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Quatre points fondamentaux
•  L’écrit se greffe sur le langage oral mais ses 

conditions d’emploi sont très différentes ;
•  L’écrit relève de l’apprentissage, pas du 

développement ; 
•  L’écrit comporte des composantes dont les 

apprentissages soulèvent des problèmes 
spécifiques, avec d’importantes différences 
interindividuelles ; 

•  Son apprentissage s’inscrit dans une dynamique 
depuis l’école maternelle jusqu’à l’entrée du 
collège ; 
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Des+appren(ssages+fondamentaux+
Au+long+cours+

•  Comprendre+un+texte+en+le+lisant+soi=même,+
aussi+bien+que+si+un+adulte+le+lisait+;/

•  Rédiger+un+texte+d’environ+une+page+sur+un+
thème+connu+de+sorte+que+celui+qui+le+lira+
puisse+le+comprendre+;//

•  Traiter/des/situa=ons/simples/de/la/vie/
courante/en/étant/capable/de/les/
«/arithmé=ser/»/;//
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Les+trois+fonc(ons+

MÉMOIRE+
+DE+

TRAVAIL+

MÉMOIRE/SÉMANTIQUE/
/
MÉMOIRE/ÉPISODIQUE/
/
MÉMOIRE/PROCÉDURALE/

MÉMOIRE+À+LONG+TERME+

ENCODAGE/ CONSOLIDATION/ET/STOCKAGE/
R/
É/
C/
U/
P/
É/
R/
A/
T/
I/
O/
N/



L’écrit+:+un+appren(ssage+dépendant+
de+la+mémoire+

•  L’encodage/mobilise:/l’aWen=on/;/la/MCT/;/les/
connaissances/préalables/(en/MLT)/;/tous/les/sens/
mobilisés/;//

•  La+consolida(on+:/l’ordre/d’appren=ssage/;/la/répé==on/et/
la/fréquence/;///

•  Le+stockage+n’est+pas+passif+;/interférences/et/
rapprochements/;//

•  La+récupéra(on:/très/sensible/aux/contextes/;/
reconnaissance/et/rappel/;/

•  Pour/bien/se/souvenir/(=/récupérer),/il/faut/préparer/la/
récupéra=on/à/l’encodage/;/encodage/dit/spécifique:/plus/
les/contextes/d’encodage/et/de/récupéra=on/sont/
similaires,/meilleur/est/le/rappel/;//
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Des+leQres+et+leurs+propriétés+

Discriminer/(ne/pas/confondre)/;/
reconnaître/;/produire/
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Les+leQres+sont+pour+lire+
•  Analyse/d’un/corpus/:/96/systèmes/d’écriture/(1442/
caractères);/4759/caractères/chinois/;/3538/symboles/
musique/circula=on/;/corréla=on/entre/.69/et/.83/;/

•  Faible/corréla=on/avec/la/sténographie/;/
•  Fortes/corréla=ons/entre/les/configura=ons/de/
marques/et/les/configura=ons/relevées/dans/
l’environnement/(savane,/villes,/etc.)/;/

•  «/the/shapes/of/visual/signs/appear/to/be/selected/
primarily/for/vision/at/the/expense/of/motor/(…)/there/
has/been/cultural/selec=on/pressure/for/human/visual/
signs/to/dispropor=onately/possess/the/naturally/
common/configura=on/types/»/Changizi,)2006)
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Reconnaissance+visuelle+à+3+et+4+ans+
The screen was lowered, the three letters removed, and the follow-
ing target letter was put in place. This sequence was repeated 26
times so that children were exposed to the 26 cursive letters of
the alphabet in a random order. The duration of 3 s for letter
inspection time was determined empirically in a pilot study, in
such a way that a percentage of correct recognition close to 50%
was attained at 3 years. This duration was controlled directly by
the experimenter, using a small clock.

2.2. Results

2.2.1. Accurate letter recognition scores
We calculated the number of correct letter recognition re-

sponses, assessed on the entire alphabet, on a set of letters reduced
to those belonging to each child’s own first name (considering all
children, all of the letters in the alphabet were present in this
set, though some were infrequent) and to those that possess a very
similar shape in cursive and manuscript writing ( , , , , , , , ,

, ). Letters m and n were not included because the printed letter
m is almost as similar to as to in French cursive handwriting.
An ANOVA with Age (3) as a between-subjects factor was run on
these dependent variables. We also computed the number of cor-
rect responses on the set of letters that were not included in each
child’s own first name (not-in-name letters) and on the set of let-
ters that have different shapes in cursive and printed writing (a,
b, f, g, h, j, k, l, p, r, s, x, y, z). T-tests were run to compare perfor-
mance for in-name versus not-in-name letters, and for unchanged
versus modified letters. Fig. 2 shows the percentages of correct
letter recognition as a function of age for the entire alphabet, the
in-name letters and the letters similar in cursive and printed
writing.

