
NOTE TO USERS 

Page(s) not included in the original manuscript are 
unavailable from the author or university. The 

manuscript was microfilmed as received 

1&2 

This reproduction is the best copy available. 

UMI 





Universite de Montreal 

ETUDE DE LA DYNAMIQUE HEMISPHERIQUE 

POUR LE TRAITEMENT DES MOTS 

CHEZ LES GAUCHERS ET LES DROITIERS 

Par 

Tania Tremblay 

Departement de psychologie 

Faculte des arts et des sciences 

These presentee a la Faculte des etudes superieures 

en vue de l'obtention du grade de 

Philosophies Doctor (Ph.D.) 

en psychologie 

Mai 2009 

© Tania Tremblay, 2009 

Universite de Montreal 

Faculte des etudes superieures 



1*1 Library and Archives 
Canada 

Published Heritage 
Branch 

395 Wellington Street 
Ottawa ON K1A0N4 
Canada 

Bibliotheque et 
Archives Canada 

Direction du 
Patrimoine de I'edition 

395, rue Wellington 
OttawaONK1A0N4 
Canada 

Your file Votre reference 
ISBN: 978-0-494-60325-3 
Our file Notre reference 
ISBN: 978-0-494-60325-3 

NOTICE: AVIS: 

The author has granted a non­
exclusive license allowing Library and 
Archives Canada to reproduce, 
publish, archive, preserve, conserve, 
communicate to the public by 
telecommunication or on the Internet, 
loan, distribute and sell theses 
worldwide, for commercial or non­
commercial purposes, in microform, 
paper, electronic and/or any other 
formats. 

L'auteur a accorde une licence non exclusive 
permettant a la Bibliotheque et Archives 
Canada de reproduire, publier, archiver, 
sauvegarder, conserver, transmettre au public 
par telecommunication ou par Nnternet, preter, 
distribuer et vendre des theses partout dans le 
monde, a des fins commerciales ou autres, sur 
support microforme, papier, electronique et/ou 
autres formats. 

The author retains copyright 
ownership and moral rights in this 
thesis. Neither the thesis nor 
substantial extracts from it may be 
printed or otherwise reproduced 
without the author's permission. 

L'auteur conserve la propriete du droit d'auteur 
et des droits moraux qui protege cette these. Ni 
la these ni des extraits substantiels de celle-ci 
ne doivent etre imprimes ou autrement 
reproduits sans son autorisation. 

In compliance with the Canadian 
Privacy Act some supporting forms 
may have been removed from this 
thesis. 

Conformement a la loi canadienne sur la 
protection de la vie privee, quelques 
formulaires secondaires ont ete enleves de 
cette these. 

While these forms may be included 
in the document page count, their 
removal does not represent any loss 
of content from the thesis. 

Bien que ces formulaires aient inclus dans 
la pagination, il n'y aura aucun contenu 
manquant. 

• • I 

Canada 



Cette these intitulee : 

ETUDE DE LA DYNAMIQUE HEMISPHERIQUE 

POUR LE TRAITEMENT DES MOTS 

CHEZ LES GAUCHERS ET LES DROITIERS 

presentee par 

Tania Tremblay 

a ete evalue(e) par un jury compose des personnes suivantes : 

president-rapporteur 

Maryse Lassonde 

directeur de recherche 

Yves Joanette 

membre dujury 

Martin Arguin pour Bernadette Ska 

examinateur externe 

Michel Habib 

representant du doyen de la FES 

Victor Boucher 



RESUME 

in 

II est d'ores et deja connu que l'organisation cerebrale du langage des gauchers 

se distingue de celle des droitiers. Toutefois, tres peu d'etudes ont considere cette 

difference lors de l'etude de rinfluence du sexe et de la complexite du traitement. 

L'objectif de la presente these consiste a mieux comprendre 1'influence de 

facteurs inter et intra-individuels sur la dynamique hemispherique associees a deux 

composantes fondamentales du langage, soit les traitements phonologique et semantique 

du mot chez les droitiers et les gauchers. A cette fin, une tache phonologique demandant 

un jugement d'appariement grapho-phonemique et une tache semantique sollicitant un 

jugement d'appartenance categorielle ont ete utilisees a l'aide de la methode 

comportementale des champs visuels divises (Walter, Beauregard, & Joanette, 2002; 

Walter, Cliche, Joubert, Beauregard, & Joanette, 2001). Ces deux taches ont ete 

selectionnees parce qu'elles permettent d'evaluer un niveau de traitement facile et 

difficile en presentant des stimuli variant en termes de transparence grapho-phonemique 

(tache phonologique) ou de prototypicalite (tache semantique). 

Apres une mise en contexte du travail (chapitre 1), une revue des connaissances 

quant a 1'impact de la preference manuelle sur l'organisation cerebrale du langage 

ouvrira le developpement de la these (chapitre 2). Par la suite, l'effet du genre ainsi que 

l'effet de la complexite du traitement chez les droitiers et les gauchers seront explores 

(Chapitre 3 et 4). Les resultats des etudes empiriques demontrent un effet differentiel de 
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genre selon la preference manuelle et de complexity du traitement selon que la 

composante langagiere soit phonologique ou semantique. 

Premierement, le genre module la dynamique hemispherique chez les gauchers 

seulement: les hommes gauchers semblent presenter une asymetrie fonctionnelle du 

langage moins marquee que les femmes. Deuxiemement, quelle que soit la preference 

manuelle et le genre, les resultats suggerent qu'une augmentation de la complexite du 

traitement entraine la collaboration des deux hemispheres lors d'un traitement 

semantique mais non lors d'un traitement phonologique des mots. L'augmentation de la 

complexite phonologique semble plutot engager essentiellement l'HG et faire appel a un 

mode de fonctionnement intra-hemispherique. 

Les resultats des quatre articles seront discutes dans le cinquieme chapitre. Ce 

sera alors l'occasion de les integrer a l'interieur d'un corpus empirique et de les 

interpreter a la lumiere de trois modeles de fonctionnement cerebral soit intra-

hemispherique (modele de l'acces direct), soit inter-hemispherique de type calleux 

(modele du relais calleux) ou cooperatif (modele de l'interaction hemispherique). 

Mots-cles : langage, gauchers, difference inter-genre, complexite du traitement, 

traitement phonologique, traitement semantique, champ visuel divise. 
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ABSTRACT 

A longstanding held assumption is that left-handers present a distinct cerebral 

language organization than right-handers. However, only few studies have considered 

this difference in studying the impact of intra and interindivual factors on language 

hemispheric dynamic. The goal of the present thesis is to gain insight into the language 

hemispheric dynamic in right-and left-handers for two fundamental language 

components which are phonological and semantic processing of words. At that end, a 

phonological task that asked for a grapho-phonemic matching judgment and a semantic 

task that called for a category judgment were used through a behavioral divided visual 

field paradigm (Walter, Beauregard, & Joanette, 2002; Walter, Cliche, Joubert, 

Beauregard, & Joanette, 2001). These two tasks have been chosen because they both 

present an easy and a difficult level of processing, which have been manipulated 

according to graphophonemic transparency (phonological task) or semantic 

prototypicality (semantic task). 

After contextualizing that research into a larger perspective (chapter 1), a 

literature review about left-hander's language cerebral organization deployed the matter 

of that thesis (chapter 2). After that, empirical studies will explore gender effect as well 

as complexity processing effect in right and left-handers (chapter 3 and 4). Results 

suggest a differentia effect of the gender according to handedness and of the complexity 

processing whether phonology or semantic is involved. 

First, gender modulates the hemispheric dynamic solely in left-handers with men 

demonstrated better equilibrium between left and right-hemisphere performance than 
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women. Second, results suggest that an increase of complexity processing solicits both 

hemispheres collaboration during semantic but not phonological processing of words 

whatever the handedness or the gender. Rather, an increase in phonological complexity 

seems to engage essentially the left-hemisphere and to be held by an intrahemispheric 

mode of processing. 

Results of the four articles will be discussed in the fifth chapter. Then, it will be 

the opportunity to integrate them into the empirical corpus and to interpret them in light 

of different cerebral functioning models (direct access, callosal relay and hemispheric 

interaction models). 

Key words: language, left-handers, gender difference, complexity processing, 

phonological processing, semantic processing, divided visual field 
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1. LE CONCEPT D'ASYMETRIE FONCTIONNELLE 

L'objectif de ce chapitre est de retracer revolution du concept de l'asymetrie 

fonctionnelle du langage afin de comprendre le contexte dans lequel s'inscrit le present 

travail. La premiere partie de cette section survolera ainsi les fondements historiques 

ayant mene a l'affirmation d'une dominance de l'hemisphere gauche (HG) pour traiter le 

langage puis a la devaluation de cette assertion. Dans cette lignee, la seconde partie se 

focalisera sur les facteurs inter et intra-individuels capables de moduler la superiorite de 

l'HG durant la performance d'une tache langagiere. Cette section se terminera par la 

presentation de l'objectif general et des objectifs specifiques de la these. 

1.1. La phrenologie comme precurseur 

Les premices a 1'acceptation de la notion d'asymetrie fonctionnelle cerebrale ou 

de specialisation hemispherique debutent des le XIXe siecle, lorsque le physicien 

allemand Franz Joseph Gall elabore la premiere theorie presumant une localisation 

cerebrale des fonctions mentales. La theorie de Gall, la phrenologie, identifie 27 regions 

du cerveau (modules ou organes) qui prennent chacune en charge une qualite 

psychologique particuliere . Le developpement de ces qualites peut en outre etre evalue 

par la palpation des cranes. La theorie phrenologique justifie cette methode en 

supposant 1) qu'une region cerebrale specifique se creuse ou se boursouffle d'apres la 

croissance de la qualite sous sa responsabilite et 2) que le crane moule fidelement 

l'anatomie cerebrale. Un etudiant excellant en mathematique devrait ainsi presenter une 

2 Avec l'aide de son discipline Johann Spurzheim, la phrenologie evolue et les qualites psychologiques 
localisees augmentent jusqu'a 37. 

Chapitre 1 
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protuberance externe a l'endroit cerebral designe comme le siege du raisonnement 

mathematique. Bien que la phrenologie ait ete largement discredited des 1860, 

l'engouement pour son principe localisationniste, associant des regions cerebrales 

precises a des fonctions particulieres, perdure. Et, c'est en grande partie la fascination 

pour cette idee qui motivera les etudes lesionnelles (pour une lecture detaillee sur la 

phrenologie et ses contributions aux neurosciences, voir Simpson, 2005). 

1.2. La dominance cerebrate comme resultat de l'etude des lesions cerebrales 

1.2.1. L 'asymetrie fonctionnelle selon Broca 

En 1861, le neurologue francais Paul Broca travaille a l'hopital Bicetre et recoit 

M. Leborgne souffrant d'une cellulite et d'une gangrene. Pour le neurologue, l'interet 

que ce cas propose ne provient pas des maladies physiques du patient. II origine plutot 

de son incapacite a parler, malgre un bon fonctionnement de ses organes peripheriques 

necessaires a une articulation vocale adequate. Qui plus est, ce trouble semble 

specifique. M. Leborgne ne peut que prononcer la syllabe « Tan » mais comprend tous 

les mots entendus. A la suite du deces du patient, Broca fait l'autopsie de son cerveau et 

decouvre une lesion delimitee a la 3eme circonvolution de la partie frontale gauche (pour 

une lecture sur le cas de M. Leborgne, voir Finger, 2004). 

L'observation post-mortem de Broca confirme la conclusion enoncee plus tot par 

le medecin Jean- Baptiste Bouillaud, voulant que la faculte du langage se localise dans 

les « lobules anterieurs» du cerveau. Plus essentiel, neanmoins, est qu'elle apporte de 

nouvelles connaissances. Pour la premiere fois, la faculte generale du langage est 

Chapitre 1 
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distinguee de la faculte a articuler les mots : la premiere permettrait d'etablir une 

relation entre une idee et un symbole, alors que la seconde concernerait specifiquement 

les aspects moteurs du langage. Plus specifiquement, une perturbation du langage 

articule serait due a un trouble de la coordination des mouvements necessaires a la 

production des mots (Hecaen & Dubois, 1969). Broca avance egalement l'idee qu'un 

trouble du langage chez les droitiers resulte seulement d'une lesion de l'HG, et ne peut 

aucunement survenir suite a une lesion de l'HD (Hecaen & Dubois, 1969). Ce dernier 

point est particulierement important puisqu'il vehicule l'idee que seul l'HG contribue au 

langage. Cette hypothese incite Broca a ecrire ses reflexions sur la notion de dominance 

cerebrale en 1865 (Hecaen & Dubois, 1969). 

La notion de dominance cerebrale inauguree par Broca est tres audacieuse pour 

l'epoque car elle s'oppose radicalement a « la loi » de la symetrie, c'est-a-dire a la 

croyance generalisee que Dieu aurait cree l'homme en tout point symetrique. Sur le plan 

cerebral, cette « loi » stipule que toutes les facultes mentales sont dedoublees pour etre 

representees dans l'HG et l'HD; consequemment, il etait presume qu'une faculte se 

preserverait malgre l'endommagement d'un hemisphere (voir Buckingham, 2006a). II 

est a souligner que Broca n'a pas ete le premier a reconnaitre un lien entre l'HG et un 

trouble du langage articule puisque Marc Dax avait ecrit un memoire sur ce sujet des 

1836. Historiquement, le credit revient neanmoins a Broca compte tenu des multiples 

observations cliniques qu'il a apportees et de nombreuses communications scientifiques 

qu'il a diffusees (voir Buckingham, 2006b). 

Chapitre 1 
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1.2.2. L'asymetrie fonctionnelle selon Wernicke 

Quelque temps apres la decouverte de Broca, le medecin allemand Karl 

Wernicke fait la description des troubles langagiers de deux patients. Cette fois, les 

deficits observes touchent specifiquement la comprehension du langage parle. Malgre 

un discours fluide et sans accroc articulatoire, ces patients, qui presentent une audition 

normale, ne comprennent pas les mots qu'ils entendent. En examinant le cerveau d'un 

de ces patients, Wernicke decele une lesion a la partie posterieure et superieure gauche 

(gyrus temporal superieur). Etant donne le type de trouble langagier observe, Wernicke 

assume que la zone cerebrale affectee constitue le siege des images auditives des mots. 

En plus de ces observations anatomo-cliniques, Wernicke elabore une theorie integrative 

autour de la notion des centres moteur et sensoriel du langage. Cette theorie, postulant 

un lien anatomique et fonctionnel entre les centres du langage, decrit les bases 

neurobiologiques sous-tendant depuis la formation jusqu' a l'expression des 

representations conceptuelles. II est ainsi explique qu'un mot entendu est d'abord 

associe a une signification dans le gyrus temporal superieur gauche, laquelle est 

acheminee, via des fibres de connexion transcorticales (le faisceau arque), vers la partie 

anterieure gauche du cerveau ou s'effectue la preparation necessaire a l'articulation du 

mot. Ainsi, selon le centre du langage atteint, la theorie predit que la comprehension ou 

l'expression sera alteree (voir Price, 2000; Kaitaro, 2001)3. 

Bien que la theorie de Wernicke ne reflete aucunement la pensee phrenologique, 

elle renforce la proposition d'un role dominant et exclusif de l'HG pour toutes les 

3Le modele de Wernicke est davantage elabore, et predit une difficulte specifique a repeter les mots si les 
fibres intra-hemispheriques reliant les deux centres du langage sont endommagees (Price, 2000). 

Chapitre 1 
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habiletes de communication. La notion d'asymetrie fonctionnelle pour le langage 

restera ainsi inextricablement liee a l'idee d'une dominance cerebrale, et constituera le 

principal dogme jusqu'a la moitie du XXeme siecle. A cette epoque, les donnees cliniques 

mettent en evidence certaines habiletes langagieres de la part de l'HD. 

Une premiere source d'information provient des individus droitiers porteurs 

d'une lesion acquise a rhemisphere droit (cerebroleses droit; voir Eisenson, 1962). 

L'affinement des outils devaluation permettent en effet de detecter des troubles affectant 

la semantique des mots, 1'organisation du discours, la prosodie4 et 1'interpretation du 

langage non litteral (p.ex. : metaphores, idiomes, sarcasmes; pour une revue voir 

Hannequin, Goulet & Joanette, 1987; Myers, 1999). Bien que ces donnees lesionnelles 

permettent de cone lure a une contribution de l'HD au langage, la preuve repose sur des 

inferences faites a partir de l'observation des deficits. L'observation de ces patients 

cerebroleses n'offre done aucun renseignement sur la capacite reelle de l'HD au 

langage, e'est-a-dire lorsque l'HD est sain, indemne de toute lesion. 

En fait, 1'appreciation de la capacite reelle de l'HG et l'HD au langage est rendu 

possible grace a une methode clinique autre que lesionnelle. En fait celle-ci repose sur 

1'evaluation des performances de chaque hemisphere intact mais isoles anatomiquement 

et fonctionnellement (Faure, 2001). Cette nouvelle approche permettra ainsi de savoir si 

la forte lateralisation de l'HG pour le langage, tel qu'inferee par 1'evaluation des deficits 

qu'entrainent une lesion cerebrale, signifie une inhabilete complete de l'HD a traiter le 

langage en general, et en particulier, la forme et le sens des mots. 

4 La prosodie renvoie a la melodie et au rythme des mots, des phrases et du discours (Myers, 1999) 
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1.3. Capacites langagieres des hemispheres chez une population clinique 

La majorite des etudes pionnieres tentant d'estimer les habiletes propres a chacun 

des hemispheres provient des experiences effectuees aupres d'individus ayant subi une 

commisurotomie complete, c'est-a-dire une scission chirurgicale d'une grande voie 

fibreuse connectant les deux hemispheres (le plus souvent du corps calleux, mais 

parfois de la commissure anterieure ou posterieure) . Chez les individus 

commisurotomises, les deux hemispheres ne fonctionnent done plus comme un tout 

coordonne, mais travaillent de facon independante. 

1.3.1 Les etudes aupres des commissurotomises 

Au debut des annees 1960, Roger Sperry et ses collegues du California Institut of 

Technology per9oivent dans le fonctionnement cerebral des individus 

commisurotomises l'opportunite d'evaluer les habiletes langagieres de l'HG et de l'HD 

respectivement6 (Sperry & Gazzaniga, 1967; Sperry, Gazzaniga & Bogen, 1969). Pour 

ce faire, ils creent un paradigme ingenieux et simple mettant a profit l'organisation 

croisee des systemes visuel et moteur. II s'agit en fait de presenter brievement des 

stimuli linguistiques dans les champs visuels peripheriques . Selon la procedure 

classique, seul un ordinateur ou un tachistoscope positionne devant les yeux du patient et 

5 Les commissurotomies ont ete realisees afin d'eviter la propagation d'un foyer epileptique incontrolable. 
611 s'agit des habiletes des deux hemispheres chez les droitiers. 

7 Gazzaniga (2000) fait une revue des differentes modalites de stimuli utilisees via ce paradigme afin 
d'evaluer des habiletes perceptuelles, motrices ou d'autres habiletes cognitives. 

Chapitre 1 



10 

quelques objets communs accessibles, mais caches de la vue du patient, sont necessaires. 

Suite a une presentation lateralisee d'un mot, il est demande au patient de le denommer 

verbalement et de choisir le stimulus tactile correspondant. Generalement, cette 

experience donne les performances suivantes. 

Lorsque le mot se presente au champ visuel droit et done arrive pour traitement a 

l'HG, il est verbalement rapporte. A l'inverse, lorsque le mot est projete a l'hemichamp 

visuel gauche et done traite par l'HD, le participant ne rapporte aucune reponse orale, et 

relate meme n'avoir rien vu. Jusqu'ici, les resultats demontrent une lacune totale de 

l'HD a s'exprimer, et semble conforter le role dominant de l'HG a traiter le materiel 

verbal. Toutefois, si lors de cette meme condition experimentale (mot dans le champ 

visuel gauche), un choix de stimuli tactiles est disponible, le patient sera en mesure de 

selectionner l'objet equivalent au mot « non vu » avec sa main gauche. A l'inverse, le 

patient ne peut retrouver l'objet adequat de sa main droite puisque l'HG n'a pas eu acces 

au mot (voir Figure 1) Ce resultat reflete done reellement la competence de l'HD a 

comprendre la signification du mot. 
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(A) o 

Gazzaniga, M. S. Brain 2000123:1293-1326; doi:10.1093/brain/123J.1293 

Figurel- Procedure de la presentation lateralisee introduite pour l'etude des 

commissurotomises 

Les resultats des premieres etudes faites dans le laboratoire de Sperry laissent a 

penser que le potentiel langagier de l'HD avait ete jusqu'alors sous-estime, et 

encouragent du fait meme la realisation de plusieurs etudes s'interessant aux individus 

commisurotomises (voir Gazzaniga, 1983). L'accumulation des observations donne 

rapidement lieu a un corpus suffisamment developpe pour degager tres tot des 

conclusions fiables (voir pour une revue des travaux pionniers Baynes & Eliassen, 1998; 

Gazzaniga, 2000; Hannequin, Goulet & Joanette, 1987). En fait, ces conclusions 

concernent majoritairement le traitement des mots comparativement aux phrases parce 

qu'il est beaucoup plus facile de presenter de maniere lateralisee un materiel linguistique 

court (Baynes & Eliassen, 1998). 
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1.3.2 Le declin de la notion de dominance cerebrale 

Dans l'ensemble, les etudes au sein des individus commisurotomises concluent 

que l'HD possede une capacite lexico-semantique mais qu'il presente un systeme 

phonologique faible, voire inexistant. En effet, elles tendent a demontrer que l'HD 

comprend frequemment les mots presentes oralement et visuellement, et qu'il est en 

mesure d'etablir divers liens semantiques (Zaidel, 1978). L'habilete de l'HD a 

comprendre ce qui est ecrit, c'est-a-dire a lire, surprend etant donne ses ressources 

phonologiques negligeables. L'HD semble de surcroit completement inefficient a 

effectuer une conversion grapheme-phoneme, 1'operation cruciale du traitement 

phonologique d'un mot. La competence en lecture de l'HD a done ete expliquee par la 

mise en place d'une strategic de lecture holistique ou ideographique permettant d'eviter 

la conversion grapheme-phoneme pour acceder directement au sens du mot et done 

reconnaitre sa forme (Peters & Zaidel, 1981; Rayman & Zaidel, 1991; Zaidel, 1976). 

Bien que plusieurs auteurs soulignent la grande variabilite des competences 

linguistiques de l'HD isole anatomiquement et fonctionnellement (Baynes & Eliassen, 

1998; Hannequin, Goulet & Joanette, 1987; Sidtis & Gazzaniga, 1983), il existe un 

consensus quant a son habilete a comprendre le sens des mots. C'est pourquoi le 

concept de specialisation hemispherique pour le langage, tel que pense precedemment en 

termes de dominance hemispherique, est a reviser. Hannequin, Goulet et Joanette 

resument la situation : 
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« En terme de competence semantique, la dominance inter-hemispherique 
telle qu 'elle se manifeste dans les cas de commisurotomie complete tend a 
devenir un concept derisoire puisque les processus semantiques ne semblent 
pas etre I'exclusivite ni de I'un, ni de I 'autre hemisphere cerebral » 
(Hannequin, Goulet & Joanette, 1987, p.27). 

La vision du fonctionnement cerebral tend neanmoins a rester dichotomique. 

Pluto t que d'opposer l'HG et PHD en termes de dominant et de mineur, les deux 

hemispheres sont differencies selon leurs (types de) competences specifiques ou leur 

style de traitement cognitif (analytique versus holistique, local versus global ou seriel 

versus parallele (Sergent, 1994). 

Quoi qu'il en soit, les donnees collectees aupres des individus commisurotomises 

remettent en question le concept de specialisation hemispherique pour le langage, et 

suscitent un fort enthousiasme pour comprendre le role de l'HD lors d'un traitement 

langagier « normal », c'est-a-dire effectue par un cerveau neurologiquement sain. 

1.4 Capacites langagieres des hemispheres chez une population saine 

neurologiquement 

Les conclusions des etudes menees aupres des commisurotomises ont ete 

frequemment extrapolees aux individus neurologiquement sains. Pourtant, cette 

population clinique presente des traits si singuliers (p.ex. : une epilepsie severe depuis 

l'enfance ayant occasionnee une reorganisation des reseaux langagiers) que toute 

generalisation a la population normale s'avere imprudent (voir p.ex. : Hannequin, Goulet 

& Joanette, 1987; Sergent, 1994). 
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Afin de documenter les capacites langagieres des hemispheres sains, la 

psychologie experimental a rapidement adapte la procedure de presentation lateralisee 

(Mishkin & Forgays, 1952; voir Faure, 2001). La logique sous-jacente a l'utilisation de 

cette methodologie —les champs visuels divises— chez une population non-clinique tient 

au fait qu'un stimulus projete a un champ visuel est initialement recu par 1'hemisphere 

contralateral (pour une revue de cette technique voir Bourne, 2006). Par la suite, il y a 

comparaison de 1'exactitude et du temps de reponse des hemichamps droit et gauche. 

Cependant, 1'interpretation des donnees n'est pas aussi evidente que dans les cas des 

individus commissurotimises puisque, dans un cerveau sain, les hemispheres ont la 

possibilite de communiquer entre eux. L'explication des asymetries perceptuelles 

dependra en fait du modele de fonctionnement cerebral choisi (pour une comparaison 

computationnelle des modeles presenter voir Weems & Reggia, 2004) . Sommairement, 

la coordination du traitement de rinformation entre les hemispheres se deroule selon 

trois modeles. 

II est assume que les performances laterales refletent essentiellement une asymetrie fonctionnelle du 
traitement langagier, plutot qu'une difference laterale attentionnelle. Nous omettons ainsi volontairement 
la presentation des modeles d'activation ou d'attention cerebrale issus du modele de Kinsbourne (1975). 
II en sera tout de meme question dans la discussion du deuxieme article de la these. 
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1.4.1 Trois modeles du fonctionnement hemispherique 

1.4.1.1 Les deux modeles d'Eran Zaidel 

Revisitant deux modes du fonctionnement hemispherique proposes par 

Moscovitch, soit celui «de la stricte localisation» et de « l'efficience relative» 

(Moscovitch, 1986), Zaidel et son equipe explicitent leurs modeles du relais calleux et 

de Faeces direct. 

Le modele du relais calleux postule qu'un traitement cognitif sera effectue par 

Phemisphere specialise puisqu'il est le seul des hemispheres competent. Dans une 

situation de champ visuel divise ou 1'information linguistique est initialement projetee a 

l'HD, il y aura done obligatoirement un transfert de cette information vers l'HG via le 

corps calleux. (Zaidel, 1983, 1986). Un transfert de l'information linguistique 

occasionnerait une degradation de la qualite de 1'information a traiter et un 

accroissement du temps de traitement. La difference de performances entre les deux 

hemispheres serait une indication de refficience des fibres calleuses reliant les deux 

hemispheres (Zaidel, Clarke & Suyenobu, 1990). 

