
 

 

N°d’ordre NNT : 2016LYSE2122 

THESE de DOCTORAT DE L’UNIVERSITÉ DE LYON 

Opérée au sein de 

L’UNIVERSITÉ LUMIÈRE LYON 2 

École Doctorale : ED 476 Neurosciences et cognition 

Discipline : Psychologie 

Spécialité: Psychologie cognitive 

Soutenue publiquement le 22 novembre 2016, par : 

Raphaël MIZZI 

Mécanismes et substrat neural de la 

hiérarchisation de la saillance et de la 

progression de l’attention : 

approche psychophysique et électrophysiologique 

Devant le jury composé de : 

Éric CASTET, Directeur de Recherche, Université d’Aix-Marseille, Président 

Muriel BOUCART, Directrice de Recherche, Université Lille 2, Rapporteure 

Éric SIEROFF, Professeur des universités, Université Paris Descartes, Rapporteur 

Sandrine DELORD, Maître de conférences, Université de Bordeaux, Examinatrice 

Georges MICHAËL, Professeur des universités, Université Lumière Lyon 2, Directeur de thèse 



 

 

Université Lumière Lyon2 

Ecole doctorale Neurosciences et Cognition (NSCo) 

Laboratoire d’Etude des Mécanismes Cognitifs (EMC), EA3082 

THESE 

Présentée en vue de l’obtention du grade de 

DOCTEUR EN PSYCHOLOGIE DE L’UNIVERSITE DE LYON 

Discipline : Psychologie Cognitive 

 

Mécanismes et substrat neural de la 
hiérarchisation de la saillance et de la 

progression de l’attention :  
approche psychophysique et 

électrophysiologique. 
 

Par Raphaël Mizzi 

Réalisée sous la direction du Professeur George A. Michael 

 

Date de soutenance : le 22 Novembre 2016 

 

Devant le jury composé de : 

 

Rapporteur 1 :  Eric Sieroff, PR, Université Paris Descartes  

Rapporteur 2 :  Muriel Boucart, DR, Université de Lille 

Examinateur 1 :  Eric Castet, DR, Université Aix-Marseille 

Examinateur 2 :  Sandrine Delord, MCF, Université de Bordeaux 

Directeur :    George A. Michael, PR, Université Lumière Lyon 2  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“All visible objects, man, are but as pasteboard masks. But 

in each event—in the living act, the undoubted deed—there, some 

unknown but still reasoning thing puts forth the mouldings of its 

features from behind the unreasoning mask. If man will strike, 

strike through the mask! How can the prisoner reach outside 

except by thrusting through the wall?” 

Captain Ahab, Moby-Dick, by Herman Melville (1851) 
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Résumé 

Lorsque le système visuel est confronté à un nouvel environnement, un nombre trop 

important d’informations lui parvient en même temps. De façon précoce, avant tout mouvement 

oculaire, l’attention explore automatiquement la scène pour sélectionner les éléments d’intérêt.  

Des recherches récentes ont montré que cette exploration du champ visuel ne se faisait 

pas aléatoirement, mais se basait sur la saillance des éléments visuels. La saillance est une 

caractéristique qui émerge de la comparaison des éléments visuels entre eux, par exemple une 

fleur jaune dans un jardin de fleurs rouges va être considérée comme plus saillante que son 

voisinage. En permanence et de façon continue, une hiérarchie des éléments est établie à un 

niveau préattentif ; ils sont triés du plus au moins saillant, et l’attention se base sur cet 

organisation pour progresser dans le champ visuel. Les recherches présentées dans ce document 

avaient pour objectif d’investiguer les mécanismes de ce phénomène : quels sont les 

mécanismes cognitifs impliqués dans la progression de l’attention sur la base de la hiérarchie 

de la saillance ? Le présent document regroupe des articles qui cherchent à répondre à cette 

question grâce à des travaux en Psychologie expérimentale.   

Par ailleurs, de nombreux travaux de Psychologie, Neurophysiologie et Neuroimagerie 

se sont penchés sur le substrat neural de l’attention visuelle et ont révélé un ensemble de 

structures clés qui sous-tendraient les mécanismes responsables des fonctions attentionnelles. 

Cependant, vis-à-vis de la progression de l’attention sur la base de la saillance, seule une étude 

récente a pu apporter des indices quant au rôle de certaines voies visuelles. Les recherches 

présentées ici avaient donc également pour objectif de définir ces voies visuelles et les 

structures corticales et sous-corticales qui les composent, pour investiguer leurs rôles dans la 

hiérarchie de la saillance et la progression de l’attention. Le présent document regroupe des 

travaux qui ont exploré ces aspects par le biais de l’approche Psychophysique et 

Electroencéphalographique. 
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Abstract 

When confronted to a new environment, the visual system faces too much information 

intake and cannot process it all at once. Before any eye movement, early automatic attention 

explores the visual scene in order to select relevant items. 

Recent research revealed that the exploration of the visual scene is not a random process, 

but is based on the respective saliency of the items in the field. Salience is not a characteristic 

of an item per se but is emerging as a result of the comparison between an item and its visual 

neighborhood. For instance, a yellow flower in a garden of red flowers will be considered as 

more salient than the others in its visual neighborhood. Thus, a hierarchical ordering of the 

items is continuously established in a preattentive stage, and consists in a sorting of every 

element from the most to the least salient. Attention, then, relies on this hierarchy to progress 

in the visual field. The present dissertation had for objective to investigate the cognitive 

mechanisms involved in this phenomenon: what mechanisms support the salience-based 

progression of visual attention? Several papers are reported here and explored this question 

with experimental Psychology.   

Moreover, numerous works in Psychology, Neurophysiology and Neuroimaging took 

interest in the neural substrate of visual attention and revealed several key-structures that would 

subtend the mechanisms involved in attentional functions. However, when it comes to the 

salience-based progression of attention, only one study could bring cues of the involvement of 

certain visual pathways in this phenomenon. Another objective of the present dissertation was 

to define the cortical and sub-cortical structures that constitute those pathways, in order to 

explore their roles in the salience-base progression of attention. Several papers in the present 

report are investigating this aspect through Psychophysics and Electroencephalography studies. 
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Liste des abréviations  

ANOVA : Analysis Of Variance, pour 
analyse de la variance.  

CGL : Corps Géniculé Latéral, structure 
thalamique postérieure. 

COF : Champ Oculogyre Frontal, structure 
corticale frontale. 

CONT : Contrôle, utilisé pour qualifier les 
conditions en l’absence de 
mouvement. 

CS : Colliculus supérieur, structure tectale 
mésencéphalique. 

CTOA : Cue to Target Onset Asynchrony, 
pour l’asynchronie entre l’apparition 
d’un indice et celle de la cible de la 
recherche visuelle. 

EEG : Electroencéphalographie, technique 
d’imagerie cérébrale.  

ERL : Event-Reated Lateralization, pour 
latéralisation évoquée ; sur les ERPs, 
soustraction de l’activité controlatérale 
au côté d’apparition de la cible avec la 
condition opposée.  

ERP : Event-Related Potential, pour 
potentiel évoqué ; lié au moment 
d’apparition de la stimulation.  

FEF : Frontal Eye Field, pour champ 
oculogyre frontal. 

FLIC : Flicker, pour clignotement d’un 
item ; rapide apparition/disparition.  

IOR : Inhibition Of Return, pour inhibition 
de retour. 

IRMf : Imagerie par Résonance 
Magnétique fonctionnelle. 

LGN : Lateral Geniculate Nucleus, pour 
corps géniculé latéral. 

LIP : Lateral Intra-Parietal, pour aire 
latérale intra-pariétale, structure 
corticale. 

LOO/RE : Looming/Receding, pour 
mouvement radial 
d’expansion/rétraction. 

LSD : Least Significant Difference, pour 
moindre différence significative ; test 
post-hoc de Fisher. 

MSLVST : Multiple Salience Levels 
Visual Search-Task, pour tâche de 
recherche visuelle à multiples niveaux 
de saillance. 

PCN : Posterior Contralateral Negativity, 
pour négativité controlatérale 
postérieure, composante du signal 
ERL.  

PC : Proportion of Correct, pour 
proportion de réponses correctes ; 
précision de la réponse. 

Ppc : Posterior Contralateral Positivity, 
pour positivité controlatérale 
postérieure, composante du signal 
ERL.  

Ptc : Temporal Contralateral Positivity, 
pour positivité controlatérale 
temporelle, composante du signal 
ERL.  

PUL : Pulvinar, structure thalamique 
postérieure dorsale. 

RT : Response Time, pour temps de 
réponse.  

SC : Superior Colliculus, pour colliculus 
supérieur. 

TMS : Transcranial Magnetic Stimulation, 
pour stimulation magnétique 
transcrânienne. 

TRANS : Translation ; déplacement latéral 
d’un item. 

TR : Temps de Réponse. 

VF : Visual Field, pour champ visuel 
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Lorsque l’on ouvre les yeux pour la première fois dans un environnement inconnu, la 

quantité d’informations visuelles est telle qu’il nous est impossible de tout traiter en un instant. 

C’est le système attentionnel qui joue le rôle de filtre, il va sélectionner et mettre l’emphase sur 

les zones d’intérêt, tout en inhibant les zones peu intéressantes. Ce marquage attentionnel est 

fait de façon précoce ; avant que tout mouvement oculaire ait lieu (Goldberg & Wurtz, 1972), 

et de façon continue. On peut ainsi définir l’attention par l’ensemble des biais qui vont faciliter 

le traitement d’un élément du champ visuel par rapport à un autre. 

I. L’atte tio  visuelle sélective 

L’attention sélective correspond à la fonction qui permet de sélectionner un élément 

pertinent au comportement en isolant sa localisation par rapport aux autres parties du champ 

visuel. C’est cette isolation qui permet au système visuel d’améliorer le traitement de l’élément 

à cette localisation en augmentant la rapidité de détection, la précision de la perception et les 

réponses comportementales associées (p.ex., Hoffman, Nelson, & Houck, 1983; Posner, 1980; 

Treisman & Gelade, 1980). 

Une vision très répandue de l’attention sélective consiste en un déplacement au sein du 

champ visuel d’une zone relativement restreinte dans laquelle la sélection se produit (Hillyard 

& Münte, 1984; LaBerge, 1983; Posner, 1980). Au sein de cette zone les stimuli sont plus 

rapidement traités, mieux discriminés, et les différentes dimensions visuelles sont mieux 

assemblées (Bergen & Julesz, 1983; Posner, 1980; Treisman & Gelade, 1980). La littérature a 

établi que la capacité de cette zone à faciliter le traitement des éléments qu’elle englobe est 

dépendante des capacités attentionnelles, qui sont limitées. Le système attentionnel ne peut 

traiter en un instant qu’une certaine quantité d’informations, ce qui implique que cette zone ne 

puisse contenir qu’une certaine partie du champ visuel (Desimone & Duncan, 1995; Duncan, 

1980). 

Dans les années 1980, Posner reprenait le postulat de James (James, 1890) qui postulait 

que les zones du système nerveux impliquées dans les processus attentionnels sous-tendent 

différentes fonctions, et que ces opérations puissent être spécifiées en termes de fonctions 

cognitives et, par ce biais, objectivées (Posner, 1980, 1988). Le terme d’attention visuelle 

spatiale est employé pour faire référence au fait que l’attention visuelle se déplace dans l’espace 

et sélectionne les localisations des éléments pertinents pour le comportement. La définition 
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initiale de Posner (Posner, 1980; Posner, Cohen, & Rafal, 1982) parlait de faisceau (pour 

Spotlight) et proposait qu’il soit similaire au cercle de lumière d’une lampe torche lorsque l’on 

explore son grenier. Afin d’améliorer le traitement des éléments d’intérêt, ce faisceau doit se 

déplacer dans l’espace du champ visuel et s’engager à la localisation d’intérêt. Si les éléments 

de cette localisation ne sont pas la cible de la recherche, le faisceau doit se désengager pour se 

déplacer à nouveau. L'attention progresse ainsi dans l'espace par une série d'itérations où trois 

opérations élémentaires se succèdent : le désengagement, le déplacement et l'engagement. 

L'attention se désengage d'abord de son emplacement actuel, se déplace à un autre 

emplacement, s'y engage. Le traitement commence alors puis, une fois terminé, l'attention se 

désengage, l'emplacement est inhibé et l'attention se déplace vers un autre endroit. Ces itérations 

se répètent jusqu'à ce que la cible d'intérêt soit trouvée.  

Nous pouvons déjà noter qu'une quatrième opération semble participer à la progression 

de l'attention dans l'espace, c'est l'inhibition des emplacements déjà explorés. En 1984, Posner 

et collègues observaient que lorsque l’attention était orientée vers une première localisation, 

puis vers une seconde localisation, la détection d’une cible apparaissant 300 ms plus tard à la 

localisation initiale était ralentie (Posner, Rafal, Choate, & Vaughan, 1985). Posner postulait 

que, pour pousser à l’exploration du champ visuel, un processus d’inhibition vienne empêcher 

le retour à la position initiale de l’attention sélective. Cette opération nommée inhibition du 

retour (IOR pour inhibition of return ; pour une revue voir Klein, 2000) semble fortement liée 

aux processus oculomoteurs (Posner et al., 1985; Rafal, Posner, Friedman, Inhoff, & Bernstein, 

1988; Sapir, Soroker, Berger, & Henik, 1999) et est supposée marquer les emplacements déjà 

explorés (Klein, 2000).  

Cette vision d’un focus attentionnel unitaire qui se déplace dans le champ visuel (Posner, 

1980) a été cependant remise en question. Une série de travaux conduite par Eriksen et 

collègues (Eriksen & James, 1986; Eriksen & Yeh, 1985, pour une revue, voir Cave & Bichot, 

1999) a apporté des arguments qui allaient à l’encontre de la conception d’un faisceau à la taille 

fixe. En effet, les investigations de l’époque avaient du mal à allier le fonctionnement d’un 

faisceau unitaire à la capacité des sujets à répondre à la présentation de plusieurs éléments 

visuels (Hoffman & Nelson, 1981; Jonides, Irwin, & Yantis, 1983) et les auteurs ont proposé 

que le faisceau soit capable de s’étendre et de changer de taille, de façon dynamique, 

relativement aux demandes attentionnelles. Le faisceau attentionnel serait donc capable d’être 
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distribué sur une certaine surface du champ visuel, ainsi que de se focaliser sur une plus petite 

zone. Cette conception appelée zoom lens (par comparaison à une lentille optique capable 

d’agrandir le faisceau) était toujours en accord avec le concept d’un seul faisceau attentionnel, 

mais proposait que les capacités de facilitation de traitement au sein de ce faisceau soient 

inversement proportionnelles à sa taille, c’est-à-dire que plus le faisceau est concentré, plus 

grande est son efficacité. Cette caractéristique, en accord avec la conception des ressources 

limitées de l’attention visuelle, permettait de concevoir une distribution plus ou moins large de 

ces ressources dans le champ visuel (Eriksen & James, 1986; Jonides et al., 1983). 

Plusieurs théories existent quant à l’effet de la sélection attentionnelle spatiale sur le 

système nerveux. Une théorie encore dominante actuellement postule que l’attention induise un 

gain sensoriel qui augmente l’activité neuronale associée au traitement de sa localisation 

(Hawkins et al., 1990). En effet, il a été montré que l’attention spatiale module le traitement 

visuel à plusieurs niveaux de la hiérarchie du traitement. Elle provoque une modulation de 

l’activité corticale dans des structures associées à l’analyse visuelle comme les zones striées et 

extrastriées (Corbetta, Miezin, Dobmeyer, Shulman, & Petersen, 1991; Hopfinger & Mangun, 

1998), et dans les zones associées à l’analyse visuospatiale et attentionnelle, notamment le 

cortex pariétal postérieur (Bushnell, Goldberg, & Robinson, 1981; Colby, Duhamel, & 

Goldberg, 1996; Corbetta & Shulman, 2002). Cette modulation a également été mesurée dans 

des structures sous corticales, comme le colliculus supérieur (CS ; Boehnke & Munoz, 2008; 

Goldberg & Wurtz, 1972; Himmelbach, Erb, & Karnath, 2007; Krauzlis, Lovejoy, & Zénon, 

2013) et le pulvinar (PUL, le plus gros noyau du thalamus, situé dans sa partie postérieure; 

Andersen, 1987, 1989; Petersen, Robinson, & Keys, 1985; Petersen, Robinson, & Morris, 

1987).  

Le système attentionnel sélectif, pour potentialiser le traitement de la localisation 

d’intérêt, doit filtrer les informations non pertinentes à l’aide d’un processus d’inhibition 

(Bundesen, 1990). La littérature n’est pas homogène vis-à-vis de la nature de ce phénomène. 

Par exemple, les modèles généraux proposent que les localisations non explorées par l’attention 

soient inhibées, par rapport à la localisation d’intérêt pour laquelle le traitement est renforcé 

(Koch & Ullman, 1985; Treisman & Gelade, 1980). D’autres types de modèles en revanche 

proposent que l’inhibition soit directement liée à la localisation dans l’espace de la sélection 

attentionnelle. Autour du centre de cette sélection, certains modèles prévoient que le 
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renforcement attentionnel décroisse progressivement à mesure de l’éloignement avec le centre 

(LaBerge & Brown, 1989), alors que d’autres modèles prévoient une zone d’inhibition à une 

certaine distance autour du centre de l’allocation attentionnelle (Desimone & Duncan, 1995; 

Tsotsos, 1990). La relation entre l’activation et l’inhibition attentionnelle est une source de vifs 

débats dans la littérature, d’autant plus importante lorsque les débats portent sur la nature 

passive (liée aux ressources limitées du système attentionnel) ou active des processus 

impliqués. En outre, la présence d’un seul ou de multiple processus inhibiteurs est également 

débattue (pour une revue, voir Kok, 1999). Cette absence de consensus rend l’isolation des 

substrats neuronaux difficile du fait de la multiplicité des systèmes cérébraux potentiellement 

impliqués. Certaines études se sont intéressées aux effets électrophysiologiques mesurés 

lorsque l’attention doit inhiber la localisation investiguée, et ont démontré un effet précoce sur 

la réponse visuelle extrastriée controlatérale (Hillyard, Luck, & Mangun, 1994). D’autres 

recherches ont investigué les capacités de patients souffrant de troubles de l’inhibition et ont pu 

souligner l’influence de l’opercule frontal droit dans les effets du contrôle inhibiteur (Michael, 

Mizzi, Couffe, & Gálvez-García, 2014). 

L’orientation de l’attention sélective peut se faire en fonction des connaissances et des 

buts de l’observateur. En effet, lorsque l’on cherche à acheter des tulipes rouges dans un 

magasin et que l’on se trouve devant un trop grand étalage de fleurs pour pouvoir les trouver, 

l’attention va se baser sur nos connaissances pour sélectionner les éléments d’intérêt du champ 

visuel. L’attention peut donc être contrôlée de façon volontaire, et s’orienter vers des attributs 

visuels en lien avec les attentes du sujet. Il est par exemple fort possible que dans cette situation, 

un certain nombre de fleurs rouges, ainsi qu’un certain nombre de fleurs ressemblant à des 

tulipes soit détecté avant de trouver la combinaison recherchée. Cependant, une telle orientation 

peut également se faire de façon involontaire vers un stimulus sensoriel (Jonides & Irwin, 1981; 

Müller & Rabbitt, 1989; Posner, 1980; Yantis, 1993). Dans une situation où l’on ne recherche 

pas à acheter de fleur, et dans laquelle on se trouve devant un champ de tulipes jaunes qui 

contient une seule tulipe rouge, on peut s’attendre à ce que cette dernière soit rapidement 

détectée, à la distinction de toutes les autres fleurs du champ. Ce phénomène, encore parfois 

appelé pop out (« qui surgit ») suite aux travaux de Treisman (Treisman, 1964, 1991; Treisman 

& Gelade, 1980) permet de comprendre que l’attention sélective est également capable de se 

baser automatiquement sur les attributs sensoriels de l’environnement pour guider les 

traitements du système visuel.  
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La distinction entre ces modes de contrôle fait débat encore aujourd’hui (Corbetta & 

Shulman, 2002; Posner, 1980; Posner & Petersen, 1990; Theeuwes, 1991 ; pour une revue 

récente, voir Awh, Belopolsky, & Theeuwes, 2012). Ces deux modes d’orientation de 

l’attention, contrôlé versus automatique de l’attention sont généralement rapportés comme 

endogènes vs. exogènes, ou encore descendants vs. ascendants. Un phénomène endogène est dû 

à une cause interne (cognitive) et va avoir une influence descendante sur les processus 

automatiques, alors qu’une cause extérieure au système va solliciter en premier lieu les 

fonctions de bas niveau, puis de haut niveau. L'orientation exogène étant l'objet principal de 

cette thèse, le reste de cette partie introductive se centre sur son sujet. 

II. La saillance co e guide de l’atte tio  visuelle sélective 

1. La saillance 

Ce qui a été manipulé dans les différents paradigmes visant à étudier l'attention spatiale 

exogène, et qui est vraisemblablement la source de l’orientation de l’attention, c’est le 

phénomène de saillance visuelle. La saillance est une caractéristique émergente, c’est-à-dire 

qu’elle n’est pas une caractéristique intrinsèque aux stimuli du champ visuel, mais résulte de la 

comparaison de ces éléments entre eux (Duncan & Humphreys, 1989; Theeuwes, 1992). Par 

exemple, la tulipe rouge dans le champ de tulipes jaunes est considérée comme saillante par le 

système visuel, et l’attention se base sur cette caractéristique pour se déplacer dans l’espace. 

Cet aspect de la progression de l’attention était déjà supposé par Sagi et Julesz (1984) qui 

proposaient que des inhomogénéités locales provoquent des biais dans la compétition pour 

l’allocation attentionnelle. Dans la même période, il avait déjà été remarqué que l’apparition 

soudaine d’un objet dans le champ visuel provoque une capture (Jonides & Yantis, 1988), et 

Treisman (Treisman & Gormican, 1988) notait que les objets plus larges, brillants ou qui 

bougent plus vite pouvaient provoquer ce type de biais. La saillance visuelle a fait depuis lors 

l’objet de nombreuses études qui ont participé à sa définition.  

Afin d’être considéré comme saillant, un élément doit différer de son entourage sur au 

moins une dimension visuelle (Duncan & Humphreys, 1989) et plus cet entourage est 

homogène plus l’élément est saillant. De même, plus la densité de l’entourage est élevée, plus 

élevée sera sa suppression et plus grande sera la discrimination de l’élément différent (Knierim 
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& Van Essen, 1992; Koch & Ullman, 1985). Enfin, la différence entre un élément et son 

entourage doit atteindre un certain seuil pour qu’il soit considéré comme saillant par le système 

attentionnel (Theeuwes, 1992). 

2. Modèles de la saillance 

Les travaux de Treisman ont introduit la notion de dimensions visuelles, ainsi que celle 

de traits (Treisman, 1964, 1991; Treisman & Gelade, 1980). Le terme de dimension est employé 

pour référer aux variations qui sont analysées séparément par le système perceptif (p.ex., la 

couleur, l'orientation, le mouvement, etc.), fonctionnellement indépendant du système 

attentionnel. Les valeurs que peuvent présenter ces dimensions (p.ex., jaune ou rouge, degré 

d'inclinaison, fréquence de mouvement, etc.) sont les traits (features). Treisman proposait que, 

lors des toutes premières étapes de traitement, le champ visuel soit segmenté simultanément et 

dans son ensemble en positions spatiales, dimensions et traits. Ces traits seraient analysés, lors 

d’une étape de traitement qui précède l'implication de l’attention, en parallèle et rapidement au 

sein de cartes du système visuel spécialisées dans le traitement de dimensions spécifiques. 

Cette conception préattentive d'analyse des traits visuels a permis l’émergence de 

plusieurs modèles du déplacement de l’attention. Un modèle computationnel de réseaux de 

neurones, élaboré par Koch & Ullman (Itti & Koch, 2001; Koch & Ullman, 1985, fig. 1), permet 

d’apporter un éclairage sur les processus cognitifs qui sous-tendent l’orientation de l’attention 

sur la base du phénomène de saillance visuelle. Comme pour Treisman (Treisman, 1964, 1991; 

Treisman & Gelade, 1980), les informations issues des différentes dimensions visuelles sont 

rassemblées dans des cartes rétinotopiques (ou topographiques du champ visuel) spécifiques à 

ces dimensions, à un niveau préattentif. Au sein de ces cartes émergent des activations aux 

localisations dont les éléments diffèrent le plus par rapport à leur entourage. Par exemple, la 

carte de la couleur signalerait une forte activité à la localisation de la tulipe rouge dans le champ 

de tulipes jaunes. En revanche, la carte responsable de l’activité relative aux formes ne 

relèverait aucune différence. Les activités de ces cartes seraient ensuite combinées dans une 

carte de saillance qui représenterait la distribution des différentes activités dans le champ visuel, 

indépendamment de la dimension qui les a générées. Les localisations saillantes émergent donc 

de cette carte et c’est l’activité d’un module spécifique, le gagnant-prend-tout (pour winner-

take-all) qui permet le transfert des localisations saillantes en représentation centrale. Le 

gagnant-prend-tout consisterait en un réseau neuronal pyramidal qui se déplace sur la carte de 
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saillance et provoque le renforcement de l’activité des localisations saillantes ainsi qu’une 

inhibition des localisations adjacentes, moins saillantes. Ce module progresse donc sur la carte 

de saillance en exerçant une sélection/inhibition des localisations, en partant de la plus saillante 

à la moins saillante. Afin de pouvoir se déplacer sur cette carte et de ne pas revenir sur les 

éléments déjà investiguées, le gagnant-prend-tout inhibe les localisations à mesure de sa 

progression, ce qui renvoie à l'IOR (Posner & Cohen, 1984). En plus de se baser sur la saillance 

des localisations, le déplacement de ce module serait déterminé par deux règles : une règle de 

proximité qui implique que les éléments proches de l'emplacement du faisceau attentionnel 

soient susceptibles d’être ensuite explorés en priorité, et une règle de similarité qui implique 

que les éléments qui partagent les mêmes traits que l’élément en cours de traitement par le 

faisceau aient plus de chances d’être traités subséquemment. Ceci implique que les localisations 

potentiellement intéressantes soient hiérarchisées sur la base de cette saillance. 

 

FIGURE 1. Illustration du modèle de Koch et Ullman (1985). Les dimensions élémentaires (couleur, taille, 
etc.) sont analysées au sein de cartes rétinotopiques indépendantes et leur activité est sommée au sein de la carte 
de saillance sur laquelle évolue le module gagnant-prend-tout. Ce module progresse au travers de la carte de 
saillance et suractive les localisations les plus saillante (c.à.d., dont l’activité est la plus importante) tout en inhibant 
l’activité des localisations moins saillantes. Les localisations ainsi sélectionnées accèdent en représentation 
centrale pour un traitement ultérieur.  

3. La capture et la hiérarchisation 

Ce modèle met l’accent sur l’idée que la saillance est la caractéristique sur laquelle se 

base le système attentionnel pour isoler les localisations d’intérêt dans le champ visuel à 

explorer. Ainsi, l'attention serait attirée vers un emplacement du fait des signaux de saillance 

Représentation centrale 

« Gagnant-prend-tout » 

Carte de saillance 

Cartes des dimensions élémentaires 
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que sa représentation contient. La première étape donc de l'orientation attentionnelle se 

manifesterait sous forme d'une capture involontaire vers le signal le plus fort. Ce signal aurait 

le potentiel de provoquer un désengagement de l'attention de son emplacement actuel, puis son 

orientation vers et son engagement sur l'emplacement de ce signal (Posner et al., 1982). Mais 

qu’en est-il si ce signal saillant n'est pas lié à la cible recherchée ? Comme mentionné plus haut, 

l'attention se désengage pour aller ailleurs.  

L'intérêt de ce modèle est le postulat que l'attention ne progresse pas dans l'espace de 

manière aléatoire. Bien au contraire, le déplacement du module gagnant-prend-tout, qui n'est 

autre qu’une modélisation du faisceau attentionnel, se fait de manière organisée. Ainsi, une fois 

l'emplacement contenant l'activité de saillance la plus forte visité, puis inhibé, l'attention se 

déplace vers l'emplacement contenant l'activité de saillance immédiatement moins forte. 

L’accès en représentation centrale se fait ainsi du plus saillant vers l’élément directement moins 

saillant et ainsi de suite jusqu’à trouver la cible dans les conditions de recherche visuelle 

(Theeuwes, 1991, 1994). L'attention progresserait donc dans l'espace en suivant la hiérarchie 

de la saillance établie lors des étapes préattentives du traitement visuel. 

III. Données empiriques  

1. Capture initiale  

L’élément le plus saillant du champ visuel provoquerait donc une attraction initiale de 

l’attention vers sa localisation. Posner parlait en termes de capture attentionnelle en référence 

à ce phénomène lorsqu’il décrivait les résultats obtenus avec son paradigme d’amorçage 

(Posner, 1980; Posner & Cohen, 1984). Dans ce paradigme le participant avait pour consigne 

de fixer le centre d’un l’écran et d’attendre l’apparition d’une cible dans un des deux carrés 

latéraux pour détecter sa présence. Dans certains essais, la brève surbrillance de l’un des carrés 

latéraux amorçait l’apparition de la cible et indiquait son côté d’apparition à venir. Cet 

amorçage spatial permettait de meilleures performances que dans la condition sans amorce, 

même en apparaissant 100 ms avant la cible. En revanche, lorsque l’amorce se faisait à une 

autre localisation que celle de la cible à venir, les performances étaient pénalisées. Posner 

expliquait que le faisceau était capturée par l’amorce et que, lorsque cette orientation de 

l’attention était congruente avec la localisation de la cible, elle améliorait les performances. Il 
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est généralement admis que, dans ce paradigme ainsi que dans toutes ses variantes, lorsque 

l'emplacement de la cible n'est pas prédictible et n'incite pas le participant à utiliser des 

stratégies d'orientation volontaire de son attention, ce qui provoque la capture de l'attention c'est 

la saillance de l'amorce. Et comme c'est le stimulus le plus saillant du champ visuel, il s'agirait 

surtout de la capture initiale.  