Age was significant regardless of the set of letters considered -
the entire alphabet, F(2, 59) = 25.1, p < .001, partial g2 = .46, the let-
ters belonging to the child’s own first name, F(2, 59) = 15.3,
p < .001, partial g2 = .34 and the unchanged letters, F(2,
59) = 21.2, p < .001, partial g2 = .42. Post hoc tests (Scheffé test)
showed that the increase in letter recognition ability was signifi-
cant between 3 and 4 years (p < .05) as well as between 4 and 5
years (p < .01). Performance reached 93% of success at 5 years, pre-
venting any meaningful differences between types of letters.
Regardless of the set of letters, recognition performance was sys-
tematically above chance (33.33%) at 3 years (ts(19) > 3, p < .01),

and of course at the older ages (ps.01). An advantage for letters
belonging to one’s own first name (55.6%), as compared to not-
in-name letters (42%), was significant at 3 years, t(19) = 3.3,
p < .05, but not at 4 years (p > .20). Letter recognition scores were
higher for unchanged letters (71.9%) than for those presenting dif-
ferent shapes in cursive and manuscript (57.7%) at 4 years, t
(20) = 4.1, p < .001, but not at 3 years (p > .20).

A more detailed look at the results can be obtained by analyzing
letter recognition performance as a function of letters. Fig. 3 pre-
sents the recognition scores obtained for each letter at 3 and 4
years, the letters being arranged on the x-axis from the least to
the best recognized. At 5 years, only 3 letters got a score below
85% of success (but above 75%, namely, u, w and y).

The letters that were best recognized at 3 years included - -

(letters with vertical strokes), and (the bigger letter with both

an ascending and descending loop). At age 4, - - remained among
the best recognized letters, to which - - - (round patterns)
were added. The less well-recognized letters comprised - -
(descending or ascending loops) and (humped letter) at 3 years,
- (ascending loops) and (humped letter) at 4 years. Thus, let-

ters that were either easy or difficult to recognize tended to be,
respectively, those that had high or low percentages of association
with other letters in the sorting by similarity task given to college
students. Indeed, the correlation between the mean recognition
score for each letter at age 4 and its maximum percentage of asso-
ciation with other letters (see Table 1) was significant, r = !.51,
p < .001. At 3 years, this correlation did not reach significance,
r = !.29, p = .14, but was also negative. Data from the three age
groups mixed, the correlation was high and significant, r = !.52,
p < .001. This means that the higher the similarity between letters
(as judged by adults), the worse the discrimination by these pre-
school and kindergarten children, though the trend was not signif-
icant at age 3.

Because letter recognition scores at 4 years were higher for
those letters that did not undergo a change of shape from printed
to cursive writing, it was likely that they correlated with some fre-
quency index of alphabetical letters in written texts. We used a
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Fig. 2. Percentages of correct letter recognition as a function of age in Experiment 1
(all: for the entire alphabet; name: for in-name letters; unchanged: for letters with
invariant shapes in cursive and printed handwriting). Error bars indicate standard-
errors.
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Fig. 3. Percentages of correct recognition for the entire alphabet letters (letters are
ordered along the x-axis from the less frequently to the most frequently recognized
letter) at 3 and at 4 years (Experiment 1: visual condition).
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The screen was lowered, the three letters removed, and the follow-
ing target letter was put in place. This sequence was repeated 26
times so that children were exposed to the 26 cursive letters of
the alphabet in a random order. The duration of 3 s for letter
inspection time was determined empirically in a pilot study, in
such a way that a percentage of correct recognition close to 50%
was attained at 3 years. This duration was controlled directly by
the experimenter, using a small clock.

2.2. Results

2.2.1. Accurate letter recognition scores
We calculated the number of correct letter recognition re-

sponses, assessed on the entire alphabet, on a set of letters reduced
to those belonging to each child’s own first name (considering all
children, all of the letters in the alphabet were present in this
set, though some were infrequent) and to those that possess a very
similar shape in cursive and manuscript writing ( , , , , , , , ,

, ). Letters m and n were not included because the printed letter
m is almost as similar to as to in French cursive handwriting.
An ANOVA with Age (3) as a between-subjects factor was run on
these dependent variables. We also computed the number of cor-
rect responses on the set of letters that were not included in each
child’s own first name (not-in-name letters) and on the set of let-
ters that have different shapes in cursive and printed writing (a,
b, f, g, h, j, k, l, p, r, s, x, y, z). T-tests were run to compare perfor-
mance for in-name versus not-in-name letters, and for unchanged
versus modified letters. Fig. 2 shows the percentages of correct
letter recognition as a function of age for the entire alphabet, the
in-name letters and the letters similar in cursive and printed
writing.