Le modele de l'acces direct, inspire des etudes menees aupres des 

commisurotomises, soutient quant a lui l'independance fonctionnelle entre les 

hemispheres; chaque hemisphere constitue un systeme complet, disposant de ses propres 

sensations, perceptions et habiletes langagieres (Zaidel, Clarke & Suyenobu, 1990). A 

partir de cette premisse, il est formule que l'HG et l'HD sont tous deux competents a 
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traiter directement 1'information qu'ils re9oivent. Neanmoins, cette competence peut ne 

pas etre equivalente entre les deux hemispheres et varier en termes de degres. 

Dans cette optique, le transfert inter-hemispherique de 1'information a traiter 

n'est done pas envisage a priori pour resoudre la tache —bien que la decision finale 

puisse etre partagee. Selon ce modele, les performances aux deux hemichamps refletent 

l'efficience de chacun des hemispheres. Une asymetrie perceptuelle signifie par 

consequent un niveau d'habiletes inegal des hemispheres (Zaidel, 1983, 1986). 

Premisses theoriques et predictions comportementales des modeles de Zaidel 

Afin de tester les modeles du relais calleux et de l'acces direct, Zaidel a mis au 

point un paradigme en champ visuel divise ou la main de reponse est systematiquement 

manipulee; la reponse motrice est effectuee tantot par la main droite, tantot par la main 

gauche. Chacun des hemispheres controlant la main controlaterale, un transfert inter-

hemispherique d'information motrice sera ainsi toujours necessaire lorsque le stimulus 

aboutira a l'hemisphere ipsilateral a la main de reponse. 

En variant le champ visuel de presentation et la main de reponse, quatre 

conditions experimentales sont obtenues (voir Figure 2 et Figure 3), et e'est en 

comparant les performances qui y sont associees que l'un ou 1'autre des fonctionnements 

hemispheriques (acces direct ou relais calleux) sera confirme. Les predictions 

comportementales de ces deux modeles sont par ailleurs tributaires des postulats 

formules quant au nombre de transferts inter-hemispherique necessaires ainsi qu'au type 

Chapitre 1 



17 

d'information voyageant d'un hemisphere a l'autre. Voici la description de ces postulats 

durant l'accomplissement d'une tache langagiere. 

Selon le modele de Faeces direct, chaque hemisphere traite le stimulus qu'il 

recoit et par consequent, aucune condition n'exige un transfert inter-hemispherique 

d'information linguistique. Seul un transfert inter-hemispherique de l'information 

motrice s'avere obligatoire lorsqu'l) un stimulus projete a l'hemichamp droit (l'HG) est 

repondu par la main gauche ou 2) un stimulus projete a l'hemichamp gauche (l'HD) est 

repondu par la main droite (Figure 2b et Figure 2c). 

Si ce modele s'avere correct, les meilleures performances sont attendues 

generalement pour les conditions ne requerant aucun transfert inter-hemispherique de 

l'information motrice (Figure 2a et Figure 2d) et plus particulierement lorsque 

l'hemisphere stimule est l'HG (Figure 2a) . 

Si le modele du relais calleux reflete le fonctionnement hemispherique survenant 

au cours de la tache langagiere, deux types d'information pourraient faire l'objet d'un 

transfert inter-hemispherique, soit linguistique et motrice. En effet, puisque l'HG est 

presume etre le seul competent pour traiter un materiel verbal, un transfert inter-

hemispherique de l'information linguistique est postule toutes les fois que le stimulus se 

presente a l'hemichamp gauche (HD). Ce modele donne ainsi lieu a quatre situations 

distinctes. Premierement, comme c'est le cas sous le modele de l'acces direct, la 

condition « hemichamp droit (HG) et main droite » ne requiert aucun transfert inter-

hemispherique d'information (Figure 3a). Deuxiemement, lorsque le stimulus se 

9 Sur le plan des statistiques, le modele de l'acces direct predit line interaction significative des variables 
champ visuel et main de reponse (Zaidel, 1983, 1986; Zaidel et al., 1990). 
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presente a l'hemichamp droit (HG) et est repondu par la main droite, un transfert inter-

hemispherique de 1'information motrice est requis (Figure 3b). Troisiemement, un 

transfert inter-hemispherique de 1'information linguistique est exige lorsque le stimulus 

arrive au champ visuel gauche (HD) et est repondu par la main droite (Figure 3 c). 

Quatriemement, la condition « hemichamp gauche et main gauche » demande, quant a 

elle, le transfert de l'information linguistique et motrice (Figure 3d). 

Le modele du relais calleux sera confirme si des performances superieures sont 

obtenues d'une part, lorsque le stimulus se presente a l'hemichamp droit (HG) et d'autre 

part, lorsque la main de reponse est la droite10. La Figure 4 et la Figure 5 illustrent, pour 

les memes donnees, les patrons de resultats des temps de reponse predits par le modele 

du relais calleux et de l'acces direct. La Figure 4 met l'accent sur la difference des mains 

de reponse pour les mots presenter dans le champ visuel droit et le champ visuel gauche 

respectivement. La Figure 5 presente quant a elle la difference des champs visuels 

lateraux lorsque la main de reponse est la droite et la gauche respectivement. 

10 Statistiquement, cette situation se refletera par deux effets principaux, soit, du champ visuel divise et de 
la main de reponse (Zaidel, 1983, 1986; Zaidel et al., 1990). 
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Figure 2- Modele de l'acces direct 
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Figure 3- Modele du relais calleux 
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1.4.1.2 Le modele de Banich 

Une alternative au fonctionnement hemispherique de l'acces direct ou calleux est 

proposee par un troisieme modele qui postule une cooperation entre les deux 

hemispheres. Plusieurs auteurs emettent l'hypothese plus precise qu'une tache qui ne 

peut etre resolue de maniere optimale par un hemisphere, necessitera les ressources de 

son homologue. Dans ce cas, le traitement linguistique ne serait pas pris en charge par 

un seul hemisphere mais se diviserait entre les deux hemispheres (pour une revue voir 

Banich, 1998; Liederman, 1998). Le mode de fonctionnement requiert ainsi un transfert 

inter-hemispherique, non pas voue au relais de l'information linguistique a l'hemisphere 

specialise mais destine plutot au partage de 1'information entre l'HG et l'HD. Ce dernier 

modele sera plus amplement explique au quatrieme chapitre. 

II convient de penser que les trois modes de fonctionnement cerebral decrits 

precedemment ne s'appliquent pas de maniere rigide et inflexible. Au contraire, il est 

assume qu'un traitement de meme nature peut sollicker parfois un mode de 

fonctionnement intra-hemispherique independant ou inter-hemispherique de type calleux 

ou cooperatif. 

2. LA DYNAMIQUE HEMISPHERIQUE: UNE VISION INTEGRANT LA 

NOTION DE VARIABILITY 

2.1 Variabilities intra et interindividuelle 

Le concept de specialisation ou d'asymetrie fonctionnelle ne devrait pas etre 

figee a l'interieur d'un seul modele de fonctionnement cerebral mais s'inscrire dans une 
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perspective dynamique . Cela est d'autant plus pertinent que l'organisation cerebrale 

du langage sous-tend une grande variabilite intra et interindividuelle. Les facteurs dits 

intra-individuels referent dans cette these au fait que l'asymetrie fonctionnelle du 

langage peut varier chez le meme individu selon la nature de la tache effectuee. A ce 

titre, il faut considerer la composante du langage a laquelle fait appel la tache ainsi qu'a 

la complexite de la tache. L'asymetrie fonctionnelle du langage s'avere aussi influencee 

par des facteurs interindividuels, c'est-a-dire par des attributs qui ont trait a 1'individu. 

Le sexe et la preference manuelle en sont des exemples. 

2.2 Les facteurs appartenant a la personne ou interindividuels 

Des caracteristiques de 1'individu telles 1'expertise due a la pratique (Maertens & 

Pollman, 2005; Weissman & Compton, 2003), l'age (Banich & Brown, 2000; pour une 

revue voir Cabeza, 2001) ou le bilinguisme (Perani et al., 1998) ont un impact sur 

l'organisation cerebrale du langage. Toutefois, les plus connus des facteurs sont sans 

contredit la preference manuelle et le sexe (Josse & Tzourio-Mazoyer, 2004). 

2.2.1 La preference manuelle 

II est d'ores et deja connu que les droitiers presentent une asymetrie fonctionnelle 

pour le langage tres prononcee a l'HG alors que les gauchers, formant environ 10 % de 

Afin de bien illustrer notre point de vue, l'expression « dynamique hemispherique », adaptee de Faure 
et ses collegues, sera tout au long de cette these preferentiellement utilisee pour se referer au concept 
d'asymetrie fonctionnelle (Faure, 2001; Faure & Querne, 2004; Querne, Eustache, & Faure, 2000). 
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la population, demontrent en moyenne une lateralisation du langage plus distribute entre 

les deux hemispheres (Josse & Tzourio-Mazoyer, 2004). Cette conclusion, la premiere 

fois emise grace a des etudes lesionnelles et des tests de Wada (voir Joanette, 1989), a 

ete validee chez une population non-clinique par diverses methodes d'imagerie cerebrale 

(pour une revue voir Hatta, 2007). Sur le plan comportemental, les etudes en champ 

visuel divise mettent frequemment en evidence l'effet de la preference manuelle en 

revelant differents patrons d'asymetries de performances entre les droitiers et les 

gauchers (voir Eviatar, Hellige & Zaidel, 1997). Dans la plupart des cas, c'est la 

magnitude et non la direction de l'asymetrie de performance qui diverge des droitiers. 

Ainsi, il est aujourd'hui accepte que les gauchers presentent un moindre avantage du 

champ visuel droit que les droitiers (voir Hellige, 1993; 1994). 

2.2.2 Le sexe 

L'impact du sexe sur l'asymetrie fonctionnelle du langage a egalement fait 

l'objet de plusieurs etudes. Les trois revues de litterature princeps recensant les donnees 

aphasiologiques convergent vers une raeme conclusion : chez les droitiers, les femmes 

presentent une lateralisation moins marquee pour l'HG que les hommes (Bryden, 1982; 

Harris, 1980; McGlone, 1980). 

Toutefois, les etudes comportementales effectuees aupres d'individus 

neurologiquement sains rapportent frequemment des resultats contradictoires, indiquant 

une difference inter-sexe ou une asymetrie de performance equivalentes entre les 

hommes et les femmes (voir Eviatar, Hellige & Zaidel, 1997). Hiscock et collegues 

12 Le test de Wada consiste a injecter un anesthesiant dans un hemisphere afin d'evaluer les capacites 
isoles de l'autre hemisphere. II est utilise avant une operation cerebrale. 
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ainsi que Voyer ont realise des meta-analyses sur les asymetries perceptuelles, et ils 

confirment 1'existence d'une difference intersexe tel qu'evaluee par les champs visuels 

divises (Hiscock, Israelian, Inch, Jacek, & Hiscock-Kalil, 1995; Voyer, 1996). Cette 

difference serait neanmoins tenue. (d = 0.067; Voyer, 1996). 

La difficulte des etudes en champ visuel divise a demontrer distinctement des 

differences quant a la preference manuelle et au sexe, a amene certains auteurs a douter 

de la fiabilite de cette technique a refleter les differences interindividuelles sur le plan du 

fonctionnement cerebral (voir Hugdahl, 2000). Une vision alternative est neanmoins 

apportee par Cowell et ses collegues (Cowell, Denenberg, Boehm, Kertesz, & Nasrallah, 

2003). Ces auteurs suggerent que la disparite ou la faible substantiality des resultats peut 

justement provenir du fait que les techniques comportementales, telles les champs 

visuels divises, sont hautement sensibles aux facteurs interindividuels mais egalement 

intraindividuels. 

2.3 Les facteurs appartenant a la tache ou intra-individuels 

L'asymetrie fonctionnelle du langage ne varie pas seulement entre les individus 

mais peut egalement varier chez un meme individu dependamment de la tache a 

effectuer. D'une part, la tache langagiere sollicite une composante langagiere 

particuliere et demande d'autre part un traitement cognitif plus ou moins elabore ou 

complexe. 
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2.3.1 La composante du langage 

L'asymetrie fonctionnelle du langage ne peut etre considered comme un concept 

homogene puisque le langage n'est pas en lui-meme un construit unidimensionnel. La 

fonction cognitive du langage se subdivise effectivement en differentes composantes —la 

phonologie, la lexico-semantique, la semantique du mot, de la phrase et du discours ainsi 

que la pragmatique - qui presentent des architectures cerebrales distinctes 

(Gernsbacher & Kaschak, 2003). Chez les individus sains, par exemple, les etudes en 

imagerie cerebrale ont demontre que le traitement phonologique du mot active les 

reseaux neuronaux de PHG exclusivement alors que le traitement semantique du mot 

sollicite la circuiterie neuronale de l'HG et l'HD (Gernsbacher & Kaschak, 2003). Les 

composantes du langage etant associees a des organisations fonctionnelles cerebrales 

differentes, il serait done plus approprie de referer a plusieurs asymetries fonctionnelles 

pour le langage. 

Les asymetries de performances sont, de surcroit, modulees par une multitude de 

facteurs associes a la tache (pour une revue voir Faure, 2001). Les etudes 

comportementales ont demontre 1'importance de la frequence lexicale, de la concretude 

et de la valence d'imagerie des stimuli linguistiques (pour une revue voir Chiarello & 

Shears, 2001) Toutefois, il est essentiel de controler ou d'analyser une autre variable 

pour rendre compte de l'asymetrie hemispherique : la complexity associee a la tache. 

13 La phonologie refere a la manipulation des sons que necessite la prononciation d'un mot qu'elle soit 
interne ou externe. La lexico-semantique renvoie a l'habilete a acceder et a reconnaitre un mot. La 
semantique lexicale/du mot est quant a elle, la capacite a associer le mot a sa signification. La semantique 
de la phrase ou du discours referent a l'habilite a apprehender la signification de la phrase ou d'un 
discours, notamment grace aux indices de la coherence et de l'organisation. La pragmatique renvoie 
plutot a la comprehension de l'intentionnalite d'un message linguistique, qu'il soit represents par une 
phrase ou un discours (Hannequin, Goulet & Joannette, 1987). 
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2.3.2 La complexite du traitement 

Afin de degager nettement les differences interindividuelles associees a la 

preference manuelle et au sexe, il s'avere primordial de controler ou d'etudier 

systematiquement les facteurs intra-individuels capables de faire varier la dynamique 

hemispherique. En ce sens, il convient de considerer une variable qui a recemment fait 

l'objet de nombre d'etudes (Hatta, Kawakami, Kogure, & Itoh, 2002; Maertens & 

Pollman, 2005; Monaghan & Pollman, 2003; Monetta, Ouellet-Plamondon, & Joanette, 

2006), et qui a demontre son pouvoir modulateur sur 1'interaction entre les deux 

hemispheres : la complexite du traitement. 

La majorite des travaux cites ci-haut prennent appui sur les evidences empiriques 

et theoriques apportees par Banich et ses collegues (Banich & Belger, 1990; Belger & 

Banich, 1992, 1998; Banich & Weissman, 2000). Ces auteurs demontrent qu'une tache 

perceptuelle simple peut etre resolue par un seul des hemispheres, alors qu'une tache 

similaire mais complexe necessite la collaboration des deux hemispheres. A partir de 

cette constatation, Banich a developpe un modele de cooperation hemispherique 

soutenant essentiellement que la complexite du traitement affecte le mode d'interaction 

des hemispheres (pour une explication exhaustive du modele, voir Belger & Banich, 

1998). 

En ce qui a trait au domaine langagier, 1'influence de la complexite du traitement 

sur la fonction cognitive du langage est peu documented (Belger & Banich 1998; Gur et 

al., 1988, 2000; Monetta et al., 2006; Taylor, 2002). Parmi les etudes disponibles, la 

grande majorite concerne la composante semantique du langage (Gur et al., 1988, 2000; 

Monetta et al, 2006; Taylor, 2002). En fait, une seule etude repertoriee s'est penchee 
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sur la composante phonologique (Belger & Banich 1998). H est interessant de constater 

que 1'influence de la complexity du traitement est dissimilaire selon la dimension du 

langage impliquee. En effet, 1'augmentation de la complexite du traitement entraine la 

participation des deux hemispheres lorsque la tache est semantique14. Belger et Banich 

(1998) ne montrent toutefois aucune indication d'une collaboration hemispherique 

lorsque 1'augmentation de la complexite est associee a une tache phonologique. 

La divergence entre les resultats des etudes semantiques et 1'etude phonologique 

de Belger et Banich (1998) suscite une interrogation particuliere quant a Pinfluence 

variable de la complexite du traitement sur la dynamique hemispherique. 

3. PROBLEMATIQUE ET OBJECTIFS 

3.1 Objectif general 

L'evolution des recherches portant sur la laterality hemispherique suggere que 

l'asymetrie fonctionnelle pour le langage ne peut pas etre etudiee d'une maniere 

unidimensionnelle et se doit de considerer toute la variabilite intra-individuelle et 

interindividuelle que peut sous-tendre cette notion. Dans le but de mieux comprendre 

cette variabilite et de rendre compte de la dynamique hemispherique, il est essentiel de 

considerer au meme moment, trois variables cles. D'une part, il serait pertinent 

d'etudier la complexite du traitement puisque cette variable a demontre son influence en 

termes de cooperation hemispherique. D'autre part, il convient de prendre en compte les 

14II est entendu ici, la majorite des etudes semantiques. En fait, seuls les resultats de 1'etude de Gur et al., 
(1988) ne vont pas dans le meme sens. Toutefois, une etude ulterieure ne repliquent pas les premiers 
resultats (Gur et al., 2000). 
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variables biologiques de l'individu que sont la preference manuelle et le sexe 

puisqu'elles sont capables de moduler significativement la forte asymetrie fonctionnelle 

vers l'HG tel qu'attendue. Or, du fait qu'il est communement accepte que la preference 

manuelle soit le facteur biologique le plus robuste a expliquer les differences 

interindividuelles dans l'organisation fonctionnelle du langage, cette variable sera mise 

en avant plan. L'influence du sexe et de la complexite du traitement sera ainsi examinee 

chez les droitiers et les gauchers. 

Si plusieurs travaux portant sur la lateralite ont examine tantot 1'influence de la 

preference manuelle, tantot celle du sexe ou de la complexite sur le traitement du mot, 

aucun d'entre eux n'a cependant etudie simultanement ces trois facteurs. Qui plus est, 

aucune tentative n'a ete realisee precedemment pour etudier l'impact differentiel de ces 

facteurs sur le traitement phonologique et semantique du mot. L'objectif general de 

cette these consiste done a mieux comprendre, chez les droitiers et les gauchers, 

l'influence du sexe et de la complexite du traitement sur les asymetries fonctionnelles 

associees au traitement phonologique et semantique des mots isoles. 

La dynamique hemispherique du langage sera dans un premier temps abordee via 

rinfluence de facteurs biologiques de l'individu. Plus specifiquement, il sera question 

de l'impact de la preference manuelle (chapitre 2) et de l'influence du genre chez les 

droitiers et les gauchers (chapitre 3). Dans un deuxieme temps, l'influence d'un facteur 

intra-individuel, appartenant a la tache, sera explore chez les droitiers et les gauchers 

(chapitre 4). 
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3.2 Objectifs specifiques 

Par le biais de l'article Lateralisation des habiletes langagieres et de la 

communication verbale chez les non-droitiers, publie dans la revue Reeducation 

orthophonique (2004), le chapitre 2 veut faire le point sur les connaissances concernant 

1'organisation fonctionnelle cerebrale chez les gauchers pour le traitement langagier en 

general, et en particulier sur les composantes phonologique et semantique. Une analyse 

elaboree et critique des donnees issues d'etudes lesionnelles et d'imagerie cerebrale est 

alors exposee. Ce premier article met notamment en evidence une lateralisation des 

habiletes phonologiques et semantiques davantage bilaterale chez les gauchers que chez 

les droitiers. 

L'influence de la preference manuelle sur la dynamique hemispherique de la 

phonologie et de la semantique etant confortee, il nous est permis d'approfondir 

empiriquement la question de 1'influence d'autres variables interindividuelles. Le 

chapitre 3, comprenant l'article Phonological and semantic processing of words: 

Laterality changes according to gender in right- and left-handers, veut ainsi explorer 

les differences inter-genre chez les droitiers et les gauchers15. Cet article est paru dans 

la revue Laterality: Asymmetries of Body, Brain and Cognition (2007). 

Le quatrieme chapitre rapporte les etudes empiriques s'interessant a la 

complexite phonologique et semantique du traitement des mots. Dans un premier temps, 

nous eclaircirons la problematique chez les droitiers car 1'impact de la complexite du 

traitement a ete peu evalue lors de taches langagieres. Les donnees comportementales de 

15 L'appendice A contient le questionnaire ayant permis d'evaluer le degre de droiterie et de gaucherie des 
participants (le test d'Edimbourg, Oldfleld 1971) 
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l'article Complexity and hemispheric abilities: Evidences for a semantic and 

phonological differential impact demontrent que 1'influence de la complexite du 

traitement varie selon la composante du langage etudiee chez les droitiers1 . La revue 

Brain and Language a recemment publie cet article (2009). L'influence de la 

complexite mieux comprise chez les droitiers, il sera alors possible d'ajouter a l'etude la 

variable de la preference manuelle. Ainsi, le dernier article apportera des donnees 

empiriques sur l'influence de la complexite du traitement phonologique et semantique 

des mots en fonction de la preference manuelle [Phonological and semantic processing 

of words in right- and left-handers, soumis a Laterality: Asymmetries of Body, Brain and 

Cognition]. 

Les trois etudes empiriques utilisent une tache d'appariement graphophonemique 

et une tache de jugement d'appartenance categorielle presentees via la technique 

comportementale des champs visuels divises (Walter, Beauregard, & Joanette, 2002; 

Walter, Cliche, Joubert, Beauregard, & Joanette, 2001) . Ces taches ont ete 

selectionnees parce qu'elles permettent d'evaluer un niveau de traitement facile et 

difficile. Dans la tache phonologique, la complexite de traitement varie selon la 

transparence graphophonemique des mots (transparents ou non-transparents) alors que 

dans la tache semantique, elle est modulee selon la « prototypicalite animale » des mots 

(haute ou basse prototypicalite). 

16II est a noter que l'appendice B contient un article de donnees complementaires qui ont ete obtenues par 
la technique des potentiels evoquees [Tremblay, T., Monetta, L. & Joanette, Y. (2007). Hemispheric 
dynamic during phonological processing: An ERP study. Brain and Language, 103,47-49]. 

17 Les stimuli des taches sont presentes dans l'appendice C et D. 
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Avant d'examiner V influence des facteurs intra-individuels et interindividuels sur la 

dynamique hemispheiique de la phonologie et de la semantique des mots chez les 

gauchers, il est opportun de savoir si cette population presente veritablement une 

organisation du langage distincte de celle des droitiers. 
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CHAPITRE 2 

L'INFLUENCE DE LA PREFERENCE MANUELLE 

SUR LA DYNAMIQUE HEMISPHERIQUE DU LANGAGE 

Article 1 : 

Tremblay, T. & Joanette, Y. (2004). Lateralisation des habiletes langagieres et de la 

communication verbale chez les non-droitiers. Reeducation orthophonique (numero 

thematique sur Hemisphere droit et communication verbale), 219, 61-11. 
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1. RESUME 

Les non-droitiers - gauchers ou ambidextres- presentent une lateralisation des 

composantes traditionnelles du langage, distincte de celle des droitiers, et qui se 

caracterise generalement par une moins grande implication de l'hemisphere gauche. 

Toutefois, le role de chacun des deux hemispheres pour la mise en oeuvre les 

composantes non traditionnelles du langage reste inexplore chez le non-droitier. 

L'objectif de cet article est de faire le point sur les connaissances concernant 

1'organisation fonctionnelle cerebrale des composantes traditionnelles du langage chez 

les non-droitiers et d'envisager ce que pourrait etre l'organisation fonctionnelle pour 

certaines des composantes non traditionnelles telle la pragmatique. 

2. ABSTRACT 

The non-right-handers -lefthanders or ambidextrous- demonstrate a 

lateralization of the traditional aspect of language different from right-handers and that 

is generally characterized by a lesser involvement of the left hemisphere. However, the 

role of both hemispheres remains unexplored in non-right-handers. The objective of the 

present paper is to review the knowledge about the traditional aspect of language's 

cerebral functional organization of the non-right-handers, and to speculate what may be 

the functional organization of certain non-traditional aspect of language like pragmatic. 

Chapitre 2 



42 

3. INTRODUCTION 

Alors que la majorite des auteurs de ce numero special se focalisent sur le role de 

1'hemisphere droit (HD) et sur les habiletes de communication verbale du droitier, cet 

article vise plutot a faire le point sur les connaissances concernant l'organisation 

fonctionnelle cerebrale du langage chez les individus qui ne sont pas droitiers. D'abord, 

il sera montre comment les etudes lesionnelles et les etudes d'imagerie cerebrale, portant 

sur des individus sans trouble neurologique, mettent en evidence une lateralisation 

distincte des habiletes traditionnelles du langage (phonologiques, lexico-semantiques et 

syntaxiques) chez les droitiers et chez les non-droitiers. Ensuite, les quelques donnees 

disponibles sur les troubles de la communication verbale chez les non-droitiers leses a 

l'HD seront rassemblees pour tenter d'apporter un eclaircissement a une eventuelle 

difference entre les patrons de lateralisation de la composante pragmatique chez les 

droitiers et chez les non-droitiers. 

4. LATERALISATION DU LANGAGE ET APHASIE 

En 1865, Paul Broca affirme qu'une lesion a l'hemisphere gauche (HG) entraine des 

problemes du langage articule chez le droitier. Cette declaration amene les successeurs 

du medecin-anthropologue a speculer 1'inverse pour le non-droitier : le langage articule 

se trouverait altere consequemment a une lesion a l'HD (Harris, 1993). Pendant plus 

d'un siecle, la grande majorite des medecins et des scientifiques vehiculent ainsi l'idee 

que les habiletes langagieres se localisent a l'HG chez le droitier et a l'HD chez le 

gaucher ou l'ambidextre, c'est-a-dire chez le non-droitier. 
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Bien qu'aujourd'hui ce principe ne soit plus accepte dans son integralite, l'idee 

associant la manualite - terme se referant a la fois a l'utilisation preferentielle et a la 

plus grande efficacite d'une main - et la lateralisation du langage persiste. En effet, 

etant 1'expression la plus manifeste et la plus aisement accessible, la manualite demeure 

sans conteste l'indice privilegie pour inferer l'asymetrie fonctionnelle du langage, du 

mo ins chez le droitier. Chez le non-droitier, les donnees suggerent au contraire que s'il 

existe un lien entre la manualite et la lateralisation du langage, celui-ci est complexe et 

ne peut etre directement etabli. 