Un autre paradigme a permis de mieux comprendre ce phénomène d’orientation 

prioritaire vers un élément saillant, celui singleton supplémentaire (irrelevant singleton) de 

Theeuwes (1991, 1992). Le chercheur présentait aux participants un ensemble de formes 

géométriques contenait un segment. A chaque essai, un seul de ces segments était orienté 

horizontalement ou verticalement et était contenu dans un item qui différait des autres (p.ex., 

un carré parmi des cercles). A chaque essai, le sujet devait détecter cette cible et indiquer son 

orientation. Lors de certains essais un des distracteurs, le singleton, différait sur une autre 

dimension visuelle (p.ex., la couleur). Les résultats ont montré que les performances à la tâche 

étaient affectées dans la présence du singleton. Theeuwes expliquait que, même lorsque le 

participant connaissait la dimension vers laquelle il devait orienter son attention, il était 

incapable de réprimer la capture attentionnelle par l’élément plus saillant du dispositif de 

recherche. Ces résultats montrent donc que l’orientation de l’attention vers le stimulus le plus 

saillant de l’environnement est automatique et involontaire, peu importe les but et 

connaissances du sujet. 

a) Décours temporel  

La théorie du traitement de dimensions visuelles lors d’une étape préattentive (Koch & 

Ullman, 1985; Theeuwes, 1994; Treisman & Gelade, 1980) laisse penser que l’émergence de 

la saillance est un processus précoce dont les effets se manifesteraient tôt dans le décours 

temporel du traitement visuel. Certaines études se sont intéressées à ce décours temporel. 

Posner montrait que 100 ms de présentation d’une amorce lumineuse suffisaient à améliorer les 

temps de détection de la cible à venir (Posner, 1980; Posner & Cohen, 1984). Une étude a utilisé 

la technique de stimulation magnétique transcrânienne (TMS pour transcranial magnetic 

stimulation) dans laquelle des stimulations se produisaient à des délais aléatoires lors d’une 

tâche de recherche visuelle avec amorçage (Chambers, Payne, Stokes, & Mattingley, 2004). 

Les résultats ont montré que, dans la condition où l’amorçage n’indiquait pas la localisation de 

la cible à traiter (induisant une réorientation de l’attention), les stimulations induisaient une 
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baisse des performances lorsqu’elles se produisaient entre 90 et 120 ms après l’apparition de 

l’amorce. De façon générale, les effets de la saillance semblent apparaître avant 100 ms et 

diminuer après cette période. En effet, les travaux de Theeuwes (1994, 1995) avaient déjà révélé 

cet aspect. Les participants devaient ignorer l’apparition d’un distracteur saillant qui pouvait 

apparaître à différents intervalles après l'apparition d'une cible dans une tâche de recherche. Le 

distracteur pénalisait les performances quand il était présenté en même temps ou jusqu’à 100 

ms après l’apparition de la cible. Cette distraction disparaissait ensuite pour les intervalles 

supérieurs à 150 ms. Ces résultats ont été largement répliqués depuis (M.-S. Kim & Cave, 1999; 

Michael, Jacquot, Millot, & Brand, 2005; Theeuwes, Kramer, & Atchley, 2001; Wright & 

Richard, 2003) et suggèrent que les effets de capture initiale dus à la saillance d'un seul item 

sont maximaux entre 100 et 150 ms, puis disparaissent progressivement (Müller & Rabbitt, 

1989; Posner & Cohen, 1984; Theeuwes, 1994, 1995).  

b) Différentes dimensions  

Depuis la mise en évidence des phénomènes de capture attentionnelle, la littérature se 

pose la question de la nature des caractéristiques visuelles qui provoquent une attraction de 

l’attention de façon automatique. Par exemple dans une série de travaux, Theeuwes a investigué 

le poids respectif de différentes dimensions visuelles en faisant varier les caractéristiques de la 

cible à traiter et du singleton (Theeuwes, 1991, 1992). Dans la condition contrôle, il remarquait 

qu’une différence de couleur, de forme ou de luminosité de l’élément contenant la cible par 

rapport aux autres éléments permettait d’améliorer les temps de réponses des participants. En 

revanche, la présence du singleton n’affectait pas nécessairement les performances. Dans le cas 

où la couleur déterminait la cible par rapport aux autres éléments, et que le distracteur se 

différenciait par la forme, les temps de traitement de la cible étaient les même avec ou sans 

singleton. En revanche, les performances étaient affectées par le distracteur lorsqu’il était d’une 

couleur différente des autres items et que la cible se distinguait de ceux-ci par la forme. 

Theeuwes expliquait que toutes les dimensions n’ont pas le même poids par rapport à 

l’attraction automatique de l’attention. Des études sur les effets attentionnels provoqués par le 

mouvement ont également démontré cette spécificité des différentes dimensions. Regan et 

Beverly (1978) mesuraient différents seuils de détection en fonction de certains mouvements 

de la cible (par exemple la translation ou le mouvement radial). Franconeri et Simons (2003) 

ont mesuré la capacité d’un élément en mouvement par rapport à des éléments immobiles à 

provoquer une capture attentionnelle. Les auteurs ont remarqué que la détection était améliorée 
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lorsque la cible était animée par un mouvement de translation ou un mouvement radial mais 

que d’autres types de mouvement ne provoquaient pas les mêmes effets de capture. Ils ont 

proposé que seuls les stimuli qui signalent un évènement qui nécessite une action urgente 

(comme un élément dont la taille augmente, qui signalerait un objet en approche) reçoivent la 

priorité de traitement, et donc provoquent une capture attentionnelle. La capture initiale de 

l'attention semble donc se produire pour différentes dimensions visuelles, même si les raisons 

exactes pour lesquelles différents traits d'une même dimension n'ont pas les mêmes effets ne 

sont pas encore vraiment isolées. Une raison possible est que, dans leur majorité, les traits d'une 

même dimension ne sont pas comparables et, nécessairement, la manipulation expérimentale 

peut ne pas donner des stimuli équivalents. Par exemple, comment rendre équivalents un 

mouvement radial et un mouvement de translation si ce n'est qu'au niveau de leur fréquence 

uniquement ? Mais est-ce qu'une telle équivalence rend les deux mouvements équivalents d'un 

point de vue perceptif de manière à s’attendre à des effets de capture similaires ? 

2. La hiérarchisation  

Une autre question toujours en suspens et très peu abordé dans la littérature concerne la 

progression de l’attention après la capture par l’élément le plus saillant. En effet, le modèle de 

Koch et Ullman (1985) prédit que dans une situation de recherche visuelle, si l’élément qui a 

provoqué la capture initiale n’est pas la cible, le faisceau s’en désengage et l’inhibe pour 

continuer sa progression sur la base de la hiérarchie des activités de saillance précédemment 

établie (Koch & Ullman, 1985; Michael, Garcia, Fernandez, Sellal, & Boucart, 2006; 

Theeuwes, 1991). Des indices de cette progression peuvent être trouvés de façon indirecte dans 

les études qui ont manipulé la détection d’une cible à l’aide de multiples amorces. C’est le cas 

de l’étude de Kean et Lambert (2003) qui présentait deux amorces latéralisées, l’une plus 

lumineuse que l’autre. Les auteurs ont montré que la cible était plus rapidement traitée 

lorsqu’elle apparaissait à la localisation de l’amorce la plus saillante, et ce même avec des temps 

de présentation très courts (67 ms). Ces résultats laissent penser que dans ce court délai, 

l’attention ait eu le temps de se baser sur la saillance issue de la comparaison des deux éléments 

pour se déplacer vers l’élément le plus saillant. En revanche les auteurs n’avaient pas mis en 

place de condition contrôle pour tester dans quelle mesure l’amorce moins saillante affectait les 

performances, ce qui aurait pu permettre de déceler une progression attentionnelle. Cette 

hypothèse de progressivité de l'attention sur la base de la hiérarchie de la saillance a été testée 
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de manière plus spécifique par Michael et Gálvez-García (2011). Les auteurs ont employé un 

paradigme de recherche visuelle (le Multiple Salience Level Search-Task : MSLVST) 

tachistoscopique (100 ms de présentation) contenant différents éléments hiérarchisés sur la base 

de leur saillance. Les participants devaient repérer une cible parmi trois carrés de tailles 

différentes. Chaque item contenait une ouverture sur un côté et la cible était le seul carré à avoir 

une ouverture soit vers le haut, soit vers le bas. La cible était aléatoirement l'un des trois carrés 

et les participants devaient indiquer le plus rapidement possible et en faisant le moins d’erreur 

possible son orientation. Les auteurs faisaient l’hypothèse que l’attention allait se déplacer en 

fonction de la saillance des éléments, en progressant du plus grand vers l’item intermédiaire, 

puis vers le plus petit. Cette progression impliquait que les performances suivraient un pattern 

hiérarchique. C’est exactement ce que les auteurs ont observé : les temps de réponses et les 

proportions de bonnes réponses étaient linéairement liés à la saillance de la cible : meilleures 

lorsque le grand carré était la cible, intermédiaire pour le carré moyen et les pires lorsque le 

petit carré était la cible. Les auteurs ont interprété ce pattern comme révélateur de la progression 

de l’attention : le faisceau attentionnel était capturé par l’élément le plus saillant du champ 

visuel, permettant de meilleures réponses lorsqu’il était la cible. Si cela n’était pas le cas, 

l’attention devait se désengager pour se déplacer vers la localisation directement moins 

saillante, et ainsi de suite jusqu’à la focalisation sur la cible de la recherche. Dans une 

expérience subséquente, les auteurs ont présenté les carrés non plus par groupes de trois, mais 

seuls. Dans cette condition, les performances étaient similaires, peu importe la taille de la cible, 

ce qui confirmait que cet effet est lié non pas à la force physique des stimuli (Wright & Richard, 

2003) mais bien aux différences relatives entre les items. A notre connaissance, celle-ci était la 

première démonstration empirique correspondant point par point aux hypothèses théoriques de 

la saillance issues du modèle de Koch et Ullman (Itti & Koch, 2000; Koch & Ullman, 1985) : 

l'existence d'un pattern hiérarchique et sa dépendance à la différence relative entre les items, et 

non pas à leur force physique (taille ou luminance). 

a) Quels décours temporels ?  

Une autre question toujours en suspens est celle du décours temporel de l'établissement 

de la hiérarchie de saillance. En effet, malgré la constatation que les effets dus à l’orientation 

de l’attention sur la base de la saillance semblent exercer une influence maximum autour de 

100 à 150 ms post-stimulus, le temps que nécessite l’attention pour se déployer est toujours mal 

compris. En effet, les quelques indices présents dans la littérature sur les effets précoces de 
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l’attention sur la base d’éléments saillants donnent des indications variables vis-à-vis des 

processus mis en place entre 0 et 100 ms (p.ex., M.-S. Kim & Cave, 1999; Remington, Johnston, 

& Yantis, 1992; Theeuwes, 1994, 1995) mais les différences méthodologiques rendent risquées 

les comparaisons directes des données rapportées. En outre, la plupart de ces recherches se sont 

focalisées sur le décours temporel des effets provoqués par un seul item saillant, laissant 

inexplorée la question du décours du déploiement progressif de l’attention sur plusieurs 

éléments hiérarchisés sur la base de la saillance. L’étude de Kean et Lambert (2003) a montré 

que cette facilitation était possible avec 67 ms de présentation de deux éléments de luminosités 

différentes. La cible était plus rapidement détectée du côté de l’élément le plus saillant. 

Egalement, les travaux de Michael et Gálvez-García (2011) ont montré que la présentation de 

trois items de tailles différentes pendant 100 ms provoque un déplacement attentionnel sur la 

base de la saillance. Il est ainsi fort probable que la hiérarchisation soit amorcée quelques 50 

ms post-stimulus et qu'elle s'établisse rapidement jusqu'à 100 ms (Müller & Findlay, 1988; 

Müller & Rabbitt, 1989; Theeuwes et al., 2001). Combien de temps en réalité est nécessaire 

pour progresser de l'item le plus saillant à l'item le moins saillant ? Et combien de temps la 

hiérarchie sur la base de la saillance a-t-elle besoin pour s'établir ? La première partie du premier 

chapitre propose d’investiguer cet aspect temporel au travers de l’adaptation du MSLVST 

(Michael & Gálvez-García, 2011). Dans cette étude, les trois éléments de tailles différentes ont 

été présentés lors d’une amorce pendant des durées variables définies sur la base de la littérature 

(33, 50 et 100 ms) avant l’apparition de la cible. Il était attendu que l’amorçage de 100 ms 

reproduise le pattern hiérarchique rapporté par Michael et Gálvez-García (2011), et que les 

étapes intermédiaires témoignent de la mise en place progressive de ce pattern, reflétant le 

déploiement progressif de l’attention sur la base de la saillance. 

b) Quelle influence des dimensions ?  

Une autre réponse à apporter concerne le poids des dimensions visuelles dans cette 

progression. En effet, le travail de Michael et Gálvez-García (2011) a porté sur les effets de la 

saillance établie sur la base de la taille et de la luminance. Or, comme mentionné plus haut, la 

littérature a montré que différentes dimensions exercent différents effets de capture 

attentionnelle (Franconeri & Simons, 2003; Theeuwes, 1992). Il nous a été impossible de 

trouver des données dans la littérature nous permettant de savoir si la progression de l'attention 

sur la base de la saillance puisse se faire sur la base d'autres dimensions que la taille et la 

luminance. Or, si nous suivons la logique que la carte de saillance contient des activités 
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indépendamment de la dimension perceptive du stimulus (Koch & Ullman, 1985), alors on 

devrait s’attendre à ce qu'une telle hiérarchie puisse être trouvée pour des dimensions dont les 

traits peuvent être hiérarchisés. Yantis et Egeth (1999) ont formulé que ces dimensions 

hiérarchisables sont plus pertinentes à l’étude de leur effet sur l’attention. On doit pouvoir 

manipuler leur valeur sur des variables d’intervalles (comme la taille en angles visuels) et non 

des variables nominales (comme les différentes couleurs), ce qui ramène à trois le nombre de 

ces dimensions : la luminance, la taille et le mouvement. Puisque les deux premières ont déjà 

été étudiées, nous allons nous centrer sur le mouvement. La seconde partie du premier chapitre 

explore cette question au travers d’une autre adaptation du MSLVST. Dans cette étude, les 

éléments du dispositif de recherche étaient animés d’un mouvement et les trois éléments 

différaient sur la base de leur fréquence. Différents mouvements ont été utilisés dans différentes 

conditions afin de tester les hypothèses de Franconeri et Simons (2003) selon lesquelles tous 

les mouvements n'ont pas la même propension à attirer l'attention.  

c) Capture et progression, une seule ou plusieurs opérations ?  

Enfin, comme évoqué plus haut, la littérature ne fournit pas d’indication quant à la 

distinction des processus de capture et de progression attentionnelle. Les modèles 

computationnels du déplacement de l’attention sur la base de la saillance ne considèrent qu’un 

processus uniforme et n’offrent pas d’indication pour supposer que la capture initiale mette en 

jeu des processus différents de la progression qui lui succède. En effet, si nous suivons les écrits 

de Theeuwes (1991 ; 1992), le déploiement de l'attention vers le stimulus le plus saillant ne 

diffère pas de son déploiement vers l'item immédiatement moins saillant et ainsi de suite, 

d'autant plus que pour lui toute cette progression se fait de manière automatique. Néanmoins, 

sans investiguer spécifiquement cette question, la seconde partie du second chapitre offre des 

éléments de distinction empirique grâce à l’adaptation du MSLVST par des techniques 

psychophysiques d’isolation des cônes de la rétine. 

3. Substrats neuraux de l'attention spatiale 

a) Les od les des réseaux de l’atte tio  spatiale 

Quels sont les réseaux neuraux qui sous-tendent les processus attentionnels ? Posner et 

Petersen (1990) proposaient une organisation en trois réseaux relativement distincts et sous-

tendant des fonctions différentes. Les auteurs isolaient un premier réseau antérieur impliqué 
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dans la détection des éléments pertinents au comportement. Ce système, principalement 

dépendant de l’activité du gyrus cingulaire antérieur, possèderait des connections avec les 

cortex postérieur pariétal et préfrontal dorsolatéral. Un second système sous-tendrait les 

processus liés à l’alerte, dépendrait des structures noradrénergiques du tronc cérébral à 

projection diffuse et serait interconnecté au réseau de l’orientation pour faciliter un déplacement 

de l’attention. Ce dernier réseau postérieur de l’orientation de l’attention impliquerait le cortex 

pariétal, principalement de l’hémisphère droit. Il possèderait des connections ventrales qui 

sous-tendraient le traitement détaillé des objets. Comme il a été décrit plus haut, Posner 

proposait une succession d’évènement dans la progression du faisceau attentionnel, le 

désengagement, le déplacement et l’engagement. Selon l’auteur, ces trois opérations 

d'orientation spatiale seraient sous-tendues par différents substrats neuronaux au sein du réseau 

de l’orientation. En plus d’investiguer les fonctions déficitaires chez les patients présentant des 

lésions du cortex pariétal et du CS, il observait que les patients atteints de lésions du PUL, ainsi 

que les singes chez qui étaient faites dans cette zone des injections de GABA (acide γ-

aminobutyrique, neurotransmetteur inhibiteur), montraient des troubles de l’orientation de 

l’attention spatiale (Petersen et al., 1987; Posner, 1988). Posner concluait que le cortex pariétal 

postérieur était impliqué dans le désengagement du faisceau et que le CS supportait le 

déplacement de l’attention d’une localisation à une autre dans le champ visuel. Enfin, le PUL 

se chargerait de l’engagement et du traitement attentionnel à la localisation d’intérêt. 

Corbetta et Shulman ont proposé une organisation du système nerveux responsable des 

processus attentionnels en deux composantes partiellement superposées (Corbetta & Shulman, 

2002). Les auteurs ont décrit deux réseaux fronto-pariétaux, l’un dorsal, responsable du contrôle 

volontaire de l’attention et de l’influence des informations endogènes, et l’autre ventral, 

impliqué dans l’orientation automatique de l’attention. Les auteurs ont fait une méta-analyse 

des résultats obtenus en imagerie, et ont isolé l’activation commune de sous régions pariétales 

(notamment le sillon ventral intrapariétal) et frontales (le champ oculogyre frontal) dans des 

tâches d’attention spatiale sélective (Corbetta, Kincade, Ollinger, McAvoy, & Shulman, 2000; 

Corbetta, Kincade, & Shulman, 2002; Hopfinger, Buonocore, & Mangun, 2000; Kastner, Pinsk, 

De Weerd, Desimone, & Ungerleider, 1999). Les auteurs remarquaient que dans les tâche 

d’orientation automatique de l’attention vers des éléments saillants, l’activité de ce réseau était 

renforcée et principalement latéralisée dans l’hémisphère droit. En outre l’activité de la jonction 

temporo-pariétale ainsi que du gyrus frontal inférieur semblait participer à ces processus car 
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ces structures s’activaient spécifiquement dans ces tâche d’orientation exogène (Arrington, 

Carr, Mayer, & Rao, 2000; Corbetta et al., 2000, 2002; Serences, Schwarzbach, Courtney, 

Golay, & Yantis, 2004). Les auteurs postulaient que ce réseau interrompe (circuit breaker) 

l’activité cognitive en cours lors de la détection de stimuli inattendus ou nouveaux pour donner 

la priorité de traitement à ces éléments. 

 Le cortex pariétal, ainsi que son aire latérale intra-pariétale (LIP pour lateral intra-

parietal area), était très tôt associé au contrôle de l’attention sélective visuelle (p.ex., Andersen, 

1987; Bushnell et al., 1981) et la question qui se posait était de savoir si l’attention sélective 

commence au LIP ou si elle est sous-tendue par des structures plus précoces dans la hiérarchie 

de traitement (Andersen, 1987). Le modèle de Corbetta et Shulman (2002) fait référence à la 

concentration plus forte de noradrénaline issue du tronc cérébral dans le thalamus droit par 

rapport au thalamus gauche (Oke, Keller, Mefford, & Adams, 1978), et ont postulé que cette 

spécificité soit la source de la latéralisation droite du réseau de l’attention automatique. Les 

auteurs ont reconnu que le réseau noradrénergique est fortement relié à la détection de stimuli 

inattendu saillants (Aston-Jones, Foote, & Bloom, 1984; Pardo, Fox, & Raichle, 1991), mais 

n’ont pas inclus dans leur modèles les structures du thalamus et connectées au thalamus qui 

semblent être également impliquées dans les processus attentionnels automatiques. La prise en 

compte de ces structures a été faite notamment grâce à des études avec la technique d’imagerie 

de topographie par émission de positrons (Corbetta et al., 1991). Ces travaux ont mis en 

évidence une modulation de l’activité extrastriée relative aux différentes conditions 

d’orientation de l’attention de la tâche. Différentes sous-structures des aires visuelles étaient 

sollicitées en fonction du nombre de localisations sur lesquelles l’attention devait se porter, et 

en fonction des dimensions visuelles des items à traiter (forme, couleur, mouvement, etc.). Au 

niveau sous-cortical, le rapport d’une étude chez le singe a montré que la capacité des primates 

à focaliser leur attention sur les items lors d’une tâche de reconnaissance d’objets était pénalisée 

lorsque le PUL latéral était inactivé (Desimone, Wessinger, Thomas, & Schneider, 1989). Cette 

observation allait bien dans le sens d’Andersen qui observait que les lésions du PUL 

entrainaient plus spécifiquement des déficits de l’attention sélective et qui postulait que le PUL 

était vraisemblablement impliqué dans l’orientation spatiale. Le chercheur proposait donc que 

la voie dorsale, impliquant les aires visuelles primaires et extrastriées et leurs connexions avec 

le cortex pariétal -lui même recevant de l’information des structures tectales et thalamiques-, 

soit impliquée dans l’attention sélective et l’intégration visuomotrice (Andersen, 1987). 
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b) Substrats neuraux du traitement de la saillance  

Quelles sont, au sein de ces réseaux de l’attention automatique, les structures isolées par 

la littérature qui sont susceptibles de sous-tendre l’élaboration de la saillance ? La littérature 

mentionne des structures sous-corticales, le PUL (Robinson & Petersen, 1992) et le CS 

(Krauzlis et al., 2013; Shen, Valero, Day, & Paré, 2011), ainsi que des aires corticales, le cortex 

pariétal (Gottlieb, Kusunoki, & Goldberg, 1998), occipital (Li, 2002) et des structure des 

réseaux occipito-temporaux (Reynolds & Desimone, 2003) comme impliquées dans la 

génération de la saillance. Certaines études ont insisté sur l’importances des connexions du CS 

avec des aires supérieures dans la hiérarchie du traitement visuel (Fecteau, Bell, & Munoz, 

2004; Keller & McPeek, 2002), alors que d’autres pointaient que seules les aires visuelles 

primaires seraient capables de supporter l’élaboration d’une carte de saillance (Li, 2002) du fait 

de la nécessité de comparer les dimensions visuelle élémentaires entre elles. En fait, les 

informations qui parviennent aux aires intrapariétales et occipito-temporales, qui sont les 

structures massivement impliquées dans le déplacement de l’attention, semblent issues de voies 

distinctes et ceci incite à penser que la saillance émergerait grâce à leur fonctionnement. D’un 

côté, l’information visuelle provenant de la rétine vers le noyau géniculé latéral est transmise 

vers les aires visuelles primaires puis les zones pariétales, représentant la voie géniculée. 

D’autre part, le CS et le PUL partagent des connexions directes depuis les cellules 

ganglionnaires de la rétine (Itaya & Van Hoesen, 1983; Mizuno, Itoh, Uchida, Uemura-Sumi, 

& Matsushima, 1982; Pollack & Hickey, 1979) et des projections avec les aires pariétales ont 

été mises en évidences (Clower, West, Lynch, & Strick, 2001; Mulckhuyse & Theeuwes, 2010; 

Tamietto et al., 2010), correspondant aux voies extragéniculées (Knudsen, 2011; Krauzlis et 

al., 2013; Lyon, Nassi, & Callaway, 2010; Robinson & McClurkin, 1989). Etant donné que les 

structures vers lesquelles ces deux voies aboutissent sont communes et ont été mentionnées 

comme substrats potentiels de la saillance, il est probable que la saillance ne dépendent pas 

d'une seule et unique structure, mais du fonctionnement conjoint et très probablement 

différentiel des deux voies (Michael & Gálvez-García, 2011). Il reste cependant à définir et à 

comprendre leurs rôles précis. 

4. Les axes empiriques 

Comment étudier la contribution de ces voies dans la capture et la progression de 

l’attention sur la base de la saillance ? Si les techniques d’imagerie qui mesurent les 
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modulations électriques en surface du scalpe (p.ex., l’électroencéphalographie) sont préférées 

pour la mesure d’effets attentionnels, elles ne sont pas capables de rendre directement compte 

du fonctionnement des structures sous corticales. D’autre part, les décours précoces des 

phénomènes étudiés rendent les techniques magnétiques (p.ex., l’imagerie par résonnance 

magnétique) inutilisables du fait de leur faible résolution temporelle. Cependant, grâce à des 

travaux neurophysiologiques qui ont mis à jour des spécificités neurophysiologiques du 

système visuel, certains indices comportementaux sont considérés comme des marqueurs de 

l’impact du traitement respectif de ces voies (Mizzi & Michael, sous presse : chap. 2, art. 1). 

Les travaux de Michael and Gálvez-García (2011) ont démontré empiriquement que l’attention 

progresse sur la base de la saillance, et ont proposé que cette progression soit majoritairement 

mais pas exclusivement sous tendue par les voies extragéniculées. Cette hypothèse a été 

formulée sur la base d’observation d’asymmetries entre les champs visuels nasal et temporal 

qui sont en effet généralement associées aux différences de traitement entre les voies géniculées 

et extragéniculées. Les connexions rétino-tectales et retino-pulviniques transmettent 

principalement l’information issue de l’hémichamp controlatéral (Goldberg & Wurtz, 1972; 

Hendrickson, Wilson, & Toyne, 1970; Hubel, LeVay, & Wiesel, 1975; Itaya & Van Hoesen, 

1983; Wilson & Toyne, 1970) qui correspond, en condition monoculaire, à l’hémichamp 

temporal. Cette approche a été largement utilisée dans la littérature pour investiguer le substrat 

neural de l'attention (Ansorge, 2003; Berger & Henik, 2000; Michael & Buron, 2005; Rafal, 

Henik, & Smith, 1991; Sapir, Rafal, & Henik, 2002; Zackon, Casson, Stelmach, Faubert, & 

Racette, 1997). D’autres techniques ont été recensées comme des marqueurs de cette activité 

extragéniculée, comme par exemple les réactions à des stimuli perceptivement supprimés dans 

les paradigmes de masquage (Palmer & Mattler, 2013a, 2013b; Reuss, Kiesel, Kunde, & Wühr, 

2012), de rivalité binoculaire (Blake, 2001; Wunderlich, Schneider, & Kastner, 2005) ou encore 

dans les présentations en dessous du seuil de perception (Bauer, Cheadle, Parton, Müller, & 

Usher, 2009). Puisqu’il s’agit de réponses comportementales en présence de stimuli 

« invisibles », ces réactions ont parfois été comparées à celles obtenues dans le blindsight, 

condition dans laquelle le patient perçoit certains stimuli visuels alors qu'il est atteint de cécité 

corticale, (p.ex., Blake, 2001; C.-Y. Kim & Blake, 2005; Roseboom & Arnold, 2011). Ces 

phénomènes ont été attribués à l’attention (Watanabe et al., 2011) et, en effet, des recherches 

ont rapporté des effets de capture attentionnelle (Lin & He, 2009; Xu, Zhang, & Geng, 2011) 

et oculomotrices (Spering & Carrasco, 2015) par ce types de stimuli. En revanche, la littérature 
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est à la fois rare et peu homogène quand il s’agit d’attribuer un substrat neuronal aux effets 

attentionnels provoqués par les stimuli masqués (Sterzer, Stein, Ludwig, Rothkirch, & 

Hesselmann, 2014) puisque certains ont pointé l’implication de la voie géniculée (Bauer et al., 

2009; Haynes, Tregellas, & Rees, 2005; Macknik & Livingstone, 1998; Schiller, 1968; Wilke, 

Mueller, & Leopold, 2009) alors que d’autres rapportent l’implication de structures des voies 

extragéniculées (Liddell et al., 2005; Mulckhuyse & Theeuwes, 2010; Rothkirch, Stein, 

Sekutowicz, & Sterzer, 2012; Vuilleumier & Schwartz, 2001; Wilke et al., 2009). Enfin, une 

troisième technique comportementale est rapportée comme un indicateur de l’activité 

extragéniculée dans les traitements attentionnels. Des études neurophysiologiques et IRMf ont 

démontré l’absence de transfert d’information provenant des cônes S de la rétine au CS 

(Marrocco & Li, 1977; Monasterio, 1978; Schiller & Malpeli, 1977; Tamietto et al., 2010). Les 

réactions à des stimuli de cette couleur spécifique (du rose au bleu lilas) sont considérées 

comme ne relevant pas de l’activité rétino-tectale. Par comparaison avec une condition contrôle 

qui sollicite l’ensemble des voies visuelles, il a été possible pour un ensemble restreint d’études 

d’en inférer le rôle du CS dans les processus impliqués (Calkins, 2001; Smithson, 2014; 

Sumner, Adamjee, & Mollon, 2002; Tamietto et al., 2010). Les effet de l’indiçage attentionnel 

provoqué par des stimuli de contraste s’est révélé disparaître dans une condition de stimulation 

cônes-S (Tamietto et al., 2010), tout comme l’effet de distraction saccadique par des stimuli 

apparaissant dans une tâche d’orientation visuelle (Sumner et al., 2002a). En revanche, les 

travaux de Sumner et collègues (Sumner et al., 2002a; Sumner, Nachev, Castor-Perry, Isenman, 

& Kennard, 2006; Sumner, Nachev, Vora, Husain, & Kennard, 2004) ont rapporté une 

distinction entre l’abolition de la capture oculomotrice et la capture attentionnelle toujours 

possible en condition de stimulation cônes-S. Ces résultats laissent penser que la voie rétino-

tectale ne serait pas impliquée dans l’ensemble des fonctions attentionnelles qui sous-tendent 

le déplacement de l’attention.  