Age was significant regardless of the set of letters considered -
the entire alphabet, F(2, 59) = 25.1, p < .001, partial g2 = .46, the let-
ters belonging to the child’s own first name, F(2, 59) = 15.3,
p < .001, partial g2 = .34 and the unchanged letters, F(2,
59) = 21.2, p < .001, partial g2 = .42. Post hoc tests (Scheffé test)
showed that the increase in letter recognition ability was signifi-
cant between 3 and 4 years (p < .05) as well as between 4 and 5
years (p < .01). Performance reached 93% of success at 5 years, pre-
venting any meaningful differences between types of letters.
Regardless of the set of letters, recognition performance was sys-
tematically above chance (33.33%) at 3 years (ts(19) > 3, p < .01),

and of course at the older ages (ps.01). An advantage for letters
belonging to one’s own first name (55.6%), as compared to not-
in-name letters (42%), was significant at 3 years, t(19) = 3.3,
p < .05, but not at 4 years (p > .20). Letter recognition scores were
higher for unchanged letters (71.9%) than for those presenting dif-
ferent shapes in cursive and manuscript (57.7%) at 4 years, t
(20) = 4.1, p < .001, but not at 3 years (p > .20).

A more detailed look at the results can be obtained by analyzing
letter recognition performance as a function of letters. Fig. 3 pre-
sents the recognition scores obtained for each letter at 3 and 4
years, the letters being arranged on the x-axis from the least to
the best recognized. At 5 years, only 3 letters got a score below
85% of success (but above 75%, namely, u, w and y).

The letters that were best recognized at 3 years included - -

(letters with vertical strokes), and (the bigger letter with both

an ascending and descending loop). At age 4, - - remained among
the best recognized letters, to which - - - (round patterns)
were added. The less well-recognized letters comprised - -
(descending or ascending loops) and (humped letter) at 3 years,
- (ascending loops) and (humped letter) at 4 years. Thus, let-

ters that were either easy or difficult to recognize tended to be,
respectively, those that had high or low percentages of association
with other letters in the sorting by similarity task given to college
students. Indeed, the correlation between the mean recognition
score for each letter at age 4 and its maximum percentage of asso-
ciation with other letters (see Table 1) was significant, r = !.51,
p < .001. At 3 years, this correlation did not reach significance,
r = !.29, p = .14, but was also negative. Data from the three age
groups mixed, the correlation was high and significant, r = !.52,
p < .001. This means that the higher the similarity between letters
(as judged by adults), the worse the discrimination by these pre-
school and kindergarten children, though the trend was not signif-
icant at age 3.

Because letter recognition scores at 4 years were higher for
those letters that did not undergo a change of shape from printed
to cursive writing, it was likely that they correlated with some fre-
quency index of alphabetical letters in written texts. We used a
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All/:/toutes/les/leWres/
Name/:/celles/du/nom/
des/enfants/
Unchanged/:/celles/qui/
ont/les/mêmes/formes/
en/script/et/en/cursive/
Chance/:/choix/au/hasard/Fayol/Nevers/nov/2019/ 8/



Conclusions:+encodage+visuel+

•  Très+rapide+améliora(on+de+la+reconnaissance+visuelle+
des+leQres+cursives+entre+3+et+5+ans/;/percep=on/
globale/de/formes/;/erreurs/de/ressemblances/
visuelles/;/

•  Rapide/améliora=on/de/la/reconnaissance/à/par=r/
d’informa=ons/propriocep(ves+entre+4+et+6+ans+;/un/an/
plus/tard/;/sans/doute/lié/à/la/pra=que/de/l’écriture/qui/
affine/la/percep=on/visuelle/;/problèmes/de/MCT/et/
d’aWen=on/;/erreurs/de/similitude/trajectoires/(n/et/v/
en/cursive/;/a/avec/g/et/d/en/cursive)/;//

•  Rôle/de/la/fréquence+de+rencontres+;//
•  Bilan/des/évalua=ons/na=onales/:/à/quoi/cela/sertmil?/

Fayol/Nevers/nov/2019/ 9/

Des+leQres+et+des+sons+

Les/rela=ons/entre/phonèmes/et/
graphèmes/;/transcodage/du/visuel/à/

l’oral/(décodage)/;//
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Quelle+évolu(on?+
Foulin,)2005,)2007)

•  Différencier/le/dessin/de/l’écriture/;/puis/
différencia(ons+de+plus+en+plus+fines+:/ligne/
con=nues/versus/blocs/d’en=tés/;/séries/de/leWres/
seules/ou/non/;/voyelles/seules/versus/voyelles/et/
consonnes/;/etc…/

•  Dépasser/les/associa=ons/entre/formes/de/l’écrit/
et/formes/des/référents/(train/et/bicycleWe)/;/

•  Découverte+du+principe+alphabé(que+;/
appropria=on/progressive/de/la/forme/des/mots/;/
appren=ssage/des/associa=ons/GP/(lecture)/et/PG/
(produc=on)/;///forte+asymétrie+;/
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Le nom des lettres, précurseur du son 
des lettres 