4.1. Incidence des lesions responsables d'une aphasie chez les non-droitiers 

Le corollaire du principe de Broca voulant que le non-droitier ait une 

representation cerebrale du langage «miroir» a celui du droitier a ete questionne des 

1936 (voir Cheswcher, 1936). Pourtant, ce n'est qu'apres la Seconde Guerre mondiale, 

lorsque les premieres etudes systematiques sur le sujet ont commence, que cette regie a 

veritablement ete dementie. Resumees dans Particle de Goodglass et Quadfasel (1954), 

ces etudes rapportent Pimpossibilite d'etablir une correlation directe entre la manualite 

et la lateralisation hemispherique. Pres d'une trentaine d'annees plus tard, Satz (1979), 

en realisant une exhaustive revue de litterature portant sur la laterality des lesions 

responsables d'une aphasie chez les non-droitiers, fait la proposition suivante: parmi les 

non-droitiers certains montrent une lateralisation du langage a l'HG ou a l'HD alors que 

d'autres presentent une ambilateralite (aucune dominance de l'un ou l'autre des 

hemispheres). 
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Depuis 1'etude de Satz, il est d'ores et deja accepte qu'une lesion a l'HD cause 

plus frequemment une aphasie chez les non-droitiers que chez les droitiers (environ 25% 

versus 1%). Neanmoins, il reste que les troubles affectant les aspects traditionnels du 

langage (phonologie, syntaxe, lexico-semantique) apparaissent plus souvent apres une 

lesion a l'HG qu'a l'HD chez les deux populations (voir Joanette, 1989). 

Le fait que la localisation des lesions responsables d'une aphasie se distribue a 

travers les hemispheres chez les non-droitiers a done amene a deduire que le reseau 

langagier de ces premiers est davantage bilateral que celui des droitiers. 

4.2. Les aspects cliniques de l'aphasie chez les non-droitiers 

La prevalence differente des desordres aphasiques consecutifs a une lesion droite 

ou gauche chez le droitier et le non-droitier n'est pas le seul indicateur d'une 

organisation corticale du langage distincte. En effet, revaluation des aspects cliniques 

de l'aphasie offre des renseignements tout aussi precieux. A cet egard, il est bien connu 

—grace a l'apport des cliniciens— que les manifestations et le recouvrement de l'aphasie 

ne sont pas identiques chez les non-droitiers et chez les droitiers. Bien que tres peu de 

chercheurs se soient interesses en profondeur aux troubles aphasiques chez les non-

droitiers, les quelques etudes recensees apportent un eclaircissement a cette 

problematique. 

En ce qui a trait aux troubles de comprehension consequemment a une lesion a 

l'HG, plusieurs auteurs s'accordent a dire que les non-droitiers sont moins frequemment 

deficitaires que les droitiers, mais affichent plus souvent des difficultes liees au langage 
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articule (voir Joanette, 1989). Cette difference ne persisterait toutefois pas dans le temps 

car plusieurs des troubles expressifs se declarent etre transitoires chez les non-droitiers 

(Heacan et Ajuriaguerra, 1963). 

Quant aux difficultes de lecture resultant d'une lesion a l'HG, 1'occurrence se 

revele similaire quel que soit la preference manuelle lorsque le materiel ecrit est peu 

complexe (lettres, mots ou commandes simples) mais elle devient plus elevee chez les 

non-droitiers quand le contenu est d'ordre textuel (Heacan et Sauguet, 1971). 

Bien que les troubles de lecture surviennent en general plus souvent 

qu'autrement suite a une lesion de l'HG, il arrive que ces derniers se manifestent suite a 

une lesion a l'HD. Si tel est le cas, l'incidence de l'alexie semble inferieure chez les 

droitiers (Heacan et Ajuriaguerra, 1963) ou equivalente quelle que soit la preference 

manuelle (Heacan et Sauguet, 1971). Au-dela de cette disparite entre les resultats se 

dessine tout de meme un constat interessant: aucune etude n'a rapporte une frequence 

superieure d'alexie chez les cerebroleses droits (CLD) aphasiques et non-droitiers. 

En regard a la frequence des troubles de l'ecriture chez les CLD aphasiques 

droitiers et non-droitiers, certaines etudes rapportent une similarite (Heacan et Sauguet, 

1971). D'autres relatent plutot une difference de groupe allant dans un sens ou 1'autre. 

D'une part, les non-droitiers seraient moins frequemment affectes (Heacan et 

Ajuriaguerra, 1963) ou d'autre part, plus severement atteints (Gloning, Gloning, Haub et 

Quatember, 1969). II est fort probable que les donnees relatives aux troubles d'agraphie 

varient a travers les etudes selon les criteres considered quant a la nature des deficits. 

Par exemple, les deficits d'ordre spatial sont-ils inclus ou exclus? Cette question s'avere 
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des plus pertinentes, car plusieurs des troubles d'ecriture que presentent les CLD non-

droitiers aphasiques sont de type spatial (Hecaen et Albert, 1978). 

Les ressemblances et les dissemblances des symptomes aphasiques entre les 

droitiers et les non-droitiers ayant ete abordees, il importe de decrire quelques 

caracteristiques des individus cerebroleses non-droitiers selon la lateralisation de la 

lesion. 

La vaste etude de Hecaen et Sauguet, (1971) menee aupres d'un echantillon 

comprenant 73 non-droitiers aphasiques (26 CLD versus 47 CLG) revele une 

equivalence de la frequence des deficits expressifs entre les deux groupes mais une 

difference significative pour l'ecriture des phrases. Alors que 44% des CLG presentent 

une agraphie, cette affection touche seulement 16% des CLD de l'echantillon. 

En considerant les symptomes dans leur ensemble, un tableau clinique plus 

homogene se degage chez les non-droitiers que chez les droitiers et ce, quelle que soit la 

laterality de la lesion (voir Joanette, 1989). Cette conclusion generate conforte done 

l'hypothese citee plus-haut voulant, qu'en tant que groupe, les non-droitiers presentent 

une lateralisation cerebrale du langage plus faible que les droitiers. 

Aussi, parce qu'une lateralisation peu accentuee pourrait correspondre a un 

reseau langagier bilateral, il a ete presume que la recuperation de l'aphasie devrait etre 

plus rapide chez les non-droitiers que chez les droitiers. Les resultats des etudes sont 

toutefois inconsistants. Alors que certains relatent une meilleure recuperation chez les 

non-droitiers (Gloning, Gloning, Haub et Quatember, 1969, Hecaen et Sauguet, 1971; 

Satz, 1979), d'autres n'observent aucun ecart entre les deux populations (Basso, 

Farabola, Grassi, Laiacona et Zanobio, 1990; Newcombe et Ratcliff, 1973). La 
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divergence des resultats pourrait s'expliquer, comme le suggere 1'etude de Risse, Gates 

et Fangman (1997), par 1'existence de differents types de patrons langagiers bilateraux. 

Une organisation bilaterale peut, comme une organisation unilaterale, se caracteriser par 

une competence superieure de l'un ou l'autre des hemispheres. II est egalement possible 

que ce type d'architecture corticale demande une grande communication 

interhemispherique de sorte que les deux hemispheres doivent necessairement travailler 

ensemble pour accomplir un traitement. Finalement, un reseau langagier bilateral peut 

signifier que les deux hemispheres possedent de facon independante la competence pour 

effectuer le traitement (voir Risse et al., 1997). II est fort plausible que ce soit seulement 

les individus presentant une duplication des competences qui seraient favorises lors de la 

recuperation d'une aphasie. 

Toutefois, la plupart des travaux portant sur 1'aphasie chez les non-droitiers 

datent des annees 60-70. II est done essentiel qu'il y ait bientot une recrudescence de 

l'interet de la part des chercheurs pour cette problematique. D'ici la, les connaissances 

sur les habiletes langagieres chez les non-droitiers se sont aussi enrichies grace a un 

domaine de recherche en pleine expansion, l'imagerie cerebrale. Ces donnees tendent a 

confirmer l'existence d'une difference des patrons langagiers selon la manualite. Les 

etudes recemment publiees seront decrites et analysees. 

5. LATERALISATION DU LANGAGE ET IMAGERIE CEREBRALE 

Aujourd'hui, les techniques d'imagerie cerebrales sont employees frequemment 

aupres de participants sains. Qu'il s'agisse de l'imagerie par resonance magnetique 

fonctionnelle (IRMf), de la tomographie par emission de positrons ou de la stimulation 
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magnetique transcranienne, ces techniques ont l'enorme avantage d'offrir des 

informations fines, tant sur le plan inter que intra hemispherique. De plus, en mode 

evenementiel, les acquisitions d'informations peuvent etre faites pendant un traitement 

langagier specifique. Cela est d'autant plus important que la notion meme de 

lateralisation evolue et refere desormais non plus a un phenomene unitaire mais plutot a 

de multiples asymetries fonctionnelles locales variant selon le traitement effectue (voir 

Ide, 1999). Dans cette perspective, les etudes decrites dans la section suivante seront 

presentees selon que le traitement analyse appelle a l'expression ou a la reception d'un 

message verbal. 

5.1 Langage expressif: differences entre les droitiers et les non-droitiers 

Plusieurs travaux en imagerie cerebrale voulant examiner la lateralisation du 

langage expressif selon la manualite des individus sans trouble neurologique ont utilise 

une tache de generation de mots. 

Comparant l'occurrence des patrons de lateralisation du langage articule de 50 

droitiers et de 50 non-droitiers, Pujol, Deus, Losilla, et Capdevilla (1999) rapportent des 

resultats s'approchant de ceux obtenus par le test de 1'amytal sodique (voir Rasmusen et 

Milner, 1977). Premierement, une majorite de droitiers et de non-droitiers - environ 

96% et 75% respectivement - montrent une representation du langage expressif 

predominante a l'HG. Deuxiemement, plus ou moins 15% des non-droitiers presentent 

une lateralisation bilaterale. Troisiemement, les resultats mettent en evidence qu'une 

minorite seulement de non-droitiers presentaient un patron de lateralisation inverse - une 

frequence au-dessous de 5%. II semble neanmoins qu'une lateralisation a l'HD 
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augmente de maniere lineaire avec le degre de gaucherie : plus une personne utilise sa 

main gauche, plus elle est susceptible d'avoir un patron de lateralisation inverse pour le 

langage articule (Knecht et al., 2000). 

En accord avec ces donnees, Tzourio-Mazoyer, Josse, Crivello et Mazoyer 

(2004) constatent que, pendant la realisation d'une tache de generation de verbes, les 

non-droitiers ont en moyenne une asymetrie fonctionnelle moins marquee des regions 

frontales gauches comparativement aux droitiers. 

5.2. Langage receptif: differences entre les droitiers et les non-droitiers 

Comme il a ete observe lors de taches de production, les non-droitiers presentent 

une plus grande variabilite dans les patrons de lateralisation ainsi qu'une asymetrie 

fonctionnelle moins prononcee a l'HG que les droitiers pendant un traitement de 

comprehension (Hund-Georgiadis et al., 2002; Knecht et al., 2002; Szaflarski et al., 

2002). 

Toutefois, en utilisant une tache de decision semantique sur des mots isoles en 

IRMf, Hund-Georgiadis et al., (2002) indiquent un pourcentage plus eleve de non-

droitiers presentant un patron de lateralisation atypique (ambilateral ou a l'HD) que celui 

rapporte par Pujol et al., (1999). En effet, seulement 53% des participants non-droitiers 

montrent la lateralisation classique a l'HG, le reste, soit 47% des non-droitiers a ete 

classifie comme «atypique». Cette distribution n'est cependant pas surprenante sachant 

que l'HD possede une competence lexico-semantique (voir Joanette, Goulet, Hannequin, 

1990) laquelle est encore plus manifeste chez les non-droitiers (Bradshaw et Taylor, 
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1979; Piazza, 1980; Tremblay, Monetta et Joanette, 2003). Qui plus est, les resultats de 

Hund-Georgiadis et al., (2002) vont dans le sens d'autres conclusions d'etudes en 

imagerie cerebrale a savoir que, en general, le reseau neuronal supportant le traitement 

lexico-semantique est davantage distribue entre les deux hemispheres comparativement 

a celui associe au traitement phonologique (voir Gernsbacher et Kaschak, 2003). 

Dans la meme veine, l'etude de Knecht et al., (2002), employant la SMT, 

demontre que la perturbation de la comprehension semantique (tache d'association 

images et mots) correle avec 1'index de la lateralisation du langage articule telle 

qu'evaluee par une tache de generation de mots en IMRf. Plus faible est le degre de la 

lateralisation, moins grandes sont les perturbations du traitement semantique lors de la 

stimulation a l'aire de Wernicke et a son site homologue a PHD. Les donnees 

enregistrees aupres d'une population sans troubles neurologiques soutiennent done les 

resultats obtenus chez les populations pathologiques : une organisation cerebrale 

bilaterale aurait plus de chance a compenser les deficits langagiers suivant une lesion a 

l'un ou a 1'autre des hemispheres. 

En ce qui a trait maintenant au traitement semantique du discours, les quelques 

resultats recenses paraissent inconsistants. Lors d'une tache d'ecoute d'histoires 

factuelles, Tzourio et al. (1998), ont une premiere fois mis en evidence une asymetrie 

fonctionnelle de l'aire temporale gauche plus marquee chez les droitiers que chez les 

non-droitiers. Reproduisant 1'experimentation, le meme groupe de recherche n'a alors 

observe aucune difference significative entre les deux groupes (Tzourio-Mazoyer et al., 

2004). La disparite des resultats pourrait s'expliquer par une grande variability 

interindividuelle ne pouvant etre cernee par le seul facteur « preference manuelle ». A 
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l'instar d'autres auteurs, tels Corballis, Tzourio-Mazoyer et al., (2004) suggerent que la 

preference manuelle entretient une relation plus directe avec l'asymetrie fonctionnelle 

des regions frontales qu'avec celle des aires postedeures (voir Corballis, 1998). 

Jusqu'a present, la majorite des aspects langagiers examines chez les non-

droitiers via la technique d'imagerie cerebrale n'ont concerne que les composantes 

traditionnelles du langage. En fait, seules les etudes de Tzourio-Mazoyer (Tzourio et al., 

1998, Tzourio-Mazoyer et al., 2004), utilisant une tache de comprehension du discours, 

ont touche aux habiletes de la communication verbale. Pourtant, une communication 

efficiente depend egalement de ces types d'habiletes (voir Joanette, ce numero). 

6. TROUBLE DE LA COMMUNICATION VERBALE 

Vers les annees 1970, l'affinement des outils de depistage des troubles de la 

communication ont permis de mettre en evidence une perturbation chez les CLD de 

certaines habiletes langagieres autres que celles habituellement touchees lors d'une 

aphasie classique ou croisee (pour une revue voir Joanette et al., 1990). Aujourd'hui il 

est connu qu'une proportion non negligeable de CLD connait des difficultes a traiter les 

aspects prosodiques, semantiques, discursifs et pragmatiques d'un message verbal (voir 

Joanette, ce numero). Les troubles pragmatiques, au coeur des deficits de la 

communication verbale des CLD, empechent le traitement efficient de l'intentionnalite 

rendant difficile 1'apprehension d'un message verbal par-dela de ses elements 

linguistiques (Joanette et Ansaldo, 1999). La comprehension du langage non litteral se 

trouve ainsi particulierement alteree par un deficit pragmatique. 
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Grace aux etudes lesionnelles (voir Joanette et al., 1990) et en IMRf (Botinni et 

al., 1994) chez des personnes sans trouble neurologique, il est de plus en plus clair que la 

contribution de l'HD s'avere primordiale au traitement pragmatique, du moins chez le 

droitier. Par contraste, la documentation sur la complementarite hemispherique pour le 

traitement pragmatique est presque inexistante chez le non-droitier. En fait, aucune 

etude en imagerie cerebrale n'a ete jusqu'a present publiee, et une seule etude 

lesionnelle a examine les troubles de la communication verbale chez les non-droitiers. 

6.1. Troubles de la communication verbale chez les non-droitiers 

Mackensie et Brady (2004) ont ete les premiers a s'interesser specifiquement aux 

troubles de la communication chez les cerebroleses a l'HD qui sont non-droitiers. Les 

aspects semantiques des mots et du discours ainsi que la composante pragmatique ont 

ete evalues a l'aide de tests formels et via une conversation avec l'experimentateur. Les 

performances de cinq adultes CLD non-droitiers ont ete comparees a neuf CLD droitiers 

et a quatre non cerebroleses droitiers d'age equivalent. D'abord, quelle que soit leur 

manualite, les CLD obtiennent des scores significativement au-dessous des normaux aux 

mesures non verbales (p.ex.: contacts visuels, expressions faciales) lors de la 

conversation ainsi qu'au test de comprehension d'inferences. Neanmoins, un patron de 

performances different ressort lorsqu'il s'agit de choisir 1'image correspondante a une 

phrase metaphorique (Metaphor Picture Test) ou de repondre a des questions de 

comprehension relatives a des histoires (Discourse comprehension test). Alors que les 

CLD droitiers obtiennent des performances inferieures aux normaux, il n'existe aucune 

difference significative entre les CLD non-droitiers et les normaux. D'apres les 

resultats, 1'apprehension du langage non litteral serait ainsi une habilete moins affectee 
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chez les non-droitiers que chez les droitiers consequemment a une lesion a l'HD. Les 

resultats laissent done entendre que chez les non-droitiers, la comprehension du langage 

non litteral repose moins sur l'HD comparativement aux droitiers. 

Toutefois, avant d'avancer une quelconque conclusion, il est indispensable que 

d'autres etudes s'interessent a la composante pragmatique chez les non-droitiers. Est-il 

plausible de penser que la lateralisation de cette composante soit moins prononcee que 

chez le droitier, comme e'est le cas pour les habiletes traditionnelles du langage? La 

question reste entierement ouverte. 

7. CONCLUSION ET DISCUSSION 

En somme, 1'organisation fonctionnelle du cerveau pour le langage des non-

droitiers en est une qui est propre, a la fois distincte de celle des droitiers et de son 

miroir - pour la majorite. En rapportant que les signes cliniques d'une aphasie suite a 

l'HG ou a l'HD sont davantage homogenes chez le non-droitier que chez le droitier, les 

etudes lesionnelles suggerent que les contributions respectives des hemispheres sont 

moins previsibles chez le non-droitier. En complementant les connaissances grace aux 

apports des etudes «on-line» d'imagerie cerebrale, il peut etre franchement conclu que le 

reseau neuronal des non-droitiers supportant les habiletes traditionnelles du langage est 

davantage bilateral que celui des droitiers. En ce qui a trait aux habiletes de 

communication verbales, la quasi-absence d'etudes en fait une thematique encore mal 

connue et sujette a plusieurs speculations. Pourtant, la composante pragmatique est 

essentielle a la communication. II est done primordial de s'interesser aux contributions 

hemispheriques pour le fakement de cette composante du langage chez les non-
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droitiers. La conception des fondements neurobiologiques de la communication des 

non-droitiers en sera autant favorisee que 1'acquis des donnees contribuant a 

1'identification et a la prise en charge des troubles de la communication d'origine 

pragmatique chez les non-droitiers. 
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La confirmation de la particulante des gauchers quant a leur organisation cerebrale du 

langage assure la legitimite et la pertinence d'une comparaison gauchers-droitiers. La 

premiere question de recherche posee est la suivante : le genre influence-t-il la 

dynamique hemispherique de la phonologie et de la semantique des mots de maniere 

distincte chez les droitiers et les gauchers? 
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CHAPITRE 3 

L ' INFLUENCE DU GENRE 

SUR LA DYNAMIQUE HEMISPHERIQUE DU LANGAGE 

CHEZ LES DROITIERS ET LES GAUCHERS 
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1. ABSTRACT 

The ability of cerebral hemispheres to process language is influenced by multiple 

factors. The well-known right visual field advantage in word recognition in divided 

visual field tasks is affected by both intra- and inter-individual variables. For example, 

hemispheric linguistic abilities may vary within a given individual according to the 

language component being processed, whereas variations between individuals may be 

modulated by the individual's handedness and gender. The objective of this divided 

visual field study was to compare gender differences in right- and left-handers in relation 

to their hemispheric abilities in performing phonological and semantic tasks. The results 

indicate that for both processing, gender had a different impact on right- and left-handed 

groups. Unexpectedly a gender difference in laterality pattern was found in left-handers 

but not in right-handers for both phonological and semantic abilities. Intriguingly, left-

handed men displayed a more symmetrical laterality pattern in phonological and 

semantic abilities than left-handed women. 
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2. INTRODUCTION 

The specialization of one cerebral hemisphere for a given set of cognitive 

processes represents an example of the functional asymmetry, or functional 

lateralization, of the brain. Although the latter concept applies to many cognitive 

processes, it is the lateralization of language that has been the best established. The 

extent of cerebral lateralization for language has been shown to depend upon a number 

of factors that will be briefly summarized here. 

The first factor suspected to affect the brain's functional lateralization for 

language was handedness. This idea was born of Broca's (1865) groundbreaking 

observations. Partly inspired by Marc Dax's (1836/1865) work, Broca proposed a direct 

association between the hemisphere contralateral to the dominant hand and the brain's 

ability to produce articulated language: Broca claimed that articulated speech is 

controlled by the left hemisphere (LET) in right-handers. At the same time, he speculated 

that the reverse might be true for left-handers, namely that articulated speech would be 

under the control of the right hemisphere. Although the latter suggestion proved to be 

incorrect, the underlying notions of a relationship between handedness and language 

lateralization, and of differences between right- and left-handers, have been shown to be 

accurate. However, the knowledge accumulated since Broca's day has qualified his 

teachings somewhat. Nowadays, it is widely accepted that (a) language lateralization 

among left-handers is not the mirror image of the situation in right-handers (e.g., 

Joanette, 1989), (b) language lateralization involves more than just the articulated 

aspects of language, and (c) language lateralization may be modulated by many more 

factors than handedness alone (Josse & Tzourio-Mazoyer, 2004). 
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However, of all the factors likely to influence the brain's lateralization for 

language, handedness remains the most robust and important (Springer & Deutsch, 

1989). It is well established that the vast majority of individuals, namely right-handers, 

exhibit a strong language lateralization favoring the LH. However, approximately 10% 

of the population is left-handed and, as a group, they present much weaker language 

lateralization in the LH (Joanette, 1989). First inferred from observations of aphasia in 

left-handers (Hecaen & Sauguet, 1971; Satz, 1979), and then directly observed through 

specific techniques such as the Wada test (Rasmussen & Milner, 1977), the lesser degree 

of language lateralization in the LH in left-handers has recently been confirmed via non­

invasive neuroimagery tools in healthy adults (Josse & Tzourio-Mazoyer, 2004). 

Another important inter-individual factor likely to influence language 

lateralization is gender. A long-held hypothesis derived from observations of right­

handers suggests that men present stronger LH lateralization than women (Levy, 1972). 

The strongest evidence supporting that supposition was provided by studies of 

individuals with brain lesions. McGlone (1977) and fnglis and Lawson (1981) reported 

that males had a higher incidence of aphasia after damage to the LH than women. Yet, 

this gender difference does not necessarily prove that women have a more diffuse 

interhemispheric language network than men, but may rather reflect a gender difference 

in intrahemispheric organization (Kimura, 1983). 

Hopes were pinned on neuroimaging studies of normal healthy individuals to 

elucidate language representation in men and women. However, the evidence remains 

inconsistent. Whereas many experimental verbal tasks have reported a gender 

difference in line with the hypothesis that men have greater LH language lateralization 
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than women (Jaeger et al., 1998; Kansaku, Yamaura, & Kitazawa, 2000; Pugh et al., 

1996; Shaywitz et al., 1995), others did not reveal any significant difference between 

genders (Binder et al., 1995; Frost et al., 1999; Hund-Georgiadis et al., 2002; Shaywitz 

etal., 1995). 

One way to reconcile the conflicting results regarding the gender question may 

be to consider language as a multi-dimensional entity that includes diverse components 

such as syntax, semantics, and phonology. In healthy individuals, it has been 

demonstrated that each of these components of language relies on distinct neural 

networks (Gernsbacher & Kaschak, 2003), most probably with different degrees of 

lateralization. For example, both phonological and semantic processing of words rely 

upon neural networks that involve the LH, but to different degrees: while the former has 

been shown to be associated with LH-based loci of activation, the latter is typically 

associated with both left-hemisphere- and right-hemisphere-based loci of activation 

(Gernsbacher & Kaschak, 2003). However, gender may influence the degree of this 

lateralization. Thus, it is interesting to note that a gender difference has been reported 

regarding the phonological processing of words. Men appear to present activations 

restricted to the LH whereas women show bilateral activation (Pugh et al., 1996; 

Shaywitz et al., 1995). Conversely, many studies appear to converge in suggesting that 

there is no significant gender difference in the semantic processing of words (Binder et 

al., 1995; Frost et al., 1999; Hund-Georgiadis et al., 2002; Shaywitz et al., 1995). In one 

of the few studies that gave the same participants both a phonological and a semantic 

task, Shaywitz et al. (1995) concluded that a gender difference in the functional brain 
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organization for language is present, but only for tasks requiring phonological 

processing. 

Results from the neuroimaging literature need to be considered from the 

perspective of the more traditional behavioral approach when an evaluation of 

perceptual asymmetry is sought. Whether the modality used is visual or auditory, the 

logic rests on the assumption that stimuli projected to one perceptual sensory side (visual 

field or ear) are primarily processed by the hemisphere contralateral to the hemifield in 

which they were presented. Typically, a right perceptual side advantage is found 

whenever the material is verbal and that observation is interpreted as a direct expression 

of the LH's superiority over the right hemisphere (RH) in processing language (Springer 

&Deutsch, 1989). 

The reliability of the contribution made by behavioral paradigms to the question 

of hemispheric language abilities in the context of language lateralization has sometimes 

been questioned because of the inconsistent results (Cowell & Hugdahl, 2000). 

Nevertheless, as pointed out by Cowell and colleagues (Cowell, Denenberg, Boehm, & 

Nasrallah, in press, cited in Cowell & Hugdahl, 2000), such variability may reflect the 

fact that these techniques are very sensitive to many factors. Thus, the results of these 

studies may be very instructive for the investigation of individual differences. 

Furthermore, the impact of handedness and gender on perceptual asymmetry has 

been the subject of numerous divided visual field and dichotic listening studies (Faure, 

2003). Such studies have repeatedly reported a reduced right visual field (RVF versus 

left visual field; LVF) advantage or a reduced right ear advantage in left-handers as 
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compared to right-handers (see Bryden, 1988, for the auditory modality and Eviatar, 

Hellige, & Zaidel, 1997, and Hellige et al., 1994, for the visual modality). 

The possibility that gender could modulate perceptual asymmetries was 

thoroughly investigated in the 1990s. Hiscock and his colleagues published two meta­

analyses on this topic (Hiscock, Inch, Jacek, Hiscock-Kalil, & Kalil, 1994; Hiscock, 

Israelian, Inch, Jacek, & Hiscock-Kalil, 1995). Irrespective of the modality, the authors 

concluded that there is a gender difference in the hemispheric language abilities. 

According to Hiscock and colleagues, dichotic listening studies indicated significant 

gender differences overall: 75% of the studies reported a stronger right ear advantage for 

men than women (Hiscock et al., 1994), whereas a greater RVF advantage in men was 

present in up to 82% of the divided visual field studies (Hiscock et al., 1995). Another 

meta-analysis on this topic was conducted by Voyer (1996) with the objective, this time, 

of focusing on the magnitude of the gender difference. Voyer did confirm the presence 

of a gender difference in divided visual field and dichotic listening studies, but warned 

that the difference is a small one (d = 0.067 and d = 0.063). 