La première partie du second chapitre propose de faire le point sur ces techniques 

comportementales qui sont évoquées par la littérature comme reflétant l’activité des voies 

extragéniculées. Cette partie décrit avec détail les voies extragéniculées, recense les principaux 

travaux et les principales limites et controverses liés aux trois techniques mentionnées plus haut, 

et détermine celles qui semblent être les plus plausibles et celles dont la littérature est encore 

trop hétérogène et qui nécessitent de plus amples investigations. 
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a) Le rôle respectif des voies 

Comment alors investiguer la part des voies extragéniculées dans la capture et la 

progression de l’attention sur la base de la saillance ? Les asymétries naso-temporales ont déjà 

été utilisées par le travail de Michael and Gálvez-García (2011) qui a relevé de fortes indications 

de l’implication de ces voies à la fois dans la capture et dans le déplacement subséquent de 

l’attention sur la base de la saillance. En revanche, les travaux de Sumner et collègues qui 

utilisaient des stimuli cônes-S (Bompas, Sterling, Rafal, & Sumner, 2008; Bompas & Sumner, 

2009; Sumner et al., 2002a, 2006, 2004) ont rapporté des arguments contradictoires en décrivant 

un effet de capture attentionnelle pour ces stimuli qui n’activent pas le CS. Selon ces études, la 

voie rétino-tectale ne serait pas nécessaire à l’orientation automatique de l’attention vers le 

stimulus le plus saillant. Ceci constitue une immense rupture par rapport aux fonctions 

extragéniculées supposées (p.ex., Goldberg & Wurtz, 1972). Ces observations d'apparence 

contradictoire témoignent probablement de l'implication simultanée mais différentielle des 

deux voies dans la capture attentionnelle initiale par un stimulus et sa progression subséquente 

sur la base de la saillance. La capture initiale de l'attention, puis sa progression sur la base de la 

saillance sont alors deux phénomènes distincts comme le suggèrent ces études ? Ou s'agit-il 

d'un seul processus itératif comme le prédisent les modèles du déplacement attentionnel (Koch 

& Ullman, 1985; Posner, 1980; Theeuwes & Godijn, 2002; Theeuwes et al., 2001) ? S’il s’agit 

de deux phénomènes séparés, sont-ils imputables aux traitements respectifs des voies 

visuelles ? La seconde partie du deuxième chapitre propose d’investiguer ces aspects grâce à 

une adaptation du MSLVST avec la technique psychophysique d’isolation des cônes S de la 

rétine. 

b) Décours temporel  

Une dernière question qui reste en suspens concerne le décours temporel du transfert de 

l’information des voies extragéniculée. Comme expliqué plus haut, la progression de l'attention 

sur la base de la saillance se baserait sur des étapes préattentives nécessaires à l’élaboration de 

la saillance (Koch & Ullman, 1985; Theeuwes, 1991, 1992; Treisman & Gelade, 1980). Ceci 

semble indiquer que la génération et la hiérarchisation de la saillance auraient lieu très 

précocement après réception d'un stimulus. Les effets comportementaux de capture et de 

progression sur la base de la saillance ont été établis comme nécessitant entre 100 et 150 ms 

(Couffe, Mizzi, & Michael, 2016; Michael & Gálvez-García, 2011; Müller & Findlay, 1988; 

Müller & Rabbitt, 1989; Posner, 1980; Posner & Cohen, 1984), ce qui implique que les stage 
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préattentifs nécessiteraient approximativement ce temps pour s’établir, et que les stages 

attentifs se mettent en place autour de cette période (Theeuwes, 1995). Cependant, aucune étude 

n’a investigué le décours temporel de la progression de l’attention sur la base de la saillance. 

Du fait de sa haute résolution temporelle, l’électroencéphalographie (EEG) est une technique 

privilégiée dans l’investigation de l’activité cérébrale dans des tâches attentionnelles (Luck, 

Woodman, & Vogel, 2000; Van der Lubbe & Utzerath, 2013) et peut permettre de répondre à 

cette question. Le phénomène de facilitation liée au déplacement de l’attention a été lié à une 

augmentation de l’activité pariétale et extrastriée (Bushnell et al., 1981; Colby et al., 1996; 

Hopfinger & Mangun, 1998). Lorsque l’on mesure l’activité de ces aires dans des tâches 

d’orientation de l’attention, la manipulation d’un évènement, comme la présentation d’un 

stimulus saillant, crée un ensemble de modulations du signal (ERP pour event-related potential) 

autour de 50 à 120 ms (N1 et P1), et ces composantes du signal sont fortement attribuées à des 

processus sensoriels précoces et à la capture attentionnelle (Hillyard & Anllo-Vento, 1998; 

Hillyard, Hink, Schwent, & Picton, 1973; Luck, Heinze, Mangun, & Hillyard, 1990). Il semble 

donc possible de faire l’hypothèse que les effets de la saillance sur le déplacement de l’attention 

se mesurent de façon précoce grâce aux indices électrophysiologiques. De plus, des 

computations spécifiques des signaux ERP, les latéralisations liées à l’évènement (ERL pour 

event related lateralizations), ont été pointés par la littérature comme plus spécifiques aux 

déplacements de l’attention spatiale et reflètent les processus de sélection (Harter, Miller, Price, 

LaLonde, & Keyes, 1989; Van der Lubbe, Neggers, Verleger, & Kenemans, 2006; Van der 

Lubbe & Utzerath, 2013). Mais à quelles localisations prédire l’apparition de ces indices ? 

Comme évoqué plus tôt, les techniques EEG mesurent l’activité électrique du scalpe et ne 

permettent pas la mesure directe de la modulation des structures visuelles sous-corticales. En 

revanche il est possible de faire des prédictions sur l’activation des structures corticales recevant 

l’information de ces voies. Les modèles neuraux proposent une implication massive des 

structures pariétales postérieures dans les processus de déplacement de l’attention. Le modèle 

de Posner et Petersen (1990) prévoit que le cortex pariétal et ses connexions avec les structures 

des voies extragéniculées soit responsable de l’orientation de l’attention, et le modèle de 

Corbetta et Shulman (2002) prévoit une implication majoritaire d’un réseau fronto-pariétal 

postérieur dans le déplacement automatique de l’attention. En revanche, le modèle de Li (2002) 

postule que les structures responsables de l’élaboration de la saillance soient contenues dans les 

aires occipitales. Le troisième chapitre se propose d'étudier et de mettre en évidence des indices 
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électrophysiologique de la hiérarchisation de la saillance et tente d’apporter des éléments de 

réponse vis-à-vis de la localisation corticale de ces effets. 

IV. Objectifs de la thèse  

L’objectif principal de ce travail de thèse est l’investigation des processus qui sous-

tendent les déplacements de l’attention dans l’espace sur la base de la saillance visuelle. Pour 

ce faire, différentes variantes du paradigme MSLVST sont employées et la nature des processus 

d'intérêt, leur décours temporel et leur substrat neural sont investigués à l'aide de la psychologie 

expérimentale, de la psychophysique et de l’électroencéphalographie.  

1. Décours temporel et dimensions visuelles 

La question du décours temporel de la progression de l’attention sur la base de la saillance 

n’a jamais été investiguée par la littérature. En effet, si de nombreuses études ont exploré le 

décours des effets précoces de la capture par un élément saillant (p.ex., Kean & Lambert, 2003; 

Posner & Cohen, 1984), la facilitation hiérarchique progressive des éléments du champ visuel 

du fait du déploiement de l’attention n’a jamais été mis en évidence. En outre, si l’on sait que 

ce déplacement peut se faire lorsque les stimuli sont hiérarchisés sur la base de la taille et de la 

luminance (Michael & Gálvez-García, 2011), plusieurs études ont révélé que les dimensions 

visuelles n’ont pas toutes le même poids sur les effets attentionnels (Franconeri & Simons, 

2003; Theeuwes, 1992). La question de la généralisation de cet effet à d’autres dimensions reste 

donc en suspens. Le premier chapitre est constitué d’expérimentations qui ont pour objectif de 

répondre à ces questions. Dans une première expérience qui a fait l’objet d’une publication dans 

Psychologie Française (Couffe et al., 2016 : chap. 1, art. 1), le paradigme MSLVST a été adapté 

en paradigme d’amorçage afin de présenter les stimuli hiérarchisés en amont de la tâche de 

recherche visuelle. Le temps de présentation de cet amorçage a été manipulé avec des durées 

courtes variables en fonction de la littérature, de façon à observer la facilitation progressive du 

déploiement de l’attention visuelle sur la base de la saillance visuelle. Dans une seconde 

expérience qui fait l’objet d’une soumission dans une revue internationale à comité de lecture, 

le paradigme MSLVST a été adapté de manière à manipuler la saillance des éléments sur la 

base de leur mouvement. Plusieurs types de mouvements ont été utilisés et les items étaient 

animés de différentes fréquences hiérarchisées afin que l’attention se déplace du plus au moins 
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saillant et permette de mettre en évidence un pattern de performance hiérarchique, témoin de la 

progression de l’attention sur la base de la saillance. 

2. Le rôle des voies extragéniculées 

La question du substrat neuronal de la progression de l’attention sur la base de la saillance 

reste également ouverte. Certains indices comportementaux ont été relevés par la littérature 

comme des indicateurs de l’implication des voies extragéniculées dans des tâches 

attentionnelles. Des arguments ont été apportés dans le sens de l’implication de ces voies dans 

la progression de l’attention sur la base de la saillance grâce à l’une de ces techniques, 

l’asymétrie naso-temporale (Michael & Gálvez-García, 2011), mais ces résultats nécessitent 

réplication et chaque technique présente des limites à prendre en compte. Quelles sont ces 

techniques comportementales qui mettent en évidence le fonctionnement des voies 

extragéniculées ? Comment peut-on les utiliser pour confirmer l’implication de ces voies dans 

la progression de l’attention sur la base de la saillance ? Afin de répondre à ces questions, la 

première partie du deuxième chapitre constitue une revue des techniques publiée dans 

Psychological Review (Mizzi & Michael, in press: chap. 2, art. 1) qui propose d'étudier de 

manière approfondie et critique les indices comportementaux associés par la littérature au 

fonctionnement des voies extragéniculées. Les arguments neurophysiologiques, les principales 

études et les limites de chaque indice sont répertoriés, et la validité théorique de ces techniques 

est évaluée. Dans la seconde partie de ce chapitre, l’impact des voies extragéniculées sur la 

progression de l’attention sur la base de la saillance est évalué grâce à une technique 

psychophysique d’isolation des cônes S de la rétine. Une adaptation du MSLVST a l’aide de 

stimuli hiérarchisés sur la base de leur taille, soit noirs, soit d’une couleur qui n’active pas les 

cônes S de la rétine, est utilisée de façon à évaluer le pattern hiérarchique des performances en 

l’absence du traitement normal du CS qui est aveugle à ces stimuli (Tamietto et al., 2010). 

Enfin, la troisième étude de ce chapitre porte sur l’impact de la voie extragéniculée dans la 

progression de l’attention sur la base de la saillance établie sur la base du mouvement. Une 

nouvelle adaptation du MSLVST est faite de manière à tester plusieurs types de mouvement en 

condition noir ou Cône S. 
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3. Electrophysiologie de la saillance 

Une dernière question abordée par ce travail de thèse se porte sur les indices 

électrophysiologiques de l’orientation de l’attention sur la base de la saillance. Les techniques 

EEG sont particulièrement appropriés pour l’investigation des processus attentionnels précoces 

puisqu’elles permettent d’établir avec précision à la fois le décours temporel et la localisation 

corticale des effets attentionnels (Luck et al., 1990; Van der Lubbe & Utzerath, 2013). 

Cependant aucune étude EEG n’a encore été réalisée dans le but de mettre en évidence des 

indices physiologiques de la hiérarchisation de la saillance et de la progression de l'attention 

sur la base de celle-ci. En outre, cette technique peut apporter des indices précieux vis-à-vis de 

la temporalité de ces indices à différentes localisations corticales, ce qui peut être utile pour 

comprendre comment le signal parvient à ces aires. Le troisième chapitre propose de combler 

cet espace laissé vide en recherchant les indices électrophysiologiques de la hiérarchie de la 

saillance. Dans cette étude soumise à l’expertise, une adaptation du MSLVST a été utilisée 

conjointement à l’utilisation de mesures EEG. Les signaux ont été analysés selon une technique 

qui permet de rendre compte du décours temporel de la sélection par l’attention des éléments 

visuels en fonction de leur saillance. 
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RÉSUMÉ 

 
Mots clés : 

Attention visuelle 
Saillance 
Décours temporel 
Focus attentionnel 
Modèle Zoom lens 

Lors d’une recherche visuelle, le focus attentionnel progresse de l’item le plus 
saillant vers le moins saillant jusqu’à ce que la cible soit trouvée. Cette étude a 
investigué la dimension temporelle du déploiement attentionnel. Dans un 
paradigme d’amorçage visuel, trois éléments de saillances différentes étaient 
présentés pendant 33, 50 ou 100 ms avant apparition de la cible. Il était attendu 
qu’un pattern de performance hiérarchique relatif à la saillance des éléments (plus 
l’élément sera saillant, meilleures seront les performances) se mette en place 
progressivement, en fonction du temps imparti. Les résultats suggèrent une 
capture attentionnelle précoce par l’élément le plus saillant, suivie par une 
expansion progressive du focus vers l’élément directement moins saillant et 
l’inhibition de l’élément le moins saillant. La hiérarchisation des performances en 
fonction de la saillance des éléments visuels semble s’installer progressivement. 
Des analyses complémentaires ont également révélé un effet de proximité 
interagissant avec l’effet de la saillance. 

© 2015 Société Française de Psychologie. Publié par Elsevier     
Masson SAS. Tous droits réservés. 

 

1. Introduction 

Visual salience is the result of a comparison between an item and its immediate 

surroundings (Duncan & Humphreys, 1989; Yantis & Hillstrom, 1994; Theeuwes, 1991). It can 

trigger a transient exogenous capture powerful enough to interrupt endogenous processes 

(Müller & Rabbitt, 1989; Michael et al., 2001; Donk & Leroy, 2010). Computational models of visual 

salience (Koch and Ullman, 1985; Judd et al., 2012; Borji & Itti, 2013) are based on the preattentive 

stages of the feature integration theory (Treisman & Gelade, 1980). In this model, the visual field 

is first segmented into several perceptual dimensions (e.g., size, color, etc.), each dimension being 

processed by specific maps in order to compute perceptual differences between the items. Then 

all the resulting differences are combined into one global topographical representation of 

conspicuity, or salience map. This map gives a particular view of the visual environment, 

emphasizing salient locations in the visual field and it has been suggested that locations of other 

items are inhibited (e.g., Posner et al., 1987; Mounts, 2000). The fact that salience influences 

orienting of exogenous attention was demonstrated several times (e.g., Yantis and Jonides, 1984; 

Theeuwes, 1991, 1992). Once the processing of the most salient item is completed, the 

immediately less salient location is visited, and so forth (Kean & Lambert, 2003; Michael & Gálvez-

García, 2011). The established salience-based hierarchical order of the locations can therefore 

guide the progression of visual search from the most to the least salient location (Koch & Ullman, 

1985). Proximity and similarity criteria seem to influence the progression of visual attention. The 

proximity criterion implies that distance from the focus of attention matters during the selection 

of the next location to visit, favoring nearby items over more distant ones. Thus, locations that are 

spatially near the most salient one could gain priority over more distant locations (Koch & Ullman, 

1985; Engel, 1974). Time-based variations have already been observed with this proximity 

criterion (Eriksen & St James, 1986). The similarity criterion implies that items sharing similar 

features are favored over more different ones. Attentional progression, as described by Koch and 

Ullman (1985), primarily relies on this criterion. For instance, in paradigms presenting several 

stimuli differing only in size, exogenous attention would progress from the largest to the smallest 

item. 
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Despite what is known about the time course of exogenous attention, especially that its 

maximum influence on visual processing occurs between 50 and 100 ms post-stimulus, and seems 

to decrease afterwards (Posner & Cohen, 1984; Müller & Findlay, 1988; Müller & Rabbitt, 1989), 

little is known about the time course of its salience-based progression. The purpose of this 

experiment was to learn more about the temporal deployment of spatial attention based on 

salience. How much time does it take to progress from the most to the least salient item of the 

visual field? And how much time is needed for a hierarchical pattern to be established? 

A few studies about time course of deployment of attention in visual search pinpoint what 

might happen before and after 100 ms. Regarding the temporal window before 100 ms, a study 

from Kean and Lambert (2003) suggests that two items of unequal salience are visited within 67 

ms, starting from the most salient. Michael and Gálvez-García (2011) showed that three items of 

unequal salience are visited from the most to the least salient item within 100 ms. Also, a 

transcranial magnetic stimulation study (Chambers et al., 2004) strongly correlated the 90–120 

ms temporal post-stimulus window with salience processing. All in all, salience-based effects seem 

to appear earlier than 100 ms and achieve a maximum efficiency around that time. 

Beyond 100 ms post-stimulus, such effects are assumed to disappear. In his experiment, 

Theeuwes (1995) asked participants to ignore a salient distractor that could appear at varying 

temporal intervals following the appearance of a target. The distractor strongly captured attention 

when presented at the same time as the target, or within 100 ms following the target. However, 

the effect was no more reliable for intervals longer than 100 ms. These results were replicated 

several times (Kim & Cave, 1999; Michael et al., 2005; Theeuwes et al., 2000, 2001; Wright & 

Richard, 2003), suggesting that salience-based effects progressively weaken and disappear after 

100 ms post-stimulus. 

Even though the time course of salience-based orienting of attention seems well-established 

around and after 100 ms, there are inconsistencies about its progress from 0 to 100 ms (Kim & 

Cave, 1999; Theeuwes, 1995; Remington et al., 1992). Moreover, most data about time course 

concerns a deployment of attention towards one single item. Even less is known about early 

deployment of attention with different levels of salience (Kean & Lambert, 2003; Kim & Cave, 

1999). The onset probably takes place at 50 ms post-stimulus, and the effect progresses quickly 

up to 100 ms (e.g., Theeuwes et al., 2001; see Müller & Findlay, 1988 for a model). Overall, whilst 

all these studies allow defining coarse temporal boundaries, methodological differences prevent 

us from understanding the way attention deploys through the hierarchy of salience. The aim of 

this study was to address this issue by introducing a temporal dimension in the Multiple Salience 

Levels Visual Search Task (MSLVST; Michael & Gálvez-García, 2011), in which participants are 

required to make a judgment about a target presented between two distractors, all of unequal 

salience. This temporal dimension would be manipulated by varying presentation time of a 

premask while maintaining constant the presentation time of the search display, which includes 

the target. The main idea was that attention would progress toward elements of the premask 

during a controlled amount of time. This initial progression would then influence target search 

and processing. 

2. Materials and methods 

2.1. Participants 

Forty healthy volunteers, 20 males and 20 females, took part in the experiment. Their 

mean age was 19.65 ± 1.4 years. They were all right-handed according to the Edinburgh 

laterality inventory (mean laterality: .82 ± .14; Oldfield, 1971), had normal or corrected-

to-normal vision, and did not take any psychotropic drugs at the time of testing. All gave 

written consent for their participation. The study was conducted in accordance with the 

Helsinki declaration. 
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Fig. 1. A saliency map constructed with the standard algorithm Itti & Koch (2001). Here we used the “jet standard color map” 
of the Saliency Toolbox (Harel, Koch, & Perona, 2006) with Matlab. The index plots the color data (from 0 to 1) which 
corresponds to the saliency level. 

2.2. Stimuli and apparatus 

The stimuli of the premask were three white outlined (1 pixel: approximately .05° of visual 

angle) squares of different sizes. From a viewing distance of 41 cm, the big, medium, and small 

squares subtended an angular space of .73° × .73°, .57°× .57°, and .49°× .49°, respectively. The 

luminance of each was respectively of 1.99, 1.11, and .99cd/m2. In order to quantify the relative 

saliency of the squares, we used the z-score from Li, (2002), Zi = (Si -S) / s (whereS and s are 

respectively the mean and standard deviation of the angular sizes of the stimuli, and Si the angular 

size of each stimulus). With the use of angular size, z-scores for the big, medium and small squares 

were respectively 1.09, −.22 and −.87. With the use of luminance, z-scores for the big, medium and 

small squares were respectively 1.15, −.46 and −.68. The higher the z-score, the more salient the 

item is considered. These data clearly show the hierarchy between the items. In order to develop 

this point, we submitted an example of a search display to the standard computational model of 

Itti and Koch (2001). We used the Saliency Toolbox module (Harel, Koch, & Perona, 2006) in 

Matlab. This program allows for construction of saliency map that illustrates the probability of 

each location to be visited by gaze depending on their salience. The Fig. 1 shows the hierarchy 

between the stimuli. 

The three squares were presented at 30°, 90° and 150° clockwise in relation to the vertical 

(i.e., to the right of fixation spot) or 30°, 90° and 150° anticlockwise in relation to the vertical (i.e., 

to the left of the fixation spot), at a distance of 3.8. The distance between two neighboring squares 

was 3.8, and the distance between the two most distant squares was 6.6°. The stimuli of the search 

display were the same with the exception of one small .16° gap on one side of each square, located 

either at 0°, 90°, 180° or 270° clockwise. The target orientation was 0° (up) or 180° (down), with 

one distractor oriented 90° (right) and the other 270° (left). The fixation spot was a small white 

dot (1.98cd/m2) presented in the middle of the screen. All stimuli were presented on a black 

background (.53cd/m2) of a 15inches LCD screen (frame rate: 60 Hz) of a Dell Latitude computer 

with an Intel Core 2 Duo 2.26 GHz processor (XP-SP3) using Superlab. The experiment took place 

in a dimly lit room (mean luminance .02 cd/m2). Participants had to keep their head on a chin-rest 

during the experiment. 
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2.3. Procedure 

The procedure is depicted in Fig. 2. Each trial started with the presentation of a central 
white fixation spot for 500 ms. Then the premask display was added for 33, 50 or 100 ms (Cue 
to Target Onset Asynchrony, CTOA) either to the right or left of fixation and consisted of three 
squares of unequal sizes. 

 

Fig. 2. A trial sequence. Stimuli are not shown in real size. A central fixation spot was followed by the appearance of the premask 
display, consisting of three squares differing in size presented for 33, 50 or 100 ms, either on the right or the left of fixation. The 
premask display was followed by a search display in which a gap appeared on one side of each square during 50 ms. Participants were 

asked to remain focused on the fixation spot and to indicate as fast and accurately as possible whether the unique vertically opened 

square (i.e., the target) had its gap on its top or at its bottom. 

After that, a gap appeared on each square for 50 ms, resulting in the search display. One of 

the three squares was the target, and the other two were distractors. The CTOA (33, 50, and 100 
ms), the location of the target (30◦, 90◦ or 150◦ in relation to the vertical), its size (big, medium or 

small) and orientation (up or down) and the location of the display (to left or right of fixation) 

occurred with equal probability and were randomly chosen by the computer in each new trial. 

Then, for a fixed period of 1800 ms the fixation spot remained on the screen before being 

extinguished for 500 ms, which signaled the end of one trial and that the next was about to start. 

Participants were encouraged to gaze at the fixation spot throughout the experiment and, without 

trying to look at the display, to indicate the target orientation (up or down) as quickly and 

accurately as possible by pressing two pre-defined vertically-arranged response buttons with the 

major (up-button) and index (down-button) fingers of their right hand. They were also 

encouraged to give an answer for each trial. Participants knew that the target was the only square 

with a gap either on its top or at its bottom. The idea of the design was that visual selective 

attention would automatically progress within the premask based on salience. Therefore, the 

performance at different CTOA would attest of the stages of attention deployment occurring 

before the expected three-item hierarchy. Participants completed a 15-trial training session, 

followed by an experimental 432-trial session (48 trials per CTOA and Target size), with one 2-
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for the small target, no difference was found between a 33 ms and a 50 ms CTOA (671 ms and 656 

ms, respectively; P > .76), nor between 33 and 100 ms CTOA (673 ms; P > .261). However, a 

significant increment in RT between 50 and 100 ms CTOA was found using a one-tailed t test 

(t(39) = 1.83; P < .05). Indeed, 68% of participants exhibited such an increment in RT (P < .001 

binomial). 

3.2. Accuracy 

The proportion of correct responses ranged from .54 to .92 (mean .72 ± .1). An analysis of 

variance (ANOVA) was performed on proportions of correct responses with CTOA (33, 50, and 

100 ms CTOA) and Target size (small, medium, and big) as within-participants factors. The main 

effect of CTOA was significant (F(2,78) = 7.63, P < .001, 2 = .16). Tuckey post hoc comparisons 

revealed no increment of accuracy between a 33 ms and a 50 ms CTOA (.72 and .73, respectively; 

P > .16), neither between 50 and 100 ms CTOA (.73 and .70, respectively; P > .10). However, 

accuracy was higher at 33 ms than at 100 ms CTOA (P < .001). The main effect of Target size was 

also significant (F(2,78) = 46.55, P < .001, 2 = .54), Tuckey post hoc comparisons showing a lower 

accuracy for the small target (.66) compared to the medium (.72; P < .001) and the big target (.77; 

P < .001), and lower accuracy for the medium target compared to the big one (P < .001). The CTOA 

Target size interaction was also significant (F(4,156) = 3.12, P <.002, 2 = .07; Fig. 3, right). Tuckey 

post hoc comparisons revealed that, at 33 ms CTOA, accuracy for the big target and the medium 

target were not different (.76, .73, respectively, P > .20) but were significantly higher than that for 

the small target (.66; all Ps < .001). At 50 ms CTOA, accuracy for the big target (.78) was better 

from both the medium (.72; P < .001) and the small targets (.69; P < .001), and there was no 

difference between the medium and the small targets (P > .15). At 100 ms CTOA, the hierarchical 

pattern appeared, accuracy being higher for the big (.77), intermediate for the medium (.71) and 

the lowest for the small target (.63; all Ps < .001). With regards to the time course of performance 

for each target size, different patterns were found. For the big target, no difference was found 

between a 33 ms and a 50 ms CTOA (.76 and .78, respectively; P > .78) nor between 50 and 100 

ms CTOA (.77; P > .99). For the medium target, no difference was found between a 33 ms and a 50 

ms CTOA (.73 and .72 respectively; P > .99), nor between 50 and 100 ms CTOA (.71; P > .99). 

Finally, for the small target, no difference was found between a 33 ms and a 50 ms CTOA (.67, .69, 

respectively; P > .78), but a significant decrease of accuracy was found between 50 and 100 ms 

CTOA (.63; P < .001). 

3.3. Complementary analyses 

In the MSLVST, attention is expected to progress from the most salient item toward the most 

salient item (i.e., immediately less similar item) since they differ as a function of their size. In this 

paradigm, the hierarchy of salience that determines progression of visual attention is thus 

manipulated by varying the similarity criterion described by Koch and Ullman (1985). 

Complementary analyses were conducted in order to unravel the effects of the proximity criterion. 

The main goal was to investigate the presence of an interaction between the similarity criterion 

and the proximity criterion. In this paradigm, when the most salient item (i.e., the big square) 

would elicit an attentional capture without being the target, attention would either disengage 

from its location and progress (Posner & Petersen, 1990) or enlarge (Eriksen & St James, 1986) to 

encompass the immediately less salient location. But what are the respective contributions of 

similarity and proximity criteria in the selection of the next location to visit? 

We extracted trials where the big square was not the target and was located at 30° or 150° 

clockwise in relation to the vertical (upper or lower position) since in these conditions only could 

we analyze the desired distance variable. In that case, the location of the target could be either 

close (3.8°) or distant (6.6°) to the presumed focus of attention. The data obtained consisted of 16 

trials per Distance, CTOA and Target size. 
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3.4. Response Time 

An analysis of variance (ANOVA) was performed on the mean correct RT with the Distance 

(3.8 and 6.6), CTOA (33, 50, and 100 ms CTOA) and Target size (small and medium) as within-

participants factors. Here are reported only the results concerning the new independent variable. 

The main effect of Distance was significant (F(1,39) = 6.038, P < .05, 2 = .134). RT were slower 

when the target was close to the most salient item (640 ms) than at greater distance (664 ms). 

The CTOA x Distance interaction was also significant (F(2,78) = 5.587, P < .01, 2 = .125, see Fig. 

4). Tuckey post hoc comparisons revealed that with a 33 ms CTOA, the target was processed faster 

when presented closely to the most salient item (645 ms) than at greater distance (684 ms, P < 

.01). With a 50 ms CTOA, no difference was observed between those conditions (3.8 = 653 ms, 6.6 

= 649 ms; P > .99). With a 100 ms CTOA, the target was processed faster when presented closely 

to the most salient item (623 ms) than at greater distance (650 ms; P < .01). With regards to the 

time course of performance for each distance, at 3.8 no difference was found between 33 and 50 

ms CTOA (645 ms and 653 ms, respectively; P > .74) but a marginal difference was found between 

50 and 100 ms CTOA (623 ms; P < .07). At 6.6°, a difference was found between 33 and 50 ms 

CTOA (684 ms and 649 ms respectively; P < .02), but none between 50 and 100 ms CTOA (650 ms; 

P > .80). 

 

 

The Target size × Distance interaction was only marginally significant (F(1,39) = 5.192, P = 

.06; see Fig. 5, left). Tuckey post hoc comparisons revealed that at 3.8 RT were marginally faster 

for the medium target compared to the small one (626 ms and 655 ms, respectively; P < .06). At 

6.6°, performance was still better for the medium target compared to the small (634 ms and 693 

ms, respectively; P < .01). With regards to the effect of distance for each target size, performance 

for the medium square remained stable regardless of the distance (3.8 = 626 ms, 6.6 = 634 ms; P 

> .88). Performance for the small target seemed to interact with the distance, with better 

performance when presented closely to the big square than at greater distance (655 ms and 693 

ms, respectively; P < .01). 

Fig. 4. Mean (± 1 SEM) Response Times in milliseconds plotted as a function of Distance from the big square and 

CTOA. 
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3.5. Accuracy 

An analysis of variance (ANOVA) was performed on correct answer proportion with the 

Distance (3.8 and 6.6), CTOA (33, 50, and 100 ms CTOA) and Target size (small and medium) as 

within-participants factors. The main effect of Distance was significant (F(1,39) = 27.366, P < .001, 2 = .412). Performance was better for targets presented closely to the most salient item (.72) than 

at greater distance (.66). The Target size Distance interaction was also significant (F(1,39) = 5.192, 

P < .05, 2 = .117; see Fig. 5, right). Tuckey post hoc comparisons revealed that at 3.8°, performance 

was better for the medium target compared to the small one (.75 and .69, respectively; P < .05). 