 
C+V 

   B  
 D J 
  K P 
 Q T 
 V Z 

 

 
Autres 

 
C 
G 
H 
W 
X 
 

 
V+ C 

F 
L 
M 
N 
R 
S 



Produire+des+leQres:+encodage+
moteur+

Source/durable/de/difficultés/;/et/de/
troubles/;/encodage/par/copie/;//
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Fréquence+des+écritures+en+miroir+

Nouveaux éclairages sur l’écriture en miroir des enfants de l’école maternelle 4 

Figure 1. Fréquence et illustration des écritures en miroir des 23 caractères asymétriques, produites 
spontanément (sous la dictée) par 356 enfants entre cinq et six ans et demi 

 
Note : les tailles des écritures ont été homogénéisées. 
Notre réponse est que l’enfant, à défaut de connaître explicitement l’orientation des 

caractères, recourt à ses connaissances implicites. Ce type de connaissances se constitue par la 
détection et la préservation des invariants de notre environnement, sans prise de conscience 
explicite (Fischer, 2010b). Pour ce qui est de l’écriture, l’enfant semble adhérer à une règle 
implicite d’orientation vers la droite. Cette règle peut certes provenir de l’insistance (dans 
notre culture) sur l’écriture de gauche à droite, à un âge charnière (4 ans) pour commencer la 
différenciation du dessin et de l’écriture (Noyer & Baldy, 2002). Mais, plus spécifiquement, 
elle peut provenir du fait que les lettres majuscules, dont l’écriture est généralement apprise 
en premier, sont presque toutes (si l’on se limite aux 15 lettres asymétriques) formées d’un 
trait vertical et d’une partie distinctive vers la droite (B, D, E, F, K, L, N, P et R), font face 
à la droite (C, G, éventuellement S) ou ont un trait sur la droite (Q). Toutefois, la règle ne 
donne pas l’orientation de l’écriture de Z, et celle de J est donnée de manière erronée. 
L’application d’une telle règle par les enfants est alors étayée par le fait que Z et J sont bien 
les deux lettres les plus souvent écrites en miroir (49 % et 45 % respectivement), alors que 
toutes les autres lettres le sont relativement peu (18 % ou moins, cf. la figure 1). La généralité 
de la règle, dont l’un des fondements est notre choix culturel d’écrire de gauche à droite, fait 
qu’elle peut aussi s’appliquer à l’écriture des chiffres, éventuellement moins intensément. La 
règle n’indique alors l’orientation correcte que pour 4, 5 et 63 et induit en erreur pour les 
chiffres 1, 2, 3, 7 et 9. Elle peut donc parfaitement expliquer les pourcentages d’écriture 
en miroir inférieurs ou égaux à 15 % pour les trois premiers et supérieurs à 40 % pour les cinq 
derniers chiffres (cf. la figure 1). 

TOUS LES ENFANTS ÉCRIVENT-ILS EN MIROIR ? 

La question de l’orientation gauche-droite est fondamentale pour l’écriture en miroir. Les 
sujets gauchers, et d’autres populations susceptibles d’avoir des difficultés d’orientation 
(élèves en difficulté, sourds-muets, aveugles, déficients mentaux), ont été très vite 
« soupçonnés » d’en être les principales victimes. Ainsi, tout au long du XXe siècle, on a pu 
souligner que « l’écriture en miroir est associée au fait d’être gaucher » (Gordon, 1921, 
p. 340), que « l’écriture en miroir est aussi normale pour les personnes gauchères que l’est 
l’écriture conventionnelle pour les personnes droitières » (Blom, 1928, p. 591), que l’écriture 
en miroir apparaît comme « un symptôme classique de la sinistralité » (Schiller, 1932, p. 511 

Recueil/auprès/de/356/enfants/entre/5/et/6/ans/;/pas/de/différence/de/genre/ni/de/
latéralité/(les/gauchers/ne/produisent/pas/plus/d’inversions/que/les/droi=ers)//;/très/
fréquente/en/GS/(88%/des/enfants/de/GS/ont/produit/au/moins/une/écriture/en/miroir,/
ce/qui/suggère/que/ce/type/d’écriture/est/quasimnormal)/et/chute/très/fortement/en/CP/
Fischer,)2011,/Revue)française)de)pédagogie,/n°/175.)Fayol/Nevers/nov/2019/ 14/

Conclusion+

•  Écriture/en/miroir/très/fréquente/en/GS/(88%/des/
enfants/de/GS/ont/produit/au/moins/une/écriture/
en/miroir,/ce/type/d’écriture/en/GS/est/«/quasim
normal/»)/et/chute+très+fortement+en+CP+;/forte+
dépendance+de+la+pra(que/;//