Overall, the data summarized here indicate that language processing is influenced 

by handedness and gender as well as by the specific component of word processing that 

is engaged. However, no study has looked at all three factors together. In order to 

clarify the impact of inter- and intra-individual factors on language processing, one 

relevant approach would be to investigate gender differences in right- and left-handers 

while considering different aspects of word processing that typically present different 

brain lateralization. Thus, the present behavioral study aimed to compare gender 

difference patterns in right- and left-handers in terms of their hemispheric abilities 
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during the phonological and semantic processing of words. In general, a gender 

difference pattern between handedness groups was expected for phonological 

processing. More specifically, a gender difference in phonological processing was 

predictedfor, the right-handers. 

3. METHOD 

3.1. Participants 

For this study, 72 young adults (aged between 20 and 35 years old), all native 

speakers of French, were recruited using classified advertisements. The sample was 

composed of four groups with equal numbers of subjects: right-handed men and women 

and left-handed men and women. All of them were equivalent in terms of years of 

education (right-handed men: x = 15.4, SD = 2.7; right-handed women: x = 16.3, SD = 

1.2; left-handed men: x = 15.9, SD = 1.5; left-handed women: x = 17.2, SD = 1.9). 

According to the Edinburgh Handedness Inventory (Oldfield, 1971), the right-handed 

and left-handed participants were on average strongly lateralized (right-handed men: 

87.1, SD = 10.5; right-handed women: 90.6, SD = 11.7; left-handed men: -77.6, SD = 

24.7; left-handed women: -73.3, SD = 23.1). According to self-report, all participants 

had normal or corrected-to-normal vision, none had previously experienced major 

neurological episodes or conditions, none had a history of substance abuse, and all were 

medication-free. 
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3.2. Tasks 

The phonological and semantic tasks corresponded largely to the ones used by 

Walter, Cliche, Joubert, Beauregard, and Joanette (2001) and Walter, Beauregard, and 

Joanette (2002). Both of them required an explicit judgment of isolated words. In the 

phonological task, the participants had to indicate whether a written word did or did not 

contain the sound lol, whereas in the semantic task they were asked whether the stimulus 

belonged to the category "animal" or not. For both tasks, the stimulus pool consisted of 

128 French nouns varying in length from four to nine letters. Sixty-four words were 

targets, that is, they contained the sound lol or they denoted an animal. The rest of the 

stimuli were foils with neither of the aforementioned traits. 

3.3. Procedure 

The phonological and semantic tasks began with two practice blocks of 30 

stimuli each. The 128 different stimuli appeared in three different positions—left, center 

and right—for a total of 384 presentations. The inner border of the lateralized 

presentation was at 3° with reference to the central fixation point. All stimuli were 

classified into six blocks of items, interrupted by five pauses. Within each block, the 

stimuli were distributed equally according to position and type. Moreover, the order of 

stimulus presentation was dispersed evenly through the six blocks. 

For each trial, participants were first shown a black fixation dot for 200 ms. 

After that, words were presented for 150 ms with a 150-ms inter-stimulus interval 

between each subject's response and the presentation of the following stimulus. The 
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words were shown in black letters using the Times font and Psyscope software (1.2.5 

PPC version). The duration of exposure of all words was short enough to prevent eye 

movement so that words presented to lateral positions could not benefit from central 

vision and the consequent projection to both hemispheres (Sergent, 1982). 

All participants were tested in two 45-minute sessions with a seven-day fixed 

interval between the test sessions. The hands used to respond and the order of the tasks 

was counterbalanced between and within participants. 

The experiment took place in a quiet room containing a computer. Participants 

were seated in front of the computer screen on a chair with adjustable height. 

Participants' heads were maintained in a fixed position by a chin rest such that their eyes 

were 60 cm from the screen. Instructions were given both verbally and in writing on the 

screen. 

4. RESULTS 

The average response times (RT) and error rates (ER) in percentages were 

calculated for target words associated with correct behavioral responses only . 

Participants who made 50% or more errors were excluded since it was felt that they had 

The average RT and ER were calculated for targets presented to the center visual field in order 
to verify whether a gender difference was not related to general language ability differences in 
central vision, when both hemispheres have access to the word information. Two analyses of 
variance Gender x Handedness were conducted on phonological data, and neither the variable 
Handedness (Phonology RT: F (1 65) = .01, p = .93, ER: F (]; 65> = -78, p = .38) nor the variable 
Gender revealed a significant effect (Phonology RT: F (1>65) = .00, p = .94, ER: F (ij65) = 83, p = 
.36). Two other analyses of variance Gender x Handedness were conducted on semantic data, 
and again neither the variable Handedness (Semantic: RT: F (]> 65> = .12, p = .74, ER: F (1 65) = 
1.02, p = .32) nor the variable Gender yieled a significant effect (Semantic RT: F (] 64) = .017, p 
= .89, ER: F (,,«) = .01 ,p = .92). 
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not understood the task instructions, or that they were simply responding randomly 

(phonological task: 4 participants; semantic task: 3 participants). Trials that exceeded 

3000 ms were not taken into account since they were outside the recorded time window. 

Trials for which RT was above or below +2 or -2 standard deviations with reference to 

the mean for all groups were considered as outliers, and were therefore excluded from 

further calculations. This procedure is commonly used in the divided visual field 

paradigm with unilateral presentation (e.g., Taylor, 2002). 

In order to seek out possible gender differences according to handedness group in 

performance asymmetries, the phonological and semantic data for right- and left-handers 

were subject to separate statistical analyses. For each group two separate analyses of 

variance were performed on averaged RT and ER, respectively. Gender constituted the 

between variable and the LVF and RVF were the two levels of the Visual Fields within 

variable ( 2 x 2 : VISUAL FIELD x GENDER). Here, the Greenhouse-Geisser 

procedure was used to control for Type 1 errors. The significant alpha level was set at 

0.05. 

4.1. Response times 

With respect to RT, the analyses on phonological or semantic data did not yield 

any significant main or interaction effects implicating the variable Gender in either 

right- or left-handed participants. In each group, men and women answered the words 

with the same speed whether the task called for phonological or semantic processing. 

That observation was not modulated by the visual field variable. The results will be 

further investigated according to handedness group. 
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In right-handers, both men and women responded faster to words in the RVF 

(LH) (phonology: x = 804.34, SD = 119.03; semantics: x = 766.13, SD = 117.29) than 

the LVF (RH) (phonology: x = 834.55, SD = 124.70; semantics: x = 806.31, SD = 

132.32) and those visual field differentiations achieved significance (phonology: F (1,33) 

= 25.68, p < .01; semantics: F (1,33) = 47.10, p < .01). All left-handed participants also 

demonstrated a speed bias toward the RVF (LH) (phonology: x = 781.59, SD = 101.73; 

semantics: x = 745.46, SD = 99.53) over the LVF (RH) (phonology: x = 805.35, SD = 

109.37; semantics: x = 770.66, SD = 112.36). Again, those lateral visual field 

dissimilarities reached over the significance level (phonology: F (i, 33) = 24.33, p < .01; 

semantics: F (1,32) = 27.56, p < .01). 

4.2. Accuracy 

The analysis of accuracy data yielded different gender patterns according to 

handedness in both phonological and semantic processing. We shall describe the results 

for phonological and semantic processing separately for the two groups. 

Concerning phonological processing in right-handers, both the between and the 

within variable produced significant main effects (Gender: F (i, 33) = 38.43, p < .01; 

Visual Field: F (i, 33) = 18.01, p < .01). That is to say, men made fewer errors than 

women in both the RVF and LVF, while men and women as a group made fewer errors 

in the RVF than the LVF. The gender and visual field variables interacted (Gender x 

Visual Field: F (1, 33) = 6.39, p < .01), but the RVF advantage still remains the laterality 
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pattern for both men and women (men: F (1, 32) = 7.16, p < .05; women: F (1, 32) = 

35.96, p<.01). 

In left-handers, the phonological analyses also showed a significant main effect 

for gender (F (1> 33) = 14.55, p < .01) and for visual field (F (l 33) = 10.89, p < .01). Men 

made fewer errors than women in both visual fields, whereas both men and women 

made fewer errors in the RVF. The interaction effect did not attain significance, but it 

approached it; consequently, a decomposition was justifiable (F (i; 33) = 3.59, p = .067). 

And, as Figure 1 reveals, an RVF advantage stands out for women (F (i; 33) = 15.86, p < 

.01) whereas no visual advantage was found for men. 
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Figure 1- Means of percentage of errors across lateral visual fields according to gender 
for right- and left-handers during phonological processing 
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Relative to semantic processing, all results were significant in right-handers, 

namely the gender (F (i; 34) = 8.07, p < .01) and visual field effects (F (i; 34) = 25.82, p < 

.01), as well as their interaction (F d, 34) = 4.9, p < .05). Grouping both visual fields 

together, men were more accurate than women. For all participants as a group, words 

were responded to better in the RVF than the LVF. However, as the interaction 

decomposition in Figure 2 shows, the visual field effect was still observed for both men 

and women. Analysis indicated that the RVF was more efficient than the LVF for right-

handed people of both genders (men: F (i, 34) = 4.1, p < .05; women: F (i, 34) = 26.64, p < 

.01). 

In left-handers, a gender difference was found (F (j; 31) = 5.7, p < .05) while the 

difference between the visual fields was not so sharp (F (i( 31) = 3.9, p = .06). This latter 

main effect can be understood by examining Figure 2. An asymmetry in favor of the 

RVF is marked for women, whereas no visual field bias prevails in men. These 

observations are moreover expressed by an interaction gender x visual field that 

approached closely the significance level (F (i, 31) = 3.9, p = .06) and a significant simple 

effect only for women (F (i, 31) = 7.6, p < .01). 
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Figure 2- Means of percentage of errors across lateral visual fields according to gender 
for right- and left-handers during semantic processing 

5. DISCUSSION AND CONCLUSION 

The goal of this study was to compare gender differences in the laterality patterns 

of right- and left-handers for the phonological and semantic processing of words. In 

general, a gender difference pattern between handedness groups was expected for 

phonological processing. More specifically, a gender difference in phonological 

processing was predicted for right-handers. 

The results revealed a significant gender difference pattern in accuracy data. 

These data confirm a gender difference in the LH's and RH's phonological processing 
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abilities between right- and left-handers. However, the laterality patterns in men and 

women did not correspond to what we had expected. Firstly, among right-handers, both 

genders processed the words similarly, that is, substantially more efficiently in their 

RVF-LH than their LVF-RH (even though there is a significant interaction gender x 

visual, laterality patterns favor the RVF over LVF for both genders). Secondly, among 

left-handers, both genders acted differentially across visual fields: whereas women 

presented an asymmetry favoring the RVF over the LVF, men were equally skilled in 

responding to the words whether they were projected to the RVF or the LVF. Beyond 

our expectations, there was also a gender difference in semantic laterality patterns 

between right- and left-handers. A clear gender difference laterality pattern was found 

in left-handers where, once again, men showed no visual field asymmetry in comparison 

to women. Conversely, both men and women right-handers showed a definite RVF 

advantage (once again that laterality patterns occurred despite a significant interaction 

effect). To shed some light on the findings, let us examine in more detail the results 

according to type of word processing. 

5.1. Gender-linked question and laterality pattern in right-handers 

When engaged in phonological processing of words, right-handed men and 

women demonstrated a leftward visual field bias in terms of RTs and ERs. This result 

suggests that, regardless of gender, the right-handers' LH appears to be better equipped 

than the RH for processing words phonologically. That finding is in line with the well-

established concept of the LH's dominance for phonological processing and its 
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corollary: the RH's inability to access phonological information in right-handers (see 

Joanette et al., 1990). 

Likewise, when right-handers were asked to perform the semantic task, both men 

and women processed words significantly faster and more accurately with their LH than 

their RH. That finding might, at first glance, seem to contradict the claim that the RH 

has semantic abilities; however, we must bear in mind that semantic processing is 

lateralized in the LH in right-handers (see Gernsbacher & Kaschak, 2003). Moreover, it 

is not unusual to find the LH to be superior to the RH in semantic studies employing 

visual field paradigm (see Joanette et al., 1990). That hemispheric advantage finding 

may not, however, mean that the RH was totally unable to process words semantically. 

The ad hoc comparison between the phonological and semantic RT data in the LVF 

indicated a significant difference (F (i; 34) = 3.68, p < .05). Even though this finding is 

far from allowing us to say that the RH is specifically qualified for semantic processing, 

it does suggest that the RH possesses some abilities to process words semantically. 

The absence of gender differences in perceptual laterality patterns in right­

handers does not necessary mean that gender difference in language lateralization is 

elusive. The results found here may reflect the reality evoked by Hiscock and Voyer in 

their meta-analyses: gender dissimilarity is observed only sporadically, since this 

difference is weak at the population level—in right-handers (Hiscock et al., 1994, 1995; 

Voyer, 1996). 
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5.2 Gender-linked question and laterality pattern in left-handers 

In left-handers, what essentially draws one's attention is the gender difference 

pattern for both phonological and semantic processing in terms of ER data. Whereas the 

results suggest LH dominance in women, there was a lack of any statistically significant 

effect across visual fields for men. Thus, in left-handed men, both hemispheres appear 

able to perform both phonological and semantic processing. This equi -hemispheric 

capacity pattern seems to be very robust since it remains unaltered by a modification of 

the language component. The RH of left-handed men seems to present more general 

language abilities than the RH of left-handed women. Since the direction of that gender 

difference — that is, women seem to be more LH-lateralized than men — is at variance 

with the gender difference hypothesis, it would be unwise to interpret the results 

immediately. The finding is intriguing enough to merit our interest. Hopefully, it will 

motivate investigations of gender differences in left-handers in terms of their cerebral 

organization for language. 

6. GENERAL DISCUSSION 

To ensure maximum visual field difference or hemispheric independence, it 

would perhaps have been a better idea to project different stimuli bilaterally (Boles, 

1983, 1987, 1990, 1994). However, this recently introduced paradigm is not as 

widespread as the one we used here (Faure, 2003). In addition, the mechanism for a 

bilateral presentation advantage is far from clear (see Boles, 1990), and this would have 

made the results difficult to interpret. Lastly, since it seems to be more difficult to detect 
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visual field differences with the paradigm used in this experiment, one needs to be 

confident of the reliability of the perceptual laterality differences we found. 

In line with the previous paragraph, we interpreted our findings as if the 

hemispheres were contributing independently and thus the assessment of performance in 

each visual field reflected differential LH and RH language abilities. However, it is 

possible that the results also reflect the hemispheric need to relay information through 

the corpus callosum in order to achieve a successful processing. It may be the case that 

the more general gender differences favoring men in phonological and semantic 

accuracy express a gender-linked difference in the RH's dependence on the LH's 

specialized language capacities. Despite the ongoing controversy about possible gender-

linked morphological differences in the corpus callosum (see Beaton, 1997), our results 

may indicate that a more efficient connection between hemispheres is needed in women 

than in men. 

Other possible explanations than a difference in how the hemispheres process 

language may also be considered. First, perhaps the reported difference may be rooted 

in the notion that asymmetric processing is related to a variation in a stable individual 

trait sometimes called "characteristic arousal asymmetry" (Levy, Heller, Banich, & 

Burton, 1983) or "hemispheric utilization bias" (Spencer & Banich, 2005). In this view, 

each individual has a natural tendency to arouse one hemisphere more than the other or 

both equally (Levy et al., 1983). However, it is unlikely that the gender differences 

found here are due to that characteristic since it does not appear to vary according to 

gender or handedness (Eviatar et al., 1997; Kim, Levine, & Kertesz, 1990). 
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Second, it is reasonable to wonder whether the laterality pattern difference in 

left-handers may relate more to the neural control of hands than to language 

representation. Even though many studies have shown that left-handers are less 

asymmetric in terms of hand skill (Gorynia & Egenter, 2000), this would not explain the 

gender difference patterns found here. It is noteworthy that Gorynia and Egenter (2000) 

reported no significant gender difference in intermanual coordination. 

In conclusion, our findings suggest that gender may a have different impact on 

the hemispheric abilities of right- versus left-handed individuals. Hopefully, an increase 

in the number of language studies comparing right- and left-handers will contribute new 

knowledge and may help to strengthen the conclusions drawn from this work. 
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Le troisieme chapitre a demontre 1'influence differentielle d'un facteur interindividuel 

(le genre) sur la dynamique hemispherique de la phonologie et de la semantique des 

mots selon la preference manuelle. A partir de cette conclusion, il serait interessant de 

savoir si Pinfluence d'un facteur intra-individuel telle la complexite du traitement 

pourrait aussi se differencier selon la preference manuelle. 
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Avant d'aborder l'influence de la complexity du traitement phonologique et semantique 

sur la dynamique hemispherique des gauchers, il est important d'etudier au prealable la 

problematique chez les droitiers. La raison est simple : l'influence de la complexity du 

traitement lors de tache langagieres est peu connue chez les droitiers. 
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1. ABSTRACT 

The main goal of this study was to determine whether the phonological and 

semantic processing of words are similarly influenced by an increase in processing 

complexity. Thirty-six French-speaking young adults performed both semantic and 

phonological word judgment tasks, using a divided visual field procedure. The 

phonological complexity of words was controlled by varying their transparency, while 

semantic complexity was manipulated through prototypicality. As expected, processing 

complexity modulated semantic and phonological processing differently. The results 

revealed that an increase in processing complexity lessened the left-hemisphere 

advantage in semantics, but reinforced it in phonology. It is therefore suggested that 

right-hemisphere collaboration in complex language processing is profitable only when 

the particular kind of processing is not strongly lateralized to the left-hemisphere. The 

results are discussed from the perspective of interhemispheric collaboration. 

Keywords: Hemispheric dynamic, complexity, semantic, phonology, divided 

visual field 
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2. INTRODUCTION 

In the 1960s and 1970s, the communicating brain was studied extensively with 

hopes of answering the following question: which hemisphere, the left or the right (LH 

and RH), has a functional advantage for a given cognitive function? At the time, most 

research efforts in the area of laterality were focused on functional hemispheric 

differences. In the 1980s, however, most researchers lost interest in the topic, due in 

part to a shift of focus to the RH and its specific abilities for language. 

Recent years have seen a revival of interest in functional cerebral asymmetries on 

the part of laterality researchers. This is due in part to the advent of a new perception of 

cerebral functioning. Rather than considering the two hemispheres as dichotomous and 

independent, the notion of cerebral laterality is now defined more in terms of 

hemispheric collaboration (e.g., Banich, 1998; Hellige, 1998; Querne, Eustache, & 

Faure, 2000; Sergent, 1994). 

Through the years, many factors have been identified as favoring or restraining 

hemispheric cooperation. Proficiency due to training (Maertens & Pollman, 2005; 

Weissman & Compton, 2003) and the age of an individual (Banich & Brown, 2000; 

Monetta, Ouellette-Plamondon, & Joanette, 2007; Reuter-Lorenz, Stanczak, & Miller, 

1999) are among the factors that have been studied because they may affect the 

hemispheric dynamic. Nonetheless, most of the attention has been paid to task 

properties and, more particularly, task complexity (Banich & Belger, 1990; Banich & 

Weissman, 2000; Belger & Banich, 1992, 1998; Hatta, Kawakami, Kogure, & Itoh, 

2002; Maertens & Pollman, 2005; Monaghan & Pollman, 2003; Monetta, Ouellet-

Plamondon, & Joanette, 2006). 
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Banich has proposed an elaborate model of hemispheric interaction in terms of 

task processing complexity (Banich & Belger, 1990; Belger & Banich, 1992, 1998). 

The central tenet is that a simple task can be performed by one hemisphere whereas a 

complex task requires the collaboration of both hemispheres. This principle was 

partially demonstrated by comparing performance on perceptual tasks that differed in 

their letter-matching complexity (Banich & Belger, 1990; Belger & Banich, 1992). In 

the easy task, only letters with the same shape were to be paired (shape-identity task: A 

and A). In the difficult task, the decision was based on matching the name of the letter 

in uppercase and lowercase (naming-identity task: A and a). The results supported 

Banich's model in that they demonstrated that the easy letter-matching decision was 

successfully completed by either the LH or the RH whereas the difficult letter matching 

task required the participation of both hemispheres. 

Although Banich's model has been supported by a number of studies, they too 

often relate to perceptual processing (Hatta et al., 2002; Maertens & Pollmann, 2005; 

Monaghan & Pollman, 2003). Thus, it is still unclear whether Banich's hypothesis can 

be applied to language processing. 

It is noteworthy that, although no many investigations have evaluated specifically 

this hypothesis, the impact of complexity in the language domain was highlighted by 

more than one study (Belger & Banich, 1998; Gur et al , 1988, 2000; Monetta et al., 

2006; Taylor, 2002). Belger and Banich's (1998) study explored a phonological task; 

the authors compared performance on a rhyme task with performance on letter-matching 

tasks such as the ones described above (shape- and naming-identity tasks). Although the 

resolution of the rhyme task is assumed to involve more difficult processing than a 
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letter-matching task, the results did not suggest that hemispheric collaboration was 

taking place. This study has enabled investigators to reevaluate the link between 

complexity processing and hemispheric collaboration by considering the extent to which 

a task relies on each hemisphere's processing resources. Banich's model has thus 

integrated the following postulate: there is no gain in performance from soliciting the 

RH's resources when the resolution of a task depends essentially on the LH, as 

phonological processing does (Belger & Banich, 1998; see also Banich & Brown, 2000). 

The impact of complexity and the hemispheric collaboration during semantic 

tasks have also been studied (Constable et al., 2004; Gur et al., 1988, 2000; Monetta et 

al., 2006; Taylor, 2002). Except for the studies by Constable et al. (2004) and Gur et al. 

(1988), all the other studies suggested the presence of RH cooperation, that is, that bi-

hemispheric collaboration took place during a complex semantic task. However, their 

methods of evaluating hemispheric collaboration during a demanding task were far from 

homogeneous, and at times their demonstrations were not straightforward. For example, 

Monetta et al. (2006) presented triads of words to evaluate the propensity of healthy 

individuals to associate a target word with its alternative and metaphorical meanings. 

Participants were required to complete the semantic task alone (isolated condition) or to 

complete it while performing an interfering countdown task1 (dual-task condition). The 

dual-task condition was considered to overtax one hemisphere's resources compared to 

the isolated condition. The results showed that the semantic task was more accurately 

performed in the isolated condition than in the dual-task condition. Monetta et al. 

(2006) then compared the performance of their healthy participants with that of right -

19 Participants had to count down by twos, starting at 100, and maintain a steady pace. 
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hemisphere-damaged (RHD) patients who had previously been tested with the same task 

in the isolated condition (Gagnon, Goulet, Giroux, & Joanette, 2003). They found that 

healthy participants placed in the dual-task condition performed as poorly as the RHD 

patients in the isolated condition. Monetta and colleagues concluded that, when the 

intact RH's resources are overtaxed, its performance reproduces that of an injured RH. 

In light of their overall results, the authors suggested that, during an effortful semantic 

word-processing task, the RH supports its LH counterpart. 

Gur et al. (2000) and Taylor (2002) provided more straightforward evidence of 

the RH's participation. Indeed, both of these studies revealed bi-hemispheric activation 

during demanding semantic processing while, only unilateral patterns of activation were 

found in the LH during the less demanding processing condition. However, they 

manipulated the complexity level in different ways. 

On one hand, Taylor (2002) manipulated the instruction demand. Paired stimuli 

were centrally presented and participants had to judge whether both of them were words 

(lexical matching judgment) or whether they belonged to the same semantic category 

(semantic matching judgment). It was assumed that both types of tasks represent 

different levels of complexity processing since, unlike the lexical task, the semantic task 

required the retrieval of full semantic information. On the other hand, Gur et al.'s 

(2000) manipulated the complexity processing within the same task (a semantic 
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judgment task) using easy and difficult four-choice analogies adapted from the 

Scholastic Aptitude Test (see Gur et al., 1988).20 

Given the modest number of studies investigating the effect of complexity on 

phonological and semantic processing, it is reasonable to assume that the effect of 

varying language complexity on the hemispheric dynamic has yet to be demonstrated. 

Hence, the objective of the present study was to determine whether the phonological and 

semantic complexity of words has a similar impact on the hemispheric dynamic. To 

address the question of hemispheric laterality, the present study elected to measure 

perceptual asymmetries with a unilateral, divided visual field paradigm. 

Based on the aforementioned studies, it is generally predicted that the RH will 

support its LH counterpart during a complex language task only when the processing is 

semantic and not when it is phonological. In a divided visual field paradigm, therefore, 

it is expected that the right visual field advantage will be reduced for difficult words, as 

opposed to easy words, and for semantic processing only. 

3. METHODOLOGY 

3.1 Participants 

Thirty-six participants (50% women) between the ages of 20 and 31 (mean: 24.1 

years) were recruited through classified advertisements. The average level of education 

was 15.9 years, with a standard deviation of 1.95. 

20 An example of an easy analogy would be "Sailor is to navy as soldier is to a) gun, b) cap, c) hill, or d) 
army," and an example of a difficult analogy would be "Thoughts are to brains as steam is to a) water, b) 
vapor, c) boiling, or d) heat." 
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All participants spoke French as their native tongue and were right-handed (mean 

laterality quotient of +88.3, range of +74 to +100, according to the Edinburgh 

Handedness Inventory Test; Oldfield, 1971). All had normal or corrected-to-normal 

vision; none had experienced any major neurological episodes or conditions; none had 

any history of substance abuse; and all were medication free. 

3.2 Tasks 

Both tasks required explicit judgments regarding isolated words. The 

phonological task called for a grapheme-phoneme match while the semantic task asked 

for a category membership decision (Walter, Beauregard, & Joanette, 2002; Walter, 

Cliche, Joubert, Beauregard, & Joanette, 2001). 

3.3 Stimuli 

The stimuli used during the phonological and semantic tasks consisted of 128 

French common nouns controlled for length and lexical frequency (Content et al., 1990) 

and are described in Walter et al. (2001) and Walter et al. (2002), respectively. Each 

stimulus pool contained 64 targets, divided into two levels of difficulty. 

Semantic targets belonged to the semantic category "animal" and were defined 

according to their prototypicality level, as established by Walter, Beauregard, 
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Bourgouin, Beaudoin, and Joanette (1998)21. Thirty-two targets represented animals 

with a high degree of prototypicality and were thus considered easy (e.g., chat / 'cat'). 

Thirty-two other targets corresponded to animals with a low degree of prototypicality 

(e.g., meduse / 'jellyfish') and were thus considered difficult. Sixty-four stimuli did not 

belonged to the semantic category "animal" and did not imply degree of difficulty. They 

were labeled distracters. 

In phonological task, targets contained within their sublexical segments the 

sound lol, and the degree of difficulty was manipulated by grapho-phonemic 

transparency. Transparent targets, called for a regular transformation from orthography 

to phonology since the sound lol was represented by the letter O (32 stimuli). Therefore, 

they were considered easy. By contrast, non-transparent targets called for an irregular 

transformation from orthography to phonology since the sound lol was not associated to 

the letter O. Here, the sound lol was represented by graphemic expression such as AU 

or EAU. These stimuli were thus classified as difficult. The 64 distracters did not 

contain the sound lol and were also divided into two different groups according to their 

level of grapho-phonemic transparency. Half of them were transparent as they did not 

contain either the sound lol or the letter O (e.g balise/beacon). The other 50% were 

considered non-transparent as they contained the letter O but not the sound lol (e.g 

tourbe/peat). Targets and distracters were paired in terms of digraph numbers and 

frequency (see Walter et al., 2001). 