At 6.6°, performance was still better for the medium target compared to the small (.72 and .60, 

respectively; P < .01). With regards to the effect of distance for each target size, performance for 

the medium square remained stable regardless of the distance (3.8° = .75, 6.6° = .72; P > .58). 

Performance for the small target seemed to interact with the distance, with better performance 

when presented closely to the big square than at greater distance (.69 and .60, respectively; P < 

.001). 

4. Discussion 

The aim of the present experiment was to explore the time course of salience-based 
progression of attention. We modified the MSLVST paradigm (Michael & Gálvez-García, 2011) by 
adding a premask composed of three squares of unequal sizes for 33, 50 or 100 ms. Then a gap 
appeared on one side of each square, the target being the only one with a gap on its top or bottom. 
Participants had to make a quick and accurate judgment about the orientation of the target. The 
overall idea was that, on the one hand, attention would progress based on the different levels of 
salience of the premask. This could be achieved through exogenous attention that would be 
directed involuntarily to the location having the highest salience, then the next highest and so 
forth (Koch & Ullman, 1985; Theeuwes, 1992). On the other hand, the use of different intervals 
would allow gathering data about the time course of this salience-based progression of visual 
attention. Our results could not be attributed to neither the physical strength of the stimuli (i.e., 
size and luminance, Wright & Richard, 2003) nor differential perceptual judgment since it was 
showed that RT and accuracy were not different for the big and the small targets when presented 
alone (Michael & Gálvez-García, 2011). 

Fig. 5. (Left) Mean (± 1 SEM) Response Times in milliseconds plotted as a function of Distance from the big square and 

Target size. (Right) Mean (± 1 SEM) proportion of correct plotted as a function of Distance from the big square and 

Target size. 
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4.1. Similarity effect 

This paradigm allowed an observation of the progression of attention based on similarity 
according to three different stages: an early stage apparent after a 33-ms premask presentation, 
an intermediate stage after a 50-ms premask presentation, and a final stage after a 100 ms 
premask presentation. The effects of attentional capture were already present at the earliest 
stage for the most salient item, confirming that attention was oriented first to its location (Müller 
& Findlay, 1988; Koch & Ullman, 1985; Theeuwes, 1995). As expected, at the final stage, a 
hierarchical pattern was in place, with the big target being processed better than the medium, 
itself being processed better than the small one (Michael & Gálvez-García, 2011). A crucial point 
about this study regards the data obtained for the medium target between the intermediate and 
the final stage. At the intermediate stage, the most salient item was better processed than in the 
earlier stage while the two other items remained undifferentiated. Overall, the most salient item 
gained priority quite early, and its processing was enhanced and maintained afterwards (Posner, 
1980; Müller & Findlay, 1988; Kean & Lambert, 2003). At the final stage, while still maintaining 
processing efficiency for that item, the next salient item (the medium target) started gaining 
priority, just as if the spotlight of attention was enlarged to encompass both the most salient item 
and the immediate less salient one. This is a reminiscent of what is posited by the zoom lens 

model of attention (Eriksen & St James, 1986). Indeed, performance for the medium target 
increased without performance for the big one to be weakened. Concurrently, accuracy for the 
least salient item seemed to drop down as if it were inhibited for the currently attended items to 
be better processed (Koch & Ullman, 1985; Posner et al., 1987; Mounts, 2000). The neighborhood 
inhibition hypothesis could explain our data, since it postulates a decrement in performance near 
the focus of attention due to an inhibitory ring surrounding the attentional focus (Mounts, 2000; 
Cave & Zimmerman, 1997). 

In this study, multiple durations of the squares prior to the onset of the target revealed 
temporal properties of the salience-based progression of attention while preventing any strategic 
or controlled orientation of attention. The present data could not be entirely explained using the 
salience model developed by Koch & Ullman (1985). This one states that attention is captured 
away from the most salient location by the second most salient location after a certain amount 
of time has elapsed. An Inhibition of Return (IOR; Posner, 1980) phenomenon would then appear 
on the originally visited location and prevent any looping reengagement of attention to the most 
salient location. Should this assumption be true, performance for the big target should drop while 
that of the medium target should increase because the location of the big item would not be 
attended anymore. In the present study, no drop in performance for the most salient item was 
observable while performance for the immediately less salient increased. These results could 
thus not be entirely explained by their model. Moreover, it has been suggested that IOR could not 
be present before 300 ms (Klein, 2000), suggesting that this model would not be adequate to 
explain attention phenomenon occurring in such short temporal window. When attention was 
given enough time to allow better processing of the second most salient target, the most salient 
target kept being processed instead of being inhibited, implying an enlargement of the attentional 
focus. 

4.2. Proximity effects 

Most proximity effects rely on the gradient hypothesis, which states that performance for 
items surrounding the focus of attention does not drop down abruptly around the edge of the 
focus but rather follows a general decline over the distance (Eriksen & St James, 1986; LaBerge 
& Brown, 1989). Indeed, our study shows the impact of proximity, performance being globally 
better for items close to the presumed focus of attention. Moreover, this pattern seems to evolve 
over time independently of the effect of similarity. Our data suggests that, with the shortest CTOA, 
processing of the item that was nearest to the most salient one would benefit from its proximity 
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to the locus of attention, in accordance with the gradient hypothesis. Such a benefit would remain 
stable up until the longer stage, when it improved again. Processing for more distant items 
improved at the 50 ms CTOA, signaling an enlargement of the focus of attention. 

The model of Itti and Koch (2001) provides a refinement of the notions of similarity and 
proximity. Similarity between the different items is computed within each specific elementary 
map but center-surround differences and spatial competition (i.e., proximity effect) are computed 
afterwards. They would act as a weighting factor, improving performance with some attentional 
selectivity. Accordingly, our data suggest here that these two mechanisms interact. Indeed, 
proximity effects only appeared in our data on the least salient item, just as if the second most 
salient location had already achieved maximum efficiency without the need for performance 
adjustments. 

4.3. Limits and perspectives 

Globally, RT and accuracy analysis exhibited different patterns. This could not be attributed 

to a speed-accuracy trade-off. Global correlation coefficient between those measures did not reach 

significance level (r(38) = .02; P > .89), and this value was close to those reported in previous 

investigations using the MLSVST (Michael & Gálvez-García, 2011). Specific correlation coefficients 

were computed for the conditions with a 100-ms premask presentation for each target size and 

no correlation did reach significance (big: P = .17, medium: P = .63, small: P = .15). Therefore, there 

is no evidence on any speed-accuracy trade-off. It also suggested that these measures could rely 

on different mechanisms (Michael et al., 2001). RT would reflect the speed with which visual 

signals accumulate and the threshold above which participants judged that they have received 

enough information to provide an accurate answer. By these means, RT would reveal more 

sensitive to changes of attention efficiency over time. Accuracy, on the other hand, could relate to 

processing fineness with which an item is processed (Michael & Gálvez-García, 2011), and the 

hierarchical pattern present with a 33-ms premask presentation would reflect the early-

established hierarchy of salience. 

A limit in the interpretation of the obtained results may consist in the impossibility to rely 

upon computational saliency models (Judd et al., 2012; Borji & Itti, 2013). Indeed, these recent 

models call upon both bottom-up and top-down influences to predict the spatial location of one’s 

gaze on a natural image or a video. In the present work, we did not use natural images, but 

simplified stimuli. Also we minimized top-down influences through the use of equiprobable 

conditions and by randomizing the choice of a condition at each new trial. Finally, short 

presentation times were used in order to prevent any important oculomotor effects. Thus, those 

models could be of interest in the case of adaptation of the present paradigm regarding natural 

images, top-down strategies or eye movement-related studies. 

A methodological limit may consist in the simultaneous variation of both size and luminance 

in the manipulation of the respective salience of the items, since increasing the size of a stimulus 

also increases its luminance. As a matter of fact, as we did obtain results showing attentional 

deployment on the basis of salience – confirmed by the one-item control testing of the stimuli used 

here by Michael and Gálvez-García (2011) – it is impossible to assess the relative implication of 

each feature manipulated here. Whilst the investigation of the visual features soliciting attention 

was not an objective in the present study, it is a great deal for the attention literature (Theeuwes, 

1991, 1992; Kim & Cave, 1999; Wolfe & Horowitz, 2004). The choice of stimuli was, here again, 

determined by the necessity to adapt precisely the material used by Michael and Gálvez-García 

(2011). Yet, in order to clarify that point, we calculated the determination coefficients as a function 

of the target size. We used the z-scores from Li (2002) of the angular size and luminance data as 

well as the determination coefficient of participants’ performance. Results were as follows: 

angular size = .96, luminance = .84, and performance = .97. It is thus the angular size determination 

coefficient that appeared the closest to the performance of the participants, hence arguing in favor 

of the use of this dimension to manipulate salience. A modification of the present experiment 

controlling respectively one feature while varying the other could answer this question. 
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Moreover, movement would probably be a better feature, as it has been long known to elicit strong 

responses in the collicular pathway, which is seemingly involved in attentional capture 

(Benevento & Miller, 1981; Stockman, McLeod, & DePriest, 1991; Wandell et al., 1999; Mizzi & 

Michael, 2014). 

Another methodological limit might exist in the non-feasibility to manipulate presentation 

time accurately because of the material used here. Moreover, using LCD screens could prevent any 

controlled presentation time while using short intervals (less than 2 frames). The software was 

initially configured to present stimuli during 25 ms for the shortest CTOA. If we considered the 60 

Hz refresh rate of the LCD screen, such time display was impossible since one frame is supposed 

to last approximately 16,7 ms. In order to control this specific issue further, we ran a simulation 

to estimate the time display of the output. One thousand four hundred and forty (10 × 144) trials 

were run, each trial being programmed at 25 ms and the total simulation being timed. We 

concluded that the trial time for the shortest CTOA was 33 ms, corresponding to 2 frames. Also in 

this paradigm using only black and white stimuli may have likely minimized variability between 

presentation times. 

One other possible limit in interpreting our results is that eye movements were not 

recorded. As a matter of fact, in this experiment, one would need more than 200 ms to fixate a 

target whilst the longest exposure time (the longest CTOA plus the search display) was 150 ms. 

Moreover, it was already demonstrated that eye movements toward the targets are impossible at 

100 ms in the MSLVST paradigm (Michael & Gálvez-García, 2011): at this point, gaze appears to 

have moved from the central fixation only by 1°, so it is highly unlikely that it could move by 3.8° 

at 150 ms (the distance between fixation and one of the item). These suggestions would then 

confirm that the effects observed in this study are indeed due to salience-based orientation of 

attention, since covert shifts of spatial attention are possible without eyes movements (Gitelman, 

Parrish, LaBar, & Mesulam, 2000; Zhao et al., 2012). Another potential remark about the used 

method could have laid in the non-linear size differences between the three stimuli. Yet, it has 

been demonstrated that this experimental material elicited salience-based progression of 

attention (Michael & Gálvez-García, 2011). Furthermore, those researches, accordingly to 

attention models (Koch & Ullman, 1985), pointed out that the progression was based on the 

hierarchy of salience, independently of the absolute differences between the items. Finally, 

another limit was not to investigate what happens after 100 ms premask presentation. Yet, longer 

CTOAs would allow saccadic eye movements so attention alone would cease to explain our results. 

Moreover, it is well known that the salience-induced effects decrease after 100 ms (Kim & Cave, 

1999; Wright & Richard, 2003). 

Overall, the hierarchical pattern based on visual salience is built up over time through 

orienting and expansion of the spotlight and a probably passive inhibition phenomenon of the 

least salient signals. The whole hierarchical pattern seems completed with a 100 ms premask 

presentation. Furthermore, the present study refines the existing models of salience-based 

progression of visual attention (Koch & Ullman, 1985; Theeuwes, 1992; Theeuwes et al., 2000; 

Michael et al., 2006) by introducing a time-related expansion of an attentional spotlight dimension 

in complement to previous theories about the adjustment of the focus of attention. Future 

researches should be focusing on interaction between proximity and similarity criteria more 

closely. Other adaptations of the MSLVST should notably include different levels of similarity (e.g., 

different shapes) in order to investigate how they could interact with different levels of proximity. 

Future investigations should also examine CTOAs between 50 and 100 ms premask presentation 

in order to determine when attention begins to allow processing of the second salient item, when 

attentional focus starts to enlarge, and when the least salient item starts getting inhibited. 
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Abstract 

Motion attracts attention, and attention progresses through the visual field (VF) in a 

salience-based fashion, giving priority to the most salient item, then the next most salient one, 

until a target is found. Little is known on how attention progresses in search of a moving item 

among others, and whether such a progression can also be based on salience. This issue was 

investigated in two experiments. In a first experiment, participants had to report the orientation 

of a target presented among two distractors. At each trial, the items were animated by the same 

motion (translation, looming or flicker), each one at a different frequency. As expected, 

performance varied as a function of the frequency of the items and on motion types. Also, 

independently from motion type, progression slopes were different in the lower left quadrant 

compared to the other ones. Results of a control experiment showed that there is a need for 

multiple items presentation (the condition that allows attention to progress in a salience-based 

fashion) for motion types to show different effects and a lower left asymmetry. Results 

confirmed that (i) different motion signals are processed differently, that (ii) salience guides 

attention in search of a motion signal among others, and that (iii) this is an amodal effect mostly 

underlain by right occipito-parietal circuits. 

 

 

Highlights:  

 Different motion signals are exerting different attentional processes  

 Attention progression is based on the salience of moving items 

 Visual field asymmetries suggest an involvement of right occipito-parietal circuits 
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1. Introduction 

We all have once tried to wave at someone in order to get noticed. The question is, if 

someone next to you is waving to someone else, would waving faster better help you to attract 

attention? It is a common sense that a visual object in motion draws attention. Researchers in 

psychology have indeed observed this effect: detection of targets is seemingly faster when they 

jitter and loom, and performance is penalized when such motion animates distractors 

(Franconeri & Simons, 2003). The assessment of multiple kinds of motion allowed Franconeri 

and Simons (2003) to show attentional effects of different amplitudes for different motion types. 

Accordingly, they proposed the behavioral urgency hypothesis that poses that only stimuli 

signaling an event requiring urgent actions receive processing priority. This emphasizes that 

attention effects would be specific and proportional to the type of motion perceived. Previous 

psychophysical studies have also shown differences in performance as a function of motion 

type. For instance, Regan and Beverley (1978) obtained distinct detection thresholds for 

jitter/translation, looming and receding. They then proposed that those motion signals would 

be processed by specific neural pathways. Neuroscientific investigations explored this 

assumption and highlighted pathways that involve the pulvinar (Benevento & Miller, 1981; 

Lyon, Nassi, & Callaway, 2010; Michael & Buron, 2005) and the superior colliculus (Lyon et 

al., 2010) to transfer visual information, especially to the motion-sensitive cortical area V5 

(middle temporal in monkey: Anderson, Holliday, Singh, & Harding, 1996; Liu & Newsome, 

2005; Lyon et al., 2010; Priebe, Lisberger, & Movshon, 2006). Clinical and neuropsychological 

investigations took interest in akinetopsia, i.e., the defective perception of speed of moving 

objects (Barton, 2011) and in the Zeitraffer phenomenon, i.e., the illusory experience of 

decelerated motion (Mullan & Penfield, 1959; Ovsiew, 2014) and could confirm the important 

role of V5 in motion and in visual timing processing (Barton, 2011; Bueti, Bahrami, & Walsh, 

2008). These findings were confirmed by the replication of transient akinetopsic symptoms 

with transcranial magnetic stimulation of V5 in humans (Beckers & Homberg, 1992). 

Interestingly, these studies have pointed out the large predominance of those deficits following 

right hemisphere injury (Barton, 2011; Cutting, 1997; Ovsiew, 2014). 

These findings could reflect what is known about the neural circuitry of motion 

processing in mammals. Consistent with the behavioral urgency hypothesis (Franconeri & 

Simons, 2003), transient jittering and looming produce immediate avoiding or defensive 

behaviors, through triggering a specific response of cells in the superior colliculus (Boehnke & 
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Munoz, 2008; Dean, Redgrave, & Westby, 1989; Sahibzada, Dean, & Redgrave, 1986) and in 

the pulvinar (Benevento & Miller, 1981; Casanova, Merabet, Desautels, & Minville, 2001; 

Petersen, Robinson, & Keys, 1985; Villeneuve, Kupers, Gjedde, Ptito, & Casanova, 2005). In 

lower order mammals like rats, this kind of motion triggers behavior differently as a function 

of the stimulated part of the VF. For instance, Dean, Redgrave and Westby (Dean et al., 1989) 

showed that looming triggers defensive behaviors mostly when presented in the upper VF 

whilst orienting and pursuit responses are mostly observed as a reaction to stimulations in the 

lower VF. The authors hypothesized that this phenomenon would be due to the specific 

anatomical organization and connections of the SC that would allow to access to distinct types 

of responses as a function of the specific encountered stimulation. In human and non-human 

primates, some studies reported better processing of some motion signals in the lower VF 

(Christman, 2002; Christman & Niebauer, 1997; Perry & Cowey, 1984; Raymond, 1994) and 

a lower VF advantage has been reported for direction discrimination (Amenedo, Pazo-Alvarez, 

& Cadaveira, 2007; Edwards & Badcock, 1993), segmentation of moving targets (Lakha & 

Humphreys, 2005), motion in depth (Regan, Erkelens, & Collewijn, 1986) and centripetal 

motion processing (Edwards & Badcock, 1993; Raymond, 1994). To our knowledge however, 

asymmetries for different kinds of motion have never been reported. This could be attributed to 

a progressive loss of the natural typical confrontation to predators and prey, still present in the 

rat. In addition, although not equivocally, others have reported leftward processing asymmetries 

for many aspects of motion (M. C. Corballis, Corballis, & Fabri, 2004; P. M. Corballis, Funnell, 

& Gazzaniga, 2002; Forster, Corballis, & Corballis, 2000; Kostelyanets, Kamenkovich, & 

Sharaev, 1992). Christman and Niebauer (1997) therefore concluded that there is evidence for 

lower and left VF superiority in motion processing. However, clear evidence upon a 

combination of those, i.e., a superiority of the lower left VF, has not been provided yet. While 

differences between right and left VF reflect hemispheric specialization, suggesting that the 

right hemisphere is more involved in motion processing (Barton, 2011; Christman, 1997; 

Cutting, 1997; Kostelyanets et al., 1992; Ovsiew, 2014), asymmetries between the upper and 

lower VF (i.e., altitudinal asymmetries) would emerge from differences in the distribution of 

retinal projections to the occipito-peristriate areas. In human and non-human primates, the 

occipito-parietal areas (dorsal stream) are more heavily innervated by projections from the 

lower VF, while the occipito-temporal areas (ventral stream) are more heavily innervated by 

projections from the upper VF (Christman & Niebauer, 1997; Cragg, 1969; Maunsell & 
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Newsome, 1987; Zeki, 1969). In light of the above-mentioned asymmetries, the occipito-

parietal stream of the right hemisphere might be more heavily involved, and, in humans, this 

could be independent from the type of motion.  

Overall, there is evidence that different channels process different kinds of motion. 

Furthermore, some evidence suggests that motion is better processed in the lower and left VF. 

But what about attention? Attentional processes are rarely discussed in relation to motion. One 

might ask whether VF asymmetries occur in cases where motion attracts attention, and whether 

such asymmetries may depend on motion type. Here, we aimed to investigate whether 

performance in the Lower left VF would be different from performance in the other parts of the 

VF, in an attention task that requires finding a moving target among moving distractors. In a 

visual display where all elements differ in one dimension (e.g., size, luminance, etc.) as to 

define differing levels of salience, attention is first grabbed by the most salient element and 

then progresses toward the least salient one (Couffe, Mizzi, & Michael, 2016; Michael & 

Gálvez-García, 2011; Mizzi & Michael, 2014). If one of these elements is the target the 

participant is looking for, then performance increases as the target’s salience increases. This 

leads us to believe that this could also happen if salience were defined by the speed of moving 

elements. We therefore adapted this paradigm in a way that items move with three different 

speeds in order to assess if and how motion guides attention in a salience-based fashion.  

The salient aspect of a moving item and its influence on attention has already been 

hypothesized in motion perception models (Lu & Sperling, 2001; Wertheimer, 1912). Since the 

salience of an item is defined by its difference from a homogeneous visual neighborhood 

(Duncan & Humphreys, 1989; Theeuwes, 1992), we expected that the faster the target moves, 

the more it would be perceived as different from the other items and from the background, and 

therefore the more we expected it to grab attention and allow better detection performance 

(Michael & Galvez-Garcia, 2011). We also proposed to assess the behavioral urgency 

hypothesis in such a context by comparing motion signals of urgency (e.g., looming) to other 

motion signals (e.g., jitter and flicker). It was expected that the urgency signaled by looming 

(Ball & Tronick, 1971; Schiff, Caviness, & Gibson, 1962) would dampen the salience-based 

progression of attention. Indeed, in an attentional task, if the processing priority is exerted by a 

motion type signaling threat (e.g., looming) rather than by respective salience of the items (e.g., 

variation of items’ frequency), then attention should rely on the motion dimension rather than 

on salience (the difference between each item) to progress. So when all items are animated with 
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the same threat-signaling motion, they should all attract attention regardless of their respective 

frequency, preventing any difference of performance on the base of variations in this dimension. 

Finally, we presented the items at different parts of the visual field in order to assess the 

hypothesis that the right occipito-parietal stream is more heavily involved in the processing of 

motion. It was expected that performance for targets in the lower and left VF would differ in 

the other parts of the VF (Christman, 1997a). It is, however, difficult to predict whether such a 

visual field asymmetry would vary for different kinds of motion, since previous research did 

not yield unequivocal results. 

2. Experience 1 

2.1 Materials and methods 

Participants 

Sixty-three participants (32 females, mean age 21.5 ± 0.38) gave their written informed 

consent for their participation. All were right handed (84.9 ± 7.4 % Edinburgh laterality 

inventory, Oldfield, 1971), with normal or corrected-to-normal vision, and without any history 

of headache, epilepsy or psychoactive substance abuse. The experiment was conducted 

according to the Helsinki declaration.  

Stimuli and apparatus 

The viewing distance was 41 cm; participants were asked to rest their chins on a chinrest 

in order to hold the distance constant. The stimuli were three outlined (1 pixel width; .03° of 

angular space) bright grey squares of same size (.73° x .73° of angular space) and luminance 

(26.9 cd/m²) and were presented on the standard grey background (24.3 cd/m²) of a Sony Flat 

Trinitron GDM F-520 monitor (1920×1440 at 60 Hz) piloted by an Intel i7, 16 Go RAM custom 

computer. Each square had a .09° square attached to the center of one of its sides; this 

determined the orientation of each square. The target orientation was 0° (attached square on the 

top) or 180° (down), while the orientations of the distractors were 90° (right) and 270° (left). 

The three items were presented at 30°, 90° and 150° clockwise in relation to the vertical (i.e., 

to the right of fixation) or 30°, 90° and 150° counterclockwise (i.e., to the left). The distance 

between two neighboring squares was 3.8° and all stimuli were presented at a distance of 3.8° 

from a central fixation point (a small white dot, 2.2 cd/m²). The locations of interest (30° and 

150° clockwise and anticlockwise) corresponded to the visual quadrants: upper left VF, lower 

left VF, upper right VF and lower right VF. To minimize spatial attentional allocation strategies 
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and to fit the most closely to previous works using this paradigm, the intermediate location (90° 

clock and anticlockwise) was used but not included in the analyses. Three types of motion were 

used: flickering (FLIC: fast appearance/disappearance), translation (TRANS: 3 pixels lateral 

shift per frame in the maximal velocity condition, maximal total amplitude of .36°) and 

looming/receding (LOO/RE: 20% size expansion/retraction per frame in the maximal velocity 

condition, mimicking a radial motion). All animations (6 frames/60 Hz) consisted in three 

frequency conditions: 10, 15 and 30 Hz. The experiment was conducted in a dimly lit room (.02 

cd/m²). Luminance was measured with a Minolta luminance meter LS-110. 

Procedure 

The procedure is depicted in Fig. 1A. After an initial 500 ms presentation of a central 

fixation point, the search display was presented for 100 ms to minimize eye movements (see 

Figure 1. Trial events from both Experiments reported in this study. Stimuli are not shown in real size. 
Panel A: Trial events from Experiment 1. After a short fixation point presentation, three squares were 

presented, all animated with one motion type (Looming, Flickering or Translation), each one moving at a frequency 
of either 10, 15 or 30 Hz. Participants had to find the target (the only square oriented upward or downward) and to 
indicate its orientation within the 1800 ms time period before the next trial. The type of motion and lateralization of 
the display, the location and orientation of the target were randomly selected by the computer. 

Panel B: Trial events from Experiment 2. After a short fixation point presentation, a central still target and 
a peripheral distractor were briefly presented. Participants had to indicate the orientation of the target (up or down) 
whithin the 1800 ms time period before the next trial. The type of distractor and lateralization of the display, the 
location and orientation of the target were randomly selected by the computer. FLIC: flicker; TRANS: translation; 
LOO/RE: Looming/Receding. 
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Michael & Galvez-Garcia, 2011), and was followed by a 1800 ms period during which only the 

fixation point was visible. The inter-trial interval was of 300 ms. The search display contained 

three items that were animated with the same motion at each trial, either FLIC, TRANS or 

LOO/RE. Each item had a specific frequency, either fast (30 Hz), intermediate (15 Hz) or slow 

(10 Hz). All independent variables (lateralization of the search display, motion type, target 

location and target frequency) were equiprobable and randomly sorted by the computer. 

Participants were asked to report the orientation of the target (up or down) and respond by 

pressing one of two vertically arranged buttons as quickly and as accurately as possible. 

Participants completed a 15-trial training session before two experimental blocks that consisted 

in 216 trials each (8 trials per lateralization/motion type/target location/target frequency). The 

whole experimental session lasted approximately 25 minutes with one short central break 

between blocks. 

2.2 Results and Discussion 

In order to focus on the deployment of attention through visual space on the basis of 

salience, we computed progression slopes. This approach was introduced with the aim to assess 

the search rate as a function of display size in classical singleton detection tasks (Treisman & 

Gelade, 1980; Treisman & Souther, 1985). This computation1 represents how much speed or 

accuracy are affected by motion frequency and is expressed in speed or accuracy gain (or loss, 

if the value is negative) per Hz. Therefore, the frequency variable is reduced.  

An ANOVA was carried out on response time (RT) with the motion type (FLIC, 

TRANS and LOO/RE), the lateralization (left vs. right VF), and the location (30° or 150° in 

relation to the vertical, i.e. respectively upper or lower VF) as within-participant factors. These 

analyses revealed no significant effect. 

                                                 
1 Progression slope = (Performance at 30 Hz – Performance at 10 Hz)/(30 Hz – 10 Hz). 
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The same analysis was carried out on the proportion of correct response (PC; see Table 

1). The mean individual PC ranged from .52 to .95 (mean: .80 ± .098). The higher PC was 

obtained with the LOO/RE motion, in the upper left VF, at 30 Hz (PC: .88 ± .15) and the lower 

PC was obtained with the FLIC motion, in the lower right VF, at 30 Hz (PC: .71 ± .2). In the 

analysis of slopes, the main effect of motion type was found to be significant (F(2, 124) = 3.22; 

p < .05), with steeper slopes for the TRANS (α = -.0009/Hz, significantly different from 0; t(62) 

= -4.09; p < .001) compared to the FLIC (α = -.002/Hz, not different from 0; t(62) = -1.5; p > 

.14) and the LOO/RE (α < .0001/Hz, not different from 0; t(62) = .05; p > .96). This effect is 

represented Fig. 2A. Fisher’s LSD post-hoc comparisons showed that slopes obtained for the 

LOO/RE and the TRANS were significantly different from each other (p < .02) while no 

difference was observed between the FLIC and the LOO/RE (p > .18), nor between the FLIC 

and the TRANS (p > .23).  

This result indicated that motion frequency impacted search slopes as a function of the 

type of motion in different ways. A different pattern was found and differentiated the LOO/RE 

and the TRANS (FLIC differentiate from neither the LOO/RE nor the TRANS), arguing in 

favor of separated motion processing systems (Benevento & Miller, 1981; Dean et al., 1989; 

Lyon et al., 2010; Regan & Beverley, 1978). Dean and colleagues (1989) suggested 

independent functional outputs as a function of the type of motion: looming would trigger a 

Figure 2. Graphic 
representation of the results of 
Experiment 1 expressed in 
mean (±1SEM) accuracy 
slopes as proportion correct 
per Hz. Negative values 
denote a loss of accuracy. 

 
Panel A. The main 

effect of motion type. FLIC: 
flicker; TRANS: translation; 
LOO/RE: Looming/Receding. 

 
Panel B: The 

interaction between the 
altitudinal location of the 
target (superior or inferior to 
fixation) and the side of its 
presentation (left or right of 
fixation). VF: visual field. 
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defensive behavior while translation would involve an approach response for pursuit behavior 

in the rat. Here, accordingly, these two motions did induce specific attentional effects as 

looming did not influence performance (i.e., slopes did not differ form 0), whilst translation did 

provoke the expected frequency-based progression of attention. As expected, the progression 

is specific and proportional to the type of motion. Although Franconeri and Simons (2003) did 

not report differences in attentional capture between translating and looming, our results are 

coherent with the behavioral urgency hypothesis that those authors proposed. Indeed the 

LOO/RE is usually associated with imminent impact or an approaching object and thus refers 

to a threat present in the immediate environment (Franconeri & Simons, 2003; Schiff, Caviness, 

& Gibson, 1962). This motion type did not elicit any attentional progression effect but this was 

not due to any greater difficulty, as shown in Table 1. The perception of items mimicking an 

approaching object might have prevented attention to rely on differences in salience to progress 

from one item to another. Rather, items with different frequencies gained similar processing 

priority, which is consistent with the urge to respond to imminent threat, whether approaching 

quickly or more slowly.  