•  Pas+de+différence+de+genre+ni+de+latéralité+;/
•  L’effet/sur/les/chiffres/est/très/fort./Le/3/donne/
lieu/au/plus/d’inversions/(45.6%/en/GS/et/10.2%/
en/CP),/le/5/(32.35/et/5.85),/le/7/(31.87/et/4.97)/et/
le/9/(44.38/et/3.32)./Le/4/est/le/moins/inversé/
16.22/et/0.86)/;/
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Effets+de+la+connaissance+des+leQres+
sur+la+lecture+ultérieure+de+mots+

Intérêt/des/suivis/longitudinaux/
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Avec+des+élèves+à+risque+
Peng)et)al.,)2019)

•  Suivi+longitudinal+de/185/élèves+à+risque+en/
lecture,/du/CP/au/CM1,/chaque/printemps/;//

•  Épreuves/spécifiques/(leWres,/conscience/
phonologique,/lecture/de/mots/et/
pseudomots)/;/épreuves/générales:/MT,/
vocabulaire,/raisonnement/non/verbal/;/

•  Descrip=on/des/trajectoires+et/des/
prédicteurs/;//
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Effet+de+la+connaissance+des+leQres+
sur+la+lecture+de+mots+

Running head: EARLY READING DEVELOPMENT TRAJECTORY                    33 

 
 

 
Figure 1.  Word Reading Developmental Trajectories between Groups with High Letter Knowledge (One SD above the Mean) versus Low Letter Knowledge (One SD below 

the Mean) in Fall of First Grade   
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Résultats+

•  Trajectoire/en/lecture/de/mots:/améliora=on/
rapide/puis/décéléra=on/;/

•  Trajectoire/en/compréhension:/linéaire/;/
•  Dans/les/deux/cas,/inférieure/au/
développement/typique/;/

•  Prédicteur+de+la+lecture+de+mots:+la+
connaissance+des+leQres+;/

•  Prédicteur/de/la/compréhension/:/le/
vocabulaire/et/le/raisonnement/non/verbal/;/
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Lire+pour+écrire+;+écrire+pour+lire?+

Écrire/les/leWres/facilitemtmil/leur/
reconnaissance/et/leur/iden=fica=on?/
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Une+étude+chez+les+adultes+
James)et)al.,)2006)

•  Déterminer/les/aires+cérébrales+impliquées+dans+les+
traitements+des+leQres+(comparaison/avec/formes/et/
objets)/au/cours/de/la/percep=on/et/de/la/produc=on/
directement/sollicitée/ou/induite/(en/dénomina=on/
écrite/de/formes/par/exemple)/;/

•  Épreuves/de/percep=on/ou/de/produc=on/de/leQres,/
formes/ou/objets/;/déterminer/si/les/zones/motrices/
sont/ac=vées/lors/de/la/percep=on/et/si/
réciproquement/les/zones/percep=ves/sont/ac=vées/
lors/des/traitements/moteurs/(sans/percep=on)/;/
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Conscience+phonologique,+connaissance+
des+leQres+et+produc(on+

•  Les+formes+des+leQres+(ou/signes/graphiques)/op=misent/
les/tracés/en/vue/d’assurer+une+discrimina(on+maximale/;/
lecture+privilégiée+;/

•  L’écriture/manuscrite/des/leWres/(puis/des/mots)/est/une+
ac(vité+motrice+difficile+à+acquérir/:/elle/demande/du/
temps,/de/l’aWen=on,/l’exercice/d’un/contrôle/alliant/visuel/
et/moteur/;/et/surtout/une/pra(que/;//

•  Les/jeunes/enfants/commeWent+beaucoup+d’erreurs+en+
produc(on+;/ils/doivent/apprendre/à/tracer/les/traits,/à/les/
agencer/entre/eux,/à/abou=r/à/des/formes/discriminables/;/

•  Deux/problèmes/:/percevoir/et/produire/;/
•  Foulin,/JmN./(2007)./La/connaissance/du/nom/des/leWres/chez/les/prélecteurs/://aspects/

pronos=ques,/fonc=onnels/et/diagnos=ques./Psychologie)Française,)52,/431m444./
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Au+total+

•  L’appren=ssage/de/la/reconnaissance+des+leQres/
ne/semble/pas/poser/problème/à/par=r/de/
l’écriture/manuscrite,/cursive/ou/scripte/;/

•  L’appren=ssage/de/la+produc(on+des+formes+des+
leQres/demande/plus/de/temps/et/d’aWen=on/;/
mais/réussite/générale/en/CP,/malgré/difficultés/
en/GSM/;//

•  Les/enfants/acquièrent/par/appren=ssage/
sta=s=que+certaines+régularités+portant+sur+les+
suites+de+leQres+avant/de/comprendre/les/
rela=ons/entre/parole/et/écriture/;//
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Systèmes+de+traitement+visuo=moteurs+
des+leQres+
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hand-eye coordination (Needham, Barrett, & Peterman, 
2002), depth perception, (Bertenthal & Campos, 1984), 
sound recognition (Pelphrey, Morris, & McCarthy, 2004), 
spatial understanding (Siegal & White, 1975), and even 
language development (e.g., Smith & Gasser, 2005). It may 
not be surprising then that our self-generated actions also 
have a significant effect on how we process letters. None-
theless, historically, letter perception (a necessary precur-
sor of reading) has been considered more of a passive 
behavior—that is, one that involves seeing the shapes of 
letters and hearing the sounds they represent. The poten-
tial importance of producing letters with the body, through 
handwriting, has generally not been considered as impor-
tant. But what if—similar to learning about many other 
types of objects—learning about letters is facilitated by 
producing them? Then learning about written letters 
becomes an activity not only of seeing and hearing letters 
but also of producing them by hand.