Briefly, five judges assessed, on a scale of 1 to 7, the degree to which words were prototypical 
of their semantic cluster. To establish an unambiguous cut-off for both levels of difficulty, the 
authors selected 32 stimuli ranked 6 or 7, and 32 others ranked 1 or 2. 
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3.4 Procedure 

The experiment took place in a quiet room, with participants seated in front of 

the computer screen on a chair of adjustable height. During the phonological task 

participants had to indicate whether a written word contained the sound lol or not and 

during the semantic task they had to indicate whether the stimulus belonged to the 

category "animal" or not. Participants had to respond quickly and accurately as possible 

by pressing one of two buttons (yes or no) on the computer keyboard with their index 

finger (in order to impose a distal musculature movement). All instructions were given 

both verbally and in writing on the computer screen. 

All participants were tested for two 45-minute sessions, with a seven-day fixed 

interval between sessions. Both tasks were responded once with the right-hand and 

another time with the left-hand. The order of the tasks and the control of the hand used 

to respond were counterbalanced between and within participants. 

In both the phonological and semantic tasks, the 128 different words appeared 

randomly in the left, center, or right visual field, for a total of 384 presentations; that is, 

99 

128 trials in each position. All stimuli were displayed in six blocks of items (blocks A, 

B, C, D, E, and F), broken up by five pauses. Within each block, the stimuli were 

equally distributed according to position and type. Moreover, the order of stimulus 

presentation was distributed evenly among the six blocks. 

The words were presented in right, left, and center positions, respectively, so that the three visual fields 
were perfectly matched. The large number of stimuli presented rapidly in each visual condition is a 
condition necessary to ensure that focus in on word recognition, as opposed to episodic memory (Hunter 
& Brysbaert, 2007). However, it is plausible that a priming effect was induced. 
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To ensure that participants kept their gaze directed at the center of the screen, 

each trial first began with a 200-ms period of fixation on a black dot. The trial then 

introduced 150-ms word presentations, with 150-ms interstimulus intervals between 

responses; presentation of the next stimulus was initiated automatically by the 

participant's response. Participants had a 1500-ms time limit within which to respond. 

Words were displayed in black letters using Times font and Psyscope software (1.2.5 

PPC version) and were presented in a 1.5° to 5.2° angled window located to the right or 

left of the fixation point. Participants' heads were maintained by a chin rest in a fixed 

position, such that their eyes were situated 60 cm from the screen. Eye movements were 

controlled by the use of the chin rest, the shortness of exposure, and the low eccentricity 

level of all words (see Sergent, 1982). The experimenter further controlled participants' 

eye movements by verbally instructing them to (1) stare at the central black dot before 

each trial, and (2) keep their eyes centrally fixated throughout the task. Although it has 

been criticized, this simple means of controlling eye movements is the most widely used 

method (Bourne, 2006) and one that has proven to be reliable (Jones & Santi, 1978; 

Posner, Nissen, & Ogden, 1978). Before the recording of their performance, participants 

did a short dry run of two practice blocks of 30 stimuli not displayed during the 

experimental tasks. 

4. RESULTS 

In each participant, performances of right-and left- hand were merged together. 

Average response times were calculated for correct behavioral responses and average 

accuracies data were assessed in terms of average error rates in percentages. 
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Participants who made 50% or more erroneous answers (in both lateral visual field 

altogether) were excluded, as it was felt that they did not have the required 

understanding of the task instructions, or that they were randomly responding to the task 

(only one participant was actually excluded). 

In this study, only targets presented in lateral visual fields were further analyzed. 

Trials where response times were above or below +3 or -3 standard deviations with 

reference to the mean for all groups were judged to be outliers, and were therefore 

excluded from further calculations (for both tasks, less than 5% of the trials were thus 

excluded). This procedure is commonly used in behavioral studies using the dichotic 

listening paradigm (e.g., Grimshaw, 1998) or the divided visual field paradigm with 

unilateral presentation (e.g., Taylor, 2002). 

For each participant, data collected for right-and left-hand were merged together. 

Mean response times and error rates were then calculated for easy and difficult words in 

the right visual field (RVF) and left visual field (LVF); Table I shows mean response 

times and error rates. Based on these means, laterality indices were computed for each 

participant using the following formula: (LVF - RVF) / (LVF + RVF). The laterality 

index has had a long tradition in laterality research because it separates variance in 

asymmetry from variance in general magnitude (Papousek & Schulter, 2006). A 

participant's overall performance, which may influence the statistical analysis, is thus 

eliminated. Hence, the use of a laterality index helps to keep the focus on the relative 

performance of the LH and RH. Moreover, the laterality index allows for 

straightforward interpretation, inasmuch as information for one individual is 

summarized in one data point (Pivik et al., 1993). 
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Table I- Mean and standard deviations reaction times and error rates for words presented 
to the left visual field (LVF) and right visual field (RVF) during phonological and 
semantic processing. 

Response 
times 

Error 
rates (%) 

Phonological 

Non-
transparent 

words 

LVF 

863.9 
(142) 

27.4 

(21.1) 

RVF 

809.8 

(122) 

13.63 

(11.11) 

processing 

Transparent 
words 

LVF 

812.2 

(113) 

17.7 

(14.6) 

RVF 

800.4 

(117) 

9.28 

(7.97) 

Semantic 

Low-
prototypicality 

words 

LVF 

837.6 

(136) 

29.2 

(16.8) 

RVF 

827.1 

(149) 

24.7 

(13.2) 

processing 

High-
prototypicality 

words 

LVF 

782.7 

(131) 

12.9 

(11.1) 

RVF 

720.4 

(103) 

5.1 

(5.0) 

A positive and a negative value, respectively, identified an RVF advantage and 

an LVF advantage. Although the calculation of a laterality coefficient for response 

times is not a common procedure, it has been done before (Grimshaw, 1998; Hunter & 

Brysbaert, 2007) and has proven to be a good indicator of language asymmetries in 

visual half-field experiments (Hunter & Brysbaert, 2007). 

To identify the likely impact of complexity on the phonological and semantic 

perceptual asymmetries, laterality indices for response times and error rates were tested 

with ANOVAs, with level of complexity as a repeated measure. Here, the Greenhouse-

Geisser procedure was used as a control for Type 1 errors. The significant alpha level 

was set at .05. 
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4.1 Response times 

Figure 1 shows the laterality indices associated with easy and difficult word 

processing for the semantic and phonological tasks. Although semantic and 

phonological laterality indices for easy and difficult words are both very low, differences 

are nevertheless observable between the two levels of complexity. 

With regard to the semantic results, difficult words produced a less pronounced 

perceptual asymmetry than easy words, and that difference proved to be highly 

significant ( F ^ s ) = 29.0; p <.001, r\ = 0.45). Easy words were thus analyzed faster in 

the RVF than in the LVF, whereas the processing of difficult words was performed 

similarly in both hemifields. 

In respect of the phonological results, Figure 1 reveals a mirror image of the 

semantic pattern. Surprisingly, the perceptual asymmetry is stronger for difficult than 

easy words and that difference reached a high level of significance (F(i,35) = 26.63; p 

<.001, r\ = 0.43). In other words, easy words were processed at the same speed in both 

visual fields while difficult words were processed faster in the RVF than the LVF. It 

should be emphasized that the complexity variable accounted for a non-negligible 

proportion of the variability in both tasks (45% in the semantic task and 43% in the 

phonological task). 
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Figure 1- Laterality indices based on reaction times for semantic and phonological 
processing according to word complexity 

4.2 Accuracy 

Figure 2 indicates the laterality indices in terms of error rate data for semantic 

and phonological processing. 

The semantic data show a similar pattern of results to that observed for response 

times; that is, difficult words yielded smaller positive perceptual asymmetries than easy 
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words. Similarly, the difference between the laterality indices for easy and difficult 

words is significant (F(i,35) = 9.66; p <.05, n = 0.22). 

In terms of phonological accuracy, Figure 2 reports high positive laterality 

indices for both easy and difficult words and no significant difference was noted 

between complexity conditions. In other words, whether words were easy or difficult, as 

measured by orthographic-transparency, they were better processed in the RVF than the 

LVF. 
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Note. A positive value signifies a right visual field advantage (left-hemisphere 
advantage) whereas a negative value means a left visual field advantage (right-
hemisphere advantage). 

Figure 2- Laterality indices based on error rates for semantic and phonological 
processing according to word complexity 
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5. DISCUSSION 

The main goal of this study was to determine whether the phonological and 

semantic complexity of words influenced the hemispheric dynamic in similar ways. We 

hypothesized that collaboration by the two hemispheres would be required during the 

complex semantic processing of words, but not when the processing was phonological, 

no matter how complex it was. 

As expected, the results suggest that complexity processing modulates the 

hemispheric dynamic associated with phonology and semantics differently. An increase 

in semantic complexity seems to trigger RH participation, and thus gives rise to 

interhemispheric collaboration. In contrast, an increase in phonological complexity 

appears to augment the LH advantage, as evaluated by the response time laterality 

indices. 

5.1 Impact of varying complexity on semantic laterality patterns 

Not surprisingly, both easy and difficult words exhibited an asymmetry favoring 

the RVF. That bias does not, however, suggest that the RH is completely incompetent at 

such processing, or that it does not contribute to semantics in normal conditions in which 

both hemispheres are receiving information. It only means that the LH is more efficient 

at the semantic processing of words than the RH. This suggested LH superiority is 

consistent with the general LH dominance in word recognition and word comprehension 

in right-handers (Gernsbacher & Kaschak, 2003). 

Moreover, the results revealed a lesser RVF advantage when processing difficult 

than easy words. On its own, the LH was more proficient at processing high-
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prototypicality words such as dog than low-prototypicality words such as jellyfish. This 

result suggests that the LH may be fully competent to manage easy semantic processing 

but requires the RH's assistance when complexity increases. This interpretation of the 

RH's participation during complex semantic processing (as compared to simple 

semantic processing) is in accordance with a number of behavioral and imaging studies 

(Gur et al., 2000; Monetta et al, 2006; Taylor, 2002). It also concurs with the central 

tenet of Banich's model, namely that interhemispheric cooperation varies dynamically 

with task complexity (Banich & Belger, 1990; Banich & Weissman, 2000; Belger & 

Banich, 1992, 1998). For simple tasks, the processing resources of one hemisphere are 

sufficient and, in fact, are more efficient than interhemispheric collaboration. But for 

complex tasks, performance is optimized by interhemispheric collaboration, given that a 

division of labor is now more advantageous. Moreover, the transfer of information from 

one hemisphere to the other during a semantically demanding task is assumed to be 

achieved via the corpus callosum channel (Banich & Brown, 2000; Gazzaniga, 2000). 

The interpretation could be taken a step further by proposing some plausible 

explanations of the nature of RH involvement during complex semantic processing. The 

nature of its contribution could be either specific or non-specific. On one hand, the RH 

has proven to be specifically involved in the processing of atypical or unusual semantic 

relationships (Kang, Constable, Gore, & Avrutin, 1999; Seger, Desmond, Glover, & 

Gabrieli, 2000). That special RH ability has been demonstrated by several studies using 

a divided visual field procedure (Faust & Lavidor, 2003), event-related potentials 

(Abdullaev & Posner, 1997), and functional magnetic resonance imaging (Seger et al., 

2000). On the other hand, the RH's contribution to processing low-prototypicality 
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words may be non-specific; that is, it might express a complexity- processing effect. It 

is known that individuals who have damage in the area of the perisylvian fissure in the 

RH do not show deficits in the basic aspects of language but demonstrate impairments in 

the processing of some of its more complex and subtle components (for a review, see 

Joanette, Goulet, & Hannequin, 1990). 

Indeed, patients with an injured RH may exhibit problems with pragmatics, 

considered to represent "high-level language abilities" (Querne et al., 2000). Moreover, 

a growing body of studies suggests that the increased RH involvement in processing 

metaphorical language is more likely a reflection of language complexity than of 

language specialization (Lee & Dapretto, 2006). In accordance with that hypothesis, 

some authors have actually proposed that RH involvement is necessary whenever 

language processing becomes complex (Monetta & Joanette, 2003; Monetta et al., 

2006). But if that is correct, the phonological results should be similar to the semantic 

ones, since two levels of complexity were evaluated in both cases. However, as we 

hypothesized and demonstrated, a completely different pattern emerged for the 

phonological processing. 

5.2 Impact of varying complexity on phonological laterality patterns 

Regardless of the complexity level, the RH did not seem to be involved during 

the phonological processing of words. The LH bias during the phonological processing 

of easy words was not attenuated by an increase in complexity. The LH therefore seems 

to be better than the RH at processing phonological information. This finding resonates 

with two well-established facts, namely that phonology is strongly LH-lateralized in 
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right-handers (Tzourio-Mazoyer, Josse, & Mazoyer, 2004) and that grapheme-to-

phoneme conversion—a critical component of the task performed in this study—is 

exclusively the responsibility of the LH in right-handers (Rayman & Zaidel, 1991). 

The above finding supports another principle of Banich's model, which restricts 

the circumstances in which interhemispheric collaboration is beneficial during complex 

task processing (Belger & Banich, 1998). That principle posits that when task resolution 

depends crucially on operations that are strongly lateralized to one hemisphere, 

collaboration between the two hemispheres is useless. The futility of hemispheric 

interaction in such cases is explained by the impossibility of dividing the information 

processing between the two hemispheres, and thus the obligation to wait until crucial 

hemispheric resources become available (Belger & Banich, 1998). Moreover, the results 

even suggest that as word complexity increases, phonological processing seems to rely 

more upon the specialized hemisphere. This interpretation appears to be supported by 

the recent study by Bohland and Guenther (2006), which concluded, among other things, 

that increased complexity in syllable sequence production led to a reinforcement of 

cortical activation in the phonological network. 

In sum, this study suggests that only the hemisphere with the ability to process a 

specific language component will become more involved as the process becomes more 

complex. Moreover, RH participation during complex language processing may be 

dynamic, as the degree of participation may depend on the language component 

processed. Moreover, it is assumed that the lateral asymmetries observed stem 

essentially from hemispheric difference in language performance and are not entirely 

due to other factors as strategy processing. However, even though the group evaluated in 
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this study was homogeneous and very well educated, (i.e. participants had 15 years of 

schooling on average, with a small standard deviation of 1.9) the possibility that 

individual strategies may have been adopted to resolve the phonological and the 

semantic tasks cannot be precluded. Along this line, part of the hemispheric asymmetric 

observed may also be explained by individual differences in the "characteristic arousal 

asymmetry" (Levy, Heller, Banich, & Burton, 1983) or "hemispheric utilization bias" 

(Spencer & Banich, 2005). These two expressions denote an individual's natural 

tendency to arouse one hemisphere more than the other or both equally (Levy et al., 

1983). 

One weakness of the present study in explaining the results in terms of 

interhemispheric collaboration is rooted in the fact that the visual field paradigm used 

was not specifically designed for that purpose. It will thus be valuable to replicate the 

experiment using a divided visual field paradigm that was designed to evaluate 

interhemispheric interaction, such as Zaidel's paradigm, the redundant paradigm or 

Banich's paradigm (for a review, see Bourne, 2006). Zaidel's paradigm consists of 

manipulating the responding hand within each participant's session (counterbalancing 

trials responded to with the right- or left- hand) in a unilateral presentation of stimuli 

(Zaidel, 1983, 1986). In that case, the analysis of the responding hand X visual field 

interaction could allow one to distinguish between hemispheric independence and a 

trans-callosal mode of interaction (Zaidel, Clarke, & Suyenobu, 1990). It would also be 

relevant to administer the phonological and semantic tasks to the redundant paradigm, in 

which information is presented once separately in each visual field and once 

simultaneously in both visual fields; the efficiency gain obtained with the redundant 
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condition, as compared to a single copy of the information, can then be attributed to 

interhemispheric cooperation. In Banich's paradigm, performance is evaluated when 

crucial information is either presented to one hemisphere alone or one part of the 

information is directed to the LH and the other part to the RH. 

Finally, in order to gain better insight into the influence of language complexity 

on the hemispheric dynamic, future studies should replicate experiments with 

phonological and semantic tasks but also evaluate other language components, such as 

pragmatics, which is known to be lateralized in the RH in right-handers (Joanette et al., 

1990). 
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Maintenant que l'influence de la complexite du traitement phonologique et semantique 

sur la dynamique hemispherique est eclaircie, il est possible d'aj outer la comparaison 

droitiers-gauchers. 
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1. ABSTRACT 

The present study is an extension of Tremblay, Monetta, and Joanette's 

(submitted) study. The goal was to compare the hemispheric dynamic of right- and left­

handers for the phonological and semantic processing of words that varied according to 

their complexity. Hemispheric asymmetries and hemispheric processing mode were 

evaluated using a divided visual field paradigm in which the responding hand was 

systematically manipulated. An inter- versus intrahemispheric mode of processing was 

assessed by testing Zaidel's hypothesis (direct access versus callosal relay hypothesis). 

With regard to hemispheric asymmetries, increased word complexity was associated 

with a reduced left-hemisphere advantage in right- and left-handers for semantics, 

whereas no such relationship was present for phonology. In spite of similar laterality 

patterns in relation to complexity processing, the right hemisphere of left-handers 

performed better than the right hemisphere of right-handers. However, the results 

suggest a similar hemispheric mode of processing for both handedness groups. 

Phonological processing seems to occur intrahemispherically, no matter how complex 

the words are. The results for semantics do not provide any evidence supporting either 

direct access or callosal relay, but the hemispheric modes of processing are discussed in 

light of the hemispheric performance found. 
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2. INTRODUCTION 

The form and the sense of words are fundamental language components known, 

respectively, as phonology and semantics. Although it is well known that the left 

hemisphere (LH) is lateralized for cognitive functions related to language, phonology 

and semantics present different functional brain asymmetry. Along a continuum from 

right hemisphere (RH) to LH lateralization, phonology may be positioned at one end, as 

it depends strongly on the LH (Gernsbacher & Kaschak, 2003; Joanette, Goulet, & 

Hannequin, 1990), whereas semantics may be somewhere in the middle, as its functional 

asymmetry is less pronounced than phonology (Gernsbacher & Kaschak, 2003; Taylor 

& Regard, 2003). During word recognition tasks, functional brain asymmetries for 

different language components are extensively evaluated on a behavioral level using a 

split visual field method (Hellige, 1993). That procedure takes advantage of the partially 

crossed fibers of the visual system, which ensures that a stimulus presented in the left 

visual field (LVF) is directed to the RH, while a stimulus projected to the right visual 

field (RVF) arrives in the LH (see Bourne, 2006, for a review of the technique). 

With the divided visual field technique, numerous studies have found that printed 

words are recognized faster and more accurately when they are presented in the RVF 

than in the LVF (Hellige, 1993). This perceptual asymmetry is known to reflect the 

general LH lateralization for language and in particular its greater efficiency at dealing 

with single words. However, this RVF superiority is far from absolute or static but may 

vary according to the participant's biological characteristics such as handedness and 

gender (Faure, 2001). Although the influence of gender on language functional 

asymmetries remains controversial, there is more evidence that handedness modulates 
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such asymmetries (Tzourio-Mazoyer, Josse, & Mazoyer, 2004). Indeed, researchers 

have repeatedly reported a reduced RVF advantage for left- than in right-handed 

participants during word recognition tasks (Eviatar, Hellige, & Zaidel, 1997; Hellige, 

1993; Hellige et al., 1994). More recently, neuroimaging data has supported these 

behavioral results: language functional asymmetries are less marked in left- than right­

handers (see Hatta, 2007, for a review). In addition to evaluating hemispheric 

advantage, the divided visual field procedure can also be useful for studying hemispheric 

modes of processing. In other words, it allows one to find out whether both hemispheres 

work independently or collaborate during task performance (intra- versus 

interhemispheric mode of processing; Bourne, 2006). 

To better understand hemispheric modes of processing during cognitive tasks, 

much effort has been devoted to identifying factors that may modulate hemispheric 

cooperation. Among these factors, the subject's age and expertise due to training have 

been pinpointed as capable of inducing variation in hemispheric interaction (Banich & 

Brown, 2000; Maertens & Pollman, 2005; Monetta, Ouellet-Plamondon, & Joanette, 

2007; Weissman & Compton, 2003). However, the complexity of the items to be 

processed is another much studied variable (Banich & Belger, 1990; Banich, Goering, 

Stolar, & Belger, 1990; Banich & Weissman, 2000; Belger & Banich, 1992, 1998; 

Eviatar et al., 1997; Hatta, Kawakami, Kogure, & Itoh, 2002; Maertens & Pollman, 

2005; Monaghan & Pollman, 2003; Taylor, 2002; Tremblay, Monetta, & Joanette, 

submitted). The interest in this factor stems in part from Banich's model, which offered 

a comprehensive link between hemispheric processing mode and computational 
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complexity (e.g., mental operations required to perform a cognitive task; Banich & 

Belger, 1990; Belger& Banich, 1992, 1998). 

The central tenet of Banich's model is that interhemispheric collaboration occurs 

when computational complexity increases (Banich & Belger, 1990; Belger & Banich, 

1992). Whereas simple tasks may be accomplished successfully with an 

intrahemispheric mode of processing by either the RH or the LH, the resolution of 

complex tasks may benefit from the collaboration of both hemispheres. However, 

conditions linked to task laterality may limit that interhemispheric advantage during 

highly demanding processing (Belger & Banich, 1998). When task laterality is weak, 

that is, when the crucial cognitive operations required to execute a task may be 

performed by either the RH or the LH, interhemispheric collaboration will become 

beneficial as complexity increases. By contrast, Banich's model predicts an 

intrahemispheric mode of processing, regardless of implied level of computational 

complexity, for tasks whose fundamental cognitive operations can be performed by only 

one hemisphere. In other words, hemispheric collaboration may not be profitable during 

the execution of a strongly lateralized task. 

The majority of divided visual field studies have tested Banich's model by 

focusing on perceptual matching tasks (Banich & Belger, 1990; Banich & Weissman, 

2000; Belger & Banich, 1992, 1998; Hatta et al. , 2002; Maertens & Pollman, 2005; 

Monaghan & Pollman, 2003; Eviatar et al., 1997). Few studies to date have evaluated it 

by means of language tasks (Belger & Banich 1998; Taylor, 2002; Tremblay et al., 

submitted). 
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Taylor's (2002) study evaluated hemispheric performance during a lexical and a 

semantic matching task. It was assumed that the two tasks represent different levels of 

complexity processing since, unlike the lexical task, the semantic task required the 

retrieval of full semantic information. Paired stimuli were presented in the RVF or the 

LVF and participants had to judge whether both stimuli were words or belonged to the 

same semantic category (e.g., animals, fruits and vegetables, clothing and containers). 

The data showed that the lexical decision condition produced the typical RVF advantage 

(i.e., LH advantage), whereas the category matching task evidenced no perceptual 

advantage in terms of response time (i.e., no hemispheric advantage). Taylor therefore 

suggested that the two hemispheres need to collaborate during complex but not simple 

semantic processing. That finding resonates with Banich's prediction that hemispheric 

collaboration will occur during a complex task when the processing type involved is not 

strongly lateralized (Belger & Banich, 1998). 

The original visual field paradigm used by Belger and Banich (1998) involved a 

rhyming task in which information is either entirely projected to one visual field (within-

hemisphere condition) or divided between both hemifields (across-hemisphere 

condition). An across-hemisphere advantage supposed to reflect hemispheric 

collaboration in a "normal" situation, that is, when stimuli are centrally presented and 

thus available simultaneously to both hemispheres. Participants must decide whether the 

word presented vertically in the RVF or LVF rhymes with one of two letters. In these 

rhyming trials, the appropriate target letter is presented half the time in the same visual 

field as the target word and half the time in the opposite visual field. Thus, rhyming 

trials are equally distributed between within- and across-hemisphere conditions. 
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Although the type of decision involved here is considered to be highly demanding at the 

cognitive level, Belger and Banich's results did not reveal an across-hemisphere 

advantage. According to the authors, the link posited by the Banich model between task 

laterality and interhemispheric collaboration was therefore confirmed: hemispheric 

collaboration does not facilitate the performance of a strongly task lateralized. 

However, Belger and Banich (1998) did not manipulate the level of complexity within 

the rhyme task. The rhyme task was considered to be the difficult condition in 

comparison to a letter matching task. The easy condition called for perceptual and not 

language processing. Thus, it remained unclear what would occur if both the easy and 

difficult conditions involved strongly lateralized processing. 

The uncertain relationship between complexity processing, hemispheric 

collaboration and task laterality in the language domain motivated the recent study by 

Tremblay et al. (submitted). The authors evaluated hemispheric asymmetries in right­

handers during phonological and semantic explicit judgment tasks wherein the 

complexity of the word stimuli was systematically manipulated. In the phonological 

task, target words varied with regard to their grapho-phonemic transparency (transparent 

or non-transparent). In the semantic task, target words represented animals that varied in 

terms of their prototypicality (low or high prototypicality). Although an RVF advantage 

was observed for both kinds of processing, the results suggested that computational 

complexity modulates phonological and semantic processing of words in different ways. 

Indeed, an increase in semantic complexity gave rise to a reduced RVF advantage 

whereas an increase in phonological complexity strengthened the perceptual asymmetry 

favoring the RVF. 
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Therefore, knowing that left-handers display on average a lesser degree of 

hemispheric asymmetry for language than right-handers (see Hellige, 1993, for a review 

of behavioral studies; Hatta, 2007, for a review of cerebral functional imaging studies), 

the Tremblay et al. (submitted) study was extended to left-handers. The goal of this 

study was thus to compare the hemispheric dynamics of right- and left-handers for 

phonological and semantic processing of words whose level of difficulty varied 

according to grapho-phonemic transparency and semantic category prototypicality, 

respectively. 

To assess perceptual asymmetries, a divided visual field paradigm with unilateral 

presentation of words was used wherein the responding hand was manipulated. This 

method of evaluation allows one to determine, first, which hemisphere is more efficient 

at processing easy and difficult words during a phonological and a semantic task. 

Secondly, it permits one to evaluate the intra- or interhemispheric mode of processing by 

testing the direct access hypothesis (Zaidel, 1983, 1986; Zaidel, Clarke, & Suyenobu, 

1990; see also Moscovitch 1986, who uses the term "efficiency model" to refer to the 

same cerebral mechanism). 

The direct access hypothesis posits intra-hemispheric processing and hemispheric 

independence. The LH and RH are assumed to possess their own resources to execute 

most information processing. Therefore, words projected to the hemisphere 

contralateral to the lateral visual field will be processed by that hemisphere. In the 

context of the current study, this means that phonological and semantic information 

projected in the RVF and LVF will be processed by the LH and the RH, respectively. 
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Nevertheless, the two hemispheres may process language with different efficiency levels 

and using different strategies. 