The interaction between lateralization and location was also found to be significant (F(1, 

62) = 4.11; p < .05). Results showed a difference between the slopes in the left VF, with a less 

steep slope at the upper left location (α = -.0002/Hz, not different from 0; t(62) = -.43; p > .67) 

than at the lower left location (α = -.002/Hz, significantly different from 0; t(62) = -2.89; p < 

.01). In the right VF, slopes were comparable (upper, α = -.0007/Hz, not different from 0; t(62) 

= -1.27; p > .21; lower, α = -.0003/Hz, not different from 0; t(62) = -0.55; p > .58). This 

interaction is represented Fig. 2B. Post-hoc LSD analyses showed that the interaction was due 

was to the Lower left VF slope that was steeper than both the slopes of the upper left (p < .02) 

and lower right (p < .03) VF, and showed a trend to difference as compared to the upper right 

VF (P  = .07). The lateralization X location X motion type interaction did not reach significance 

(F(2, 124) = 2.7; p > .07). No other differences were found (all ps > 0.6). 

  



 
Chapitre 1. 

 

Article soumis 

64 

Although Dean and colleagues (1989) stated that, in rats, responses to novel stimuli are 

influenced by motion type as well as their position in the VF, our results failed to show different 

VF specialization for specific motions in humans. Our results showed that the effect of 

frequency on performance was stronger and independent of motion type (amodal) in the lower 

left VF. This observation is arguing in favor of the specialization of this quadrant for processing 

any kind of motion (Christman & Niebauer, 1997). It is, to our knowledge, the first time that 

such specialization along the motion dimension is reported, mirroring a combination of 

previous findings showing a lower or left VF advantage in behavioral tasks (Ellison & Walsh, 

2001; He, Cavanagh, & Intriligator, 1996; Michael & Ojéda, 2005; Thomas & Elias, 2011). 

Firstly, this leftward VF asymmetry is arguing in favor of the specialization of the right 

hemisphere for attention (Chambers, Payne, Stokes, & Mattingley, 2004; Corbetta & Shulman, 

2002; Michael & Gálvez-García, 2011) and for its salience-based progression through space 

(Michael & Gálvez-García, 2011). Secondly, we can assume that the same logic applies 

regarding the altitudinal asymmetry, with a specialization in attentional orienting of the cortical 

structures on both sides of the calcarine sulcus. Visual information from the upper VF is 

processed by the lower part of the visual cortex, connecting to temporal areas through the 

ventral stream, and the lower VF is processed by the upper part of the visual cortex, that 

connects to posterior parts of the parietal cortex via the dorsal stream (Christman & Niebauer, 

1997; Cragg, 1969; Maunsell & Newsome, 1987; Zeki, 1969). The latter is associated with 

attentional processing, and this specialization has already been evoked to interpret attentional 

asymmetries between the upper and lower VF (Ellison & Walsh, 2001; He et al., 1996; Michael 

& Ojéda, 2005; Previc, 1990). Michael and Ojéda (2005) suggested that this asymmetrical 

representation in the posterior parietal cortex might facilitate the attentional processing of basic 

features. The authors however failed to evidence any attentional effect as we did. We can thus 

develop their assumptions by stating that our results argue in favor of the specialization of the 

dorsal stream in the salience-based progression of attention on the basis of motion. Thirdly, our 

 Upper Left Lower Left Upper Right Lower Right  

 30 Hz 10 Hz 30 Hz 10 Hz 30 Hz 10 Hz 30 Hz 10 Hz  

FLICK .78 (.19) .81 (.17) .71 (.17) .74 (.16) .76 (.18) .75 (.19) .71 (.2) .74 (.17) .75 (.03) 

TRANS .84 (.16) .85 (.17) .76 (.2) .82 (.19) .81 (.18) .85 (.15) .81 (.18) .83 (.16) .82 (.03) 

LOO/RE .88 (.15) .86 (.15) .77 (.19) .82 (.17) .83 (.17) .84 (.15) .84 (.17) .8 (.17) .83 (.03) 

 .83 (.05) .84 (.03) .75 (.03) .79 (.04) .8 (.03) .81 (.06) .78 (.07) .79 (.05) .8 (.03) 

Table 1. Mean proportion correct (SD) for each condition obtained in experiment 1.  
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results can also be interpreted in light of the findings on the cortical correlates of motion 

processing. The dorsal stream involves extrastriate areas thought to underlay motion perception 

(Anderson et al., 1996; Liu & Newsome, 2005; Lyon et al., 2010; Priebe et al., 2006). This 

information, added to the predominance of motion perception defect after right hemisphere 

injury, can allow interpreting the lower left VF asymmetry in our results as a reflection of the 

impact of the preferential processing of motion by right extrastriate dorsal areas. Yet, whether 

the combination of the lower and the left patterns of performance is due to the mere processing 

of motion or the presence of multiple moving items allowing a salience-based progression of 

attention is not clear and it will be investigated in the subsequent control Experiment. 

Overall, progression slopes were negative. This observation is in contradiction with our 

expectation that positive slopes would be observed: an increase in the frequency of the target 

should increase its salience, therefore allowing better performance. A coarse first account of 

this reversed pattern would be that attention is more likely to be captured by a slow motion 

instead of a fast one. This is in contradiction with the postulate that the faster the frequency of 

the item, the more salient it would be. One interpretation would involve the influence of motion 

on the action to realize upon a moving object (Bekkering & Neggers, 2002). In humans, objects 

are perceived closer and their detection is quicker when located in the inferior VF (Danckert & 

Goodale, 2001). As shown by Bekkering and Neggers (2002), attentional selection is influenced 

by the action to realize upon objects (Bekkering & Neggers, 2002; Goodale & Milner, 1992). 

Hence, in the present experiment, it is conceivable that attentional and perceptual processes 

would have been influenced by the action to realize upon a slowly moving item (i.e. an 

attentional set for grabbing), and therefore conferring a priority in processing the slowest item. 

The progression slope pattern would therefore be inverted. Another interpretation would reside 

in effects inherent to the motion dimension per se: either a perceptual or an attentional 

distracting effect could have impacted performance. On one hand, a perceptual effect implies 

that the visual processing of the attached square determining its orientation would have been 

penalized as a function of the item’s velocity, inverting the expected performance pattern. Here, 

the higher the motion frequency, the harder the fine perception of the item’s orientation would 

be, because of motion-blur (Burr, 1980) and motion-streaks (Geisler, 1999) speed-related 

effects (Burr & Thompson, 2011). On the other hand, an attentional phenomenon implying a 

motion-related distractor effect is also probable to have influenced performance. It is in fact 

known that motion distractors attract attention (Bartram, Ware, & Calvert, 2001; Franconeri & 
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Simons, 2003). Probably, the moving squares did capture attention as a function of their relative 

salience. But for each item, this initial allocation would imply a disengagement from the moving 

square and a reengagement to the attached square determining its orientation, hence penalizing 

the target’s processing as a function of its frequency.  

In order to test the latter interpretation, we needed to assess the presence of those 

possible motion-related effects and to differentiate the perceptual from the distractor effect. We 

investigated performance for frequency conditions independently, without the effect generated 

by the presence of multiple stimuli. We therefore conducted a control experiment in a way to 

display a single moving item per trial.  

3. Experience 2 

Negative performance slopes were found in Experiment 1. Why? Either because motion 

produced blur and prevented correct perception of target (i.e., perceptual hypothesis), or 

because attention was grabbed by motion and was drawn away from the task-relevant aspect of 

the target (i.e. attentional hypothesis) and the faster the motion, the worse the performance. 

Therefore, we aimed to disentangle these two hypotheses by presenting a still target at fixation 

and a single distractor at a peripheral location. That distractor was either still, or was moving at 

10 or 30 Hz and was either LOO/RE or TRANS (i.e. the two most differentiated motion types 

according to the first Experiment). If the results of Experiment 1 were due to motion blur, then 

the frequency of moving peripheral distractors would have no effect on performance since the 

target is central and always motionless. There would be no reason why the frequency of a 

peripheral distractor would affect the perception of the task-relevant aspect of the target. By 

contrast, if the results of Experiment 1 were due to an attentional distraction effect, then the 

processing of the target would be penalized by the peripheral distractor and the amplitude of 

the effect would depend on the motion frequency: the faster the motion, the greater the 

distraction. Furthermore, whatever the hypothesis, no differentiation between LOO/RE and 

TRANS is to be expected, if what caused differences in progression, i.e., the presence of 

multiple items, is no longer present. Finally, a subsidiary question was whether the left lower 

VF effect observed in the first Experiment was due to the mere presence and processing of 

motion (Christman & Niebauer, 1997; Cragg, 1969; Maunsell & Newsome, 1987; Zeki, 1969) 

or to the presence of multiple items allowing the salience-based progression of attention due to 

frequency. 
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3.1 Materials and methods 

Participants 

Twenty-two participants (11 females, mean age 23.1 ± 4.2) gave their written informed 

consent for participation. All were right handed (81.4 ± 14.3 % Edinburgh laterality inventory 

Oldfield, 1971), had normal or corrected vision, and without any history of headaches, epilepsy 

or psychoactive substance abuse. The experiment was conducted according to the Helsinki 

declaration. 

Stimuli and apparatus 

We introduced a motionless item at the central location that was the target at each trial, 

surrounding the fixation dot. This square (.73° x .73°, 26.9 cd/m², bright grey color) had a .09° 

square attached either on its top or on its bottom side, indicating its orientation (up or down). 

The distractor was a peripheral item without an attached square (for avoiding target-distractor 

compatibility effects), animated with either the TRANS or the LOO/RE motion. We used the 

fast (30 Hz) and the slow condition (10 Hz) to animate the motion of the peripheral distractor. 

We also introduced a motionless distractor control condition (CONT) displaying a peripheral 

still square (.73° x .73°, 26.9 cd/m²) for the same duration as motion conditions. Distractors 

were located at 30° and 150° (upper or lower VF, respectively) clockwise in relation to the 

vertical (i.e., to the right of fixation), or 30° and 150° counterclockwise (i.e., to the left). 

Distance and luminance aspects were kept the same as in the first Experiment, and the apparatus 

was strictly identical to the first Experiment. 

Procedure 

The procedure is depicted fig. 1B. After an initial 500 ms presentation of the central 

fixation point, the target was invariably presented on the center of the display for 100 ms. 

Simultaneously and for the same duration, one single distractor appeared randomly in one of 

the four quadrants. The distractor was animated with either TRANS, LOO/RE (either at 30 Hz 

or 10 Hz), or it was motionless (CONT). Participants were then asked to report the orientation 

of the target (up or down) by pressing one of two vertically arranged buttons, as quickly and 

accurately as possible during a 1800 ms period following the offset of the search display. An 

intertrial interval of 300 ms followed. Each participant completed a 15 trials training session 

before the two experimental blocks that consisted of 144 trials each (12 trials per 
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lateralization/distractor location/motion type/distractor frequency). The whole experimental 

session lasted approximately 15 minutes with one short break between the two blocks. 

 

3.2 Results and discussion 

The analyses were carried out only on RT since mean PC was higher than .96 ± .07. The 

mean individual response time (RT) ranged from 372 ms to 572 ms (mean: 450 ± 55 ms). A 

first ANOVA was carried out on RT with the motion type (TRANS, LOO/RE or CONT), the 

lateralization (Left or Right) and the location (30° or 150°) as within participant factors. Since 

the control condition of the motion type variable was not animated with motion, the frequency 

variable could not be included in this first analysis. The main effect of motion type was found 

to be significant (F(2, 42) = 44.4, p < .001), with higher RT for both the TRANS and the 

LOO/RE (458 ms and 461 ms, respectively) than for the CONT (432 ms). Fisher’s LSD post-

hoc comparisons showed that no difference was observable between the TRANS and the 

LOO/RE (p > .34) and that the CONT was significantly different from both motion conditions 

(both ps < .001). No other effects were found. Motion draws attention away from the target. 

The time to judge the orientation of the central target was more affected by an animated 

peripheral distractor regardless of its location or motion type, than by a motionless one. This 

confirmed the presence of at least an amodal distractor effect in the peripheral presentation of 

our motion items.  

In order to investigate this effect further and to distinguish between the perceptual and 

attentional hypothesis, we computed the difference in RT between each motion condition and 

the corresponding control condition for each location, lateralization and frequency condition. 

The mean individual motion effect ranged from 3 to 62 ms (mean: 27 ± 15 ms). An ANOVA 

was carried out on these effects with the frequency (30 Hz or 10 Hz), the motion type (TRANS 

or LOO/RE), the lateralization (Left or Right) and the location (30° or 150°) as within 

participant factors. The interaction between motion type and lateralization was found to be 

significant (F(1, 21) = 10.78, p < .004). LSD post-hoc tests showed that this interaction was 

due to a significant difference between 30 Hz (33 ms) and 10 Hz (23 ms) in the left VF (p < 

.02). No such difference was found in the right VF (30 Hz = 23 ms; 10 Hz = 30 ms; p > .07). 

The post-hoc test also revealed that the motion effect for 30 Hz was greater in the left VF (33 

ms) than in the right VF (23 ms, p < .01). No other significant effect appeared. The analysis of 
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the motion distractor effect showed that the fast motion produced more distraction than the slow 

one. This is arguing in favor of the attentional distractor hypothesis, as outlined above. 

Furthermore, no difference between the two types of motion was found and this could be due 

to the fact that salience was not manipulated by presenting multiple items as in the first 

Experiment. Initial differences in performance between the LOO/RE and the TRANS may thus 

come from salience-based progression of attention. Finally, the motion distractor effect was 

found only in the left visual field, but not any effect of quadrant was observed. The 

specialization of the right hemisphere was found once again, but the absence of any altitudinal 

asymmetry suggests that the lower left VF effect observed in the first Experiment was not due 

to the mere presence and processing of motion (Christman & Niebauer, 1997; Cragg, 1969; 

Maunsell & Newsome, 1987; Zeki, 1969) but to the presence of multiple items allowing the 

salience-based progression of attention built on motion. 

In the first Experiment, motion would attract attention as a function of frequency, and 

this attraction would require for each item a disengagement from the task-relevant aspect of the 

target determining its orientation, hence penalizing its processing and creating negative 

progression slopes. The results of the control Experiment also showed a left VF effect. As in 

the first Experiment, this can be interpreted in terms of the right hemispheric dominance in 

visual attention and motion processing (Corbetta & Shulman, 2002; Cutting, 1997; Ovsiew, 

2014). The results however did not show an upper/lower VF asymmetry, allowing us to believe 

that such altitudinal specialization, would most probably show up in cases where multiple 

stimuli are present (Christman & Niebauer, 1997) and when attention is required to progress in 

a salience-based fashion (Couffe et al., 2016; Michael & Gálvez-García, 2011; Mizzi & 

Michael, 2014).  

4. General discussion 

Two experiments were conducted in order to investigate the salience-based progression 

of visual attention built on motion signals. In the first Experiment, multiple hierarchical levels 

of salience were computed with different motion frequencies in an orientation discrimination 

task. Participants were required to report the orientation of a moving target presented amongst 

two moving distractors, each of the three items of the display was moving at a different 

frequency, and at each new trial they were all animated either by flicker, translation or looming. 

In the second experiment, a single and still target was present at fixation and a single distractor 
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was presented at a peripheral location. That distractor was either still or was moving at different 

frequencies and was either looming or translating. Overall, the results suggest that (i) different 

motion types produce different effects and that (ii) different effects show up at different 

locations in the VF, (iii) as long the VF contains multiple items. 

4.1 Different effects for different motion types 

When multiple items were presented in the VF, performance depended on the frequency 

of motion for translation while no such effect was observed with looming. Flicker exerted an 

intermediate effect. Previous research focused on differences in attentional capture by different 

motions and produced discordant conclusions (Franconeri & Simons, 2003; Hillstrom & Yantis, 

1994). A looming item is considered as a threatening signal as it triggers defensive responses 

in rats (Dean et al., 1989), in monkeys (Schiff et al., 1962) and in humans (Ball & Tronick, 

1971; Vagnoni, Lourenco, & Longo, 2012) and it has been associated to a specific activation 

of the pulvinar (Benevento & Miller, 1981), a structure strongly involved in stimulus-driven 

attentional processing (Desimone & Duncan, 1995; Grieve, Acuña, & Cudeiro, 2000; Michael 

& Buron, 2005; Petersen et al., 1985; Rafal & Posner, 1987; Robinson & Petersen, 1992). The 

behavioral urgency hypothesis (Franconeri & Simons, 2003) states that such a threatening 

signal automatically gains processing priority. Accordingly, results testifying of the salience-

based progression of attention were not observed when items were animated with the looming 

motion. Using a behaviorally urgent stimulus seems to have determined attention to orient 

toward threatening signals rather than to progress on the basis of their respective differences. 

Alternatively, when using non-urgent signals, like translation, attention did show a salience-

based progression by encompassing items from the most salient to the least salient item. 

According to the feature integration theory (Treisman & Gelade, 1980), signals that do not yield 

a serial progression of attention are thought to be processed in an automatic and parallel fashion 

throughout the overall VF. It can therefore be assumed that looming is one of those features 

that pops out, and grabs attention equally regardless the frequency.  

An alternative interpretation of the absence of salience-based progression with looming 

can be that we used items that would rapidly grow and shrink. Even though the activity of the 

pulvinar nucleus has been associated with both aspects of this radial motion (Benevento & 

Miller, 1981), some studies did not find differences between the two (Christman, 1997) whilst 

other did (Franconeri & Simons, 2003). Franconeri and Simons (2003) found that looming 

would exert attentional capture whilst receding would not. It is conceivable that displaying a 
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fast alternation of both aspects of this motion would decrease the associated effect, since only 

looming (and not receding) would trigger an avoidance response. On the other hand, 

simultaneously investigating the effect of frequency and looming could have led to unexpected 

counter-effects, since changing the size of an item has been shown to decrease its phenomenal 

velocity (Brown, 1931). These effects can also be held responsible for the zero progression 

slopes with looming. Finally, flicker triggered intermediate and non-significant performance 

patterns regarding of the two others motion types and this is consistent with the literature where 

it is reported that it produces unsteady effects (Bartram et al., 2001).  

4.2 Visual field asymmetries 

Another important finding of the first experiment is that it revealed steeper progression 

slopes in the lower left VF independently of the type of motion. This is why we qualify this 

effect as being amodal. This amodal pattern is consistent with the existing literature in that 

asymmetries for different kinds of motion have never been reported in humans. In fact, different 

kinds of motion can trigger different behaviors because they still have some specific 

significance, even in humans (e.g., threat, etc.), but there is no clear reason why each 

hemisphere or each part of the VF in the altitudinal dimension would prime different kinds of 

processing and give rise to different behavioral patterns. This could be attributed to a loss of 

the natural predators and prey in human, contrary to what it might happen in lower order 

mammals like rats (Dean et al., 1989). Still, this amodal pattern was well visible only in the 

lower part of the left VF suggesting a specialization of the right occipito-parietal pathway on 

the salience-based progression of attention built up on the motion signals. This is in agreement 

with Christman and Niebauer (1997) who concluded that there is evidence for a lower and left 

VF superiority in motion processing. This is the first time such clear evidence has been provided 

upon a combination of those, i.e., a superiority of the lower left VF. 

4.3 Effects of the presence of multiple items 

The two previous reported findings, i.e., the difference in salience based progression 

between looming and translation, and the amodal lower left visual field pattern, completely 

disappeared in the second experiment. In this control manipulation, a single peripheral 

distracting item was displayed away from the target. This made two substantial differences as 

compared to experiment one, that is (i) the moving items were never targets and therefore did 

not require focusing on them for completing the task, and (ii) the target was displayed at 
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fixation; it was alone as was the distractor, therefore requiring no visual search. These 

specificities cancelled the effects due to salience and the progression of attention on its basis. 

It is therefore tempting to believe that what caused this effect to vanish is also what made the 

differences between motion types and the amodal visual field pattern to disappear: the presence 

of multiple items that governs searching for targets in a progressive fashion. These findings 

imply that progressing thought the visual field on the basis of salience requires non-urgent 

signals, else the progression is dampened. Conversely, preventing such a progression makes 

responses to different types of motion difficult to dissociate. Furthermore, such amodal patterns 

are not affected by the absence of multiple stimuli, and this is associated with the left visual 

field dominance, most likely underlain by the right hemisphere (Corbetta & Shulman, 2002; 

Michael & Gálvez-García, 2011). 

The results of the two Experiments tend to show that the lower left quadrant 

specialization is related to the salience-based progression of attention. This interpretation is 

coherent with the hypothesis that the asymmetrical organization of the parietal cortex is related 

to the processing of basic features (Michael & Ojéda, 2005; Previc, 1990) and would be mostly 

involved in processing multiple stimuli (Christman & Niebauer, 1997), a condition which is 

inherent and necessary to the establishment of salience (Duncan & Humphreys, 1989; Koch & 

Ullman, 1985). 

4.4 Dissociable yet tied processing pathways 

Subcortical structures thought to underlie attentional processes, such as the superior 

colliculus (Michael & Gálvez-García, 2011; Mizzi & Michael, 2014; Rafal & Posner, 1987; 

Rafal, Smith, Krantz, Cohen, & Brennan, 1990) and the pulvinar (Petersen et al., 1985; 

Robinson & Petersen, 1992; Sapir, Rafal, & Henik, 2002), have been shown to be responsive 

to motion stimulation (Benevento & Miller, 1981; Dean et al., 1989; Petersen et al., 1985; 

Regan & Beverley, 1978; Sahibzada et al., 1986), and damage of these extrageniculate 

pathways decreases attention responsiveness to moving distractors in humans (Michael & 

Buron, 2005). These structures have been hypothesized to transfer information to parietal areas 

(Chambers et al., 2004; Clower, West, Lynch, & Strick, 2001; Corbetta & Shulman, 2002; 

Mulckhuyse & Theeuwes, 2010) for further processing which is most probably lateralized in 

the right hemisphere (Chambers et al., 2004; Corbetta & Shulman, 2002; Lyon et al., 2010; 

Michael & Gálvez-García, 2011). Nevertheless, this processing is seemingly not specific to 

motion. Color, for instance, also activates some extrageniculate structures (Felsten, Benevento, 
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& Burman, 1983; Michael, Boucart, Degreef, & Godefroy, 2001; Michael & Buron, 2005). The 

results of the present study are showing an amodal left visual field specialization, which argues 

in favor of an effect not specific to the kind of motion used. That may constitute a 

complementary argument in favor of a more global involvement of the right occipito-parietal 

pathway in attention.  

4.5 Outstanding questions and further developments 

The praying mantis exhibits greater responsiveness in predatory behavior to stimuli 

moving in its lower VF, relative to the upper one (Prete, 1993). Unlike the rat in which 

asymmetries are based on specific responses to different motion types, this VF specialization is 

seemingly related to the bug’s mechanical capacity to exert a downward attacking movement, 

in its lower VF (Dean et al., 1989; Prete, 1993). The same logic can be investigated in human 

motion processing. Indeed, the estimation of distance of an object was shown to be influenced 

by its motion (Michaels, 1988) and an object appears closer and is most quickly detected in the 

lower VF (Danckert & Goodale, 2001; Schmidtmann, Logan, Kennedy, Gordon, & Loffler, 

2015). Most importantly, visual search is influenced by the intention to realise an action upon 

an upcoming target (Bekkering & Neggers, 2002). Thus, one may wonder whether the 

differences between types of motion, as well as the VF asymmetries observed in the present 

study would appear when it comes to perceiving a moving object with the intention to realize 

an action upon it. One can set up an adaptation of the present protocol in which participants 

would be asked to grab or point toward items moving in their visual field at different 

frequencies, presented alone or amongst other items moving at different frequencies. While 

attentional effects, like the influence of a salient distractor, have been shown to influence action 

(Kerzel & Schönhammer, 2013; Sailer, Eggert, & Straube, 2002; Welsh & Elliott, 2004; Wood 

et al., 2011), no study has ever investigated any visual field asymmetries in action preparation 

and execution related to the type of motion and speed with which an object is animated. 

Although the neural mechanisms of action would add much to the expected results (see for 

instance (Cisek, 2007), this kind of study could directly assess asymmetries as those observed 

in rats (Dean et al., 1989). 

Another axis of development of the present study can consist in the variation of the 

presentation time of displayed moving items. Thomas and Elias (2011) found that VF 

asymmetries in perception of greyscales would vary as a function of the presentation time of 
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the stimuli. Prolonged presentations led to a stronger left bias in the lower VF, but short 

presentations led to stronger left bias in the upper VF. The authors used either a short 

presentation of 150 ms, or presented the visual display until participant response. In the present 

study, we used only a short presentation time of 100 ms, primarily to avoid eye movements 

(Michael & Gálvez-García, 2011) but investigations from our laboratory showed indeed that 

the time of salience-based progression exhibits particular patterns through time (Couffe et al., 

2016). In light of results of Thomas and Elias, we may have looked into only one aspect of the 

progression of attention built on motion, and variations in the presentation timing would offer 

further insights to the processes underlying the phenomena we have described in this paper. 

Conclusion 

The prime goal of the present study was to test the salience-based progression of visual 

attention built on motion. We manipulated the salience of items through different frequencies 

and several motion types. Progression slopes showed different effects for different motion types 

arguing in favor of distinct processing pathways. Progression slopes also appeared to be more 

pronounced and independent of motion type in the lower left visual field, suggesting a right 

occipito-parietal dominance. However, these effects were visible and found only when the 

visual field contained multiple items, among which the target. These are specifically the 

conditions under which progression of attention through space is necessary, suggesting that 

those effects were rather attentional in nature. 
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Synthèse intermédiaire 
Dans une tâche de recherche visuelle, l’attention visuelle progresse depuis l’élément le 

plus saillant vers l’item immédiatement moins saillant, et ainsi de suite jusqu’à ce que la cible 

soit trouvée. Ce déplacement dans l’espace n’est pas immédiat et implique une progression dans 

le temps. Malgré le fait que le déploiement dans le temps semble aussi important que le 

déplacement spatial, la question du décours temporel de cette progression de l’attention basée 

sur la saillance restait ouverte. D’autre part, cette hiérarchie de la saillance a été empiriquement 

démontrée grâce à la présentation d’items hiérarchisés sur la base de leur taille et de leur 

luminance. Cependant, le déplacement de l’attention dans une tâche de recherche d’un item en 

mouvement a rarement été investigué, et la question de savoir si ce déplacement se base sur la 

hiérarchisation de la saillance était toujours ouverte. 

Le premier chapitre consiste en deux travaux. La première étude s’est intéressée à la 

manière dont le pattern hiérarchique des performances lié à la progression de l’attention 

s’établit dans le temps. Une adaptation avec amorçage du MSLVST a été utilisée, dans lequel 

les amorces, trois carrés de tailles différentes, étaient présentées pendant 33, 50 ou 100 ms. 

Après quoi, un de ces éléments devenait la cible, les deux autres des distracteurs, et le 

participant devait juger de l’orientation de la cible et la rapporter sur le clavier. Les résultats 

ont montré de meilleures performances lors de l’intervalle plus court pour l’élément le plus 

saillant, démontrant un effet de capture du faisceau attentionnel. Par la suite, les résultats ont 

révélé un élargissement de ce faisceau vers l’item directement moins saillant : entre l’intervalle 

intermédiaire et l’intervalle le plus long, la rapidité de réponse n’a pas changé lorsque l’élément 

le plus saillant était la cible, et s’est améliorée lorsque l’élément de saillance intermédiaire était 

la cible. Ceci suggérait un élargissement du focus aux deux éléments les plus saillants. 

Parallèlement, les performances pour l’élément le moins saillant ont chuté, suggérant la mise 

en place d’une inhibition autour du faisceau attentionnel. Des analyses complémentaires ont 

révélé un effet de la proximité des éléments sur la progression de l’attention, confirmant les 

prédictions des modèles de l’orientation de l’attention sur la base de la saillance. Les éléments 

plus proches de la localisation investiguée avaient plus de chance d’être ensuite explorés par 

l’attention que les éléments plus éloignés, et cet effet ne s’est observé que pour l’item le moins 

saillant. Les résultats ont suggéré une balance entre les effets dus à la similarité et ceux dus à 

la proximité, ainsi que des décours temporels distincts, respectifs pour ces deux facteurs.  
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La seconde étude a investigué les effets de capture et de progression de l’attention sur la 

base de la saillance en fonction du mouvement. Elle consiste en une adaptation du MSLVST 

avec trois types de mouvements : la translation (déplacement latéral), le mouvement radial 

(expansion/rétraction) et le flicker (apparition/disparition). A chaque essai, les items étaient 

animés d’un même mouvement à une fréquence différente (30, 15 ou 10 Hz) et les participants 

devaient rapporter l’orientation d’une cible parmi deux distracteurs. Les résultats ont montré 

que la propension des performances à varier en fonction de la saillance (manipulée par la 

fréquence des mouvements) était différente en fonction du type de mouvement. Les pentes de 

progression, qui révélaient la progression du faisceau attentionnel en fonction de la saillance, 

étaient les plus prononcées pour la translation, montraient un effet intermédiaire pour le flicker, 

et ne montraient aucun effet pour le mouvement radial. Ces résultats allaient dans le sens de 

l’hypothèse qui postule que le mouvement radial soit une dimension considérée par le système 

attentionnel comme reflétant un danger et nécessite une réponse urgente. De ce fait, chaque 

élément animé de ce mouvement accède à la priorité attentionnelle, peu importe son niveau de 

saillance, d’où l’absence de progression dans nos résultats. D’autre part, les résultats ont révélé 

que les performances étaient plus affectées par la saillance des éléments dans le quadrant visuel 

inférieur gauche par rapport aux autres quadrants. Cet effet s’est révélé être indépendant du 

type de mouvement, ce qui a permis de suggérer une implication importante de la voie dorsale 

de l’hémisphère droit dans les processus de progression de l’attention sur la base de la saillance 

sur la dimension du mouvement. Dans une manipulation contrôle dans laquelle les items étaient 

présentés seuls et non plus par groupes de trois, les résultats ont montré que la multiplicité des 

stimuli est une condition nécessaire pour l’émergence des effets de type de mouvement et des 

asymétries du champ visuel. C’est en effet la condition nécessaire à l’émergence de la saillance 

par la comparaison des items.  

