
	
  	
  	
  	
  	
  	
  	
  	
  Several	
  authors	
  stressed	
  out	
  the	
  link	
  between	
  language	
  and	
  arithme5c	
  
	
  	
  
	
  In	
  the	
  general	
  popula5on	
  
	
   	
  -­‐	
  Role	
  of	
  phonological	
  awareness	
  as	
  predictor	
  of	
  arithme4c	
  performance	
  (Leather	
  &	
  Henry,	
  1994)	
  
	
   	
  -­‐	
  Assump4on	
  of	
  a	
  verbal	
  representa4on	
  of	
  numbers	
  (Dehaene	
  &	
  Cohen,	
  1997)	
  
	
   	
  	
  
	
  Through	
  cultural	
  aspects	
  
	
   	
  -­‐	
  Effect	
  of	
  language	
  on	
  arithme4c	
  skills	
  (Pica,	
  Lemer,	
  Izard,	
  &	
  Dehaene,	
  2004)	
  and	
  effect	
  of	
  schooling	
  on	
  es4ma4on	
  acuity	
  (Piazza,	
  Pica,	
  Izard,	
  Spelke,	
  &	
  Dehaene,	
  2013)	
  in	
  the	
  
	
   	
  Munduruku	
  popula4on	
  
	
   	
  -­‐	
  Effect	
  of	
  math	
  educa4on	
  on	
  the	
  precision	
  of	
  approximate	
  number	
  skills	
  in	
  unschooled	
  adults	
  (Nys	
  et	
  al.,	
  2013)	
  
	
   	
  	
  
	
  In	
  dyslexia	
  
	
   	
  -­‐	
  Phonological	
  processing	
  deficits	
  of	
  individuals	
  with	
  dyslexia	
  are	
  associated	
  with	
  aspects	
  of	
  arithme4c	
  relying	
  on	
  the	
  manipula4on	
  of	
  the	
  verbal	
  code	
  (Simmons	
  &	
  Singleton,	
  2007)	
  
	
   	
  -­‐	
  Role	
  of	
  phonological	
  awareness	
  as	
  link	
  between	
  weak	
  phonological	
  processing	
  and	
  less	
  arithme4c	
  fact	
  retrieval	
  in	
  individuals	
  with	
  dyslexia	
  (De	
  Smedt	
  &	
  Boets,	
  2010)	
  
	
  	
  
	
  In	
  Specific	
  Language	
  Impairment	
  (SLI)	
  
	
   	
  -­‐	
  Iden4fica4on	
  of	
  poor	
  phonological	
  skills	
  as	
  an	
  important	
  factor	
  in	
  the	
  rela4on	
  between	
  SLI	
  and	
  poor	
  arithme4c	
  (Nys,	
  Leybaert,	
  &	
  Content,	
  2012)	
  

	
  
	
  	
   	
  	
  	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  Recent	
  studies	
  with	
  pathological	
  popula5ons	
  suggest	
  a	
  link	
  between	
  poor	
  phonology	
  and	
  low	
  arithme5c	
  performance.	
  
	
  	
   	
  	
  	
  	
  	
  	
  The	
  aim	
  of	
  the	
  present	
  project	
  is	
  to	
  gain	
  a	
  beEer,	
  developmental	
  understanding	
  of	
  the	
  rela5on	
  between	
  language	
  

	
  	
  	
  	
  	
  	
  and	
  numerical	
  skills	
  in	
  non-­‐pathological	
  children.	
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à	
  These	
  observa5ons	
  in	
  a	
  general	
  popula5on	
  of	
  young	
  primary	
  school	
  pupils	
  suggest	
  that	
  language-­‐related	
  skills	
  are	
  related	
  to	
  arithme5c	
  
performance,	
  poin5ng	
  out	
  that	
  phonology,	
  metaphonology,	
  morphosyntax	
  and	
  vocabulary	
  account	
  in	
  explaining	
  arithme5c	
  performance.	
  As	
  
such,	
  knowing	
  whether	
  a	
  language-­‐related	
  training	
  can	
  improve	
  arithme5c	
  achievement	
  appears	
  as	
  an	
  interes5ng	
  ques5on.	
  

Par5cipants:	
  	
  
188	
   children	
   from	
   11	
   classes	
   in	
   six	
  
schools	
  (mean	
  age:	
  7;6	
  years,	
  94	
  males)	
  
in	
   the	
   second	
   year	
   of	
   primary	
   school	
  
have	
   been	
   collec4vely	
   assessed	
   for	
  
language,	
   numerical	
   skills	
   and	
   other	
  
cogni4ve	
   aspects.	
   All	
   par4cipants	
   went	
  
through	
  3	
  test	
  sessions	
  (S1,	
  S2,	
  S3).	
  

Language	
   Target	
   Number	
  skills	
   Target	
   Cogni5ve	
  factors	
   Target	
  

EVIP	
   Vocabulary	
   Transcoding	
   Number	
  representaKons	
   Alpha	
  span	
   Short-­‐term	
  memory	
  

ECOSSE	
   Morphosyntax	
   KRT	
   Simple	
  mathemaKcal	
  
problems	
  

Alpha	
  span-­‐reversed	
   Central	
  execuKve	
  

THaPho	
   Metaphonology	
   TTR	
   ArithmeKc	
  facts	
   Visuo-­‐spa4al	
  span	
   Visuo-­‐spaKal	
  memory	
  

Minimal	
  pairs	
   Phonology	
   Non-­‐symbolic	
  comparison	
   Approximate	
  number	
  
system	
  

Raven	
  matrices	
   I.Q.	
  