If an intrahemispheric mode of processing occurs without hemispheric 

collaboration, the direct access model predicts a Hand X Visual Field interaction in 

which an ipsilateral hand advantage is observed in each visual field (Zaidel et al., 1990). 

Conversely, if the direct access hypothesis is not confirmed, interhemispheric 

collaboration is likely to take place. This mode of processing is called the callosal relay 

hypothesis and is predicted by the significant main effects of the Responding Hand and 

Visual Field variables (Zaidel, 1983,1986; Zaidel et al., 1990). 

3. METHODOLOGY 

3.1 Participants 

Eighteen right-handed and 18 left-handed women between the ages of 20 and 35 

(mean: 24.1 years), all of whom were native speakers of French, were recruited using 

classified advertisements (level of schooling; mean: 15.9 years, SD: 1.95). According to 

the Edinburgh Handedness Inventory (Oldfield, 1971), both the right-handed and left-

handed participants were strongly lateralized. Indeed, the right-handed participants 

obtained a mean positive laterality quotient of 90.6 (SD: 11.7) and the left-handed 

participants presented a mean negative laterality quotient of 73.3 (SD: 23.1). According 

to self-report, all participants had normal or corrected-to-normal vision, none had 

previously experienced major neurological episodes or conditions, none had a history of 

substance abuse, and all were medication free. 
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Both tasks required explicit judgments regarding isolated words. The 

phonological task called for a grapheme-phoneme match while the semantic task 

required a category membership decision (Walter, Beauregard, & Joanette, 2002; 

Walter, Cliche, Joubert, Beauregard, & Joanette, 2001). 

3.3 Stimuli 

The stimuli used in the phonological and semantic tasks consisted of 128 French 

common nouns controlled for length and lexical frequency (Content, Mousty, & Radeau, 

1990); these stimuli are described in Walter et al. (2001) and Walter et al. (2002), 

respectively. Each stimulus pool contained 64 targets, divided into two levels of 

difficulty. 

The semantic targets belonged to the semantic category "animal" and were 

defined according to their prototypicality level, as established by Walter, Beauregard, 

Bourgouin, Beaudoin, and Joanette (1998)23. Thirty-two targets represented animals 

with a high degree of prototypicality and were thus considered easy (e.g., chat / 'cat'). 

Thirty-two other targets corresponded to animals with a low degree of prototypicality 

(e.g., meduse / 'jellyfish') and were thus considered difficult. Sixty-four stimuli did not 

belong to the semantic category "animal" and thus did not involve a degree of difficulty. 

They were labeled distracters. 

23 Briefly, five judges assessed the degree to which words were prototypical of their semantic cluster on a 
scale of 1 to 7. To establish an unambiguous cut-off for both levels of difficulty, the authors selected 32 
stimuli ranked 6 or 7, and 32 others ranked 1 or 2. 
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In the phonological task, targets contained within their sublexical segments the 

sound /o/, and the degree of difficulty was manipulated by grapho-phonemic 

transparency. Transparent targets called for a regular transformation from orthography 

to phonology since the sound /o/ was represented by the letter O (32 stimuli). Therefore, 

they were considered easy. By contrast, non-transparent targets called for an irregular 

transformation from orthography to phonology since the sound /o/ was not associated 

with the letter O; instead, it was represented by a graphemic expression such as AU or 

EAU. These stimuli were thus classified as difficult. The 64 distracters did not contain 

the sound /o/ and were also divided into two different groups according to their level of 

grapho-phonemic transparency. Half of them were transparent as they did not contain 

either the sound lol or the letter O (e.g., balise / 'beacon'). The other 50% were 

considered non-transparent as they contained the letter O but not the sound lol (e.g., 

tourbe / 'peat'). Targets and distracters were paired in terms of digraph numbers and 

frequency (Walter et al., 2001). 

3.4 Procedure 

The experiment took place in a quiet room, with participants seated in front of 

the computer screen on a chair of adjustable height. During the phonological task, 

participants had to indicate whether a written word contained the sound lol or not, and 

during the semantic task, they had to indicate whether the stimulus belonged to the 

category "animal" or not. Participants had to respond as quickly and accurately as 

possible by pressing one of two buttons (yes or no) on the computer keyboard with their 
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index finger (in order to impose a distal musculature movement). All instructions were 

given both verbally and in writing on the computer screen. 

All participants were tested in two 45-minute sessions, with a seven-day fixed 

interval between sessions. Both tasks were responded to once with the right hand and a 

second time with the left hand. The order of the tasks and the control of the hand used 

to respond were counterbalanced between and within participants. 

In both the phonological and semantic tasks, the 128 different words appeared 

randomly in the left, center, or right visual field, for a total of 384 presentations; that is, 

128 trials in each visual field position (central, RVF, LVF). All stimuli were displayed 

in six blocks of items (blocks A, B, C, D, E, and F), broken up by five pauses. Within 

each block, the stimuli were equally distributed according to position and type. 

Moreover, the order of stimulus presentation was distributed evenly among the six 

blocks. 

To ensure that participants kept their gaze directed at the center of the screen, 

each trial first began with a 200-ms period of fixation on a black dot. The trial then 

introduced 150-ms word presentations, with 150-ms interstimulus intervals between 

responses; presentation of the next stimulus was initiated automatically by the 

participant's response. Participants had a 1500-ms time limit within which to respond. 

Words were displayed in black letters using Times font and Psyscope software (1.2.5 

PPC version) and were presented in a 1.5° to 5.2° angled window located to the right or 

left of the fixation point. A chin rest kept participants' heads in a fixed position, such 

that their eyes were situated 60 cm from the screen. Eye movements were controlled by 

the use of the chin rest, the shortness of exposure, and the low eccentricity level of all 
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words (Sergent, 1982). The experimenter also controlled participants' eye movements 

by verbally instructing them to (1) stare at the central black dot before each trial, and (2) 

keep their eyes centrally fixated throughout the task. Although it has been criticized, 

this simple means of controlling eye movements is the most widely used method 

(Bourne, 2006) and one that has proven to be reliable (Jones & Santi, 1978; Posner, 

Nissen, & Ogden, 1978). Before their performance was recorded, participants did a 

short dry run of two practice blocks of 30 stimuli not displayed during the experimental 

tasks. 

3.5 Analyses 

Average response times and error rates (accuracy) percentages were calculated 

for target words associated with correct behavioral responses only. Participants who 

produced 50% or more wrong answers were excluded, as we felt that they did not have 

the required understanding of the task instructions or that they responded randomly 

(only one left-handed participant was excluded). Trials for which response times were 

above +3 or below -3 standard deviations —with reference to the mean for all groups-

were judged as outliers and therefore excluded from further calculations (less than 5% of 

the trials for both tasks). This procedure is commonly used in behavioral studies using a 

dichotic listening paradigm (e.g., Grimshaw, 1998; Grimshaw, Kwasny, Covell, & 

Johnson, 2003) or a divided visual field paradigm with unilateral presentation (e.g., 

Taylor, 2002). 
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All statistical analyses were performed for right- and left-handed participants 

separately since there were few participants in each group. Repeated measures ANOVAs 

with the Greenhouse-Geisser procedure and test of simple effects of Responding Hand 

X Visual Field were used with a significant alpha level set at .05. 

3.5.1 Laterality indices based on error rates 

Based on the individual mean of error percentage, phonological and semantic 

laterality indices associated with easy and difficult word processing were computed 

using the following formula: LVF - RVF/ LVF + RVF. Laterality index ranges from -1 

to 1 and leads to a positive or a negative value, indicating an RVF or an LVF advantage, 

respectively. 

The calculation of a laterality index for accuracy data is a frequently used 

indicator of language asymmetries in visual half-field experiments that has proven to be 

reliable (Hunter & Brysbaert, 2007).24 Two ANOVAs with Level of Complexity (Easy, 

Difficult) as a within-subject factor were then conducted on phonological and semantic 

data. 

3.5.2 Testing Zaidel models with response times 

Two ANOVAs ( 2 X 2 X 2 ) were done on phonological and semantic response 

times, with Level of Complexity (Easy, Difficult), Visual Field (RVF, LVF), and 

24 Moreover, laterality index allows a straightforward interpretation, inasmuch as information for one 
individual is summarized in one data point (Pivik et al., 1993). 
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Responding Hand (Right Hand, Left Hand) as within-subject factors. To know whether 

easy and difficult words were associated with different modes of hemispheric 

processing, attention was paid to the three-way interaction Level of Complexity X 

Responding Hand X Visual Field. In order to determine whether the processing 

occurred under the direct access or the callosal relay hypothesis, performance of right 

and left hands in RVF and LVF were then analyzed in detail"25". 

If the direct access hypothesis is correct, a strong RVF should be found with the 

right hand but should be attenuated (or possibly reversed) with the left hand. That 

laterality pattern should be expressed by a significant interaction Responding Hand X 

Visual Field. Alternatively, if the callosal relay proves right, main effects of Visual 

Field and Responding Hand are anticipated. First, one hand is predicted to be better than 

the other one across both visual fields and second, response times are predicted to be 

lower in RVF than LVF. 

After testing Zaidel hypotheses, we looked for complementary information about 

perceptual asymmetries for easy and difficult words. Thus, we focused our attention on 

the Level of Complexity X Visual Field interaction. 

The direct access and callosal relay hypotheses were tested for response times 

because behavioral predictions of both hypotheses have been stated primarily in terms of 

latency (Braun et al., 1994). 

Since right and left-handers may differ on pre-existing motor or peripheral asymmetries (hand 
abilities), it would be more relevant to compare RVF and LVF performances with the right and the left 
hands respectively than to compare both hand performances in RVF and LVF. That suggestion was given 
by Gina Grimshaw in revising this paper. 
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4. RESULTS 

4.1 Error rates 

Figure 1 and Figure 2 represent phonological and semantic laterality indices for 

right- and left-handers. 

4.1.1 Phonological results 

As phonological complexity increases, right- and left-handers exhibited divergent 

laterality index patterns. Right-handers displayed high positive values in both easy and 

difficult conditions with no significant difference, meaning a strong RVF advantage for 

phonological processing whatever its complexity level. Conversely, left-handers showed 

a significant difference between laterality indices, with a higher positive value in the 

difficult rather than in the easy condition (F(i,i6) = 4.76, p <.05, r\ = 0.23). In other 

words, left-handers showed a strong RVF advantage during difficult phonological 

processing, but a very small RVF superiority during easy phonological processing (near-

zero laterality index). 
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• Easy words • Difficult words 
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Note. A positive value means a right visual field advantage (left-hemisphere advantage) 
whereas a negative value means a left visual field advantage (right-hemisphere 
advantage). Laterality index may vary between -1 and 1. 

Figure 1 - Laterality indices for easy and difficult phonological processing. 

4.1.2 Semantic results 

In terms of semantic accuracy results, both handedness groups showed a 

statistically significant difference between easy and difficult words (Right-handers: 

%i7)= 7.45,/? < 05, r|2 = 0.31; Left-handers: F ( u 6 ) = 12.12,p <.05, n2 = 0.46). In both 

groups, a strong RVF advantage was evidenced by high positive values for the easy 

condition, but almost no perceptual asymmetry was found in the difficult condition. 

landers Left-handers 
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Note. A positive value means a right visual field advantage (left-hemisphere advantage) 
whereas a negative value means a left visual field advantage (right-hemisphere 
advantage). Laterality index may vary between -1 and 1. 

Figure 2- Laterality indices for easy and difficult semantic processing. 

4.2 Response times 

4.2.1 Phonological results 

None of the three-way interactions reached significance, and none of the 

handedness group displayed both main effects of Responding Hand and Visual Field. 

However, left-handers showed a main effect of visual field favoring the RVF (F(ij6) = 

8.23,^ <.05,r|2 = 0.37). 

Chapitre 4 



135 

However, the interaction Visual Field X Responding Hand closely approached 

the conventional level of significance for both handedness groups (Right-handers: F^n) 

= 3.85, p = 0.06, r|2 = 0.21; left-handers: F ( U 6 ) = 3.94,/? = 0.06, n 2= 0.22). Figure 3 

illustrates response times for each hand according to right and left visual fields. When 

using the right hand, right-and left-handers displayed a significant RVF advantage of 

39.88 ms and 60.65 ms respectively (F ( U 7 ) = 11.36, p <.05; F ( u 6) = 14.32, p <.05; 

Right-handers: RVF: mean = 810.96, SD = 103.76; LVF: mean = 850.84, SD = 129.03; 

Left-handers; RVF: mean = 833.09, SD = 136.74; LVF: mean = 893.74, SD = 159.55). 

Conversely, when the left hand provided the motor response the difference between 

visual fields was not significant in right nor left-handers (Right-handers; RVF: mean = 

890.33, SD = 193.71; LVF: mean = 885.82, SD = 170.20; Left-handers; RVF: mean = 

793.13, SD = 125.85; LVF: mean = 823.96, SD = 165.63). Right-handers presented a 

LVF advantage of 4.51 ms whereas left-handers displayed a RVF advantage of 30.83 

ms. 
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Figure 3- Response times in RVF and LVF according to responding hand during 
phonological processing. 

Moreover, both right- and left-handers yielded a significant Visual Field X Level 

of Complexity interaction (Right-handers: F{\t\i) = 9.28,/? <.05, r\2 = 0.38; Left-handers: 

-F(i,i6) = 15.53, p <.05, r\2 = 0.53). As shown on Figure 4, right- and left-handers 

displayed similar patterns of perceptual asymmetries, that is, a small visual field 

difference for easy words but a large one for difficult words (Right-handers: Easy words 

in RVF: mean = 856.67, SD = 141.69; Difficult words in RVF: mean = 844.62, SD = 

122.74; Easy words in LVF: mean = 846.63, SD = 131.94; Difficult words in LVF: 

mean = 890.03, SD = 129.51; Lefthanders: Easy words in RVF: mean = 813.08, SD = 

122.47; Difficult words in RVF: mean = 813.14, SD = 112.18; Easy words in LVF: 

mean = 838.07, SD = 154.18; Difficult words in LVF: mean = 879.63, SD = 142.17). 

The decomposition revealed effectively that both handedness groups demonstrated a 
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significant visual field simple effect for difficult words (Right-handers: F(is 17) = 7.74, p 

<.05; Left-handers: F(i,i6) = 14.59, p <.05). More specifically, difficult words were 

responded faster to the RVF than the LVF. Thus, regardless of the individual's 

handedness, easy phonological processing produced a low perceptual asymmetry 

whereas difficult processing gave rise to a strong perceptual asymmetry in favor of the 

RVF. 

900 
880 

•g 860 

8 840 
J 820 
I 800 

780 
760 

D Right-visual field • Left-Visual field 

Easy words Difficult 
words 

Right-handers 

Easy words Difficult 
words 

Left-handers 

*p<0.05 

Figure 4- Response times for easy and difficult phonological processing according to 
lateral visual fields. 
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4.2.2 Semantic results 

The semantic results did not yield a significant three-way interaction and as for 

the phonological results, no handedness groups demonstrated the two main effects 

(Responding Hand and Visual Field) predicted by the callosal relay model. Right­

handers presented however a main Visual Field effect favoring the RVF (-F(i,i7) = 9.45,/? 

<.05, n2 = 0.38). Also, no significant interaction emerged from the Responding Hand 

and Visual Field variables, but as shown on Figure 5, right-and left-handers presented a 

significant simple effect Right hand X Visual Fields RVF (F(i, n) = 7.50,p <.05; F(i, i6) = 

8.40, p <.05; Right-handers: RVF: mean = 780.49, SD = 132.73; LVF: mean = 832.75, 

SD = 194.04; Left-handers; RVF: mean = 792.41, SD = 110.90; LVF: mean = 832.27, 

SD = 136.84). Indeed, a significant RVF advantage of 52.26 ms and 39.86 is obtained 

during right hand responses for right-and left-handers respectively. During left hand 

responses, right-handers showed a RVF of 21.2 ms while left-handers presented a LVF 

advantage of 23.86, but none of these simple effects achieved significance level(Right-

handers; RVF: mean = 805.43, SD = 171.75; LVF: mean = 826.63, SD = 202.92; Left­

handers; RVF: mean = 773.92, SD = 95.88; LVF: mean = 750.06, SD = 111.14). 
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Figure 5- Response times in RVF and LVF according to responding hand during 
semantic processing. 

Finally, a significant Level of Complexity X Visual Field interaction was present 

in both handedness groups (Right-handers: F(\, \i) = 6.97, p <.05, n2 = 0.30; Left-

handers: F(\t i6) = 4.47,/? <.05, r\ = 0.24). These interactions are shown in Figure 6. 

Even though right-handers responded faster in the RVF than in the LVF to easy 

and difficult words (Easy words; RVF: mean = 741.24, SD = 112.67; LVF: mean = 

800.22, SD = 153.58; Difficult words; RVF: mean = 844.68, SD = 158.29; LVF: mean = 

859.15, SD = 186.35), the difference for easy words only reached significance (Easy 

words X Visual Field: F(U7) = 13.13,/?<0.05). 
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Statistically, left-handers presented the same pattern of results. Indeed, a 

significant simple effect in favor of the RVF was revealed for easy words only (Easy 

words X Visual Field: F(ij6) = 13.13,/? <.05; Easy words in RVF: mean = 725.86, SD = 

81.68; Easy words in LVF: mean = 779.32, SD = 119.95; Difficult words in RVF: mean 

= 840.48, SD = 109.34; Difficult words in LVF: mean = 803.01, SD = 134.96). Even 

though the visual field difference for difficult words did not achieve significance, it is 

worth mentioning that left-handers responded faster to stimuli in the LVF than in the 

RVF. 

In general, a RVF advantage was observed for easy phonological processing 

while no significant perceptual asymmetry emerged for difficult words whatever the 

handedness. 
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Figure 6- Response times for easy and difficult semantic processing according to lateral 
visual fields. 
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5. DISCUSSION 

The main goal of this study was to determine whether the phonological and 

semantic processing of words were similarly influenced by a change in complexity in 

right- and left-handers. To address that issue, hemispheric asymmetries and hemispheric 

mode of processing were evaluated using a divided visual field paradigm. A summary 

of the major findings follows. 

First, phonological and semantic processing are not similarly influenced by an 

increase complexity. For both handedness groups, an increase in word complexity is 

associated with a reduced LH advantage for semantics, whereas no such relationship was 

present for phonology. RTs results even showed that more complex is phonological 

judgment, stronger is the RVF advantage. Conclusion about the differential impact of 

complexity processing on phonology and semantic hemispheric performances is in 

agreement with the previous study of Tremblay et al., (2009) which investigated right­

handers. 

Furthermore, the differential hemispheric performance patterns of phonological 

and semantic processing according to an increase complexity do not seem to influence 

hemispheric processing mode. Taken into account the performance in right and left 

visual fields during right and left hand responses, both type of processing fit more with 

the direct than the callosal relay hypothesis whatever the handedness. 

None of processing showed the prediction anticipated by the callosal relay 

hypothesis, namely main effects of both Visual Field and Responding Hand variables. 

Moreover, laterality patterns raised by RT performances of both visual fields during 
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right and left hand responses respectively are more in agreement with the direct access 

than the callosal relay model. All patterns of results displayed a strong and significant 

RVF advantage during right hand responses. But, more importantly, during left hand 

responses, either there was a weak and non-significant RVF advantage (both handedness 

groups during both phonological) or a non-significant LVF advantage (left-handers 

during semantic processing). However, since no frank ipsilateral advantages were 

observed during left hand responses, it is unlikely that hemispheric independence is 

absolute. 

The following sections analyze in detail the right-and left-handers results for 

phonological and the semantic processing according to an increase in complexity. 

5.1 Influence of phonological complexity on word processing 

Right-handers seem to rely on the LH to process word phonology. This seems 

particularly true for non-transparent or difficult words, for example, when the target 

sound lol is represented with other graphemic expressions than the letter O. Left­

handers showed similar accuracy and response time laterality patterns to right-handers 

during the more demanding phonological processing, but their laterality indices 

indicated no obvious LH advantage for easy words. That is, the RH and LH of left­

handers were similarly accurate when the judgment had to be made on transparent 

words, such as when the target sound lol was represented by the letter O. The difference 

in hemispheric performance between easy and difficult words and between the two 

handedness groups did not however affect the hemispheric mode of processing. 
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If easy and difficult words required different hemispheric modes of processing, a 

significant Level of Complexity X Visual Field X Responding Hand interaction would 

have been found. However, no such result was obtained for right- or left-handers, 

suggesting that a similar hemispheric mechanism applies, regardless of word complexity 

and individual handedness. 

The phonological results are more consistent with an intra- than an 

interhemispheric mode of processing, that is, with the direct access than the callosal 

hypothesis in right- and left-handers. First, in both handedness groups, the Visual Field 

X Responding Hand interaction was much closed to the chosen significant level and the 

presence of this interaction is said to be sufficient to infer a direct access mode of 

processing (Zaidel et al., 1990). Second, in both handedness groups there was an 

advantage of the RVF when the responding hand was the right as predicted the direct 

access hypothesis It is thus reasonable to conclude that the hemispheric performance 

observed is likely to reflect phonological abilities in the LH and RH separately, without 

any interhemispheric exchange. 

In right-handers, the fact that the RH may lack phonological abilities (Rayman & 

Zaidel, 1991) will not preclude it from trying to directly analyze the form of the words 

when is stimulated. During difficult phonological processing, the intrahemispheric 

mechanism may be explained by the notion of task laterality developed within Banich's 

model (Belger & Banich, 1998). As we have seen, that model posits that 

interhemispheric collaboration is not beneficial for coping with an increase in 

computational complexity when the crucial cognitive operations needed to resolve the 

task are strongly lateralized to one hemisphere, as grapheme-to-phoneme conversion is. 
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Indeed, that operation, which is essential for the phonological task, has proven to be 

exclusively LH-lateralized in right-handers (Rayman & Zaidel, 1991). Banich's 

explanation regarding the intrahemispheric mode of processing is, moreover, supported 

by the LH advantage associated with easy words, which may suggest that the RH is 

completely incapable of carrying out grapheme-to-phoneme conversion. 

However, Banich's explanation does not account for the results in left-handers 

since the RH demonstrated some ability to perform phonological tasks. Indeed, the 

RH's phonological capacity is observed in processing easy but not difficult words. That 

finding leads to two speculations. On one hand, the RH of left-handed participants may 

process phonologically easy words by using a visual ideographic strategy that matches 

the target sound with the printed letter. That strategy would, however, become 

inefficient for difficult phonological processing. On the other hand, since left-handers 

are far more likely than right-handers to present articulated language abilities in their RH 

and, as a group, they are less LH-lateralized for expressive language (Baynes & Long, 

2007; Hatta, 2007), their RH could possess to some extent the capacity to execute 

grapheme-to-phoneme conversion on transparent words. 

If the latter interpretation is correct, then the intrahemispheric mode of 

processing would not be explained by the impossibility of sharing the input stimuli 

between hemispheres in left-handers. It is possible that both hemispheres of left-handers 

have the potentiality to share information and thus to collaborate during difficult 

phonological processing. However, interhemispheric cooperation requires coordination 

to integrate information between the hemispheres via the corpus callosum, and that is 

costly in terms of cognitive resources (Banich & Belger, 1990; Banich & Weissman, 
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2000; Belger & Banich, 1992, 1998). Intrahemispheric processing is not associated with 

such costs and thus it is plausible that when intra- and interhemispheric modes of 

processing are available, the intrahemispheric one is adopted. 

5.2 Influence of semantic complexity on word processing 

An increase in the semantic complexity of word processing reduced the LH 

advantage in both right- and left-handers. Indeed, both groups showed LH superiority 

during the semantic processing of easy words, whereas no LH advantage was evidenced 

during difficult semantic processing. The laterality patterns of semantic results also 

showed better performance by the RH in left- than right-handers. Unlike right-handers, 

left-handers responded faster with their RH than their LH to difficult words, although 

that visual field difference did not reach significance. The atypical laterality pattern 

observed in left-handers explains in part the absence of a general LH advantage in that 

group when one considers easy and difficult words together. Right-handers, on the other 

hand, were faster at processing words of any complexity level with their LH than their 

RH. 

Different hemispheric performances between right- and left-handers were not, 

however, transposed into different hemispheric interaction patterns. In fact, the 

semantic results did not support the callosal relay or direct access hypotheses in right- or 

left-handers. How are we to explain the lack of support for either hemispheric 

interaction hypothesis? 
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Different degrees of hemispheric independence are associated with the 

performance of different tasks (Zaidel et al. , 1990). Furthermore, it is likely that the 

behavioral paradigm used here may be inappropriate for evaluating the hemispheric 

processing mode wherein direct access and callosal relay mechanisms co-occur. 

Nonetheless, the hemispheric performance observed in this study and the 

documentation of RH-based language could help us to determine whether hemispheric 

collaboration occurs during the easy and difficult semantic processing of words. With 

regard to easy word processing, both right- and left-handers performed relatively well 

when words were delivered in the LVF (fast response times and low percentage of 

errors). These results suggest that RH is able on its own to engage in the semantic 

processing of easy words. The RH has also proven to possess a rich lexicon of concrete 

and "imageable" words (for reviews of the RH contribution to language processing, see 

Lindell, 2006; Taylor & Regard, 2003), and there is ample evidence to suggest that 

lexical decisions on those types of words are made via direct access (Zaidel, 1989). 

Even though right- and left-handers presented LH superiority, this may not rule out 

semantic abilities in the RH, but instead reflect different hemispheric competences. 

Low-prototypicality words may, however, undergo another kind of processing. 

Indeed, the absence of an LH advantage in both handedness groups is associated with a 

high percentage of errors, suggesting that neither the LH nor the RH on its own can 

successfully accomplish a difficult semantic task. To achieve efficiency, it is speculated 

that the LH and RH must work together. That suggestion agrees with the conclusion of 

a semantic divided visual field study (Taylor, 2002) and is supported by a cerebral 
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imaging study that reported bilateral activation during the processing of complex 

analogies but not of easy ones (Gur et al., 2000). 

The suggestion that both handedness groups may apply a similar hemispheric 

processing mode in the phonological and semantic processing of words may result from 

a lack of power in this study. However, this finding is in accordance with a number of 

studies in which handedness was not found to influence hemispheric interaction (Banich 

et al., 1990; Belger & Banich, 1998; Hatta & Yoshizaki, 1996). In a rhyme task, greater 

variability in hemispheric interaction was observed in left- than right-handers (Belger & 

Banich, 1998). Belger and Banich (1998) have further suggested that variable 

hemispheric interaction may be explained by hemispheric arousal asymmetry; this is an 

individual trait that refers to a natural tendency to arouse one hemisphere more than the 

other or both equally. Further attempts to capture the hemispheric dynamic during 

language tasks in right- and left-handers should therefore evaluate this characteristic. In 

that line of reasoning, it would be fruitful to experiment with the evoked potential 

technique, which allows one to observe brain responses with a high temporal resolution. 

In this way, the lateralization of different stages of language processing may be 

discriminated and thus those that are related to attention may be better understood. 