Les résultats du premier chapitre suggèrent que la progression de l’attention sur la 

hiérarchie de la saillance s’établisse progressivement dans le temps. Une orientation initiale du 

faisceau attentionnel vers l’item le plus saillant a été mise en évidence, suivie par un 

déploiement de l’attention vers l’item directement moins saillant, conjointement à une 

inhibition de l’item le moins saillant. Egalement, cette progression s’est révélée affectée par la 

dimension visuelle qui caractérise les niveaux de saillance des éléments du champ visuel. 

Différents types de mouvements ont révélé des patterns de réponses différents, ce qui implique 

que les dimensions visuelles n’aient pas toutes le même poids dans l’établissement de la 

hiérarchie de la saillance. Certaines dimensions comme le mouvement radial gagneraient la 
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priorité de traitement, ce qui fait écho aux dimensions « pop out » de Treisman. Enfin, les 

résultats du premier chapitre ont révélé qu’indépendamment du type de mouvement, la 

progression de l’attention était plus affectée par la fréquence des éléments dans le quadrant 

visuel inférieur gauche. Cet effet était dépendant de la multiplicité des stimuli, ce qui confirme 

que la saillance des éléments est responsable de la progression de l’attention, et que l’effet 

d’asymétrie des champs visuels est de nature attentionnelle, probablement sous-tendu par les 

circuits dorsaux occipito-pariétaux de l’hémisphère droit. 

La question du substrat neuronal de ces effets est primordiale pour une meilleure 

compréhension des processus impliqués, et l’observation de spécificités cognitives peut amener 

à faire des inférences vis-à-vis de l’implication des voies visuelles dans les traitements de ces 

processus. Dans cette optique, Michael and Gálvez-García (2011) ont observé des asymétries 

naso-temporales dans les pentes de progressions, et cette observation consistait un argument 

dans le sens de l’implication des voies extragéniculées dans le déplacement de l’attention 

visuelle. La littérature a progressivement accumulé des arguments issus d’autres indices 

comportementaux allant dans le sens de l’implication des voies extragéniculées dans les 

processus attentionnels. Il s’agit de répertorier et d'étudier la contribution de ces indices et 

d’investiguer leur cohérence théorique afin, dans un second temps, de les exploiter pour étudier 

le rôle de ces voies dans le déplacement de l’attention sur la base de la saillance. 

Le deuxième chapitre propose de réponde à cette problématique au travers de trois études 

: la première est un travail de revue des techniques, et les deuxième et troisième sont des travaux 

empiriques en psychophysique. La première étude, après avoir décrit ces voies et le rôle de 

chacune des structures qui composent ces voies extragéniculées, présente les investigations qui 

ont utilisé trois indices comportementaux comme signes du fonctionnement extragéniculé : les 

asymétries naso-temporales, la réponse aux stimuli cônes-S et la réponse aux stimuli 

perceptivement supprimés. Nous y faisons la conclusion que les asymétries naso-temporales et 

les réponses aux stimuli cônes-S sont des indices plausibles permettant d’investiguer les 

fonctions sous-tendues par les voies extragéniculées puisqu’ils sont cohérents avec les données 

issues de la neurophysiologie, de la neuropsychologie et de la neuroimagerie. En revanche, la 

littérature associée aux réponses aux stimuli supprimés est trop rare et trop peu cohérente pour 

être considérée comme une indication plausible sur le fonctionnement extragéniculé. 

La deuxième et la troisième étude se basent sur le fait qu’une grande partie de la littérature 

propose que l’orientation de l’attention soit sous-tendue par le fonctionnement d’une des voies 

extragéniculées, la voie rétino-tectale. Elle est constituée par les projections de la rétine vers le 
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CS et du transfert subséquent de l’information colliculaire vers les structures pulviniques, 

extrastriées et pariétales. Des études récentes ont remis en question cette conception en 

décrivant des effets de capture attentionnelle par des stimuli auxquels le CS est aveugle. 

Cependant, des données neurophysiologiques montrent qu’il n’existe pas de transfert direct de 

l’information provenant des cônes S de la rétine vers le CS. Ainsi l’utilisation de stimuli cônes-

S peut être utile à l’investigation de processus visuels sans l’implication de la voie rétino-

tectale. 

La deuxième étude consiste en une version modifiée du MSLVST dans laquelle trois 

éléments de tailles différentes étaient présentés soit en noir, soit en une couleur qui n’activait 

que les cônes S de la rétine. Les participants devaient faire un jugement d’orientation d’une 

cible parmi deux distracteurs. Les résultats ont montré que le pattern de performance 

hiérarchique n’était présent que dans la condition stimuli noirs, qui permettait un traitement 

visuel par la voie rétino-tectale. D’autre part, les performances observées lorsque le plus grand 

item était la cible n’étaient pas affectées par la couleur du dispositif de recherche. L’effet de 

capture par l’élément le plus saillant était le même en présence ou non du traitement de la voie 

colliculaire. Ces résultats allaient dans le sens d’une distinction entre le phénomène de capture 

et celui de progression de l’attention sur la base de la saillance. Le premier ne semble pas 

nécessiter le traitement de la voie colliculaire, à la différence du second. Cette voie semble donc 

spécifique au déplacement de l’attention sur la base de la saillance. Une étude contrôle a permis 

de tester l’effet de la multiplicité des éléments en ne présentant qu’un élément à la fois. La 

pénalisation de la performance due à la progression de l’attention était plus prononcée dans la 

condition stimuli noirs, ce qui a été interprété en termes de modes de traitements distincts en 

fonction des voies visuelles. 

La troisième étude consiste en une adaptation du MSLVST pour permettre la présentation 

de stimuli en mouvement, de trois fréquences différentes. Les stimuli étaient également 

présentés soit en noir, soit de la couleur qui n’activait pas les cônes S de la rétine du participant. 

Deux types de mouvements, la translation et le mouvement radial, ainsi qu’une condition 

contrôle immobile étaient utilisés. Les participants devaient répondre à la tâche de recherche 

de cible et de discrimination de son orientation, puis indiquer s’ils avaient perçu un mouvement. 

Les résultats ont montré que le pattern hiérarchique des performances était présent dans les 

deux conditions de couleurs, ce qui allait dans le sens de l’hypothèse de la sensibilité du CS à 

l’énergie du mouvement, en présence ou non de l’information de changement de luminance ou 

de couleur à la source du mouvement. De façon intéressante, les participants ne rapportaient 
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pas percevoir de mouvement en présentation cône-S. Le pattern hiérarchique dans les 

performances émergeait donc en l’absence de perception consciente du mouvement des stimuli. 

Ces résultats étaient congruents avec les travaux qui pointent les voies extragéniculées, dont 

fait partie le CS, comme responsables des capacités préservées des patients atteints de 

blindsight qui montrent également des effets attentionnels pour des stimuli perçus de façon non-

consciente dans leur champ aveugle.  

Pour résumer, les résultats du second chapitre permettent de faire le point sur les 

structures qui composent les voies extragéniculées et sur les techniques comportementales qui 

peuvent être utilisées pour étudier leur impact dans les processus attentionnels. Les études 

suivantes se sont basées sur la technique d’isolation des cônes-S de la rétine et ont rapporté des 

résultats complémentaires. Ces deux études ont montré que les traitements de la voie 

colliculaire semblent responsables de l’émergence de la hiérarchie de la saillance et de la 

progression de l’attention sur cette base. En condition de présentation de stimuli statiques 

cônes-S, la progression s’est montrée abolie. En revanche, lorsque les stimuli étaient en 

mouvement, la hiérarchie émergeait à nouveau. Ceci argumentait en faveur de 1) la capacité du 

CS à traiter l’énergie du mouvement, et 2) en faveur de l’implication des voies extragéniculées 

dans la progression de l’attention sur la base de la saillance. 
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L’investigation des fonctions des voies extragéniculées par des techniques 

psychophysiques. 
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Exploring Visual Attention Functions of the Human Extrageniculate  
Pathways Through Behavioral Cues 

 

Raphaël Mizzi and George A. Michael 
Université de Lyon 

Over the past few decades, evidence has accumulated showing that, at subcortical levels, 
visual attention depends partly on the extrageniculate neural pathways, that is, those pathways 
that bypass the lateral geniculate nucleus and circumvent the primary visual cortex. Working 
in concert with neuroscience, experimental psychology has contributed considerably to the 
understanding of the role these pathways play through the use of 3 behavioral cues: nasal-
temporal asymmetries, responses to S-cone stimuli, and responses to perceptually suppressed 
stimuli. In this article, after presenting the extrageniculate pathways and the role of each of 
the component structures in visual attention, we review findings from studies that have used 
these behavioral cues, as well as what they tell us about the role of the extrageniculate 
pathways in visual attention. We conclude that nasal-temporal asymmetries and responses to 
S-cone stimuli are plausible probes of extrageniculate functions, because they are consistent 
with neurophysiological, neuropsychological, and neuroimaging findings. By contrast, 
despite promising perspectives, the literature is yet too scarce for responses to perceptually 
suppressed stimuli to be considered as a plausible probe of extrageniculate-dependent 
attention functions. 

Keywords: visual attention, extrageniculate, nasal-temporal, S-cone stimuli, perceptual suppression 

The visual world is made of spatially distributed objects 
that, at any moment, may become relevant for behavior. The 
quantity of available information is such that it exceeds the 
processing capacity of the visual system. Visual attention then 
operates to prioritize a small portion of information for further 
detailed processing by orienting toward relevant locations, like 
a spotlight illuminating the garage. Selective attention to spatial 
locations can operate either automatically or involuntarily in 
response to signals coming from the visual field. In this case, it 
is referred to as exogenous attention. However, it can also be 
oriented voluntarily and in a controlled fashion when guided by 
internal states, aims and strategies. It is then referred to as 
endogenous attention. Even though exogenous and endogenous 
attention can be dissociated in the laboratory, they are rather 
functioning together in everyday situations. Furthermore, 
attention can be oriented in space either without any external 
signs that this has been done, that is, covertly, or 
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with accompanying movements of the eyes, the head and even 
the whole body, that is, overtly. In summary, both exogenous 
and endogenous visual attention modulate the spatial and 
temporal sensitivity of early perceptual filters, influence the 
selection of stimuli of interest (Carrasco, 2011). During the past 
40 years, neurophysiology, neuropsychology, and 
neuroimaging have provided evidence that visual attention is 
controlled through largely distributed brain networks involving 
cortical and subcortical circuits (Bisley, 2011). At cortical 
levels, the parietal and the frontal lobes seem to be heavily 
involved in attention (Carrasco, 2011; Corbetta & Shulman, 
2002, 2011; Posner & Petersen, 1990) and lesions to these 
lobes, especially in the right hemisphere, produce unilateral 
spatial neglect, one of the most dramatic neuropsychological 
deficits, causing failures to notice, attend to and process 
information in the contralateral visual field. At subcortical 
levels, research has focused on the thalamus and its interactions 
with cortical areas for producing controlled attentional 
modulatory effects (Ling, Pratte, & Tong, 2015; McAlonan, 
Cavanaugh, & Wurtz, 2008; O’Connor, Fukui, Pinsk, & 
Kastner, 2002; Purushothaman, Marion, Li, & Casagrande, 
2012; Schneider, 2011). As far as automatic processes involved 
in attentional selection are concerned, research has mostly 
focused on neural pathways that convey information from the 
retina to the extrastriate cortices that bypass the lateral 
geniculate nucleus (LGN) of the thalamus and circumvent the 
primary visual cortex: the extrageniculate pathways (Knudsen, 
2011; Krauzlis, Lovejoy, & Zénon, 2013; Lyon, Nassi, & 
Callaway, 2010; Robinson & McClurkin, 1989). It was 
suggested that the extrageniculate pathways operate to 
represent the location of important signals in space (Krauzlis, 
Liston, & Carello, 2004; Krauzlis et al., 2013; Saalmann & 
Kastner, 2011; Wurtz, McAlonan, Cavanaugh, & Berman, 
2011). This is not just a perceptual function; it is a specific 
primitive attentional function that separates important locations 
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neuroimaging in humans have shown that portions of the 
pulvinar exhibit attention-related activity (Buchsbaum et al., 
2006; Fischer & Whitney, 2012; Petersen, Robinson, & Morris, 
1987; Strumpf et al., 2013), and dysfunction of the pulvinar in 
both monkeys and humans produces deficits in visual attention 
(Arend et al., 2008; Michael, Boucart, Degreef, & Godefroy, 
2001; Michael & Desmedt, 2004; Rafal, Inhoff, Friedman, & 
Bernstein, 1987; Snow, Allen, Rafal, & Humphreys, 2009). 
Some of the attention-related activity in the pulvinar seemingly 
originates in the SC and might contribute to modulation and 
enhancement of neuronal response in cortical areas (Saalmann 
& Kastner, 2011; Wurtz et al., 2011). This is, for example, 
supported by evidence that pulvinar neurons with input from 
the SC have properties that are similar to those of neurons in 
the superficial layers of the SC in that they have visual but not 
presaccadic activity (Berman & Wurtz, 2008). Yet, in view of 
the direct retinal input it receives (Itaya & Van Hoesen, 1983; 
Nakagawa & Tanaka, 1984; O’Brien et al., 2001), the pulvinar 
can be hardly considered as just a passive relay of information 
that was previously processed by the SC. 

In view of the numerous connections that exist between 
subcortical and cortical areas that are critical to attention 
(Bisley, 2011; Wurtz et al., 2011), it is of the utmost interest to 
unravel the role of whole pathways in attention, rather than the 
respective role of each specific brain structure of these 
pathways (Leopold, 2012). For instance, key structures for the 
expression of attention, such as the occipito-temporal, lateral 
intraparietal areas and the inferior parietal lobule (Fecteau & 
Munoz, 2006; Kusunoki, Gottlieb, & Goldberg, 2000; 
LaBerge, 2002) receive afferents from both the geniculate and 
the extrageniculate pathways (Baizer, Desimone, & 
Ungerleider, 1993; Chambers, Payne, Stokes, & Mattingley, 
2004; Clower, West, Lynch, & Strick, 2001). This sketches the 
scenario that signals that are used to guide attention are built on 
combined geniculate and extrageniculate inputs. However, 
given the different anatomical and functional properties of 
neurons of these pathways, it is naturally expected that their 
respective contributions be different and probably 
complementary (Schneider & Kastner, 2009). The idea of a 
complementarity between the two pathways in attention 
functions is backed up by the fact that, in primates, the older 
extrageniculate pathways did not disappear with the evolution 
of the more recent and more dominant geniculate pathway but, 
instead, increased in volume (Rao & Wu, 2001). For instance, 
differences in the speed with which signals are conveyed 
through these pathways toward cortical areas subtending 
attention have already been hypothesized (Chambers et al., 
2004), as well as differences in the quantity and quality of the 
signals conveyed (Michael & Desmedt, 2004; Michael & 
Gálvez-García, 2011; Mizzi & Michael, 2014). Stimulating 
each of these two pathways with the same stimulus should 
therefore provide evidence of how they contribute to directing 
attention. In an attempt to understand the role of these pathways 
and complement knowledge coming from neurophysiology, 
neuropsychology, and neuroimaging, experimental 
psychologists have considered behavioral cues as reflecting 
functional differences between the geniculate and the 
extrageniculate pathways. It has to be pointed out that these 
effects cannot directly attest to the extrageniculate involvement 
because of their behavioral nature, and several arguments that 
run counter have been given. Nevertheless, these effects are 
generally interpreted in terms of extrageniculate modulation, 
be it oculomotor or attentional, because of some specificities of 
the visual system that will be mentioned later on. Three of those 

cues are reviewed here: (a) asymmetric responses to stimuli 
presented in the nasal and the temporal visual fields, (b) 
responses to short-wavelength stimuli (S-cone stimuli), and (c) 
responses to perceptually suppressed stimuli. Each cue is taken 
individually and examined closely. 

Nasal-temporal Asymmetries 

Neurophysiologists have noted that direct retinal input to 
the monkey SC and pulvinar is strongly contralateral (Goldberg 
& Wurtz, 1972; Hendrickson, Wilson, & Toyne, 1970; Hubel, 
LeVay, & Wiesel, 1975; Itaya & Van Hoesen, 1983; Wilson & 
Toyne, 1970) and conveys information from the contralateral 
visual field up to the visual extrastriate cortices (see Figure 1; 
Adams, Hof, Gattass, Webster, & Ungerleider, 2000; Berman 
& Wurtz, 2008, 2010, 2011; Lyon et al., 2010). For instance, 
small retinal lesions that are followed by degeneration of nerve 
fibers have revealed that retino-tectal projections are denser in 
the contralateral than in the ipsilateral SC (Wilson & Toyne, 
1970; Figure 2). Similarly, tract-tracing techniques have 
revealed that the retina has denser direct projections to the 
contralateral than to the ipsilateral inferior pulvinar (Itaya & 
Van Hoesen, 1983; Mizuno et al., 1982). Imaging techniques 
have revealed that, in humans, the SC and the pulvinar respond 
strongly, if not exclusively, to contralateral visual stimuli 
(Cotton & Smith, 2007; Schneider & Kastner, 2005). This 
means that, despite the whole visual field being represented in 
the SC and the pulvinar, input from the temporal visual field 
(the left side for the left eye and the right side for the right eye) 
could be mostly processed by the contralateral SC and pulvinar 
than input from the nasal visual field (the left side for the right 
eye and vice versa). 

The relevance of this kind of asymmetry in behavior has 
been demonstrated in humans. Because fibers that carry 
information from the nasal field mature more slowly than fibers 
that carry information from the temporal field to the SC, it 
could be expected that newborns, in whom the retino-tectal 
pathway is thought to mature before the geniculate pathway 
(Johnson, 1990), gaze more accurately at stimuli in the 
temporal field (Rothbart, Posner, & Boylan, 1990). Lewis and 
colleagues (Lewis, Maurer, & Blackburn, 1985) compared 
infants’ ability to detect-by-gaze stimuli of varying sizes in the 
nasal and temporal fields. They found that detection in the 
temporal field was better than detection in the nasal field. In 

Figure 2. The degeneration of nerve fibers after small retinal 
lesions of the left eye in primates reveal that retinal projections are more 
dense in the contralateral than in the ipsilateral superior colliculus 
(modified from Wilson & Toyne, 1970). “X” symbols represent 
degenerated fibers, more numerous in the contralateral superior 
colliculus. 
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fact, the smallest stimuli detected by 1-month-old infants in the 
temporal field were more than eight times smaller than those 
detected in the nasal field. This finding complemented earlier 
reports that infants scanning stimuli monocularly tend to look 
longer at the temporal side of a figure than at the nasal side 
(Slater & Findlay, 1972). 

Along with the neurophysiological studies in monkeys 
mentioned earlier, such observations led researchers from the 
field of the psychology of attention to speculate that, under 
monocular viewing conditions, functions that heavily depend 
on the SC (Rafal, Machado, & Ingle, 2000), such as the control 
of reflexive eye movements, would be dominated by stimuli 
presented in the temporal field (Posner & Cohen, 1980). The 
logic was that information from the temporal field would be 
conveyed faster through extrageniculate pathways toward the 
extrastriate areas, and their activation would have different 
effects on saccadic eye movements than information from the 
nasal field. Nasal-temporal asymmetries could hence be 
considered as a marker that could help differentiate the 
functions of the geniculate and the extrageniculate pathways. 
Such asymmetries may be less pronounced in human adults and 
are influenced by physiological asymmetries. For instance, 
physiological studies have shown a greater density of 
photoreceptors (Osterberg, 1935) and ganglion cells in the 
nasal retina which processes information from the temporal 
visual field (Curcio & Allen, 1990). In agreement, 
psychophysical studies have shown higher luminance 
thresholds and lower acuity in the nasal visual field (Fahle & 
Schmid, 1988). Accordingly, attention-related asymmetries 
could still be detectable with subtle behavioral measures. In 
one of their experiments, Posner and Cohen (1980) briefly 
presented one dot in the nasal field and another one in the 
temporal field of participants who had been instructed to move 
their eyes to whichever dot they wanted. In a condition where 
one dot preceded the other in time, participants naturally gazed 
at the dot that appeared first. However, in a condition where the 
dots were presented simultaneously, participants generally 
gazed at the dot presented in the temporal field. This result was 
replicated later on (Shulman, 1984). When it comes to 
comparing automatic versus controlled saccadic parameters, 
research has not always yielded equivocal results because 
differences for the nasal and temporal fields have not always 
been found (Honda, 2002; Jóhannesson, Asgeirsson, & 
Kristjánsson, 2012). This topic is still under debate as, 
according to the abovementioned hypothesis, extrageniculate 
signals would be conveyed faster and would probably trigger 
faster oculomotor responses. Yet, no clear and direct evidence 
on such a temporal asynchrony between the geniculate and the 
extrageniculate pathways has been provided so far. Those 
results contrast with the idea that all oculomotor parameters 
constantly show nasaltemporal asymmetries, and they have, 
therefore, led some authors to contest the extrageniculate 
mediation of such effects. For instance, Jóhannesson and 
colleagues (2012) advanced that, since the retino-tectal 
pathway is formed by only about 10% of ganglion cell 
projections (Perry & Cowey, 1984), its contralateral 
implication in saccadic latencies would be minor. 
Notwithstanding, some physiological studies have shown that 
collicular oculomotor activity is influenced by descending 
projections from cortical structures (Fries, 1984; Gaymard, 
Lynch, Ploner, Condy, & Rivaud-Péchoux, 2003; Machado & 
Rafal, 2004a; Ploner, Gaymard, Rivaud-Péchoux, & Pierrot-
Deseilligny, 2005; Sommer & Wurtz, 2000; Wilson & Toyne, 
1970). For instance, Rafal (Rafal, 2006) showed that lesions of 

the frontal eye fields (FEF) lead to contralateral disinhibition 
of involuntary saccades and the impairment of involuntary 
ipsilateral saccades. These results, confirmed through electrical 
and transcranial magnetic stimulation techniques (Burman & 
Bruce, 1997; Müri et al., 1998), demonstrated the importance 
of the fronto-tectal pathway in the control of involuntary 
saccades. 

On the other hand, peak velocities of saccadic eye 
movements (i.e., the highest velocity that the eye reaches 
during a saccade) under monocular viewing conditions are 
higher toward temporal than toward nasal stimuli (Jóhannesson 
& Kristjánsson, 2013). This effect cannot be accounted for by 
differences in saccade amplitude between the fields. In another 
study, Walker and colleagues (Walker, Mannan, Maurer, 
Pambakian, & Kennard, 2000) required participants to make an 
eye movement toward a predefined target and ignore any other 
irrelevant stimuli presented in the visual field. They reported 
stronger oculomotor distraction effects when the irrelevant 
stimuli were presented in the temporal field than in the nasal 
field. Similarly, Rafal and colleagues (Rafal, Smith, Krantz, 
Cohen, & Brennan, 1990) reported that irrelevant distracting 
stimuli presented in the blind field of patients having suffered 
damage to the visual cortex inhibited saccades toward target 
stimuli presented in the intact part of their visual field. But this 
effect was observed only when the distracting stimuli were 
presented in the temporal field. While those reports concerned 
prosaccades, that is eye movements from the currently fixated 
location directly to the location of a stimulus appearing at the 
periphery of the visual field, other investigations found nasal-
temporal asymmetries in antisaccades. Antisaccades are 
voluntary eye movements in the opposite direction to the 
location of a peripheral stimulus that require overcoming the 
natural tendency to move the eyes toward that stimulus. This is 
done through modulation of the activity of the SC by cortical 
areas such as the frontal eye fields (Everling & Fischer, 1998). 
Kristjánsson and colleagues (Kristjánsson, Vandenbroucke, & 
Driver, 2004) found that it was more difficult to overcome a 
prosaccadic tendency for a stimulus presented in the temporal 
field, supporting that stimuli occurring there exert a stronger 
oculomotor attraction. 

Nasal-temporal asymmetries were first considered to 
concern only oculomotor processes (Posner & Cohen, 1980; 
Rafal et al., 1990; Shulman, 1984). However, the close 
relationship between saccadic eye movements and attention 
(Kustov & Robinson, 1996; Rizzolatti, Riggio, Dascola, & 
Umiltá, 1987) and the hypothesis that both the SC and the 
pulvinar are involved in attention (Krauzlis et al., 2013; 
Kristjánsson, Vuilleumier, Schwartz, Macaluso, & Driver, 
2007; Petersen et al., 1987; Posner, Cohen, & Rafal, 1982; 
Rafal, Posner, Friedman, Inhoff, & Bernstein, 1988; Robinson 
& Petersen, 1992) pushed researchers to look out for such 
asymmetries in tasks of spatial attention too. Evidence was 
obtained from several attention paradigms in which manual 
responses or perceptual judgments were required. For instance, 
in one study on orienting of attention in space (Rafal, Henik, & 
Smith, 1991), participants were required to detect a peripheral 
target by making either an eye movement to it, or by pressing 
manually a response button while keeping the eyes on a central 
fixation stimulus. To summon attention, the target was 
preceded by a cue, which could appear at the location of the 
target or elsewhere (spatial cueing paradigm). A temporal field 
advantage was observed for both saccades and manual 
response times. Similar effects were observed in the accuracy 
of perceptual judgments (Ansorge, 2003), and were extended 
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to other elementary operations of spatial attention such as 
inhibition of return (IOR; Berger & Henik, 2000). These 
findings suggest that nasal-temporal asymmetries are not 
exclusively related to oculomotor behavior, but are also related 
to attention. There is also evidence on attention effects that 
parallels the finding that temporal field stimuli have stronger 
inhibitory effects on eye movements (Walker et al., 2000) and 
exert a stronger prosaccadic tendency that is more difficult to 
overcome (Kristjánsson et al., 2004): responding manually to a 
target that appears above or below fixation is more affected and 
slowed down by attention-capturing distractors that appear in 
the temporal field (Michael & Buron, 2005). On the other hand, 
Zackon and colleagues (Zackon, Casson, Zafar, Stelmach, & 
Racette, 1999) used a temporal order judgment paradigm. 
Participants were required to judge which one of two laterally 
and simultaneously presented stimuli appeared first. In some 
cases, a spatial cue preceded the appearance of the stimuli at 
varying time intervals, drawing attention toward one field or 
the other. The authors found that participants perceived the 
stimulus in the temporal field as having appeared first, 
suggesting that the effect of attention was stronger when the 
cues were presented in the temporal field. Similar results were 
obtained with the split priming motion induction paradigm 
(Zackon, Casson, Stelmach, Faubert, & Racette, 1997). Here, 
two asynchronous lateralized spatial cues were followed by the 
appearance of a horizontal bar. Because of the attentional effect 
triggered by the cues, the bar seemed to move progressively 
from the two lateral cues toward a central collision point, which 
was the fixation point. If attention were more attracted to one 
field than the other, then the perception of motion would be 
perceived as faster. The authors reported that when the first cue 
appeared in the temporal field, the perceived collision point 
was closer to fixation than when the first cue appeared in the 
nasal field, suggesting a temporal advantage for attention. 

Even though neurophysiological data suggests that both the 
SC and the pulvinar may also be involved in the selection of 
targets when presented on a background of irrelevant 
distractors (Buchsbaum et al., 2006; Fischer & Whitney, 2012; 
Knudsen, 2011; Lovejoy & Krauzlis, 2010; Rotshtein, Soto, 
Grecucci, Geng, & Humphreys, 2011; Strumpf et al., 2013), 
little has been done to investigate nasal-temporal asymmetries 
in tasks that require to find and select a target among 
distractors. And when attempts were made, such asymmetries 
proved difficult to obtain. This is consistent with 
neuropsychological results that in some cases showed deficits 
in resolving competition among visual stimuli after lesions of 
the pulvinar in humans (Snow et al., 2009) and sometimes did 
not show such deficits. For instance, Michael & Ojéda (2005) 
presented healthy participants with a lateralized tachistoscopic 
visual search task in which a target was presented among four 
task-irrelevant distractors. The target-distractor physical 
similarity varied parametrically to manipulate attention 
demands. While asymmetries were obtained for left versus 
right visual fields as a function of attention demands under 
binocular viewing conditions, no asymmetries between nasal 
and temporal displays under monocular viewing conditions 
were found. However, in another investigation on the way 
attention progresses without eye movements on the basis of 
items’ visual salience in a search display containing one target 
and two distractors, a nasal-temporal asymmetry was found 
(Michael & Gálvez-García, 2011). Attention progresses from 
the most toward the least salient item until a target is found. 
This makes responses slow down and accuracy shrink almost 
linearly with decreasing visual salience of the target. 

Consequently, the shallower the slope of such a change, the 
more the shifting from the most toward the least salient item is 
facilitated. The authors observed a well-marked nasal-temporal 
asymmetry in accuracy, but only when the stimuli were 
projected to the temporal field of the left eye and the nasal field 
of the right eye, both projecting to the right hemisphere. These 
two hemifields carry information toward the right cerebral 
hemisphere. The authors consequently interpreted this 
asymmetry as mainly involving the right hemisphere (see 
Figure 3). This is in agreement with hypotheses and findings 
that the right hemisphere is specialized in attentional processes 
at both cortical and subcortical levels (Carrasco, 2011; Corbetta 
& Shulman, 2002; Habekost & Rostrup, 2006; Karnath, 
Himmelbach, & Rorden, 2002; Kingstone, Friesen, & 
Gazzaniga, 2000). Compared with displays presented in the 
nasal field, performance slopes were six times smaller for 
temporal field displays. This means that the progression of 
attention from the most salient toward the least salient item of 
the display is easier and more efficient in the temporal field. 
Furthermore, this nasal-temporal asymmetry was quite regular 
because it was found in the performance of 87.5% of 
participants. A similar observation has been made in a more 
recent study from our laboratory that specifically targeted 
filtering out distractors (Michael, Mizzi, Couffe, Gálvez-
García, & Labeye, 2016). Participants viewed briefly presented 
sets of four similar stimuli among which a target could be 
present or not. The spatial organization of those sets was such 
that the need for attentional filtering was either low or high. A 
temporal field advantage was found only in conditions where 
the need for filtering was high, and only for stimuli presented 
to the right hemisphere. To our knowledge, these are the only 
studies that reported nasal-temporal asymmetries in tasks that 

Figure 3. Accuracy slopes in the nasal and temporal fields in a modified 
task of visual search. Attention progresses from the most salient to the 
least salient item of a scene until the target is found, making accuracy to 
decrease with deceasing salience of the target. The smaller the slope of 
such a change, the more the shifting from the most toward the least salient 
item is easy and efficient. Note that the smallest slope is in the temporal 
field projecting to the right hemisphere (from Michael & Gálvez-García, 
2011). 
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involved selecting a target among multiple distractors. 
Therefore, it is difficult, on the basis of the extant behavioral 
studies, to draw strong conclusions on the respective 
contribution of the geniculate and extrageniculate pathways in 
filtering out distracting signals. This is mostly because, to our 
knowledge, only three such studies on healthy participants have 
been published. 