A limited number of experimental studies have 
shown that, indeed, adults ( James & Atwood, 2009; 
Longcamp et  al., 2008) and children (Li & James, 
2016; Longcamp, Zerbato-Poudou, & Velay, 2005) 
learn symbols better if they write them by hand dur-
ing learning than through other forms of practice, 
including visual, auditory, and even typing. In addi-
tion, correlational work demonstrates that early hand-
writing can have significant effects on literacy skills 
in young children (for a review, see Hall, Simpson, 
Guo, & Wang, 2015). How handwriting facilitates 
symbol learning in terms of underlying mechanisms, 

however, is a question that can be addressed only 
with brain-imaging studies.

Our hypothesis in a series of studies was that hand-
writing affects symbol learning by creating a network 
that includes both sensory (visual in this case) and 
motor brain systems. To investigate this idea, one must 
first outline the brain systems that underlie efficient 
letter processing, both in terms of handwriting (see 
Planton, Jucia, Roux, & Demonet, 2013, for a recent 
meta-analysis) and visual letter processing (see Martin, 
Schurz, Kronbichler, & Richlan, 2015, for a meta-analysis;  
see Fig. 1 for a schematic that summarizes the results). 
Many studies converge on a system that involves visual 
and motor brain systems that underlie both visual letter 
processing and handwriting. Letter processing in the 
literate individual involves the recruitment of the left 
fusiform gyrus in the ventral temporal lobe (a region 
associated with visual letter processing in general but 
also linguistic processing), the left superior temporal 
gyrus/inferior parietal lobule that often encompasses 
the angular gyrus (associated with language perception 
and writing), the inferior frontal gyrus (a region that 
responds during many tasks involving linguistic infor-
mation and during general motoric sequencing), the 
left middle frontal gyrus (associated with writing), and 
the left dorsal precentral gyrus (the primary motor cor-
tex/premotor cortex for direct motor control and writ-
ing). Visual letter processing and letter writing (without 
seeing a letter) was investigated in the same experiment 
comparing these systems within individuals and showed 

Reading System

 Letter Perception System

Writing System

Inferior Frontal Gyrus

Middle Frontal Gyrus
 

Precentral Gyrus 

Superior Temporal/
Supramarginal Gyri

Fusiform Gyrus

Left Hemisphere

Fig. 1. A schematic depiction of the visual-motor letter-processing systems. Although 
regions do not exactly overlap (because results are drawn from multiple studies), 
it is striking that despite multiple tasks and paradigms, substantial overlap is dem-
onstrated.

L’écriture+affine+
et+consolide+les+
traitements+
visuels,+et+
réciproquement
.+
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Et+l’appren(ssage?+

La/science/à/l’appui/des/poli=ques/
publiques:/faut=il+renoncer+à+l’écriture+
manuscrite+et+enseigner+directement+

l’usage+du+clavier?+
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Des+ques(ons+

•  Les/leWres/sontmelles/traitées/différemment/
des/formes/géométriques?//

•  Les/leWres/entraînées/sontmelles/traitées/
différemment/des/leWres/non/entraînées?/

•  Les/leWres/dactylographiées/sontmelles/traitées/
différemment/des/leWres/produites/à/la/main?/

•  Observemtmon/une/rela=on/entre/aires/motrices/
et/aires/percep=ves,/dans/les/deux/sens?/
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Quid+de+l’appren(ssage?+
!

•  Comparent/chez/enfants+de+4+à+5+ans+
l’appren=ssage/par/la/dactylographie,/le/dessin/
et/le/tracé/(en/repassant/sur/des/poin=llés)/(à/8/
reprises)/de/leQres+et+de+formes+géométriques+;/

•  Performances/en/reconnaissance/de/ces/mêmes/
leWres/et/formes/mais/aussi/d’autres/leWres/et/
formes/non/entraînées/;/enregistrent/l’ac=vité/
cérébrale/du/cerveau+en(er/et/d’une/région/
précise/:/le/gyrus+fusiforme+;///
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Résultats+
•  LeQres+non+entraînées+ont/même/type/d’ac=va=on/que/les/
formes/entraînées/ou/non/;///