Overall, our findings offer new insights into the interplay of handedness, 

language complexity and the hemispheric dynamic. They suggest that hemispheric 

performance is much more likely to vary because of individual biological factors than 

because of processing mode, which seems to depend primarily on the specific language 

component engaged. 
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1. INTRODUCTION 

Mieux comprendre l'influence de la preference manuelle, du sexe et de la 

complexite du traitement sur la dynamique du langage etait l'objectif de la presente 

these. II est question de dynamique hemispherique d'une part, parce que revaluation des 

performances hemispheriques a permis non seulement d'inferer lequel des hemispheres 

etait le plus efficient, mais egalement d'associer la superiorite d'un hemisphere a un 

mode de fonctionnement intra ou inter-hemispherique. D'autre part, la presente these 

considere l'aspect multidimensionnel du langage. Chacune des etudes empiriques a en 

effet evalue deux composantes fondamentales du langage, reconnues pour presenter une 

lateralisation differenciee, soit la phonologique et la semantique des mots (Gernsbacher 

& Kaschak, 2003; Beauregard, Bourgouin, Beaudoin, & Joanette, 1998). 

Pour etudier la phonologie et la semantique des mots, les taches elaborees par 

Walter et ses collegues ont ete selectionnees parce qu'elles permettent d'evaluer un 

niveau facile et difficile de traitement (Walter, Beauregard, & Joanette, 2002; Walter, 

Cliche, Joubert, Beauregard, & Joanette, 2001). Dans la tache phonologique, la 

complexite de traitement varie selon la transparence graphophonemique des mots 

(transparents ou non-transparents), alors que dans la tache semantique, elle est modulee 

selon la « prototypicalite animale » des mots (haute ou basse prototypicalite). 

Les resultats seront presentes en respectant la structure de la these. Le role connu 

de la preference manuelle sur 1'organisation cerebrale du langage sera dans un premier 

temps aborde pour ensuite focaliser sur les resultats des etudes empiriques. Dans cette 

partie, il sera alors question de l'influence du genre et de la complexite du traitement. Ce 

sera alors Poccasion de discuter des modeles proposant un fonctionnement cerebral soit 
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intra-hemispherique (modele de l'acces direct), soit inter-hemispherique de type calleux 

(modele du relais calleux) ou cooperatif (modele de l'interaction hemispherique). Avant 

de conclure, une section se consacrera a l'eventuel role d'un facteur contaminant relie a 

1'attention. 

2. ETUDE DES HABILETES LANGAGIERES SELON LA PREFERENCE 

MANUELLE 

Le present travail s'est ouvert sur une revue des connaissances qui avait comme 

objectif de verifier la particularite de 1'organisation fonctionnelle du langage chez les 

non-droitiers (les ambidextres et gauchers). Les donnees provenant d'etudes 

lesionnelles et d'etudes en imagerie cerebrale fonctionnelle menees aupres d'une 

population saine se resument ainsi. Tant pour le versant expressif et receptif du langage, 

les non-droitiers presentent en moyenne une asymetrie fonctionnelle moins marquee a 

l'HG que les droitiers. De plus, une plus grande variabilite de patrons langagiers existe 

chez les non-droitiers avec un pourcentage non negligeable de patrons inherents a PHD. 

L'observation d'une lateralisation « inversee » augmenterait en outre en fonction du 

degre de gaucherie. Le premier article (voir Chapitre 2) confirme ainsi la plus faible 

asymetrie fonctionnelle du langage des non-droitiers, surtout s'ils sont gauchers, et 

renforce, par la meme occasion, la pertinence d'examiner 1'influence des facteurs intra et 

interindividuels selon la preference manuelle. 
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3. DIFFERENCE INTER-GENRE CHEZ LES DROITIERS ET LES GAUCHERS 

Les resultats du deuxieme article (voir Chapitre 3) suggerent que le genre a un 

impact differentiel sur l'asymetrie fonctionnelle du langage en fonction de la preference 

manuelle. Que la composante du langage etudiee soit la phonologie ou la semantique, 

une difference inter-genre est constatee chez les gauchers seulement. 

En effet, lors des taches phonologique et semantique, une superiorite de l'HG 

s'observe chez les hommes et les femmes droitiers alors que l'avantage hemispherique 

varie selon le genre chez les gauchers. Les femmes gaucheres ressemblent aux groupes 

de droitiers en ce sens qu'elles demontrent une superiorite de l'HG. Les hommes 

gauchers obtiennent en revanche des performances equivalentes, que le mot soit projete 

a l'HG ou a l'HD. 

La similarite des resultats des hommes et des femmes droitiers peut refleter 

l'absence de difference au niveau populationnel tel que defendu par Sommer, Aleman, 

Bouma & Kahn (2004). Une vision alternative est neanmoins proposee par trois 

importantes meta-analyses (Hiscock, Inch, Jacek, Hiscock-Kalil, & Kalil, 1994; 

Hiscock, Israelian, Inch, Jacek, & Hiscock-Kalil, 1995; Voyer, 1996). Ces dernieres 

concluent a un effet du genre sur rasymetrie fonctionnelle du langage chez les droitiers : 

les femmes demontreraient un patron moins prononce que les hommes tel qu'avance par 

l'hypothese de Levy (1972) et conforte ensuite par plusieurs etudes lesionnelles (voir 

pour une revue McGlone, 1980). Toutefois, il serait frequent que les resultats d'un 

echantillon specifique ne revelent aucune difference inter-genre puisque la grandeur de 

1'effet du genre s'avere petite (d = 0,065; Voyer, 1996). Une difference inter-genre 
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serait ainsi difficilement detectable en-deca d'un echantillon de 500 personnes (Voyer, 

1996). 

Le faible nombre d'hommes et de femmes ayant participe a 1'etude n'a toutefois 

pas empeche l'emergence d'une difference inter-genre chez les gauchers. D'entree de 

jeu, il doit etre admis que ce resultat est difficile a interpreter, etant donne que la 

direction de la difference est a 1'inverse de celle attendue, typiquement observee chez les 

droitiers. 

En ce qui a trait aux etudes qui ont examine 1' influence du genre et de la 

preference manuelle sur l'asymetrie fonctionnelle du langage, la plupart ne trouvent 

aucune difference inter-genre chez les gauchers (voir Baynes & Long, 2007; Hatta, 

2007) et d'aucunes ne trouvent le resultat obtenu, soit un patron moins asymetrique chez 

les hommes que chez les femmes gauchers. 

Toutefois, puisque la lateralisation fonctionnelle du langage entretien 

certainement un lien avec la morphologie du corps calleux, la suggestion d'une moindre 

lateralisation chez les hommes gauchers s'accorde avec trois etudes neuroanatomiques 

(Denenberg^Kertesz & Cowell 1991; Habib, Gayraud, Oliva, Regis Salamon &, Khalil, 

1991; Witelson, 1989). Que les mesures prises soient post-mortem ou in vivo, ces 

resultats montrent tous que les hommes non-droitiers presentent un corps calleux plus 

volumineux que les hommes droitiers et les femmes en general (droitieres et non-

droitieres). 

De plus, il est impossible de passer sous silence que le resultat observe chez les 

gauchers resonne avec la theorie de Geschwind et Galarburda, laquelle a ete elaboree 

pour rendre compte de la moindre lateralisation du langage chez les gauchers et de la 
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transmission du trait de la gaucherie. Selon cette theorie, les hommes, et plus 

particulierement les hommes gauchers, devraient presenter une asymetrie fonctionnelle 

du langage moins prononcee que les femmes (Geschwind & Galaburda, 1987). 

La theorie de Geschwind et Galarburda formule que la preference manuelle et 

1'asymetrie fonctionnelle du langage dependent toutes deux des asymetries anatomiques 

Oft 

cerebrales . Ces dernieres seraient en outre determinees par la presence ou non d'une 

trop grande quantite prenatale de testosterone — secretee par les ovaires de la mere et par 

le foetus meme. 

Si le taux de l'hormone respecte les limites « digestibles », I'asymetrie 

anatomique —et fonctionnelle— typique vers l'HG se forme et le trait de la droiterie 

s'exprime. Si au contraire, un exces de testosterone penetre dans le foetus, la periode 

post-migratoire en est affectee, et une mort neuronale moins massive qu'habituellement 

se produit. L'accroissement des structures de l'HG est alors ralenti, et l'avantage 

anatomique --et fonctionnel— de l'HG devient amoindri voire inexistant. La 

manifestation du trait de la gaucherie accompagnerait en outre cette evolution 

particuliere du developpement cerebral. 

II importe ici de mentionner que les auteurs ont selectionne la testosterone 

comme candidat hormonal capable d'influencer la preference manuelle et l'organisation 

cerebrale du langage suite a la constatation d'un plus grand pourcentage d'hommes que 

de femmes gauchers (Geschwind & Galaburda, 1987). 

Les fondements de cette assertion reposent sur l'observation qu'une structure enfouie dans le lobe 
temporal — une region impliquee dans la comprehension et l'expression— le planum temporale est, chez 
les droitiers, plus volumineux a l'HG (Geschwind et Levitsky 1968). 
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II est souhaite que la difference inter-genre observee chez les gauchers intrigue 

suffisamment pour inciter d'autres etudes a investiguer davantage sur le sujet. Quoi qu'il 

en soit, il reste que ce deuxieme article, portant sur la difference inter-genre selon la 

preference manuelle, reaffirme la particularite des gauchers quant a leur organisation 

cerebrale du langage. 

L'interpretation des performances d'exactitude ci-haut repose sur les resultats 

obtenus qui decoulent en l'occurrence d'un choix statistique. Les analyses statistiques 

effectuees ont ete choisies de maniere a degager les patrons de laterality pour chaque 

sexe. La comparaison des performances s'est ainsi effectuee entre le CVD et le CVG 

chez les hommes et les femmes respectivement. Autrement dit, les effets d'interaction 

du sexe par le champ visuel ont ete decomposes dans le but d'obtenir les effets simples 

suivants : Hommes X Champs visuels et Femmes X Champs visuels. 

Maintenant si 1'attention se porte sur les differences de sexe dans le champ visuel 

droit et gauche, les resultats offrent des conclusions nouvelles. Les HG et HD des 

hommes ont davantage la capacite de traiter phonologiquement les mots presenter que 

les femmes et ce, quelle que soit la preference manuelle (Figure 1). La decomposition 

des effets d'interaction, en laissant cette fois constant le champ visuel, donne en effet 

une difference inter- genre pour le CVD et le CVG chez les droitiers (CVD : F(i; 32) = 

15,16, p <.05; CVG : F(h 32) = 16,55, p < 05) et les gauchers (CVD : F a 33) = 8,63, p 

<.05, CVG F(i, 33) = 10,09, p S05). 
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Figure 1- Comparaison des performances phonologiques entre les sexes dans le champ 

visuel droit et le champ visuel gauche chez les droitiers et les gauchers. 

A une exception pres, les resultats semantiques sont similaires aux resultats 

phonologiques. Chez les droitiers, une difference de genre est observee pour le CVD 

(F(i, 30) = 8,55, p <.05) et le CVG (F^ 30) = 8,63,/? <.05). Chez les gauchers toutefois, 

une difference inter-genre est obtenue seulement pour le CVG (F(i; 31) = 6,62, p <.05). 
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Figure 2- Comparaison des performances semantiques entre les sexes dans le champ 

visuel droit et le champ visuel gauche chez les droitiers et les gauchers. 

Dans Pensemble, ces resultats suggerent que les hommes seraient moins 

lateralises que les femmes. Bell, Morgan, Wilson et al., (2006) presentent une 

conclusion semblable. En effet, en mesurant l'activation cerebrale grace a l'DMRf 

durant une tache de generation de mots, ces auteurs obtiennent des patrons de resultats 

suggerant une moindre lateralisation du langage chez les hommes que les femmes 

droitieres. Toutefois, il est inutile de preciser qu'une telle conclusion reste a etre 

etayee... 
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4. INFLUENCE DE LA COMPLEXITE DU TRAITEMENT CHEZ LES 

DROITIERS ET LES GAUCHERS 

Les troisieme et quatrieme articles (voir chapitre 4) examinent tous deux 

l'influence de la complexite phonologique et semantique du traitement des mots sur 

l'asymetrie fonctionnelle du langage, mais chez des populations cibles distinctes. Alors 

que le premier article s'interesse specifiquement aux droitiers, le second integre la 

comparaison droitiers-gauchers. 

Ensemble, les resultats suggerent un impact differentiel de la complexite du 

traitement selon que l'analyse du mot se concentre sur la forme (phonologie) ou sur le 

sens (semantique). Quelle que soit la preference manuelle des participants, une 

augmentation de la complexite affaiblit la superiority de l'HG lors d'un traitement 

semantique. Une telle relation n'est cependant pas trouvee lors d'un traitement 

phonologique : l'augmentation de la complexite du traitement maintient ou renforce 

l'avantage de l'HG. A la lumiere de ces resultats, il est suggere qu'un traitement 

semantique complexe requiert une collaboration de l'HG et de PHD, alors qu'un 

traitement phonologique complexe s'accomplit par l'HG seulement, sans aide de l'HD, 

tant chez les droitiers ou gauchers. 

L'engagement de l'HD lors d'un traitement semantique complexe n'est pas une 

proposition nouvelle. Deja des etudes en champ visuel divise (Querne, Eustache et 

Faure, 2000; Monetta, Ouellet-Plamondon, & Joanette, 2006) et en imagerie cerebrale 

(Gur et al., 2000; Taylor, 2002) avancent cette hypothese. II reste que la nature de cette 

contribution reste a etre elucidee (Monetta & Champagne, 2004), bien que 1'observation 

d'une activation bilaterale des regions frontales (Gur et al., 2000; Taylor, 2000; Wiggs, 
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Weisberg & Martin, 1998) conduise certains auteurs a la relier a l'effort mnesique 

deploye pour rappeler l'information semantique (Wiggs, Weisberg & Martin, 1998). 

En ce qui concerne le traitement phonologique complexe, la forte superiorite de 

l'HG est aisement explicable chez les droitiers, mais constitue un defi chez les gauchers. 

Chez les droitiers, l'avantage hemispherique gauche est aussi prononce lors de la 

condition difficile que facile, ce qui permet d'inferer une inefficience generalised de 

l'HD a traiter la forme sonore des mots. Une telle suggestion assoit sa legitimate sur les 

etudes menees aupres des patients commisurotomisees concluant que l'HD des droitiers 

ne peut effectuer un traitement phonologique requerant une conversion grapheme-

phoneme (Baynes, Wessinger, Fendrich, & Gazzaniga, 1995; Rayman & Zaidel, 1991; 

Zaidel & Peter, 1981). En clair, les ressources phonologiques lacunaires ou negligeables 

de l'HD rendraient impossible toute collaboration avec l'HG. 

Chez les gauchers, il serait imprudent d'imputer la superiorite de l'HG obtenue 

lors du traitement des mots non-transparents a une incompetence phonologique de l'HD 

puisque cet hemisphere semble traiter efficacement les mots transparents. C'est en fait 

ce que suggerent les performances d'exactitude qui indiquent des taux d'erreurs 

relativement faibles pour les deux hemispheres. De plus, en comparant directement la 

performance de l'HD des droitiers et des gauchers, il ressort que celle des gauchers est 

significativement meilleure (test-t independant: t= 2,45; dl = 31; p <0,02). Que l'HD 

des gauchers soit davantage habile a effectuer une tache phonologique que celui des 

droitiers est en accord avec les resultats d'etudes cliniques ayant isole fonctionnellement 
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chacun des hemispheres (Ramussen & Milner, 1977, Risse, Gates, & Fangman, 1997) 

et avec plusieurs etudes non-cliniques en champ visuel divise ou en ecoute dichotique 

(voir Bradshaw & Nettleton, 1983). Toutefois, comment expliquer le fait que la 

competence phonologique des gauchers se manifeste seulement lors d'une condition 

facile? II est possible que, bien que reelle, cette competence soit trop peu importante 

pour s'exprimer lors d'une condition difficile, et qu'alors l'hemisphere specialise 

devient le seul efficient. La superiorite de l'HG observee lors de l'analyse des mots non 

transparents ne veut toutefois pas signifier qu'une contribution de l'HD est exclue lors 

de toutes les etapes cognitives du traitement. Basee sur une evaluation des performances 

hemispheriques, la proposition ne peut en fait concerner que l'etape finale d'un 

traitement, celle d'une decision comportementale . 

II est interessant de constater qu'aucune difference entre les droitiers et les 

gauchers n'est trouvee quant au mode de fonctionnement hemispherique, que ce soit lors 

de l'accomplissement de la tache phonologique ou semantique. Sachant que plusieurs 

indices anatomiques concernant le corps calleux (voir Driezen & Raz, 1995; 

Westerhausen et al., 2004) laissent penser que les gauchers presentent une plus grande 

efficience de la connectivity inter-hemispherique que les droitiers, ces resultats 

paraissent aller a contre-courant. Pourtant, parmi les etudes comportementales ayant 

compare 1'interaction inter-hemispherique des droitiers et des gauchers (Banich, 

27 En injectant l'amytal sodique dans chacun des hemispheres respectivement, ces etudes ont pu evaluer 
les habiletes de l'HG et l'HD separement (test de Wada). 

28 L"etude presentee a l'appendice E utilise les potentiels evoques et suggerent une participation de l'HD 
lors d'un processus post-lexical du traitement phonologique difficile, (voir Monetta, Tremblay & Joanette, 
2003). 

29 Certaines regions sont plus amples (Driezen & Raz, 1995) et la densite des fibres est plus grande chez 
les gauchers (Westerhausen et al., 2004). 
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Goering, Stolar & Belger., 1990; Belger & Banich, 1998; Eviatar, Hellige & Zaidel, 

1997; Hatta & Yoshizaki, 1996), la grande majorite n'a pu deceler une difference liee a 

la preference manuelle (Banich et al., 1990; Belger & Banich, 1998; Hatta & Yoshizaki, 

1996). 

Les resultats des troisieme et quatrieme articles ayant ete mis en perspective a 

l'interieur d'un corpus empirique, il serait pertinent de les integrer a l'interieur d'un 

cadre davantage theorique. C'est pourquoi ils seront interpreter a la lumiere du modele 

d'interaction de Banich et des hypotheses de l'acces direct et du relais calleux de Zaidel. 

4.1 Les modeles de l'acces direct et du relais calleux 

L'etude du quatrieme article a teste directement les deux modes de 

fonctionnement hemispherique proposes par Zaidel, soit le relais calleux et l'acces 

direct. Selon le modele du relais calleux, le traitement s'effectue toujours par 

l'hemisphere specialise et, par consequent, repose fortement sur le concept de mediation 

inter-hemispherique via le corps calleux. L'input linguistique qui stimule l'HD est ainsi 

obligatoirement transfere a l'HG pour etre traite (Zaidel, 1986). La confirmation de ce 

modele amene alors a interpreter une difference de performance entre l'HD et l'HG en 

termes de connectivity inter-hemispherique. 

Le modele de l'acces direct assume quant a lui une prise en charge totale par 

l'hemisphere qui recoit le stimulus. L'information linguistique qui aboutit a 

l'hemisphere non specialise, c'est-a-dire a l'HD, est directement traitee par ce dernier 

(Zaidel, 1983). L'HG et l'HD presenteraient tous deux une competence langagiere mais 
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a des degres differents, si bien qu'une difference de performance hemispherique 

s'explique par une difference d'habilete et non plus par une difference de connectivite 

« calleuse ». 

Afm de tester ces deux modes intra ou inter-hemispherique, Zaidel elabore un 

paradigme experimental simple, ou la presentation unilaterale de stimuli en champ 

visuel divise s'accompagne d'une reponse comportementale uni-manuelle qui doit 

systematiquement varier entre la main droite et la main gauche (Zaidel, 1983, 1986). 

Zaidel formule ensuite des predictions claires et operationnelles en termes de temps de 

reponse permettant de valider ou de refuter les deux modeles. 

En ce qui concerne le traitement phonologique, les donnees de 1'article 4 

confirment clairement l'hypothese de l'acces direct chez les droitiers et les gauchers. 

Cette conclusion merite une attention particuliere parce qu'elle met au defi l'idee qu'un 

patron de performances en accord avec l'hypothese de l'acces direct signifie d'emblee 

une efficience de la part des deux hemispheres. 

En fait, alors que les asymetries fonctionnelles obtenues indiquent une certaine 

competence phonologique chez les gauchers, elles suggerent une competence 

negligeable chez les droitiers. Pourtant, il semble que PHD des droitiers ait tente de 

traiter directement le stimulus linguistique recu, sans recours au transfert inter-

hemispherique. II semble ainsi possible qu'un mode de fonctionnement strictement intra-

hemispherique survienne independamment de 1'efficience ou de l'inefficience des 

hemispheres. Dans cet ordre d'idees, Braun et ses collegues ont teste une serie de taches 

via le paradigme experimental de Zaidel, et aucune d'entre elles n'a fourni les resultats 
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confortant l'hypothese du relais calleux (Braun et al., 1994) . Les memes auteurs ont 

egalement fait une revue exhaustive des experimentations chronometriques utilisant ce 

paradigme et ils ont trouve 29 patrons de performances soutenant l'hypothese de l'acces 

direct contre un seul appuyant l'hypothese du relais calleux (Braun, 1992). En fait, 

Zaidel lui-meme critique l'hypothese du relais calleux, etant donne que certains de ses 

postulats restent problematiques, et defend en revanche un fonctionnement 

hemispherique independant lors de la plupart des taches cognitives (Zaidel, Clarke, & 

Suyenobu, 1990): 

«independance is a common and ubiquitous state in the normal 
brain [... ] callosal transfer results in measurable loss of speed as well as in 
loss of stimulus quality, which in turn results in loss of accuracy. We may 
expect delay and degradation to depend on the nature of the information 
transferred and the channel used to transfer it. Unfortunately, we do not yet 
posses detailed information about the distribution of channels in the corpus 
callosum and their efficiency of transfer» (p. 301 -303) . 

Toutefois, il reste que tant l'hypothese du relais calleux que celle de l'acces direct 

echoue a expliquer certains patrons de performances hemispheriques, comme ceux 

obtenus lors de la tache semantique. II est fort plausible que les deux modes de 

fonctionnement proposes par Zaidel soient trop stricts parce qu'ils impliquent tous deux 

la notion de « prise en charge hemispherique ». Alors que le traitement cognitif a 

effectuer est controle par l'hemisphere specialise selon l'hypothese du relais calleux, il 

est assujetti a l'hemisphere stimule selon l'hypothese de l'acces direct. Une telle 

conception fait done fi d'une complementarite hemispherique ou ni l'HG ni l'HD ne 

prendrait en charge le traitement cognitif. Un tel mode de fonctionnement 

30 Les taches employees sont les suivantes : une tache simple de temps de reaction, la tache de memoire de 
Steinberg, une tache de type go/no- go et une tache d'association de mots. 
31 En fait, Zaidel propose dans cet article un modele d'independance hemispherique dynamique ou chaque 
etape d'un traitement pourrait presenter divers degres d'independance hemispherique. 
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hemispherique est par contre defini par le modele d'interaction hemispherique de 

Banich. 

4.2 Le modele d'interaction hemispherique de Banich 

Le chapitre 4 (les troisieme et quatrieme articles) montre qu'une augmentation de 

la complexity de traitement semble engager une collaboration hemispherique lors du 

traitement semantique, mais non lors du traitement phonologique. Cet impact 

differentiel trouve un echo dans le modele d'interaction hemispherique de Banich. 

Selon ce dernier, le mode de fonctionnement hemispherique adopte pour accomplir un 

traitement complexe varie selon la lateralite de la tache (Belger & Banich, 1998). 

Lorsque les ressources associees a la resolution d'une tache ne sont pas fortement 

lateralisees a un hemisphere, la cooperation hemispherique est le mode de 

fonctionnement privilegie (Banich & Belger, 1990; Belger & Banich, 1992). A 

Pinverse, lorsque les ressources associees a la resolution d'une tache sont fortement 

lateralisees a un hemisphere la collaboration hemispherique n'apporterait aucun 

avantage, et un mode de fonctionnement intra-hemispherique est alors predit (Belger & 

Banich, 1998). 

Les resultats phonologiques et semantiques issus d'une tache fortement et 

moindrement lateralises a l'HG (Walter et al., 1998) concordent avec la prediction de 

Banich. Le traitement phonologique complexe semble reposer essentiellement sur les 

ressources de l'HG et sollicker un mode de fonctionnement intra-hemispherique. Par 

contre, le traitement semantique semble quant a lui solliciter un mode de fonctionnement 
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hemispherique cooperatif et ce, pour deux raisons. D'une part, la participation de PHD 

est envisagee et d'autre part, le mode de fonctionnement hemispherique n'est ni d'acces 

direct ni calleux. 

Banich propose egalement un mecanisme par lequel une collaboration inter-

hemispherique s'effectue. II s'agit du partage de l'information a traiter entre les 

hemispheres (Banich & Belger, 1990; Belger & Banich, 1992; Weissman & Banich, 

2000). A la lumiere des performances obtenues pour le traitement semantique des mots 

faciles, les deux hemispheres semblent posseder une certaine efficience semantique -

quelque soit la preference manuelle— ce qui permet d'inferer la capacite a partager 

l'information d'ordre semantique. Le mecanisme avance par Banich pourrait ainsi sous-

tendre la collaboration entre les deux hemispheres durant le traitement semantique 

difficile. 

Toutefois, Banich affirme egalement que 1'absence d'une cooperation 

hemispherique durant la resolution d'une tache difficile serait imputable a 1'impossibilite 

de diviser l'information entre les hemispheres (Belger & Banich, 1998). Ce mecanisme 

pourrait aisement rendre compte de l'absence d'une cooperation hemispherique durant le 

traitement phonologique difficile chez les droitiers, mais non chez les gauchers. Etant 

donne la performance mediocre de l'HD a traiter les mots transparents (faciles), il est 

possible que le mode de fonctionnement intra-hemispherique durant une condition 

difficile s'explique, en effet, par une impossibilite de partager 1'information 

phonologique entre les hemispheres. Toutefois, chez les gauchers, le mode de 

fonctionnement intra-hemispherique durant une condition phonologiquement difficile ne 

semble pas etre du a 1'impossibilite de partager ce type d'information entre les deux 
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hemispheres puisqu'ils sont tous deux capables de traiter les mots transparents (mots 

faciles). 

Aucun modele ne reussi a lui seul a rendre compte des resultats phonologiques et 

semantiques des droitiers et des gauchers. Alors que les resultats semantiques 

s'integrent aisement au modele de Banich, c'est le modele de l'acces direct de Zaidel qui 

semble le plus approprie pour expliquer les resultats phonologiques. Cela etant dit, il 

serait fort interessant qu'un futur modele de performances hemispheriques permette 

d'entrevoir le fonctionnement hemispherique selon un mode intra-hemispherique ou 

inter-hemispherique de type calleux ou cooperatif. 

5. ASYMETRIES LATERALES ET ATTENTION 

Tout au long de la presente these, il a ete presume que les performances obtenues 

aux champs visuels droit et gauche soient le signe d'une organisation cerebrale 

fonctionnelle. Or, il est possible que les performances enregistrees refletent egalement 

un autre phenomene, soit un biais attentionnel. 