All the abovementioned findings suggest that there is a 
difference in performance when people have to process and 
respond to signals occurring in the temporal field as compared 
with those appearing in the nasal field. The problem is that the 
ultimate validity of the hypothesis postulating a numerical 
superiority of projections from the temporal field to 
extrageniculate targets is controversial. Williams and 
colleagues (Williams, Azzopardi, & Cowey, 1995) objected 
that studies pointing asymmetrical projections from the nasal 
and temporal fields to the SC made this observation 
qualitatively, following anterograde transport of tritiated amino 
acids from the eye in monkeys. We may also add here that 
retinal lesion studies (Wilson & Toyne, 1970) also provide 
indirect evidence, since what is investigated is the density of 
the subsequent degeneration in the SC. A quantification of the 
retinal projections to the SC would provide stronger support to 
the temporal field numerical superiority hypothesis. In their 
study on four Macaca mulatta monkeys, Williams and 
colleagues (Williams et al., 1995) compared the average 
nasal/temporal ratio of the vast majority of retinal cells 
projecting to the midbrain to the nasal/temporal ratio of a 
standard retina. They found no evidence that retinal projections 
from the temporal field were more numerous than those from 
the nasal field. This finding matched an earlier investigation 
that had also failed to find any numerical superiority of retinal 
projections coming from the temporal field (Perry & Cowey, 
1984). The authors consequently concluded that “there is 
nothing numerically anomalous about the projection to the 
midbrain” (p. 585). However, such a negative result calls for 
caution since the absence of evidence on numerical nasal-
temporal asymmetries is not evidence of its absence. The 
apparent absence of numerical superiority in the projections of 
the retina to the SC does not preclude the possibility that the 
same projections are differently distributed when compared 
with retinal projections to the LGN. As far as the direct retino-
pulvinate pathway is concerned, there is much less controversy 
because there is reliable evidence of a numerical superiority of 
projections coming from the temporal visual field (Itaya & Van 
Hoesen, 1983). What about humans? Neuroimaging techniques 
showed that the temporal field is indeed overrepresented in the 
human contralateral SC, whereas such asymmetry is not found 
in the LGN and V1 (Sylvester, Josephs, Driver, & Rees, 2007). 
Furthermore, lesions of the SC and the pulvinar in humans 
abolish nasal-temporal asymmetries (Sapir, Rafal, & Henik, 
2002; Sapir, Soroker, Berger, & Henik, 1999). 

                                                 
1 This specific color transition that does not stimulate large and 

medium rod cells differs between individuals and between retinal 
locations because of retinal sensitivity, macular pigmentation, lens 
density, and chromatic aberration variations. Therefore, to 
determine the specific S-cone color transition for each participant, 
S-cone stimuli have to be individually calibrated by means of 
independent pilot protocols. This specific color transition requires 
the use of isoluminant stimuli. Classically, a set of color variations 
(i.e., the candidates) is compared to the background color to adjust, 
for each participant, the correct color variation. To this aim, the 

S-Cones Stimuli 

Photopic vision, which provides high acuity in detection of 
light and color stimuli, is supported by three families of retinal 
photoreceptor rod cells named after their wavelength 
sensibility: L-cone (for large), M-cone (medium), and S-cone 
(short) wavelength. Luminance is coded by L- and M-cones 
and color coding requires all three cell families. Visual 
information is transmitted to three ganglion cell classes: α, , 
and γ, which are involved in the processing of distinct visual 
dimensions (Rodieck & Watanabe, 1993; Wassle & Boycott, 
1991). Alpha cells, mostly parasol ganglion cells, carry 
information to the magnocellular layers of the LGN as well as 
in the SC and are involved in contrast and luminance 
perception. Beta cells, mostly midget cells, transmit 
information only to the parvocellular layers of the LGN but not 
to the SC (see Figure 1). They carry color information and are 
responsible for fine perception. Gamma cells (only 10% of 
ganglion cells) possess various characteristics and are thought 
to play a role in global light or motion orientation detection, but 
they are colorblind. Gamma cells transmit visual information 
to both the LGN and the SC. While the retino-tectal pathway 
conveys both Land M-cone information, numerous 
physiological studies (Marrocco & Li, 1977; de Monasterio, 
1978; Schiller & Malpeli, 1977) have shown that there is no -
or very sparse- information transfer from the S-cone cells to the 
SC. Indeed, the SC does not receive any projection from  

ganglion cells. Thus, retino-tectal fibers do not convey short 
wavelength signals (Marrocco & Li, 1977; de Monasterio, 
1978; Schiller & Malpeli, 1977), leaving the SC colorblind. 
The relevance of this kind of observation in humans was 
demonstrated by Tamietto and colleagues (Tamietto et al., 
2010) using functional magnetic resonance imaging (fMRI). 
The authors showed that the human SC is selectively 
insensitive to S-cone stimuli. Consequently, presenting S-cone 
stimuli that are only detectable by the geniculate pathway and 
to which the retinotectal pathway is blind allows the production 
of temporary, non-invasive and entirely reversible lesion-type 
effects in healthy humans. This can help assess behavior in the 
absence of retino-tectal processing (Calkins, 2001; Smithson, 
2014; Sumner, Adamjee, & Mollon, 2002). 

Isolating the precise color transition that only activates S-
cones of the retina requires a specific methodology. S-Cone 
stimuli consist of a color transition that activates exclusively 
shortwave retinal rods. Shortwave receptors are classically 
known to be specialized in blue color perception, responding to 
a transition from gray to lilac-blue, or 0° of theoretical angle in 
the MacLeod-Boynton color coordinate (MacLeod & Boynton, 
1979). However, they can also be found in literature as pink on 
a standard gray background. In fact, the color angle is slightly 
rotated from lilac-blue to pink when presenting stimuli in 
parafoveal locations because of diminishing macular 
pigmentation (Calkins, 2001; Smithson, 2014).1 Several 
methods are possible when selecting the specific color 
transition that would only solicit S-cone activity among 

Minimum Motion Technique (Anstis & Cavanagh, 1983) is of 
much use. Here, a square-wave grating of red and green bars of 
spatial frequency 2.5 cycle deg1 is presented on the screen. This 
display flickers at a rate of 4 Hz with alternating dark and light 
stripes of the same width, interleaved in a four-stroke cycle. From 
this flickering emerges an optical illusion: vertical bars seem to 
move from left to right when the candidate color is brighter than the 
background color and from right to left when it is darker. When no 
motion illusion is perceived, the presented color variations are 
considered to be isoluminant. 
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isoluminant color candidates (Smithson, 2014; Smithson, 
Bourke, Zaidi, Mollon, & Stockman, 2004): the Webster 
method (Webster & Mollon, 1994), the minimally distinct 
border method (Boynton & Kaiser, 1978), and the transient 
trianopia procedure (Smithson, Sumner, & Mollon, 2003). 
These methods are used to assess the tritan line, which is the 
axis of color space that modulates only the excitation of the S-
cones. The most recent procedure (Smithson et al., 2003) is 
based on a temporal desensitization of the blue-receptive cells, 
resulting in a temporary trianopia (Mollon & Polden, 1975). 
Participants are asked to detect a candidate color item while the 
S-cone cells are made insensitive. A transient desensitization is 
produced with a homogeneous yellow screen presentation (580 
nm) before a detection task of the color candidates. The color 
transition for the candidate that elicits the lowest performance 
is the most affected by S-cones desensitization. Thus this 
candidate, which is specific to each participant, is used for 
subsequent behavioral testing. 

The few studies that have used the S-cone insolation 
technique have been conducted to assess the implication of the 
SC in blindsight (Leh, Mullen, & Ptito, 2006; Leh, Ptito, 
Schönwiesner, Chakravarty, & Mullen, 2010; Tamietto et al., 
2010), in the attentional modulation of the responses of the 
occipital cortex (Wang & Wade, 2011), or in spatial attention 
(Bompas, Sterling, Rafal, & Sumner, 2008; Bompas & Sumner, 
2009; Mizzi & Michael, 2014; Sumner et al., 2002; Sumner, 
Nachev, Castor-Perry, Isenman, & Kennard, 2006; Sumner, 
Nachev, Vora, Husain, & Kennard, 2004). The findings of this 
new field of research have shed some light on and modified our 
view on the attention functions of the retino-tectal pathway. 
Contrasting with previous investigations, the results of a series 
of studies from Sumner and colleagues (Bompas et al., 2008; 
Bompas & Sumner, 2009; Sumner et al., 2002, 2006, 2004) 
showed that the retino-tectal pathway does not underlie all 
attention functions that have been attributed to it in the past, 
such as exogenous orienting and IOR. In one well-constructed 
investigation, the authors conducted two distinct experiments 
in which participants were asked to react to the appearance of 
a lateral luminance target. In the first experiment, the authors 
assessed the oculomotor distractor effect. Participants were 
asked to gaze toward the target and to ignore an S-cone 
distractor appearing at the same time in the opposite visual 
field. In the second experiment, to assess shifts of spatial 
attention, participants had to detect the target with a button 
release. The target could appear at the location of a previous S-
cone spatial cue. The results showed that the use of S-cone 
stimuli suppressed any oculomotor distractor effect, but did not 
prevent spatial shifts of attention. In a subsequent publication 
(Sumner et al., 2004), they also differentiated the attentional 
IOR effect from the saccadic IOR effect by showing that the 
first was not affected by the use of S-cone stimuli, while the 
latter was. Similar results were observed by Bompas and 
colleagues (Bompas et al., 2008; Bompas & Sumner, 2009). 
The findings of these studies initially suggested that the retino-
tectal pathway was not necessary for shifts of attention through 
space, but was essential for oculomotor functions. However, 
these results are in contradiction with most of the extant 
literature that suggests that the retino-tectal pathway is 
involved in covert spatial shifts of attention. In a more recent 
study, Mizzi and Michael (2014) have investigated the impact 
of S-cone stimuli on the salience-based progression of attention 
in a tachistoscopic visual search task without eye movements. 
The display could contain either luminance or S-cone stimuli 
and involved a target among two distractors of various 

saliences. In agreement with the findings of Sumner and 
colleagues (Sumner et al., 2002, 2004), the authors showed that 
the use of S-cone stimuli did not prevent initial attentional 
capture by the most salient item. Yet, contrary to what was 
observed with luminance stimuli, the subsequent progression 
of attention from the most salient item to the next one and so 
on (Michael & Gálvez-García, 2011) was completely 
suppressed. These findings suggest that, for attention to 
progress through space in search of the target, the retino-tectal 
pathway is necessary, even though no eye movements are 
required (Himmelbach, Erb, & Karnath, 2007). 

Studies that have assessed the extrageniculate functions on 
the basis of the S-cone isolation technique have compared 
performance obtained with luminance stimuli to that obtained 
with S-cone stimuli. Still, a central question is rarely discussed 
in the conclusions of these studies: are those stimuli 
comparable (Calkins, 2001; Hendry & Reid, 2000)? In fact, the 
visual system is approximately four times less sensitive to S-
cone stimuli (Wyszecki & Stiles, 1982). Some authors, 
therefore, arbitrarily increased the size of the S-cone items to 
render stimuli “comparable” (Sumner et al., 2004), while others 
kept all sizes strictly identical (Mizzi & Michael, 2014). The 
blue-sensitive system is also different in terms of transmission 
speed and is qualified as sluggish (Smithson & Mollon, 2004; 
Stockman, MacLeod, & DePriest, 1991; Stockman, MacLeod, 
& Lebrun, 1993). Here again, not every S-cone experimental 
investigation took into account this specificity in the 
interpretation of the results. These discrepancies create 
difficulties when it comes to comparing the results between 
different studies. Another limit comes from a recent report by 
Hall and Colby (2014). The authors challenged the hypothesis 
that S-cone stimuli would leave the retino-tectal pathway blind 
to the visual information. They recorded activation of neurons 
in the SC for S-cone stimuli in Old World monkeys. Therefore, 
they postulated that such observations would rule out any 
conclusion made upon the retino-tectal functions on the basis 
of the S-cone isolation technique. Nevertheless, Hall and 
Colby’s study failed to distinguish whether the activation of the 
SC recorded after presentation of S-cone stimuli arose from a 
direct retinal input, in which case their allegations would be 
correct, or from a cortical projection. This leaves open the 
possibility of a retro-activation of the SC from cortical areas, 
which would probably take place later on in the course of visual 
processing (Hall & Colby, 2014; Mizzi & Michael, 2014). In 
this case, such activation would not concern the retino-tectal 
pathway itself. Indeed, it has never been postulated that the SC 
would not (at some point) process the information conveyed 
through S-cone signals, but only that S-cone stimuli would 
prevent signals from the retina from reaching the SC directly. 
Thus, until neurophysiological studies provide more precise 
information about the way S-cone stimuli are processed by the 
SC, the conclusions of the abovementioned literature about the 
role of the extrageniculate pathways in attention functions are 
still valid. 

Perceptually Suppressed Stimuli 

In the 1950’s, Denny-Brown and Chambers (1955) 
reported that after bilateral ablation of the striate cortex that 
produced total cortical blindness in monkeys, the animals were 
still able to locate moving objects, even under conditions of low 
luminance. The effects of damage to the striate cortex are very 
similar in monkeys and humans (Stoerig & Cowey, 1997). 
Interestingly though, cortically blind humans report not being 
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aware of their capacity to guide their behavior visually, a 
condition that was termed blindsight (Weiskrantz, 1986). 
Blindsight was considered “as a spotlight on the nature of 
unconscious or covert awareness” (Cowey & Stoerig, 1991). 
Subsequent research suggested that some oculomotor and 
attention functions may still be preserved in the blind field of 
patients with blindsight, such as the oculomotor distractor 
effect (Kentridge, 2012; Kentridge, Heywood, & Weiskrantz, 
1999; Rafal et al., 1990; Yoshida et al., 2012). However, the 
neural circuitry underlying blindsight caused much ink to flow 
(Cowey, 2010; Leh, Johansen-Berg, & Ptito, 2006; Leopold, 
2012; Overgaard, 2012; Weiskrantz, 2009). It has been pointed 
out that a difficult and frustrating feature of blindsight is that 
the evidence fails to converge on a single pathway among the 
several that bypass the primary visual cortex. For instance, it 
has been suggested that blindsight is supported by at least one 
pathway that involves the LGN (Cowey, 2010; Schmid et al., 
2010) and one that involves the SC (Kato et al., 2011; Sahraie 
et al., 1997; Weiskrantz, 2009). The issue of blindsight 
therefore opens up debate on the involvement of the 
extrageniculate pathways in nonconscious perceptual and 
attention processes. Over the years, several experimental 
techniques have been successfully developed to assess 
nonconscious perception and its effects in healthy individuals. 
These techniques use “invisible” stimuli or render a stimulus 
completely invisible, and dedicated paradigms include, among 
others, binocular rivalry, subliminal stimuli, and visual 
masking. Yet, even though it has been shown that invisible 
stimuli can produce some changes in behavior (e.g., Kim & 
Blake, 2005; Roseboom & Arnold, 2011), whether such effects 
involve the extrageniculate pathways is not established. We 
review here only some of the main findings on this issue since 
readers can find extensive and comprehensive reviews 
elsewhere (Kim & Blake, 2005; Leopold, 2012; Lin & He, 
2009; Sterzer, Stein, Ludwig, Rothkirch, & Hesselmann, 2014; 
Tong, Meng, & Blake, 2006). 

When different stimuli are presented to the two eyes, only 
one stimulus is seen at a time while the other is invisible 
because of interocular suppression. Perception then alternates 
spontaneously between the two stimuli. This is called binocular 
rivalry. In one variant of this paradigm, continuously flashing 
shapes are presented to one eye while a less potent stimulus is 
presented to the other (Tsuchiya & Koch, 2005). The most 
salient stimulus dominates and the other stimulus is 
perceptually suppressed even though it is still physically 
present on the screen. In another variant, one stimulus is 
presented first monocularly, followed by binocular 
presentation of the two stimuli (Wilke, Logothetis, & Leopold, 
2003). The stimulus presented first fades. In both cases, 
perceptual suppression is observed during prolonged periods. 

During perceptual suppression, the activity of early and 
higher visual cortical areas is dramatically decreased (Fang & 
He, 2005; Yuval-Greenberg & Heeger, 2013), and such 
modulation was attributed to attention (Watanabe et al., 2011). 
Indeed, behavioral and electrophysiological studies have 
shown that attention plays a crucial role in dichoptic conflicts, 
and the effects of rivalry have been found to disappear without 
attention (Brascamp & Blake, 2012; Ling & Blake, 2012; 
Zhang, Jamison, Engel, He, & He, 2011). An interesting 
finding was that perceptually suppressed stimuli still influence 
behavior (Blake, 2001). For instance, they can guide attention 
toward peripheral locations (Lin & He, 2009; Xu, Zhang, & 
Geng, 2011) and can trigger eye movements (Spering & 
Carrasco, 2015). A recent review by Spering and Carrasco 

(Spering & Carrasco, 2015) shed some light on the links 
between eye movements without awareness and perceptually 
suppressed stimuli. The authors proposed a network of 
structures involved in involuntary and controlled oculomotion 
and speculated that eye movements to invisible stimuli may 
depend on the extrageniculate pathways. Are the 
extrageniculate pathways really responsible for such effects? 
Unfortunately, extant data are insufficient to draw valid 
conclusions on the role of the extrageniculate pathways in the 
behavioral effects of perceptually suppressed stimuli (Sterzer 
et al., 2014). For instance, regarding physiological data, on one 
hand, deep electrophysiological recordings in monkeys showed 
that the firing rate of neurons in the pulvinar was affected by 
perceptual suppression, but not of those in the LGN, suggesting 
that the geniculate pathway is driven exclusively by the 
physical presence of a stimulus (Haynes, Tregellas, & Rees, 
2005; Tong et al., 2006; Wilke, Mueller, & Leopold, 2009; 
Wunderlich, Schneider, & Kastner, 2005). On the other hand, 
during perceptual suppression, some pulvinar cells show 
excitatory and others inhibitory spiking modulation, typically 
related to the on and offset responses to a physical target. This 
suggests that activity in the pulvinar is closely related to the 
perception of a stimulus (Wilke et al., 2009), be it with or 
without awareness, precluding the hypothesis that it would be 
specifically involved in the processing of invisible stimuli. This 
is hardly surprising if we consider that rivalry involves a stage 
at which input from the two eyes is integrated in a way that the 
most salient one dominates (Brascamp, Klink, & Levelt, 2015; 
Carmel, Arcaro, Kastner, & Hasson, 2010). Such integration 
necessarily involves higher cortical structures (Tong et al., 
2006) and this would further preclude interocular suppression 
from being a candidate for testing extrageniculate effects. 

Unlike binocular rivalry wherein it is interocular 
suppression that determines awareness of a stimulus, 
awareness in masking paradigms is determined by 
manipulating the physical properties of visual stimulation. 
Applied to the study of attention, some of these methods consist 
in presenting, in a peripheral cueing paradigm, spatial cues that 
are invisible to the participant and that are followed by a well 
visible target to detect. The brief presentation of low contrast 
cues that are below perceptual threshold, of tiny spatial cues 
only a few pixels large, or of cues that are in close temporal 
proximity to the target guide spatial attention and, in some 
cases, eye movements, without awareness (Spering & 
Carrasco, 2015). They even produce unconscious distracting 
effects if they are not task-relevant (Ansorge, 2003; Lambert, 
Naikar, McLachlan, & Aitken, 1999; McCormick, 1997; Mele, 
Savazzi, Marzi, & Berlucchi, 2008; Mulckhuyse & Theeuwes, 
2010a; Van der Stigchel, Mulckhuyse, & Theeuwes, 2009). 
However, once again, the question is whether the effects of 
such invisible cues on attention and saccadic eye movements 
involve the extrageniculate pathways. In a review of such 
effects, Mulckhuyse and Theeuwes (2010a) suggested that 
unconscious overt and covert attentional orienting depends on 
the fast extrageniculate pathways, particularly the retino-tectal 
one. The authors argued on the basis of the similarities between 
the attention effects and those of invisible emotional 
information. Furthermore, they argued that since changes in 
oculomotor behavior originate in the SC, then oculomotor 
effects triggered by unperceived stimuli would also involve 
collicular processing (Huxlin et al., 2009; Rothkirch, Stein, 
Sekutowicz, & Sterzer, 2012; Spering, Pomplun, & Carrasco, 
2011; Tamietto et al., 2010). Even though this makes sense and 
some empirical data show nasal-temporal asymmetries in 
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orienting to invisible stimuli (Mulckhuyse & Theeuwes, 
2010b), to our knowledge, no direct and clear-cut 
demonstration of the extrageniculate mediation of such 
unconscious attentional effects was ever made. A study by 
Bauer and colleagues (Bauer, Cheadle, Parton, Müller, & 
Usher, 2009) used below awareness flickering Gabor patches 
that facilitated subsequent target detection. The authors 
interpreted these attentional effects as the modulation of neural 
γ band activity, associated with top-down attentional 
modulation (Vidal, Chaumon, O’Regan, & Tallon-Baudry, 
2006). While arguing in favor of an attention- hypothesis that 
would rely on the geniculate pathway, the authors omitted to 
recall that a disynaptic pathway conveys motion signals from 
the retina to the cortex through the pulvinar (Benevento & 
Miller, 1981; Petersen, Robinson, & Keys, 1985; Villeneuve, 
Kupers, Gjedde, Ptito, & Casanova, 2005) and the SC 
(Boehnke & Munoz, 2008; Dean, Redgrave, & Westby, 1989; 
Lyon et al., 2010; Sahibzada, Dean, & Redgrave, 1986) that is 
extremely responsive to such signals. Thus, the authors left out 
the explanation that the unconsciously perceived flickering 
stimuli could have triggered extrageniculate responses to 
perceived motion, rather than mimicking in the LGN the 
attentional tagging of the cortico-geniculate γ feedback. 

Another method for rendering stimuli invisible and 
suppressing their perception is masking. In a typical variant of 
the masking paradigm, a first stimulus is briefly presented and 
substituted shortly after by another stimulus, the mask (i.e., 
backward masking). The mask suppresses the former from 
perception (Breitmeyer, 1984; Breitmeyer & Ogmen, 2000). 
Several studies have shown that masked peripheral visual 
spatial cues can still attract attention to their location and 
modulate processing of subsequent targets (Palmer & Mattler, 
2013a, 2013b; Reuss, Kiesel, Kunde, & Wühr, 2012). It seems 
that masking reduces neural responses to the masked stimulus 
at early and middle stages of visual processing (Green et al., 
2005), suggesting that their effects on behavior reach later 
stages of visual processing through routes other than the one 
involving the LGN and the primary visual cortex that is thought 
to be the locus where masking exerts its influence (Macknik & 
Livingstone, 1998; Schiller, 1968). On the other hand, using 
masking methods, it was demonstrated that facial expressions 
and other emotional stimuli attract attention to their location in 
an involuntary fashion (e.g., Pourtois, Grandjean, Sander, & 
Vuilleumier, 2004). An interesting find was that several other 
findings suggest that the extrageniculate pathways are involved 
in the unconscious processing of emotional stimuli (Liddell et 
al., 2005; Morris, Öhman, & Dolan, 1999; Troiani & Schultz, 
2013). For instance, it was reported that masked fearful faces 
that are not perceived consciously activate emotion-related 
structures such as the amygdala, but they also activate the SC 
and the pulvinar. It was, therefore, postulated (Liddell et al., 
2005) that an automatic and unconscious alarm colliculo-
pulvino-amygdalar network acts for rapid processing of 
threatening information. Such a network was recently 
identified in humans through imaging techniques (Tamietto, 
Pullens, de Gelder, Weiskrantz, & Goebel, 2012). However, 
does orienting attention toward the location of such 
unconscious stimuli involve the extrageniculate pathways? In 
fact, even though there are some hypotheses that this might be 
the case (Vuilleumier & Schwartz, 2001), the literature is not 
clear on that issue either since the exact role of the SC and the 
pulvinar during processing of masked emotional stimuli has not 
been clearly differentiated empirically from the role of the 
amygdala. 

In summary, these findings suggest that stimuli that are 
perceptually suppressed do guide attention (Lin & He, 2009; 
Mulckhuyse & Theeuwes, 2010a), and the similarity with the 
unconscious effects found for stimuli presented in the blind 
field of patients with blindsight is noticeable (Leopold, 2012; 
Spering & Carrasco, 2015). However, the extant literature 
provides quite a puzzling picture about the fate of perceptually 
suppressed stimuli at a neural level. Some data suggest that 
perceptual suppression already acts on the earliest stages of 
visual processing, that is, the LGN and the primary visual 
cortex. These implicitly suggest that pathways that bypass the 
LGN and the occipital cortex must be responsible for the 
effects of perceptually suppressed stimuli. These are the 
extrageniculate pathways. 

However, the involvement of extrageniculate structures in 
the guidance of behavior and attention by perceptually 
suppressed stimuli is particularly scarce and was reported only 
within specific contexts (Leopold, 2012; Sterzer et al., 2014; 
Troiani & Schultz, 2013). Harsh conclusions should be 
therefore avoided. 

Discussion 

Main Limits 

As stated earlier, the main limitation of using behavioral 
cues is that the results do not directly attest to the involvement 
and role of the neural pathways of interest. Instead, the 
techniques reviewed here were developed based on the 
knowledge of some anatomical and physiological 
particularities of the visual system and more specifically, of the 
extrageniculate pathways. Therefore, even though the results 
cannot be interpreted as directly reflecting the function of these 
pathways, they are to be understood as aids for gathering clues 
about their contribution. Nevertheless, this kind of caveat is 
also present but the other way around when using imaging 
techniques that are supposed to assess more directly the 
involvement of the brain structures in cognitive processes. In 
fact, accounting for the activation of the nervous system as the 
direct representation of the specific cognitive processes 
involved in a specific task is merely a postulate (Bunge & 
Kahn, 2009). 

Yet, many questions are still to be answered. The first 
concerns spatial orienting as mentioned earlier. Nasal-temporal 
asymmetries in oculomotor behavior are somewhat puzzling 
since different effects are found for different parameters of eye 
movement (Lewis et al., 1985). An explanation of such 
discrepancies was proposed by Jóhannesson and colleagues 
(Jóhannesson et al., 2012) in terms of speed/accuracy tradeoffs. 
Indeed, they found significantly higher accuracy in somewhat 
slower but not significant latencies (1 to 10 ms slower) in the 
temporal field than in the nasal field, evoking a speed/accuracy 
tradeoff. Unfortunately, such an interpretation cannot hold as 
reliable and significant speed/accuracy tradeoffs have not been 
evidenced. The absence of reliable results may come from the 
small samples tested (5 to 14 participants). Finally, even if such 
tradeoffs were demonstrated, it would be difficult to interpret 
the results in terms of neural and cognitive underlying 
processes. Alternatively, Bompas and Sumner proposed a 
theoretical dissociation between saccadic choice and latency 
(Bompas & Sumner, 2011). The choice of the stimulus to 
attend to would be subtended by specific cognitive systems and 
dedicated pathways, probably explaining why asymmetries 
would be found with one parameter but not with another. In 
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studies having investigated behavioral nasal-temporal 
asymmetries, distinct results were found in reaction time (RT) 
and accuracy, which backup the dissociation hypothesis 
(Michael & Gálvez-García, 2011; Mizzi & Michael, 2014). 
This aspect per se is still controversial and appeals to extensive 
researches, because investigations exploit differences between 
behavioral cues as indicative of different phenomena instead of 
different aspects of a common process (Ratcliff & Rouder, 
1998), or in terms of speed/accuracy tradeoffs (Jóhannesson et 
al., 2012). Therefore, future research should try to understand 
what exactly produces different patterns in nasal-temporal 
asymmetries as a function of the dependent variable, be it 
oculomotor or behavioral. It seems that an investigation—or a 
methodological review—of a wide range of parameters is 
needed. With the aim of conciliating the different variables, one 
can attempt to replicate the results of the conflicting studies 
(Bompas & Sumner, 2011; Jóhannesson et al., 2012; Mizzi & 
Michael, 2014) in a homogeneous investigation of those 
effects. 

Another aspect of extrageniculate mediation that needs 
extensive investigation is its role in nonspatial selection and 
resolution. Both the SC and the pulvinar are thought to be 
involved in attentional selection (Buchsbaum et al., 2006; 
Fischer & Whitney, 2012; Knudsen, 2011; Lovejoy & Krauzlis, 
2010; Rotshtein et al., 2011; Strumpf et al., 2013), but the way 
they process information is seemingly different (LaBerge, 
1990). One of these differences presumably resides in 
resolution. For instance, LaBerge (1990) suggested that 
collicular computations suffice to orient attention toward a 
target as long as it is not presented on a clustered background. 
If this were the case, then visual resolution and selection of 
targets among distractors would require the pulvinar. This leads 
to the hypothesis that potential nasal-temporal asymmetries in 
tasks requiring a certain level of resolution for targets to be 
correctly processed could be informative as to which of the SC 
or the pulvinar is mostly involved. This could be done through 
varying target-distractor spatial proximity and physical 
similarity. In fact, if a temporal superiority is found only for 
displays requiring low resolution, then a collicular origin could 
be suspected. If by contrast, such temporal superiority is found 
only for displays requiring high resolution, then a pulvinar 
origin could be suspected. And of course, if temporal 
superiorities are found in all kinds of display, then a whole 
extrageniculate involvement could be postulated. 
Unfortunately, Michael and Ojéda (2005) did not find any 
nasal-temporal asymmetries in a task where the target 
distractor similarity varied parametrically. A more recent 
investigation did, however, provide some data on this issue 
(Michael et al., 2016). This, however, should not discourage 
further researches in as much as negative result are not of 
substantial value, and in as much as the effects of spatial 
proximity have not been investigated yet. A complementary 
line of investigation should concern the combination of 
monocular viewing conditions with the S-cones stimuli 
isolation technique. This would give even more insight into the 
role of extrageniculate structures in visual resolution and 
selection. In fact, no exploration of nasal-temporal 
asymmetries with the S-cone isolation technic in tasks of visual 
resolution and selection has yet been reported. One can expect 
S-cone stimulation not to exert such asymmetry if the 
physiological origin of this phenomenon is indeed retino-tectal. 
This kind of results can bring new arguments in favor of both 
nasal-temporal asymmetries and S-cone isolation technics as 
relevant cues of the extrageniculate modulation in attention. 