Code	
  task	
  (WISC)	
   Speed	
  of	
  processing	
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Upper	
  diagonal	
  figures:	
  simple	
  	
  correla4on	
  coefficients	
  
Lower	
  diagonal	
  figures:	
  par4al	
  correla4on	
  coefficients,	
  controlled	
  for	
  I.Q.	
  and	
  speed	
  of	
  processing	
  
Age	
  is	
  not	
  significantly	
  correlated	
  with	
  tasks	
  

Dependent	
  variables	
  
-­‐	
  Composite	
  score	
  for	
  TTR	
  (arithme4c	
  facts	
  for	
  addi4on,	
  subtrac4on	
  and	
  mul4plica4on):	
  components	
  are	
  significantly	
  
highly	
  correlated	
  (Pearson’s	
  r	
  =	
  .697,	
  .568,	
  .577,	
  p<	
  .001	
  )	
  
-­‐	
  Composite	
  score	
  for	
  Transcoding	
  (Dots	
  to	
  Arabics,	
  Arabics	
  to	
  Dots,	
  Dicta4on):	
  2	
  subcomponents	
  (ATD	
  and	
  Dicta4on)	
  are	
  
highly	
  correlated	
  (Pearson’s	
  r	
  =	
  .315,	
  p<	
  .001)*	
  

	
  *Due	
  to	
  methodological	
  issues	
  related	
  to	
  the	
  DTA	
  subcomponent,	
  the	
  following	
  results	
  are	
  based	
  on	
  a	
  Transcoding	
  
	
  composite	
  score	
  based	
  only	
  on	
  the	
  ATD	
  and	
  dicta4on	
  subcomponents	
  

-­‐	
  Standardized	
  score	
  for	
  KRT	
  (simple	
  mathema4cal	
  problems)	
  
-­‐	
  All	
  3	
  dependent	
  variables	
  are	
  significantly	
  highly	
  correlated	
  (Pearson’s	
  r	
  =	
  .576,	
  .658,	
  .524,	
  p<	
  .001)	
  
	
  
Independent	
  variables	
  
-­‐	
  Standardized	
  scores	
  for	
  Minimal	
  pairs,	
  Thapho	
  syllable,	
  Thapho	
  phoneme,	
  Evip	
  and	
  Ecosse	
  
	
  
Par5al	
  correla5ons	
  controlled	
  for	
  the	
  effects	
  of	
  I.Q.,	
  speed	
  of	
  processing	
  and	
  classes	
  
	
  

Main	
  results	
  
1.	
  A	
  rela4on	
  between	
  language-­‐related	
  tasks	
  and	
  arithme4c-­‐related	
  tasks	
  is	
  found	
  
2.	
  Specifically:	
  
	
  	
  	
  	
  	
  -­‐	
  Metaphonological	
  tasks	
  -­‐both	
  at	
  the	
  syllable	
  and	
  phoneme	
  levels-­‐,	
  as	
  well	
  as	
  vocabulary	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
morphosyntax	
  tasks	
  are	
  related	
  to	
  the	
  mathema4cal	
  problems	
  task	
  (KRT)	
  
	
  	
  	
  	
  	
  -­‐	
  Phonological,	
  metaphonological	
  and	
  vocabulary	
  tasks	
  are	
  related	
  to	
  the	
  transcoding	
  task	
  
	
  

Previous	
  studies	
  in	
  the	
  general	
  as	
  well	
  as	
  in	
  pathological	
  popula4ons	
  stressed	
  out	
  the	
  link	
  between	
  language	
  and	
  arithme4c	
  and	
  specifically	
  
iden4fied	
  phonological	
  skills	
  as	
  predictors	
  of	
  arithme4c	
  performance.	
  

Simple	
  and	
  par5al	
  correla5ons	
  between	
  tasks	
  

3.	
  Strong	
  correla4ons	
  between	
  memory	
  tasks	
  and	
  arithme4c-­‐
related	
  tasks	
  
4.	
  The	
  non	
  symbolic	
  numerosity	
  comparison	
  task	
  is	
  not	
  correlated	
  
with	
  precise,	
  arithme4c-­‐related	
  tasks	
  

Conclusions	
  
1.	
  Verbal,	
  language-­‐related	
  components	
  are	
  linked	
  with	
  arithme4c	
  opera4ons	
  (see	
  Dehaene	
  &	
  Cohen,	
  1997)	
  
2.	
  The	
  use	
  of	
  different	
  codes	
  to	
  manipulate	
  numerosity	
  (transcoding	
  opera4ons)	
  is	
  associated	
  with	
  phonological	
  and	
  metaphonological	
  abili4es	
  as	
  well	
  as	
  with	
  vocabulary	
  
3.	
  Non	
  symbolic	
  comparison	
  task	
  not	
  related	
  to	
  arithme4c-­‐related	
  tasks:	
  in	
  line	
  with	
  actual	
  debate	
  on	
  the	
  non-­‐linguis4c	
  nature	
  of	
  the	
  approximate	
  number	
  system	
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Pearson's)r p+value Pearson's)r p+value Pearson's)r p+value Pearson's)r p+value Pearson's)r p+value Pearson's)r p+value Pearson's)r p+value Pearson's)r p+value Pearson's)r p+value
TTR .145 .076 .365 <.001 .189 .023 .164 .044 .137 .09
Transcoding .158 .049 .171 .036 .175 .030 .236 .003 .159 .046 .169 .038 .133 .1
KRT .209 .009 .202 .011 .199 .015 .221 .007 .381 <.001 .167 .036 .147 .072 .110 .174


