
1-Hackman,	D.	A.,	Farah,	M.	J.,	&	Meaney,	M.	J.	(2010).	Socioeconomic	status	and	the	brain:	mechanisCc	insights	from	human	and	animal	research.	Nature	Reviews	Neuroscience,	11(9),	651-659.	
2-Goldin,	A.	P.,	Hermida,	M.	J.,	Shalom,	D.	E.,	Costa,	M.	E.,	Lopez-Rosenfeld,	M.,	SegreCn,	M.	S.,	...	&	Sigman,	M.	(2014).	Far	transfer	to	language	and	math	of	a	short	soSware-based	gaming	intervenCon.	Proceedings	of	the	Na6onal	Academy	of	Sciences,	111(17),	6443-6448.	
3-Thorell,	L.	B.,	Lindqvist,	S.,	Bergman	Nutley,	S.,	Bohlin,	G.,	&	Klingberg,	T.	(2009).	Training	and	transfer	effects	of	execuCve	funcCons	in	preschool	children.	Developmental	science,	12(1),	106-113.	
4-Wilson,	A.	J.,	Dehaene,	S.,	Dubois,	O.,	&	Fayol,	M.	(2009).	Effects	of	an	AdapCve	Game	IntervenCon	on	Accessing	Number	Sense	in	Low-Socioeconomic-Status	Kindergarten	Children.	Mind,	Brain,	and	Educa6on,	3(4),	224-234.	
5-Mackey,	A.	P.,	Hill,	S.	S.,	Stone,	S.	I.,	&	Bunge,	S.	A.	(2011).	DifferenCal	effects	of	reasoning	and	speed	training	in	children.	Developmental	science,14(3),	582-590.	
6-Udal,	D.	H.,	Meadow,	N.	G.,	Tipton,	E.,	Hand,	L.	L.,	Alden,	A.	R.,	Warren,	C.,	&	Newcombe,	N.	S.	(2013).	The	malleability	of	spaCal	skills:	a	meta-analysis	of	training	studies.	Psychological	bulle6n,	139(2),	352.	
7-Diamond,	A.,	&	Lee,	K.	(2011).	IntervenCons	shown	to	aid	execuCve	funcCon	development	in	children	4	to	12	years	old.	Science,	333(6045),	959-964.	
8-In	collaboraCon	with	Silvia	Bunge	(Berkeley	University)	&	Think	Fun	®	
9-In	collaboraCon	with	Nora	Newcombe	(Temple	University)	&	Andrea	Fricks	(University	of	Fribourg)	
10-	Wright,	A.	&	Diamond,	A.	(2014).	An	effect	of	inhibitory	load	in	children	while	keeping	working	memory	load	constant.	Fron6ers	in	Psychology,	5,	1-9.		

Executive Functions development in preschoolers from different socioeconomic backgrounds in Uruguay 
 

Verónica Nin1, Hernán Delgado1, Andrea P. Goldin2, Diego Fernández-Slezak3, Laouen Belloli3 & Alejandra Carboni1 
1Centro de Investigación Básica en Psicología, Facultad de Psicología, Uruguay 
2Laboratorio de Neurociencia, Universidad Torcuato di Tella - Conicet, Argentina 

3Laboratorio de Inteligencia Artificial Aplicada, UBA - Conicet, Buenos Aires 

	
Twenty	percent	of	Uruguayan	children	grow	up	 in	poverty.	Despite	overwhelming	evidence	that	 links	 low	socioeconomic	status	(SES)	to	

poor	 academic	 achievement	 (1),	 the	 developmental	 trajectories	 of	 preschoolers	 that	 develop	 in	 impoverished	 contexts	 has	 not	 been	

quanCtaCvely	 evaluated	 in	 our	 country.	 In	 addiCon,	 it	 has	 been	 shown	 that	 some	 short	 computer-based	 and	 tradiConal	 games	

intervenCons	 aimed	 at	 training	 cogniCve	 processes	 are	 effecCve	 in	 children	 (2-6),	 although	 not	 all	 have	 shown	 consistent	 transfer	 to	

untrained	processes	(5,7).	In	Uruguay,	the	plan	Ceibal	provides	tablets	to	all	schools	with	elementary	educaCon.	In	the	present	project	we	

have	partnered	with	the	developers	of	the	gaming	plagorm	MateMarote	(hdps://www.facebook.com/MateMaroteOK/)	to	study	the	effect	

of	SES	on	the	development	of	basic	cogniCve	processes,	and	the	impact	of	a	short	sCmulaCon	intervenCon	in	5	year-old	preschoolers.	We	

show	that	SES	has	a	deep	impact	in	some	basic	execuCve	funcCons	(EF),	such	as	cogniCve	control	and	flexibility,	and	higher	order	EFs,	such	

as	planning,	and	fluid	intelligence.	Working	memory	does	not	show	a	strong	correlaCon	with	SES,	and	mental	rotaCon	of	images	is	similar	

in	 all	 SES	 levels.	An	 intervenCon	with	MateMarote	 for	8	weeks	 improves	performance	 in	 two	of	 the	most	 affected	 funcCons:	 cogniCve	

control	and	flexibility.	

Does	socioeconomic	status	affect	all	execuCve	funcCons	in	a	similar	way?	
No.	 As	 can	 be	 seen	 in	 figures	 A-D,	 performance	 in	 the	 nonverbal	 Stroop	 task,	 Tower	 of	 London	 (ToL)	 and	 Test	 of	 nonverbal	
intelligene	(ToNI)	correlates	strongly	with	SES	level.	However,	performance		in	Corsi	and	in	a	mental	rotaCon	task	 	do	not	correlate	
with	SES.	

