeping	track	of	the	
loca'on	of	about	4	s'muli	in	parallel,	without	serial	displacement	of	
a7en'on	

o  Subi'zing		
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2.	Object-file	mecanism	:	pre-a7en'onal	process	for	keeping	track	of	the	
loca'on	of	about	4	s'muli	in	parallel,	without	serial	displacement	of	
a7en'on	

o  Subi'zing		
o  Fast	and	precise		
o  Innate/precocious	:	Independent	of	learning	
o  Basis	of	the	learning	of	number	word	cardinal	meaning	in	young	children	
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A	central	magnitude	system	

Walsh	(2003)	:		

	

	

	

Simon	(2008,	22q11	dele'on	syndrome)	:	Spa'otemporal	processing	form	the	basis	of	
numerical	and	mathema'cal	competence:	Spa'otemporal	processing	deficit	create	
“subop&mal	founda&on	for	the	subsequent	development	of	numerical	and	
mathema&cal	competence,	thereby	‘‘cascading’’	impairments	into	those	more	
academic	domains”	



Mathema'c	learning	disabili'es	

•  Specific	developmental	disorder	occuring	in	children	with	IQ	in	the	
normal	range	

•  Difficulty	in		
•  learning	or	comprehending	arithme'c	
•  	in	understanding	and	manipula'ng	numbers	
•  and	learning	arithme'c	facts	(3x4,	2+3)	

•  Frequent	co-morbidi'es	with	reading	learning	disorders	and	ADHD	
•  Mul'-determined	learning	disorder	



Mathema'c	learning	disabili'es	

Func'onal	origins	of	MLD?	
u  Non	numerical	factors:		

•  working	memory	(calcula'on	and	arithme'c	fact)	
•  sensi'vity	to	interference	(arithme'c	fact)	
•  finger	agnosia	(calcula'on	and	learning	arithme'c	fact)	

u  Numerical	factors:		
•  Basic	inability	to	represent	quan''es	(number	sense)	
•  Basic	impairment	of	the	ability	to	connect	symbolic	

numbers	to	their	meaning	
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Gene'c	influences	

•  Familly	studies	(including	1	child	with	poor	math	competence)	:	Higher	
prevalence	of	poor	math	competence	in	father,	mother	and	siblings	(Shalev	
et	al.,	2001)	

•  Twin	studies	:	Concordance	rate	of	math	learning	
disability	reach	58%	in	monozygo'c	twins		and	39%	
in	dizygo'c	twins	(Light	&	Defries,	1995)	

•  Higher	prevalence	of	MLD	in	pa'ents	with	Turner,	
X-Fragile,	Williams	or	22Q11	dele'on	syndrome.	

Ex	:	42-79	%	prevalence	of	MLD	in	girls	with	Turner	
	Æ	interindividual	≠	in	math	par:ally	accounted	for	by	the	genotype	
	



Mathema'cal	development	in	gene'c	
syndromes	

•  Gene'c	syndromes	….Why?		
o  Be7er	understand	genotype-phenotype	rela'onships	
o  Opportunity	to	track	early	the	origin	of	their	math	learning	disorders		
Æ	Model	of	Mathema'cs	learning	difficul'es	(MLD):		

•  Dis'nguishing	different	trajectories	leading	to	MLD		

•  Examing	how	their	par'cular	cogni've	profile	can	contribute	to	number	
processing	difficul'es	(working	memory	impairment,	visuo-spa'al	disorders)	



•  Three	gene'c	syndromes	
Æ	Turner,	22q11.2	and	Williams		

•  Associated	with		MLD	

•  Divergent	IQ	

•  Similar	cogni've	profile		

	

Cross	syndrome	studies	



Overall	descrip'on	

Turner	 22q11.2	 Williams	
´ 	Dele'on	of	one	of	the	two	X	
chromosome	X	:	Complete	
(45X0),	Par'al	(45X∧),	Mosaïc	
(45X0/46XX)	

´ 1!:	1900	à	4500	

´ IQ	:	in	the	average	range		

´ Verbal	IQ	>	non	verbal	IQ	

´  	Dele'on	of	30	à	40	genes	on	
the	long	arm	(q)	of	the	
chromosome	22,	region	11.2	

	

´  1	:	4000	à	6000	

´  IQ~70:[average	IQ-moderate	
intellectual	disability]	

	Ê	most:	IQ	limited	to	–mild	
intellectual	disability	

´ 	Verbal	IQ	>	non	verbal	IQ	

´  Dele'on	of	20	à	30	genes	on	
the	long	arm	(q)	of	the	
chromosome	7,	region	11.23	

´ 1	:	7500	

´ QI~60:[limited	to	severe	
intellectual	disability	

	Ê	Most:	mild	intellectual	
disability	

´ Verbal	IQ	>	non	verbal	IQ	



Cogni've	phenotype	

Turner	 22q11.2	 Williams	

´ visuo-spa'al	impairments	

´ Working	memory		:	
§  Verbal	component	OK	
§  VSSP	component	:	

inconsistent	
§  Execu've	component	:	

KO	

´ Execu've	control	
impairment	:	inhibi'on,	
switching,	planifica'on	

´ visuo-spa'al	impairments	

´ Working	memory		:	

§  Verbal	component	OK	

§  VSSP	component	:	KO	

§  Execu've	component	:	
KO	

´ Execu've	control	
restric'on:	inhibi'on	and	
switching		

´ visuo-spa'al	impairments	

´ Working	memory		:	
§  Verbal	component	

rela'vely	preserved	
§  VSSP	component	:	KO	
§  Execu've	component	:	