Kinsbourne propose le premier que les asymetries de performances laterales 

puissent etre attribuables a un biais attentionnel en faveur de l'hemi-espace droit ou 

gauche selon entre autres choses le type de materiel presente et ce, independamment des 

mouvements oculaires (Kinsbourne 1970; Kinsbourne & Hicks, 1978). Le materiel 

verbal mettrait en alerte ou stimulerait l'HG, ce qui par consequent favoriserait la 

detection et la reconnaissance des stimuli projetes du cote contralateral, soit a 

1'hemichamp droit (Kinsbourne 1970; Kinsbourne & Hicks, 1978). Neanmoins, dans le 

contexte de la presente these, cette hypothese attentionnelle ne peut a elle seule 
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expliquer les differences intra-individuelles observees entre les deux taches langagieres, 

ni les differences interindividuelles obtenues en manipulant la preference manuelle et le 

genre. 

Levy reprend en quelque sorte l'idee d'un biais attentionnel en proposant la 

notion d'activation hemispherique individuelle (Levy, Heller, Banich, & Burton, 1983 a). 

Selon cette hypothese, chaque personne presente une tendance naturelle a activer soit 

l'HG, soit l'HD ou encore les deux hemispheres de facon equivalente (Levy, et al., 

1983a). Si l'activation hemispherique definie comme un trait stable expliquait les 

resultats de la presente these, les performances hemispheriques des taches semantique et 

phonologique devraient etre positivement correlees. Or, les coefficients de Spearman 

n'indiquent aucune correlation significative entre les taches phonologique et semantique, 

sauf chez les femmes gaucheres (voir les matrices de correlation a l'appendice D). 

Qu'un facteur central tel l'activation hemispherique puisse etre un mediateur chez les 

femmes gaucheres mais non chez les femmes droitieres ni chez les hommes droitiers ou 

gauchers denote toute la complexity entourant les differences interindividuelles et la 

specialisation hemispherique du langage. A ce propos, il est a mentionner que Belger et 

Banich (1998) trouvent des patrons d'activation hemispheriques moins asymetriques 

chez les gauchers que les droitiers et les auteurs suggerent qu'une interaction entre 

l'asymetrie fonctionnelle pour le langage et l'activation hemispherique pourraient 

expliquer la difference droitier-gaucher lors de la performance d'une tache langagiere 

lateralisee. Bien que deux autres etudes ne constatent aucune difference selon le genre 

ou la preference manuelle (Eviatar et al., 1997; Kim, Levine & Kertesz, 1990), les 

futures etudes en champ visuel divise s'interessant aux differences individuelles dans 
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l'asymetrie fonctionnelle du langage devraient evaluer 1'activation hemispherique des 

participants . II sera ainsi possible de mieux cerner la cause des performances 

hemispheriques lors d'une tache langagiere et d'approfondir les connaissances sur 

l'asymetrie fonctionnelle du langage. 

6. CONCLUSION 

La presente these a demontre 1'influence tantot similaire, tantot differentielle de 

facteurs inter et intra-individuels sur l'asymetrie fonctionnelle du langage. Elle suggere 

d'une part que la preference manuelle influence l'asymetrie fonctionnelle mais que 

celle-ci est modulee par le genre. II semble en fait que l'effet du genre differe selon la 

preference manuelle. D'autre part, la presente these suggere que la complexite du 

traitement influence differemment l'asymetrie fonctionnelle et le mode de 

fonctionnement hemispherique selon la composante du langage sollicitee. Un traitement 

phonologique des mots semble sollicker essentiellement l'HG et faire appel a un mode 

de fonctionnement intra-hemispherique. Un traitement semantique des mots parait quant 

a lui engager un mode de fonctionnement inter-hemispherique de type collaboratif pour 

pallier une augmentation de la complexite du traitement. Bien qu'elles soient 

l'aboutissement de ce travail, ces conclusions ouvrent sur d'autres questionnements, 

lesquels pourraient constituer, en retour, le point de depart d'autres etudes. 

Le test des figures chimeriques permet d'evaluer l'activation hemispherique (Levy, Heller, Banich, & 
Burton, 1983a). Le participant doit juger l'emotion faciale de visages composites ou la moitie arbore une 
expression de tristesse et l'autre de joie). II est assume que le jugement dependra de l'inclinaison naturelle 
a favoriser l'hemi-espace droit ou gauche. 
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II serait interessant de se pencher, entre autres choses, sur les eventuels 

fondements physiologiques d'une variability decoulant des caracteristiques biologiques 

de l'individu (preference manuelle et genre). Par exemple, cette variabilite 

interindividuelle pourrait-elle s'expliquer en partie par des facteurs hormonaux? A ce 

propos, l'hormone de la testosterone serait un excellent candidat a etudier puisque son 

taux de concentration differe largement entre les hommes et les femmes et qu'elle est 

theoriquement responsable de la preference manuelle d'un individu (Geschwind & 

Galaburda, 1987). 

En ce qui a trait a la variabilite intra-individuelle, l'influence d'une augmentation 

de la complexite du traitement sur l'asymetrie fonctionnelle suscite la reflexion. Si la 

participation des deux hemispheres varie selon que le traitement soit facile ou difficile, il 

serait desormais de bon aloi de considerer la complexite des taches langagieres lors 

d'une evaluation de l'asymetrie fonctionnelle. De plus, parce qu'un engagement de 

l'HD semble survenir suite a une augmentation de la complexite d'un traitement 

semantique mais non phonologique, il serait imprudent de rendre compte de l'asymetrie 

fonctionnelle du langage en n'evaluant qu'une de ces deux composantes langagieres. De 

plus, qu'il s'agisse de comprendre la variabilite inter ou intra-individuelle sous-jacente a 

1'organisation cerebrale des habiletes langagieres, il serait indispensable que les 

prochaines etudes tentent de discriminer le role specifique des facteurs d'ordre 

attentionnel durant la performance de taches langagieres. 

Dans cet ordre d'idees, quelques mots sur la variabilite generate des 

performances perceptuelles. En fait, plutot qu'etre un signe de faible fiabilite, cette 

variabilite temoignerait de la grande sensibilite des methodes comportementales aux 
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differences intra et interindividuelles, comme le defendent recemment plusieurs auteurs 

(Cowell, Denenberg, Boehm, Kertesz, & Nasrallah, 2003; Grimshaw, 2003). Ainsi, 

malgre 1'explosion des etudes en imagerie cerebrale, revaluation des performances 

hemispheriques via la methode des champs visuels divises demeure pertinente, surtout 

dans un contexte ou la specialisation hemispherique du langage tend a s'inscrire dans 

une perspective plus dynamique. 
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1. INTRODUCTION 

The hemispheric dynamics during language processing varies according to a 

number of inter individual factors, as handedness and gender (Josse & Tzourio-Mazoyer, 

2004) as well as intra-individual factors like stimuli complexity (Belger & Banich, 

1998). Indeed, many non-clinical studies have suggested that, in comparison to a simple 

language task, the performing of an effortful task needs the collaboration of both 

hemispheres. However, complexity studies have mostly focused on the lexico-semantic 

aspects of words, and thus have neglected other components of word processing such as 

phonological processing, which is known to be high left lateralized. 

The general aim was to investigate through the use of ERP method the impact of 

complexity variation on the inter-hemispheric dynamics for the phonological processing 

of words. More specifically, the study sought to examine whether there was a 

participation of the right hemisphere (RH) during a complex phonological processing. 

The focus was on the N320 and N400, two components known to be elicited during a 

phonological task (Bentin et al., 1999; Rugg, 1984). 

2. METHOD 

2.1. Participants 

Ten women between 20 and 30 years old participated in this study. They were 

monolingual speakers of Canadian French, right-handed with a score of more than 80% 

on the EFfl (Edinburgh Handedness Inventory; Oldfield, 1971); all had more than 15 
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years of formal education. All participants had normal or corrected-to-normal vision, no 

previous major neurological episodes or conditions, and no history of substance abuse. 

2.2. Task 

The task was a phonological judgment where subjects had to indicate whether or 

not a written word contained the sound lol. Stimuli consisted of 128 French common 

nouns divided into two degrees of complexity according to their grapho-phonemic 

transparency (Walter et al., 2001). For example, among the 64 targets, 32 were 

transparent (sound lol corresponded to the presence of the letter "O" as in "NEVROSE" 

[NEUROSIS]) and 32 were non-transparent (sound lol corresponded to a grapheme such 

as "AU" as in "AUDITEUR [LISTENER]). Transparent and non-transparent category 

words were considered respectively as the easy and the difficult conditions. 

2.3. Procedure 

After the electrodes were positioned, participants were seated in a comfortable 

chair. Participants had to read the words and respond by pressing a key on a numerical 

keyboard. The response involved a distal movement of the index finger. 

2.4. Data acquisition 

The ERP signal originating from 64 channels (system 10-20; Jasper, 1958) was 

collected by means of the Instep system (version 3.3). A nasal electrode was used as a 

reference. Two frontal electrodes (infra- and supra-orbital) and two external orbital 
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electrodes, amplified 3,500 times, were monitored for ocular movement control. The 

ERP recording was amplified 10,000 times, using a 0.04-100 Hz bandpass filter (-3 dB). 

All electrodes were made of tin and their impedance was reduced by abrasion to less 

than 5 kW. The sampling rate was set to 250 Hz. 

3. RESULTS AND DISCUSSION 

The data for two subjects were excluded from the analysis because they included 

many artifacts. ERP amplitudes were analyzed for targets with correct behavioural 

responses by repeated-measures ANOVAs with the Greenhouse-Geisser correction. At 

first, in order to compare whether a variation of graphemes-to-phonemes difficulty has 

an impact on the N320 and the N400, a grand-averaged on fronto-central electrodes 

was done. Then two separate Anovas were performed using the condition (easy, 

difficult) as the repeated-measures. Results show that both components were influenced 

differently (see Figurel). On one hand, a N320 (time window: 250 to 346 ms) was 

generated by both conditions, but its amplitude was significantly larger for easy than for 

difficult words (F(i; 8) = 80,83, p < .05). That observation is in agreement with the idea 

advanced by Proverbio, Vecchi and Zani, (2004), namely that N320 reflects a stage in 

the graphemes-to-phonemes conversion mechanism and its larger amplitude represents 

the participant's confidence in their responses. On the other hand, a N400 was produced 

by difficult words only. Even though that result does not allow identifying the 

processing involves, it helps to gain insight. The fact that target words in a non- rhyming 

Fz, Fez, F1,FC2 FC1 and FC2 electrodes 
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task were used and analysed rules out the hypothesis proposed by Rugg (1984) that the 

N400 may be attributable to an incongruity with the participant expectations. Indeed, it 

seems that the wave really has to do with complex phonological processing, when the 

conversion graphemes-to-phonemes is not easy. 

Difficult Easy 

5 -I 

4 -
3 -
2 -
1 -

| 0 
< - 1 . 

-2 J 

> 

a, 
-a 
= 

~i 1 r 

70 190 310 430 550 670 

Time in ms 

Figure 1 Grand-averaged ERP voltages during the difficult and easy conditions 

A second set of analysis used hemisphere (left 4, right5) as a repeated-measure to 

examine whether there was a RH participation during the most effortful condition. Any 

negativity around 320 ms was observed, but a N400 remains visible (time window: 394 

34 Grand-averaged voltages was done with AF3, Fl, F3, F5, F7, FC1, FC3, FC5, FT7 CP1, CP3, CP5, 
TP7, PI, P3, P5, P7, P03 electrodes 
35 Grand-averaged voltages was done with AF4, F2, F4, F6, F8, FC2, FC4, FC6, FT8, CP2, CP4, CP6, 
TP8, P2, P4, P6, P8, P04 electrodes 
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to 502) with a magnitude advantage in the RH (F(i, 9) = 234,99, p < .05). The absence of 

the earlier component may be due to its restricted topography on the left temporal areas 

(Jacquier, et al., 2004). In contrast, the remaining presence of a N400 may index a RH 

participation in a post-lexical process. Knowing that the RH alone lacks phonological 

abilities (Walter et al., 2001), such a bilateral distribution may reinforce the idea 

according to which the RH may participate whenever a processing becomes complex 

(Belger & Banich, 1998). 
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C. 1. Cibles non transparentes 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Stimulus 

amiraute 
aubaine 
auditeur 
baudruche 
baume 
causerie 
causette 
chauffage 
chaume 
chaussee 
chausseur 
cruaute 
daube 
debauche 
ebauche 
embauche 
embaumeur 
epaulette 
fraudeur 
guimauve 
jauge 
jaunisse 
nausee 
papaute 
paupiette 
ravaudage 
sauciere 
sauge 
saule 
sauvetage 
taudis 
vaurien 

Frequence 
lexicale 

731 
357 
1233 
106 
314 
829 
76 
493 
574 
416 

8 
2025 
102 
829 
808 
55 
42 
85 
127 
42 
17 
46 
778 
178 
8 
4 
17 
76 
744 
484 
259 
178 

Nombre de 
lettres 

8 
7 
8 
9 
5 
8 
8 
9 
6 
8 
9 
7 
5 
8 
7 
8 
9 
9 
8 
8 
5 
8 
6 
7 
9 
9 
8 
5 
5 
9 
6 
7 

Frequence moyenne 
des digrammes 

2.74 
2.79 
2.89 
2.39 
2.60 
2.79 
2.78 
2.45 
2.71 
2.59 
2.89 
2.52 
2.33 
2.32 
2.14 
2.34 
2.59 
2.68 
2.73 
2.46 
2.35 
2.72 
2.38 
2.71 
2.76 
2.44 
2.05 
2.54 
2.97 
2.78 
2.51 
2.85 



C.2. Cibles transparentes 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Stimulus 

alcove 
animosite 
apotre 
arome 
arrosage 
atome 
chomeur 
chrome 
cyclone 
diplome 
dopage 
doseur 
drolerie 
frolement 
geometrie 
gosier 
grossesse 
grossiste 
hotesse 
icone 
joaillier 
mimosa 
nervosite 
nevrose 
oasis 
osier 
rodeur 
rosaire 
rosier 
rugosite 
verbosite 
vomissure 

Frequence 
lexicale 

553 
276 
1331 
399 
191 

1654 
348 
38 
370 
536 

8 
8 

140 
246 
1854 
497 
344 

8 
280 
144 
46 
153 
561 
455 
855 
502 
191 
178 
553 
25 
8 

34 

Nombre de 
lettres 

6 
9 
6 
5 
8 
5 
7 
6 
7 
7 
6 
6 
8 
9 
9 
6 
9 
9 
7 
5 
9 
6 
9 
7 
5 
5 
6 
7 
6 
8 
9 
9 

Frequence moyenne 
des digrammes 

1.24 
2.63 
2.46 
1.95 
2.62 
2.78 
2.28 
2.76 
2.30 
1.93 
2.52 
2.96 
2.30 
2.59 
2.46 
2.83 
2.89 
2.86 
2.54 
1.55 
2.73 
2.44 
2.84 
2.48 
2.18 
2.79 
2.14 
2.93 
2.91 
2.37 
2.56 
2.97 



C.3. Distracteurs non-transparents 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Stimulus 

ajout 
ardoise 
boucherie 
bouclette 
bourrage 
camouflet 
chaloupe 
comte 
consigne 
croisiere 
debouche 
demontage 
droiture 
eponge 
fonte 
fourriere 
giboulee 
gouttiere 
longevite 
loupe 
moulage 
ouragan 
pivoine 
plombier 
poignard 
poupe 
rouage 
soulerie 
soupiere 
tabouret 
tourbe 
velours 

Frequence 
lexicale 

12 
561 
433 
34 
76 
46 
153 
336 
1289 
208 
655 
21 
433 
638 
676 
34 
89 

365 
182 
387 
174 
378 
165 
178 
740 
110 
612 
63 
17 

748 
216 

2390 

Nombre de 
lettres 

5 
7 
9 
9 
8 
9 
8 
5 
8 
9 
8 
9 
8 
6 
5 
9 
8 
9 
9 
5 
7 
7 
7 
8 
8 
5 
6 
8 
8 
8 
6 
7 

Frequence moyenne 
des digrammes 

2.50 
2.77 
2.82 
2.79 
2.86 
2.61 
2.68 
2.53 
2.93 
2.34 
2.40 
2.69 
2.96 
2.61 
3.06 
2.34 
2.26 
2.26 
2.43 
2.58 
2.89 
2.62 
2.99 
2.88 
2.78 
2.78 
2.70 
2.50 
2.14 
2.84 
2.62 
2.90 



C.4. Distracteurs transparents 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Stimulus 

acuite 
angelus 
balise 
bascule 
battement 
beche 
bidule 
cardiaque 
claquette 
critere 
ebeniste 
elite 
epave 
fleuriste 
gachis 
graissage 
graveur 
guirlande 
injecteur 
interlude 
levier 
liege 
nacre 
narrateur 
parvis 
payeur 
plasma 
puberte 
rudesse 
rudiment 
sabliere 
trajet 

Frequence 
lexicale 

523 
340 
21 
289 
1880 
387 

8 
251 
51 
548 
140 

1637 
872 
268 
178 
8 

174 
553 
4 
34 
553 
165 
476 
344 
497 
34 
157 
365 
450 
182 
25 

1382 

Nombre de 
lettres 

6 
7 
6 
7 
9 
5 
6 
9 
9 
7 
8 
5 
5 
9 
6 
9 
7 
9 
9 
9 
6 
5 
5 
9 
6 
6 
6 
7 
7 
8 
8 
6 

Frequence moyenne 
des digram mcs 

2.66 
2.34 
2.83 
2.59 
3.01 
1.95 
2.63 
2.64 
2.63 
2.07 
2.32 
2.74 
2.28 
2.89 
2.04 
2.85 
2.94 
2.82 
2.56 
2.83 
3.04 
1.31 
2.71 
2.91 
2.79 
2.74 
2.43 
2.46 
2.61 
2.69 
2.13 
2.47 
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37 Walter, N., Beauregard, M. & Joanette, Y. (2002). Semantic single word processing in French: A study 
in divided visual hemifields. Brain and Language, 83, 179-182. 
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D. 1. Cibles de basse prototypicalite 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Stimulus 

anguille 
blaireau 
bourdon 
brochet 
caille 
carpe 
chamois 
cigale 
cormoran 
couleuvre 
crevette 
crotale 
ecrevisse 
geai 
grillon 
hanneton 
hareng 
langouste 
libellule 
mammouth 
meduse 
moucheron 
mouflon 
perdrix 
pintade 
poularde 
puce 
sardine 
scarabee 
scorpion 
sole 
tapir 

Frequence 
lexicale 

314 
357 
319 
170 
204 
268 
157 
374 
80 

293 
153 
38 

280 
178 
306 
187 
221 
187 
170 
76 
246 
238 
38 

289 
165 
76 
646 
319 
174 
204 
174 
124 

Nombre de 
lettres 

8 
8 
7 
7 
6 
5 
7 
6 
8 
9 
8 
7 
9 
4 
7 
8 
6 
9 
9 
8 
6 
9 
7 
7 
7 
8 
4 
7 
8 
8 
4 
5 

Score de 
prototypicalite 

2.90 
3.20 
3.50 
3.40 
3.50 
3.10 
3.44 
3.10 
2.90 
3.10 
3.00 
2.56 
3.50 
3.10 
2.70 
2.10 
3.30 
2.80 
3.00 
3.50 
3.00 
2.40 
2.88 
3.44 
3.20 
2.33 
2.60 
3.00 
2.70 
3.40 
3.40 
3.00 

Score calcule grace a l'appreciation de juges. 



1 

D.2. Cibles de haute prototypicalite 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Stimulus 

agneau 
aigle 
baleine 
belier 
brebis 
canard 
chevre 
chevreuil 
crocodile 
dauphin 
ecureuil 
elephant 
gazelle 
lapin 
lievre 
lion 
loup 
moineau 
mouette 
mouton 
perroquet 
phoque 
pigeon 
pore 
poulet 
sanglier 
singe 
souris 
taureau 
tigre 
tortue 
veau 

Frequence 
lexicale 

901 
1135 
263 
472 
944 
1297 
1523 
174 
365 
370 
489 
701 
238 
2012 
1216 
1791 
3884 
425 
425 
2237 
446 
289 
1310 
825 
1072 
599 
1646 
1042 
3143 
527 
557 
961 

Nombre de 
lettres 

6 
5 
7 
6 
6 
6 
6 
9 
9 
7 
8 
8 
7 
5 
6 
4 
4 
7 

. 7 
6 
9 
6 
6 
4 
6 
8 
5 
6 
7 
5 
6 
4 

Score de 
prototypicalite39 

5.80 
5.00 
5.90 
5.70 
6.10 
6.00 
6.40 
6.00 
5.80 
6.00 
6.00 
7.50 
5.50 
6.50 
5.50 
6.70 
6.50 
5.40 
4.80 
6.60 
4.90 
5.20 
5.10 
6.40 
5.50 
4.90 
6.40 
6.00 
6.30 
6.80 
5.40 
6.00 

Score calcule grace a 1'appreciation de juges. 



D.3. Distracteurs 

1 

c.. , Frequence Nombre de 
Stimulus l e ^ i c a l e l e t t r e s 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

audition 
balancier 
bistouri 
briquet 
cartable 
cirage 
concombre 
couplage 
degel 
ecluse 
ecuelle 
elagage 
fourrage 
gres 
hale 
lavette 
medaillon 
myosotis 
osselet 
paie 
ponction 
pourboire 
sabotage 
sciure 
segment 
tiret 
toupie 
traitrise 
tremplin 
tutelle 
vandale 
virgule 

319 
182 
89 

442 
106 
119 
51 
89 
144 
514 
378 
21 

238 
272 
123 
12 

221 
148 
59 
161 
110 
536 
225 
191 
161 
38 

251 
114 
221 
280 
46 

285 

8 
9 
8 
7 
8 
6 
9 
8 
5 
6 
7 
7 
8 
4 
4 
7 
9 
8 
7 
4 
8 
9 
8 
6 
7 
5 
6 
9 
8 
7 
7 
7 



33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

alcool 
berge 
calorie 
comete 
couplet 
cure 
dressage 
epopee 
feutre 
foin 
fosse 
gobelet 
grille 
hommage 
intrus 
manege 
marais 
ongle 
orme 
parterre 
passeport 
preambule 
psaume 
pyramide 
sapin 
soutane 
touffe 
tournesol 
trou 
vallon 
verrou 
visiere 

1969 
884 
187 
336 
370 

6704 
302 
595 
999 
1527 
1684 
353 

2926 
2582 
399 
1004 
1101 
2607 
314 
484 
404 
421 
884 
744 
1531 
957 
1255 
89 

5807 
9697 
574 
314 

6 
5 
7 
6 
7 
4 
8 
6 
6 
4 
5 
7 
6 
7 
6 
6 
6 
5 
4 
8 
9 
9 
6 
8 
5 
7 
6 
9 
4 
6 
6 
7 
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APPENDICE E : 

CORRELATIONS ENTRE LES TEMPS DE 

REPONSEAUX STIMULI PHONOLOGIQUES ET 

SEMANTIQUES 



E. 1. Coefficients de Spearman pour les hommes gauchers 

ti
qu

e 
T

ac
he

 s
em

 am
 

T
ac

he
 p

ho
no

lo
gi

qu
e 

HP 

BP 

Total 

T 

NT 

Total 

Tache semantique 

HP 

1,000 

-,324 

** 
,847 

,101 

,100 

,107 

BP 

-,324 

1,000 

,008 

,085 

,422 

,357 

Total 

,847 

,008 

1,000 

,144 

,201 

,217 

Tache phonologique 

T 

,101 

,085 

,144 

1,000 

,359 

** 
,704 

NT 

,100 

,422 

,201 

,359 

1,000 

** 
,894 

Total 

,107 

,357 

,217 

A * 

,704 

** 
,894 

1,000 

* La correlation est significative au niveau 0.05 

** La correlation est significative au niveau 0.01 

HP : Cibles de haute prototypicalite 

BP : Cibles de basse prototypicalite 

T : Cibles transparentes 

NT : Cibles non transparentes 



E.2. Coefficients de Spearman pour les hommes droitiers 

T
ac

he
 is

em
an

tiq
ue

 
T

ac
he

 p
ho

no
lo

gi
qu

e 

HP 

BP 

Total 

T 

NT 

Total 

Tache semantique 

HP 

1,000 

* 
,479 

** 
,925 

,064 

,341 

,249 

BP 

,479* 

1,000 

** 
,729 

,218 

,274 

,207 

Total 

** 
,925 

** 
,729 

1,000 

,075 

,296 

,216 

Tache phonologique 

T 

,064 

,218 

,075 

1,000 

,461 

,075 

NT 

,341 

,274 

,296 

,461 

1,000 

** 
,797 

Total 

,249 

,207 

1,000 

** 
,871 

** 
,797 

1,000 

* La correlation est significative au niveau 0.05 

**. La correlation est significative au niveau 0.01 

HP : Cibles de haute prototypicalite 

BP : Cibles de basse prototypicalite 

T : Cibles transparentes 

NT : Cibles non transparentes 
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E.3. Coefficients de Spearman pour les femmes gaucheres 

T
ac

he
 s

em
 a

nt
iq

ue
 

T
ac

he
 p

ho
no

lo
gi

qu
e 

HP 

BP 

Total 

T 

NT 

Total 

Tache semantique 

HP 

1,000 

,675" 

,915** 

* 
,503 

,270 

,488 

BP 

** 
,675 

1,000 

** 
,879 

** 
,763 

,317 

** 
,693 

Total 

,915" 

,879" 

1,000 

** 
,710 

,326 

** 
,650 

Tache phonologique 

T 

,503* 

,763** 

,710** 

1,000 

* 
,484 

** 
,922 

NT 

,270 

,317 

,326 

,484 

1,000 

,732 

Total 

,488 

,693** 

,650** 

He HE 

,732 

** 
,732 

1,000 

* La correlation est significative au niveau 0.05 

** La correlation est significative au niveau 0.01 

HP : Cibles de haute prototypicalite 

BP : Cibles de basse prototypicalite 

T : Cibles transparentes 

NT : Cibles non transparentes 



E.4. Coefficients de Spearman pour les femmes droitieres 

T
ac

he
 s

em
an

tiq
ue

 
T

ac
he

 p
ho

no
lo

gi
qu

e 

HP 

BP 

Total 

T 

NT 

Total 

Tache semantique 

HP 

1,000 

-,297 

,902" 

,166 

,125 

,116 

BP 

-,297 

1,000 

,033 

-,081 

,370 

,082 

Total 

** 
,902 

,033 

1,000 

,138 

,274 

,162 

Tache phonologique 

T 

,166 

-,081 

,138 

1,000 

,377 

,929 

NT 

,125 

,370 

,274 

,377 

1,000 

** 
,640 

Total 

,116 

,082 

,162 

** 
,929 

** 
,640 

1,000 

* La correlation est significative au niveau 0.05 

** La correlation est significative au niveau 0.01 

HP : Cibles de haute prototypicalite 

BP : Cibles de basse prototypicalite 

T : Cibles transparentes 

NT : Cibles non transparentes 
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# 

APPENDICE F 

ACCORDS DES CO-AUTEURS ET AUTORISATION DES 

EDITEURS POUR LA DIFFUSION 