•  Différences/dans/régions/entre/leWres/et/formes/
entraînées/en/dessin/ou/en/tracé/des/leWres/ou/des/
formes/:/sillon+intrapariétal+gauche,/lobule/pariétal/
supérieur,/gyrus/précentral/bilatéral/;/la+dactylographie+ne+
recrute+aucune+de+ces+régions/;/

•  Représenta=ons/motrice/et/visuelle/des/leWres/
interagissent/au/cours/de/la/reconnaissance/:/la+percep(on+
ac(ve+les+aires+motrices+mais+seulement++si+les+leQres+ont+
été+produites/;/ac=va=ons/bilatérales/chez/les/enfants/
alors/que/latéralisées/à/gauche/chez/les/adultes/;/

•  Latéralité+augmente+entre+3+et+7+ans,/parfois/aumdelà/;//
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Lecture+et+écriture+des+mots+
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Un+double+problème++
Décomposer+en+segments+(encodage)+:/par=r/
de/la/forme/orale/m>/segmenter/m>/maintenir/
en/mémoire/m>/transcrire/;/écriture/;/

Composer+à+par(r+de+segments+graphiques+:/
(décodage)/par=r/de/la/forme/écrite/m>/
segmenter/m>/associer/des/formes/sonores/(ou/
phonèmes)/m>/maintenir/en/mémoire/et/
fusionner/;/
/
Évolu(on+de+la+nature+et+de+la+taille+des+
segments+;+
/

Deux+différences+fondamentales+
Grainger)et)al.,)2016);+Lété)&)Fayol,)2013)

•  La+lecture+repose/sur/la/reconnaissance/des/
formes/orthographiques/:/ne/pas/confondre/(cas)
vs)sac);)poule)vs)loupe)/;/une/certaine/flexibilité/
chez/les/adultes/(porte)vs)potre);)table)vs)talbe);)
verte)vs)evrte)/;/

•  La+produc(on/mobilise/un/rappel/des/leQres/et/
de/leur/ordre/;/pas/de/flexibilité/;//

•  Existence/d’un/lexique+orthographique+unique/en/
MLT/;/représenta=ons/de/qualité+variable+;/

•  Asymétrie+très+forte+en+français+entre+lecture+et+
produc(on+;/
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 1 segmentation phonémique   
 2 dénomination des lettres   
 4 copie de lettres     
 5 prédictions de l�enseignant 
 7 vit. de dénomination  images      
13 vocabulaire     
16 profession du père        
26 lecture partagée          
28 nombre de livres     
31 âge           
39... 

(Share et al., 1984) 

Relation prédictive acq. préscolaires / lecture 
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Écrire des mots pour mieux lire? 
Conrad, 2008 

•  41 enfants de 7 ans (CE1) sont répartis en deux 
groupes. L�un est entraîné à la lecture de 40 
mots, l�autre à l�écriture de ces mêmes 
mots ; 

•  L�apprentissage se réalise en lisant (ou 
écrivant) les 40 mots à chaque fois, 4 fois par 
jour pendant 4 jours (soit 16 essais) ; 

•  On relève les erreurs en fonction des essais ; 
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Encodage+spécifique:+transfert+
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Traitement/
ini=al/

Traitement/
final/

Lecture++

Écriture+

Lecture++

Écriture+

Produire+des+mots+

Une/ac=vité/difficile/à/apprendre/
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Du décodage à « l’unitisation » des mots 
Share, 1995, 1999 ; Ehri, 2005 ; Pacton et al., 2001, 2005, 2013 

•  Comment passe-t-on d’un traitement séquentiel 
(décodage avec effet de longueur) à la 
reconnaissance et l’identification des mots (sight 
words, en un coup d’œil ; effet de fréquence)? 

•  L’idée de l’auto-enseignement (self-teaching) ; le 
décodage conduit à la fois à la prononciation 
(forme phonologique) du mot ET à la 
mémorisation de celui-ci (instance spécifique) ET 
à la mémorisation de fragments fréquents de 
mots (les régularités) ;  

•  Encodage au moins aussi efficace ;  
Fayol Nevers nov 2019 36 



Évolu(on+de+la+produc(on+des+
mots+

Du/guidage/par/la/vision/à/
l’an=cipa=on/
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Exemples+de+produc(ons+et+vélocités+

1989). Smyth and Silvers (1987) evaluated adult hand-
writing in “blind” conditions, when vision was not
allowed. They observed that the global spatial layout
and the orientation of the words were impacted by
the absence of visual feedback. However, the word
shape and letter legibility were little deteriorated,
except for letters with repetitive strokes (“n” and
“m”; “u” and “w”) where some strokes could be

added or omitted. A possible explanation is that
vision is used to update a motor buffer containing
the strokes of each letter (see Figure 1). The role of
proprioceptive feedback was evaluated by comparing
the handwriting movements of deafferented subjects,
who cannot perceive any tactile or kinaesthetic infor-
mation about their movement or the position of their
own body, to that of control adults (Hepp-Reymond,