KO	

´ Execu've	control	
impairment		



Mathema'cs	

Turner	 22q11.2	 Williams	
´ Calcula'on	procedures	KO	
´ Arithme'c	facts	quite	
preserved	

	
	
´ Number	processing	OK	

´ Symbolic	number	
magnitude	(digit	
comparison)	:	inconsistent	
results	

´ Calcula'on	procedures	KO	
´ Arithme'c	facts	OK	

	
	
´  Number	processing	OK	

´  Symbolic	number	
magnitude	KO	(digit	
comparison)	

´ Restric'on	+++	of	math	learning	
´ Calcula'on	procedure	KO	
´ 	some	arithme'c	facts	could	be	
stored	in	memory	

´ Number	processing:	Reading	
single	digit	OK	but	two	digits	KO	
<	S.	Down	

´ Symbolic	number	magnitude	KO	
(digit	comparison)	



•  Up	to	now	:	Informa'on	about	the	nature	of	the	difficul'es	experienced	
quite	late	in	the	development	

•  	But	no	informa'on	about	the	origins	of	these	difficul'es,	about	basic	
numerical	processing	(=	founda'on	of	math	competence)		

What	about	the	origins?	



Basic	numerical	processing	

Turner	 22q11.2	 Williams	

Non	numerical	magnitudes	 	KO		
(no	control	for	IQ)	

KO		
(no	control	for	IQ)	

No	data	

Non	symbolic	number	
magnitudes	

No	data	 No	data	 KO	

Quan'tés	numériques	
symboliques	

Contradictory	results	 KO	 KO	

Subi'zing	
	

KO		
(no	control	for	IQ)	

OK	 OK	

Hypothesis : Basic deficit of  magnitude representation 



Premature	conclusion…	
→	Only	tested	with	visual	s'muli,	some	of	them	requiring	to	process	

their	spa'al	posi'on		

But,	all	have	visuo-spa'al	processing	impairment	

Æ  How	do	they	process	numerical	and	non	numerical	magnitudes	in	
tasks	with	no	visuo-spa'al	processing	requirement?	

Æ What	is	the	impact	of	their	cogni've	profile	(visuo-spa'al	and	
working	memory	deficit)	on	their	ability	to	process	magnitude?		

Deficit	of	the	ANS	in	WS?	Basic	numerical	processing	in	gene'c	syndromes	



Par'cipants	

Turner	 22q11.2	 Williams	

•  20	pa'ents	with	TS	(mean	
CA:	18		[7-33	y-o])	

•  20	typically	developping	
children	and	adults	
matched	on	chronological	
age																																	
(mean	CA	:	18	[7-34	y-o])	

	

•  27	pa'ents	with	22q11DS	
(mean	CA	:	10;7	[5-23	y-o])	

•  27	typically	developping	
children	matched	on	verbal	
mental	age																					
(mean	CA:	7;10	[3-13	y-o])	

•  27	typically	developping	
children	matched	on	visuo-
spa'al	abili'es															
(mean	CA:	7;2	[3-12	y-o])	

	

•  21	pa'ents	with	WS												
(mean	CA	:	22;1	[5-52	y-o])	

•  21	typically	developping	
children	matched	on	verbal	
mental	age																												
(mean	CA:	7;6	[4-11	y-o])	

•  21	typically	developping	
children	matched	on	visuo-
spa'al	abili'es																					
(mean	CA:	6;1	[3-10	y-o])	

	



Contras'ng	magnitude	comparison	tasks	with	different	visuo-spa'al	and	
working	memory	processing	requirements	

	

Non	numerical		magnitudes	

Tasks		

Visual	 Auditive	
« the longest stick ?»	 « the longest sounds ?»	

  Biiiip Biiiiiiiiiip " 



Contras'ng	magnitude	comparison	tasks	with	different	visuo-spa'al	and	
working	memory	processing	requirements	

	

Numerical		magnitudes	

Tasks		

Visuo-Spa'al	++	 Visuo-spa'al	-	-	 Audi've	

«	who	has	more	pieces	of	
puzzle?»	 «Who	flashed	more	»	 «	Who	buzzed	more	?»	



S'muli	

Weber	frac'on	:		
o  Measure	<	from	psychophysics	to	determine	the	smallest	perceptual	

difference	that	could	be	perceived	>	acuity	
o  index	of	numerical	acuity	



Contras'ng	magnitude	comparison	tasks	with	different	visuo-spa'al	and	
working	memory	processing	requirements	

	

Subi:zing	task		

	

	

200	ms	

Tasks		



Predic'ons	:		
Global	magnitude	deficit	

•  All	tasks	impaired	except	subi'zing		
o  Length	
o  Dura'on	
o  Collec'on	
o  Sequences	of	dots	and	sounds	



Predic'ons:		
Approximate	Number	System		

•  Deficit	in	non	symbolic	numerical	comparison	tasks	
o  Collec'on	
o  Sequence	of	dots	
o  Sequence	of	sounds	



Predic'ons:		
Non	numerical	factors	

•  Impact	of	visuo-spa'al	deficit	
o  Lengths	
o  Collec'ons	

•  Impact	of	working	memory	impairment	
o  Sequence	of	dots	
o  Sequence	of	sounds	
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Conclusion	

None	the	gene'c	condi'on	is	associated	with	a	global										
magnitude	deficit		

	

	

Their	deficit	in	basic	numerical	processing	tasks	results	from	other	
non-numerical	impairment	:		

u  Working	memory	impairement	in	Turner	syndrome	
u  Visuo-spa'al	deficit	in	22q11DS	syndrome	
u  A	mix	of	both	for	Williams	syndrome	

None	of	them	presented	a	specific	deficit	non	
symbolic	number	magnitude	
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