AcCve	Control:	three	
Cmes	per	week	week	
for	8	weeks	with	
preloaded	apps	

IntervenCon:	
three	Cmes		per	week	for	

8	weeks	with	
MateMarote	

Low	/	High	SES	schools	

Pre	intervenCon	measures:	spaCal	WM,	inhibitory	
control/flexibility,	planning,	general	intelligence,	mental	

rotaCon,	CHAOS,	BRIEF-P.	

Post	intervenCon	measures:	spaCal	WM,	inhibitory	
control/flexibility,	planning,	general	intelligence,	mental	

rotaCon,	socioeconomic	level,	CHAOS,	BRIEF-P.	
The	 menConed	 cogniCve	 domains	 were	 assessed	 with	 the	
following	 game-like	 tasks:	 Corsi,	 heart-flower	 like	 Stroop	 (10)	
Tower	of	London,	Test	of	Nonverbal	 Intelligence	(ToNI),	and	a	
mental	 rotaCon	 task	 (8).	 During	 the	 intervenCon,	 children	
played	 with	 4	 games	 approximately	 70	 minutes	 each,	
distributed	in	10	sessions	of	7	minutes	per	game.	
Below,	representaCve	screenshots	of	each	game	are	shown.	
A-	Memomarote,	WM	game,	B-	Avioncitos,	 Inhibitory	control/
cogniCve	flexibility	game,	C-	Chocolate	Fix,	reasoning	game	(8)	
and	D-	Ghosts,	mental	rotaCon	game	(9)	
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Was	the	intervenCon	effecCve	in	the	short	term?	
	

Figures	A	 to	D	 show	 the	difference	 in	performance	 (post	
measures	–	pre	measures)	for	cogniCve	control/flexibility,	
working	memory	span,	and	fluid	intelligence		tasks.	
Repeated	 measures	 ANOVAs	 were	 ran	 with	 School	 SES	
category	 (Low	 and	 High	 SES)	 and	 experimental	 group	
(control	 or	 IntervenCon)	 as	 intersubject	 factors	 and	
intervenCon	(Pre,	Post)	measures	as	intrasubject	factor.		
For	 the	 congruent	 trials	 in	 the	 mixed	 block	 of	 Stroop,	
there	 was	 a	 significant	 interacCon	 between	 intervenCon	
and	school	SES	category	 (F=5.071	p=.028	 ),	 and	between	
intervenCon	and	experimental	group	(F=	9.4,	p=.003).	For	
the	 incongruent	 trials,	 there	was	a	 significant	 interacCon	
between	intervenCon,	experimental	group	and	school	SES	
category	(F=	4.094,	p=	.047).	
Figures	E,	 F	 show	 the	 correlaCon	between	 the	 change	 in	
performance	 and	 the	 amount	 of	 sessions	 played	 with	
“Avioncitos”	(see	design	for	games	descripCon).	
So	 far,	 we	 have	 not	 found	 significant	 effect	 of	 the	
intervenCon	on	the	other	tasks.	
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How	different	are	schools	from	low	and	high	SES	neighborhoods?	
Very	 different.	 Performance	 in	 tasks	 that	 involve	 inhibitory	 control	 and	 cogniCve	 flexibility	 (measured	 with	 a	 nonverbal	
stroop	 task	 (10)),	 planning	 (assessed	with	 ToL)	 and	 fluid	 intelligence	 (assessed	with	 ToNI)	 	 are	 significantly	 lower	 in	 the	
schools	from	poor	areas.	The	Mann-Whitney	test	p	value	is	<	0.01	for	all	the	tasks	shown	below.	
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o  We	show	here	the	preliminary	analysis	of	data	collected	on	100	5-year	old	
preschoolers	from	4	schools	in	the	capital	city	of	Uruguay.		

o  Our	results	underscores	the	profound	effect	of	SES	in	the	development	of		EFs.	
However,	not	all	funcCons	are	affected	at	the	same	level:	cogniCve	control/
flexibility,	planning	and	fluid	intelligence	are	the	most	affected.		

o  Not	shown	here,	the	analysis	of	the	BRIEF-P	scale	(that	measures	EFs	in	the	
classroom)	completed	by	teachers	the	also	show	a	deep	impact	of	SES	in	ecological	
measures	of	EFs.	

o  We	have	also	collected	data	on	health,	cogniCve	sCmulaCon	at	home	and	level	of	
organizaCon	at	home	(with	the	CHAOS	scale).	We	plan	to	use	these	to	explore	
possible	mediaCng	mechanisms	that	link	SES	to	EF	development.		

o  The	intervenCon	seems	to	be	effecCve	in	training	cogniCve	control	and	flexibility	for	
children	that	adend	schools	categorized	as	low	SES.	The	number	of	sessions	played	
with	the	game	that	trains	these	processes	correlates	with	the	improvement	for	the	
kids	in	schools	from	poor	areas.	

o  The	lack	of	effect	on	the	other	cogniCve	processes	should	be	interpreted	with	
cauCon,	given	the	small	amount	of	children	that	parCcipated	in	each	group.	
Moreover,	an	analysis	of	individual	differences	in	the	way	the	kids	played	may	shed	
light	on	the	requirements	for	the	intervenCon	to	be	effecCve.	

o  For	the	future,	we	plan	to	increase	the	number	of	the	sample,	and	add	EEG	
coherence	and	frequency	analysis	measures	to	explore	the	neural	correlates	
in		the	pre	and	post	sessions.	