Figure 2. Time-frame showing the evolution of handwriting with learning and development. Top: typical exemplars of handwriting at
age 5, 7, and 9, and from an adult, and corresponding velocity profiles. The red dots indicate the absolute velocity minima and their
position in the trace. The time scale is different for the youngest child (40 s) and for the adult (2 s). Pen lifts and stops are indicated, and
the dramatic evolution of movement fluency, mean velocity, total duration, and number of stops is clearly visible. Bottom: description of
the main behavioural and brain changes, and view of the left hemisphere showing the position of the main regions involved in hand-
writing and discussed in the text. The core of the handwriting network (dPM = dorsal premotor cortex; SPC = superior parietal cortex;
right Ce = right cerebellum, viewed in transparency) is in blue, and the associated regions (CS = central sulcus, position of the hand
motor cortex; FuG = fusiform gyrus) are in purple. [To view this figure in colour, please see the online version of this Journal.]
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5m6/ans:/mouvements/amples/effectués/avec/difficultés/;/la/vision/de/régule/pas/les/
tracés/en/cours/de/produc=on/;//
7/ans:/suite/de/traits/lents/et/très/contrôlés/par/la/vision/;/beaucoup/d’erreurs/corrigées/;/
9/ans:/mémorisa=on/des/formes/spa=ales/et/des/organisa=ons/motrices/;/
automa=sa=on/incomplète/;//
Adultes/:/mouvements/stables/et/rapides/;/automa=cité/;/personnalisa=on/;///
/
/
/
/
/
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Écriture+des+mots+

•  Automa(sa(on+très+lente,/très/dépendante/
de/la+pra(que+et/des/correc=ons/;/différences/
interindividuelles/très/fortes/;//

•  Du/CE2/au/CM2/automa=sa=on/encore/
incomplète:/coût/de/la/produc=on/écrite/;/
rejaillit/sur/la/qualité/et/la/quan=té/de/
produc=ons/écrites/;/encore/vrai/chez/les/
adultes/;/
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Encodage+par+l’écriture+très+
important+à+long+terme+

Treiman,)2019);)OuelleNe,)2010;)ShaharPYames,)2004)
•  La/connaissance/de/l’orthographe/(même/par=elle)/en/
fin/de/GSM/influe/en/CP,/CE1/et/CM1/et/même/Classe/
de/Première/sur/les/performances/en/lecture/une/fois/
contrôlées/les/variables/usuelles/impliquées/dans/la/
prédic=on/:/conscience/phonologique,/connaissance/
des/leWres,/vocabulaire/;/

•  /970/enfants/testés/en/fin/de/GSM/(cs/phono,/leWresm
sons,/vocabulaire…)+et+en+orthographe+(cf/cota=on)/
puis/en/lecture/à/chaque/niveau/suivant/;//

•  Prédic=on/aWestée/aumdelà/de/l’effet/des/autres/
variables:/1SD/en/ortho/induit/0,1/SD/en/lecture/;//



Lire+et+écrire+des+mots+

Une/réseau/intégré/et/des/coûts/à/
gérer/
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Évolu(on+de+la+lecture+et+capacité+
d’aQen(on+et+mémoire+

42/

Code Déchiffrage

Compréhension

6ans 11/ans/

Capacité totale

Évolu(on+de+la+rédac(on+et+capacité+
capacité+d’aQen(on+et+mémoire+

Jones)&)Christensen,)1999);)Fayol,)1999!

43/

Mise en texte dont orthographe

Représentation de la situation

6ans 11/ans/

Capacité totale

Graphisme/

Des+ques(ons+pour+terminer+

Les/écritures/inventées/;/le/recours/au/
clavier/;//
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En+l’état+
•  L’appren=ssage/de/l’écriture/manuscrite/des/leWres/

présente/des/avantages/quant/à/la/mémorisa=on/des/leWres/
et/des/mots,/à/leur/reconnaissance/en/percep=on/et/à/leur/
produc=on,/et/au/développement/du/contrôle/de/soi/;//

•  Le/recours/au/clavier/ne/présente/pas/ces/avantages/;/mais/
amtmon/l’équivalence/d’un/appren=ssage/prolongé/avec/
enseignement/de/la/dactylographie?/Suivre/les/expériences/
dans/d’autres/pays/(OuelleNe,)G.,)&)Tims,)2014)//;//

•  La/dactylographie/associée/au/numérique/présente/d’autres/
avantages,/pour/des/enfants/plus/âgés/et/pour/ceux/qui/ont/
des/difficultés/motrices/(dysgraphies)/ou/lexiques/
(dyslexiques)/;/réfléchir/à/des/poli=ques/d’individualisa=on/;//
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Pour/en/savoir/plus/
Fayol,+M.+(2017).+L’acquisi(on+de+l’écrit.+

QSJ+

Michel.fayol@uca.fr/
/
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