Moreover, with the use of both manual and saccadic measures, 
such a study can also provide crucial new data regarding the 
inconsistent literature on the influence of S-cone stimulation 
above-mentioned.  

Then again, the S-cone method is also subject to ongoing 
debates. On one hand, the overall technique is problematic. As 
discussed earlier, it seems to vary along studies and aspects 
such as the color calibration of stimuli (Boynton & Kaiser, 
1978; Smithson et al., 2003; Webster & Mollon, 1994) or the 
presentation parameters of the stimuli (e.g., luminance or size, 
see Mizzi & Michael, 2014; Sumner et al., 2004) have never 
benefitted from a comprehensive and comparative 
methodological review. This inconsistency appears 
challenging when it comes to interpret and to link cognitive 
processes (e.g., attentional capture and progression; Mizzi & 
Michael, 2014) to dependent variables (e.g., oculomotor 
distractor effect and saccadic IOR; Sumner et al., 2002, 2004). 
On the other hand, the most controversial aspect of the 
literature is whether or not the S-cone stimulation bypasses the 
SC. Despite the lack of evidence on direct retino-tectal transfer 
of color information, the recent work of Hall and Colby (Hall 
& Colby, 2014) measured collicular responses to S-cone 
stimuli, and the hypothesis of corticofugal projections to the SC 
has been formulated (Hall & Colby, 2014; Mizzi & Michael, 
2014). This aspect is crucial since Hall and Colby’s results 
challenge the conclusions of numerous researches conducted 
on the basis of this technique, urging for further investigations. 
The temporal aspects of the transfer of visual information can 
be used to assess the direct activation versus retro-activation of 
the SC after S-cone presentation. One can directly test this 
hypothesis by comparing latencies of collicular neurons’ 
response to contrast versus S-cone stimuli through intracranial 
EEG measurements in monkeys (Hall & Colby, 2014; 
Jayakumar, Dreher, & Vidyasagar, 2013). Another approach 
would be to use the temporal asynchrony hypothesis in transfer 
time between the geniculate and extrageniculate pathways 
(Chambers et al., 2004; Mulckhuyse & Theeuwes, 2010a). 
Following the most accepted view of sequential activation, the 
geniculate pathway is thought to convey information more 
slowly than the extrageniculate ones. Combining EEG 
techniques with psychophysical techniques of S-cone stimuli 
isolation in human could result in particular patterns of brain 
activity. In fact, it could be expected that contrast stimuli that 
are processed through both pathways could trigger a prime 
parietal activation followed by an occipital one, signaling the 
abovementioned asynchrony. As for S-cone stimuli, a prime 
occipital activation could be expected, signaling a decreased 
transfer of information from the extrageniculate pathways to 
the parietal cortices. 

As mentioned earlier, the neural bases of perceptual 
suppression are still poorly understood, as is the potential role 
of the extrageniculate pathways in the perception of 
perceptually suppressed stimuli. It would be quite informative 
if nasal-temporal asymmetries were found in perceptual 
suppression. For instance, because each eye is stimulated 
separately in a binocular rivalry setting (Tsuchiya & Koch, 
2005), it is possible to assess the effects of nasal and temporal 
stimulations for each eye. If extrageniculate pathways are 
involved in perceptual suppression, one could expect 
asymmetries whether or not the stimulus is perceptually 
suppressed. It was shown that stimuli that are not consciously 
perceived can trigger attentional reorienting (Xu et al., 2011). 
Is there a temporal field superiority for such an effect? Such 
observation could constitute a reliable cue in favor of the 
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involvement of the extrageniculate pathways in perceptual 
suppression. 

Promising Trends and Open Questions 

The use of the psychophysical techniques presented here 
that investigate behavioral cues of the involvement of the 
extrageniculate pathways have helped to refine cognitive 
models of attention. Regarding automatic attention, the early 
Koch and Ullman model (Koch & Ullman, 1985) proposed that 
attention would be oriented in space in a winner-take-all 
fashion, based on the proximity and similarity of the items 
presented in the visual field. The focus of attention would 
progress from the most salient element to the least salient one, 
inhibiting each already explored location to progress. This is 
very close to the way Posner and Petersen considered the 
behavior of the focus of attention, going from attentional 
engagement to disengagement, inhibition and then moving 
away (Posner & Petersen, 1990). This conception of a unique 
serial process has been modified since capture and progression 
of attention had been shown to be different when the retino-
tectal pathway is solicited. For instance, capture of attention is 
possible with S-cone stimulation, while attentional progression 
on the basis of salience is not (Mizzi & Michael, 2014; Sumner 
et al., 2002), suggesting that these components are 
independent. The same logic applies to the dissociation 
between attentional and oculomotor automatic processes that 
have been long thought to rely on the same neural structures 
and to share cognitive processes (Ignashchenkova, Dicke, 
Haarmeier, & Thier, 2004; Kustov & Robinson, 1996; Moore, 
Armstrong, & Fallah, 2003; Rizzolatti et al., 1987; Shipp, 
2004). It has been shown that the use of S-cone stimuli impacts 
oculomotor distraction, but not attentional distraction (Bompas 
& Sumner, 2009; Sumner et al., 2004), also suggesting 
independent processes. Therefore, theoretical conceptions of 
attention are modified and refined thanks to the use of such 
techniques and the information they allow us to collect. 

The behavioral cues of the involvement of the 
extrageniculate pathways can also give new arguments from 
psychological sciences to refine neurophysiological models. 
For instance, the neuroimaging-based model of Corbetta and 
Shulman (Corbetta & Shulman, 2002) proposed a double 
interacting cortical network that subtends controlled and 
automatic attention, the latter being strongly lateralized in the 
right hemisphere. The authors only acknowledged the 
importance of ascending subcortical pathways by 
hypothesizing that the right hemisphere lateralization of 
automatic processes could be because of the denser 
concentration of noradrenaline in the right part of the thalamus, 
compared with the left part (Oke, Keller, Mefford, & Adams, 
1978). Besides this aspect, the authors do not argue about the 
origin of the subcortical activation. The contribution of 
psychological sciences could be to propose that the 
extrageniculate pathways are playing such a role. Indeed, the 
argument of Corbetta and Shulman is based on the observation 
that noradrenergic systems are involved in selective attention 
to salient stimuli (Aston-Jones, Foote, & Bloom, 1984; Pardo, 
Fox, & Raichle, 1991). Studies relying on nasal-temporal 
asymmetries (Michael & Gálvez-García, 2011) and S-cone 
isolation techniques (Mizzi & Michael, 2014) suggest that 
attention to salient stimuli mostly relies on extrageniculate 
processing in the right hemisphere. Once again, the results of 
such behavioral studies shed light on some aspects of 
theoretical models by describing further the role of the 

extrageniculate pathways. It seems then evident to state that the 
link between neurological and behavioral aspects is of the 
utmost importance and has to be central in future 
investigations. Even though imaging techniques are more 
accessible nowadays, behavioral studies relying on 
psychophysical techniques, such as the ones described in this 
review, are not to be undervalued because they provide stable 
and easily replicable results, along with reliable cues regarding 
the neural processes involved. 

A central question that remains open is the influence of 
descending cortical projections on extrageniculate structures in 
attentional processing, be it covert or overt. Discrepancies in 
the literature on nasal-temporal asymmetries have led some 
authors to question their extrageniculate mediation (Honda, 
2002; Jóhannesson et al., 2012). Rather, cortical control has 
been highlighted. For instance, involuntary eye movements are 
thought to be inhibited by fronto-tectal projections (Fries, 
1984; Sommer & Wurtz, 2000; Wilson & Toyne, 1970), while 
parieto-tectal projections seem to mediate visuomotor 
transformations that process information into representation 
that can be used to guide action (Burman & Bruce, 1997; 
Ferraina, Paré, & Wurtz, 2002; Machado & Rafal, 2004a; Müri 
et al., 1998; Ploner et al., 2005). This suggests that cortico-
subcortical projections are involved in attention and eye 
movements, leading us to wonder what would be their role in 
the rise of nasal-temporal asymmetries. Thus, it is still 
necessary to build a comprehensive model that combines 
neural and psychological processes, since numerous patient 
(Machado & Rafal, 2004a, 2004b; Ploner et al., 2005; Rafal, 
2006), neurological (Burman & Bruce, 1997; Müri et al., 
1998), physiological (Ferraina et al., 2002), and animal 
(Gaymard et al., 2003) data can find only tentative completion 
in neural models of oculomotion (Corbetta & Shulman, 2002; 
Rafal, 2006; Spering & Carrasco, 2015). 

Investigations of preparatory attention might constitute a 
future direction. As stated in the triangular circuit theory 
(LaBerge, 2002), attention involves the modulation of pulvinar 
activity by frontal areas. When the observer knows where or 
what to expect in a visual search task before the display 
appears, frontal modulation allows the pulvinar to increase 
activity in posterior cortical areas for subsequent processing to 
be optimal. Can nasal-temporal asymmetries be more 
pronounced when expecting specific stimuli to occur, or when 
expecting stimuli to occur at specific locations? Furthermore, 
the investigation of nasal-temporal asymmetries in such 
settings could combine with psychophysical techniques using 
S-cones stimuli that are invisible to the retino-tectal pathway 
could offer clues about the way the extrageniculate pathways 
are involved in preparatory attention. 

Conclusions 

Overall, the role of the extrageniculate pathways as a 
fundamental set of structures in visual attention becomes 
clearer as the precision of techniques used in 
neurophysiological, neuropsychological, and neuroimaging 
investigations increases. Experimental psychologists have 
contributed and still contribute considerably to this through the 
use of three behavioral cues, considered to reflect the functions 
of the extrageniculate pathways: nasal-temporal asymmetries, 
responses to S-cone stimuli, and to perceptually suppressed 
stimuli. Each of these three cues is problematic in that there is 
some (even though unequivocal) evidence running counter to 
the idea that they reflect extrageniculate mediation. However, 
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findings are far more convergent when it comes to point out 
that nasal-temporal asymmetries and performance for S-cones 
stimuli are plausible cues of extrageniculate mediation of 
attention effects, in contrast to performance for perceptually 
suppressed stimuli. Future research should target the points of 
debate mentioned earlier to better establish the way the 
extrageniculate pathways contribute to the rise of each of the 
three behavioral cues. 
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attentional attraction and progression. Indeed, structures 

like the pulvinar (PUL), the superior-colliculus (SC), the parietal 

and the occipital cortices might be involved in the generation of 

visual salience [4–8]. However, attention is seemingly not 

underlain by single structures but by largely distributed neural 

networks [9]. Animal and human studies have pointed the 

collicular pathway, involving the SC and the PUL, as well as their 

outputs toward the occipito–parietal cortex, as being one 

candidate network involved in the early stages of visual 

attention [10–14]. This pathway was especially associated with 

the generation of visual salience and subsequent orienting of 

attention [8,12]. 

For instance, behavioral studies showed that performance 

was superior in the temporal visual hemifield [3,15], which 

mostly projects to the collicular pathway [16]. Also, attention 

effects were found in the blind field of blindsight patients whose 

perception depends on their intact collicular pathway 

[13,17,18]. Furthermore, attention effects diminish after 

lesions of the collicular pathway [12,14,19–21]. Other studies 

yet challenge this hypothesis. For instance, it was suggested 

that attentional capture could occur in the absence of the 

processing taking place within the collicular pathway [22,23]. 

Based on electrophysiological studies showing that there is no 

color-opponent cell projections reaching the SC, especially from 

cells coding short-wave stimuli (S-cones stimuli; [24,25]), 

Sumner and colleagues [22,23] used stimuli to which the SC is 

blind and found that they did produce involuntary orienting of 

attention. This suggests that attention could be directed to 

salient items even when the collicular pathway is not involved. 

These data indicate a lack of homogeneity in the literature 

about the neural mechanisms of salience-based attraction and 

progression of visual attention. It is worth nothing that different 

methodologies led to different conclusions. In order to 

contribute to this debate, we tested whether the collicular 

pathways is necessary for the attention to progress from the 

most to the least salient item of the field by using S-cones 

stimuli. S-cones signals are exclusively involved in color 

perception as their retinal ganglion cells reach the koniocellular 

layers of the geniculate nucleus [26]. The collicular pathway is 

thus blind to these stimuli. Despite the interest of this 

psychophysical method that allow to measure performance on 

the basis of a specific S-cone perception, it has never been 

employed to investigate the role of the collicular pathway in the 

deployment of attention through multiple stimuli during covert 

visual search. The salience-based progression of attention was 

assessed using a version of the Multiple Salience Levels Visual 

Search Task (MSLVST; [3]) in which participants are required 

to make a judgment about a target presented among two 

distractors, all items of unequal salience. Usually, performance 

varies as a function of the salience of the target since it is better 

for the most salient item and decreases as the target’s salience 

decreases. If the collicular pathway contribute to this 

phenomenon, then presenting S-cone stimuli that prevent 

collicular processing would not lead to this typical pattern of 

results. The main finding of the present study is that S-cone 

stimuli prevented salience-based progression of attention. In an 

alternative condition using items defined by luminance 

contrast, which are visible to both the geniculate and the 

collicular pathways, salience-based progression was found. 

These results support the hypothesis that the collicular 

pathway contributes to the salience-based progression of visual 

attention. 

2. Experiment 1 

2.1.  Materials and methods 

2.1.1. Participants 
Twenty-one participants (4 males and 17 females; age: 22.7 

± 2.7 years) took part in this experiment. None of them had any 

history of headache, epilepsy or substance abuse. They were all 

right-handed according to the Edinburgh laterality inventory 

(mean laterality: .90 ± .07), all had normal or corrected-to-

normal vision, were not under any medication. All participants 

gave their written consent for their participation. The 

experiment was conducted in accordance to the Helsinki 

declaration. 

2.1.2. Stimuli and apparatus 
Stimuli were three outlined (1 pixel) squares of different 

sizes presented on a standard gray background (24.3cd/m2) 

from a viewing distance of 41 cm. Their respective sizes were 

.73° × .73° (surface: 25mm2), .57° ×.57° (surface: 16.81mm2) and 

.49° ×.49° surface: 10.89mm2) of angular space. Each square had 

a 3-pixel gap (.084°) and was rotated 0°, 90°, 180° or 270° 

clockwise. The target orientation was 0° (up) or 180° (down), 

with one distractor oriented 90° (right) and the other 270° 

(left). The three squares were presented at 30°, 90° and 150° 

clockwise in relation to the vertical (i.e., to the right of fixation) 

or 30°, 90° and 150° anticlockwise in relation to the vertical (i.e., 

to the left of fixation), at a distance of 3.8°. The distance between 

two neighboring squares was 3.8°. The fixation point was a 

small white dot (2.2cd/m2). The stimuli were either black or 

calibrated in a way to only activate retinal S-cones by means of 

a pilot experiment (see note 2). In the Black condition, 

luminance of the squares was 26.9, 25.1 and 24.75cd/m2, 

respectively. In the S-cone condition, the stimuli and the 

background were adjusted for each participant as to be 

isoluminant by means of an initial pilot experiment (note 1). 

The stimuli were presented on a cathodic Sony Flat Trinitron ’’ GDM F-520 calibrated monitor (1920 × 1440 resolution at 

60 Hz) controlled by an Intel Core i7 3610QM, 2.30 GHz CPU 

with 16Go RAM processor (Intel HD Graphics 4000 1696Mo 

graphic card). All luminance measures were conducted with a 

Minolta luminance meter LS-110. The experiment was run on 

PsychoPy2 [27] and took place in a dim-lighted room 

(.02cd/m2). Participants had their head resting on a chinrest. 

2.1.3. Procedure 
The procedure is depicted in Fig. 1. Each trial started with 

the white fixation dot presented for 500 ms. The search display 

was then added for 100 ms (this short display duration, 

consistent with previous research, was chosen to minimize 

saccades toward the items) and was constituted of three 

squares presented either to the right or left of fixation. Each 

square could be located randomly and equiprobably at one of 

the three locations. One of the three squares was the target with 

33% probability and the two others were distractors. In half of 

the trials, the target orientation was 0°, in the other half 180°. 

The stimuli color (Black or S-cone), the location of the target 

(30°, 90° or 150° in relation to the vertical), its size (large, 

medium or small) and orientation (0° or 180°), and the location 

of the search display (to the left or right of fixation) occurred 

with equal probability and were randomly chosen by the 

computer in each new trial. Luminance noise was used in order 

to, firstly, ensure that attention orientation was made on the 

basis of color and not luminance or color contrast [28,29]. 

Secondly, literature advised [29] to use such noise when stimuli 

are not precisely equiluminant (which was the case in the Black 

condition) and finally, even if there might be some small S-cone 

input in the SC, this channel is not chromatically opponent and 

could be masked using luminance noise [22,26,30,31]. This 

consisted in random presentation of 10 gray shades, for 16 ms 

(i.e., 160 ms flickering) before and after the search display. The 

gray shades varied randomly from 25% gray (12.2cd/m2) to 

75% gray (36.5cd/m2), by steps of 5%. After the post-stimulus 

luminance noise period, the fixation dot remained on the screen 

for 1800 ms allowing the subject to respond, before being 

extinguished for 300 ms, signaling the end of the trial and the 

new trial to come. Each participant completed a 10-trial 

training session, followed by a 288-trial session (48 

trials/target size/stimuli color) split in two equivalent blocks of 

144 trials with a brief pause in between. Participants were 
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asked to gaze at the fixation dot during the whole experimental 

session and to indicate as quickly and accurately as possible the target’s orientation (up or down) by pressing two pre-defined 

vertically-arranged response buttons with the major (up 

button) and index (down button) fingers. They responded with 

one hand in the first block and the other hand in the second 

block and half of the participants started with the right hand. 

Response times (RT) and errors were recorded. 

2.2. Results 

2.2.1. Response times 
RT inferior to 100 ms (less than .1% of the trials) were 

discarded as representing anticipation errors. An analysis of 

variance (ANOVA) was performed on mean correct RT with the 

size of the target (large, medium and small) and its color (Black 

vs. S-cone) as within-participant factors. The interaction 

between these two factors was significant (F(2, 40) = 4.06; p < 

.025). A hierarchical pattern was observed in the black color 

condition since RT were faster when the large square was the 

target (745 ms), slower when it was the medium one (766 ms), 

and slowest of all when it was the small square (790ms). 

Progression slopes (α1), expressed in speed gain in milliseconds 

per additional square millimeter, were analyzed as a way of 

investigating further the progression of attention. The Black 

condition progression slope was −1.88ms/mm2 which was 

different from zero (t(20) = 2.14, p = .047). As highlighted in 

previous research from our laboratory [3], this finding supports 

the hypothesis of salience-based progression of attention. This 

pattern did not show in the S-cone condition (large: 751 ms; 

medium: 731 ms; small: 725 ms) where the progression slope 

was 1.21ms/mm2 which was not significantly different from 

zero (t(20) = 1.64, p > .11). The comparison between these 

slopes (t(20) = 2.47, p < .022 bicaudal) confirmed that 

progression from the most to the least salient item only 

                                                 
1 α  =  covariance (x, y)/variance (x) where x is the surface of 

each of the three squares in mm2 and y is the RT when each 
square was the target. 

occurred in the Black condition. Results, presented in Fig. 2a, 

suggest that the salience-based progression of attention fails to 

occur when the collicular pathway is not involved in visual 

processing, here due to the color of visual elements. Therefore, 

the collicular pathway seems involved in this phenomenon. 

2.2.2.  Accuracy 
All participants performed above chance level in all stimuli 

color conditions. The proportion of correct responses, 

calculated on the basis of the trials in which the participants 

gave a response, ranged from .54 to .63 (mean and mean 

standard deviation: .59 ± .03). Performance was significantly 

different than chance level (i.e., 0.5) in both color conditions 

(Black: t(20) = 10.41, p < .001; S-cone: t(20) = 6.78, p < .001). An 

ANOVA was performed with the size of the target (large, 

medium and small) and its color (Black vs. S-cone) as within-

participant factors. The main effect of color was significant (F(1, 

20) = 31.69; p < .001), with accuracy being greater for the black 

color condition (.64 ± .09) than the S-cone color condition (.54 

± .06). The target size × color interaction was also significant, 

(F(2, 40) = 3.3, p < .05). A hierarchical pattern was observable 

in the black color condition (.67, .63 and .61 for the large, the 

medium and the small target, respectively). The progression 

slope was .34%/mm2, which was reliably different than zero 

(t(20)=2.74, p < .013), arguing in favor of a salience-based 

progression of attention. The S-cone condition did not reveal 

such a hierarchical pattern (.55, .53 and .55 for the large, the 

medium and the small target, respectively). The progression 

slope was −.02%/mm2, which was not different from zero 

(t(20) = .23, p > .82). Supported by a significant difference in the 

comparison between the two progression slopes (t(20) = 2.11; 

p = .048 bicaudal), this distinction was consistent with previous 

Fig. 1. Trial events from Experiment 1. Stimuli are not shown in real size. After a quick presentation of a fixation point, Black or S-cone stimuli were randomly presented between two 
luminance noise time periods of 160 ms. Participants had to find the target and to indicate its orientation (up or down) within the 1800 ms time period before a new trial. The target was 
randomly the large, the medium or the small square, presented to the left or to the right of the fixation point. 
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of them took part in Experiment 1. The same 

inclusion/exclusion criterion as Experiment 1 were applied. 

The Experiment was conducted in accordance to the Helsinki 

declaration. 

3.1.2. Stimuli and apparatus 
The stimuli were the large and the small squares used in 

Experiment 1. 

3.1.3. Procedure 
The procedure was similar to the one used in Experiment 1 

with the difference that the display contained only a single 

square (the large or the small), presented along the horizontal 

meridian at 3.8° from fixation. Each subject completed a 10-trial 

training session, followed by an experimental session 

consisting of 128 trials (32 trials/target size/stimuli color). The 

stimulus color (Black or S-cone), its size (large or small), 

orientation (0° or 180°) and the location (to the left or right of 

fixation) occurred with equal probability and were randomly 

chosen by the computer in each new trial.  

3.2. Results 

3.2.1. Response times 
RT smaller than 100 ms (less than .1% of the trials) were 

discarded as representing errors of anticipation. An ANOVA 

was performed on mean correct RT with the size of the target 

(large or small) and its color (Black vs. S-cone) as within-

participant factors. Only the main effect of color was significant 

(F(1, 15) = 31.51; p < .001) as participants were faster in the 

Black condition (532 ms) than in the S-cone condition (649 ms). 

3.2.2. Accuracy 
All participants performed above chance level in both Black 

and S-cone color stimuli conditions. The proportion of correct 

responses ranged from .59 to .82 (mean: .71 ± .06). Performance 

was significantly different than chance level in both color 

conditions (Black: t(15) = 16.4, p < .001; S-cone; t(15) = 5.4, p < 

.001). An ANOVA was performed with the size of the target 

(large or small) and its color (Black vs. S-cone) as within-

participant factors. The main effect of color was significant (F(1, 

15) = 201.6; p < .001) as participants performed better in the 

Black condition (.85 ± .09) than in the Scone condition (.57 ± 

.08). The main effect of size did not reach significance (F(1, 15) 

= .3; p > .85) for the large (.72 ± .08) and the small target (.72 ± 

.1), but the size × color interaction was significant (F(1, 15) = 

5.07; p < .03). Despite this, no hierarchical pattern was observed 

in either the Black (slope=.15%/mm2, t(15)=1.71, p=.11) or the 

S-cone condition (slope=−.17%/mm2, t(15)=1.68,  p=.11).  

3.2.3. Further analysis 
In order to investigate the assumption derived from the 

pointers hypothesis, performance for the large and the small 

targets was compared between Experiments 1 and 2. The 

pointer hypothesis states that when luminance stimuli are used, 

participants would perform less well for displays with three 

items than for displays with one item. Reversely, performance 

for S-cone stimuli should be virtually unchanged whatever the 

display size. On the basis of our hypothesis, we focused on 

number-of-items × color interaction. An ANOVA was carried out 

with target size (large vs. small) and color (Black vs. S-cone) as 

within-participant factors, and the numberof-items (1 vs. 3 

item) as between-group factor. As expected, the color × 

number-of-items interaction was significant in RT analysis (F(1, 

35) = 26.88, p < .001). Mean RT were not different in the three-

item condition between color conditions (Black: 767 ms, S-

cone: 738 ms, p > .15) while the Black condition showed better 

performances than the S-cone in the one-item condition (Black: 

532 ms, S-cone: 649 ms, p < .001). The multiplicity of items 

would penalize performances in both color condition (Black: p 

< .001, S-cone: p < .03) but RT were more affected by the 

multiplicity of items in the Black condition than in the S-cone 

condition (effect of the multiplicity of items: Black condition, 3-

items − 1-item = 235 ms; S-cone condition, 3-items − 1-item = 

89 ms). Results are presented in Fig. 3a. Also, the color × 

number-of-items interaction was significant in accuracy (F(1, 

35) = 40.42, p < .001), since accuracy in the black condition 

increased with decreasing number of items (3 items: .64; 1 item 

= .85, p < .001), whereas no difference was found in the S-cone 

condition (3 items: .54; 1 item: .58, p > .2). These results back-

up the observation that the multiplicity of items penalizes 

performance more in the Black condition than in the S-cone 

condition. Results are presented in Fig. 3b. 

3.3. Discussion 

The results of Experiment 2, as well as the comparison 

between Experiments 1 and 2 bring some supplementary 

information about salience-based progression of attention. 

First, the hierarchical pattern found in the black condition of 

Experiment 1 has been interpreted as the deployment of 

attention toward elements as a function of their relative 

salience. In Experiment 2, the absence of effect of target size 

rules out the possibility to interpret these results a being due to 

any physical strength effect of the stimuli [3,36] and supports 

that salience emerges through comparison between multiple 

items [7,37]. Second, if what allows encompassing and 

comparing neighboring items for their relative salience to be 

derived are the coarse spatial pointers of the collicular pathway 

[34], then the discrepancy found between the black and the S-

cone stimuli between multiple and single item displays can be 

explained by the impairment of collicular processing. Finally, in 

Experiment 2, performance was overall lower in the S-cone 

condition, and this can be explained by the lower visibility of the 

S-cone stimuli, but also slower processing times of the S-cone 

receptors [33]. In both cases, the brief exposure of the display 

would not leave enough time for correct processing and would 

therefore lead performance to drop.  

4. General discussion  

The main purpose of the present study was to investigate the 

controversial [3,12,16,17,19,20,22,23,34] involvement of the 

collicular pathway, including the SC, the PUL and their 

projections to the occipito–parietal cortex, in the progression of 

visual attention through space following an hierarchical 

ordering of element on the basis of their salience. In an adapted 

version of the MSLVST [3], we used a psychophysical procedure 

to impede processing taking place within the collicular 

pathway. Stimuli to which cells of this pathway respond (Black 

stimuli) or not (S-cone stimuli; [24,25]) were used. It was 

expected that if the collicular pathway were involved in salience 

processing, then attention would fail to progress in a salience-

based fashion in conditions where this pathway is not solicited. 

In Experiment 1, it was shown that when the search display 

contained stimuli that could be processed by both the 

geniculate and the collicular pathway (i.e., black stimuli), 

attention was first drawn toward the most salient element, then 

the immediately less salient, etc., testifying on a hierarchical 

ordering of elements on the basis of their relative salience. This 

result supports salience-based theories of attention [7,38] and 

sustains previous work arguing in favor of the salience-based 

progression of attention [1,3]. By contrast, when the search 

displays contained stimuli that could not be processed by the 

collicular pathway (i.e., S-cone stimuli), no evidence on any 

hierarchical pattern was found. However, as far as RT were 

concerned, no difference was found for the most salient item 

between the black and the S-cone conditions. Overall, the 

results of Experiment 1 support that the collicular pathway 

plays a crucial role in salience-based progression of attention, 

but whether the collicular pathway is involved in attentional 

capture by the most salient item of the field [22] remains an 

open issue. Based on performance of patients with lesions of the 
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pulvinar, it was suggested that the geniculate and the collicular 

pathways would both participate in attention through specific 

spatial pointers [34]. Geniculate pointers would allow accurate 

processing within a narrow area, whereas collicular pointers 

would be large and coarse allowing the processing of a larger 

area. Their combination would generate highly spatially precise 

spikes of activity surrounded by coarsely defined patterns of 

activity representing respectively the location of the target, 

along with the neighboring items. Encompassing and 

processing simultaneously several items is one condition for 

generating salience and the hierarchy of salience [7]. Since the 

color transition between the S-cone stimuli and the gray 

background prevents those stimuli to be correctly processed 

through the collicular pathway, only geniculate pointers would 

have been involved in the S-cone condition. To this respect, the 

results of Experiment 1 are reminiscent of what was found with 

patient lesions of the pulvinar since in both cases, target 

surrounds was not adequately processed, leading either to 

decreased distraction [19,34] or a lack of hierarchy of salience 

(Experiment 1 of the present study). 

The comparison between Experiments 1 and 2 indicate that 

performance change as a function of target size in the Black 

condition is not the physical strength of the stimuli (i.e., their 

size per se) but the presence of multiple items. Contrariwise, 

the S-cone stimuli did not yield any difference in performance 

as a function of the number of stimuli. This suggests, in 

agreement with the abovementioned hypotheses, that 

geniculate pointers solicited by using S-cone stimuli are indeed 

finer-grained [35] and are not able to encompass multiple 

stimuli. We therefore tentatively propose that the contribution 

of the geniculate pathway in the generation of salience [39] and 

the salience-based progression of attention is limited. 

An alternative interpretation would be based on an 

asynchrony hypothesis [40]. This hypothesis posits that the two 

pathways discussed in the present study support the same 

functions, but in a delayed manner: the collicular pathway 

would be faster than the geniculate pathway, leading to overall 

faster progression of attention throughout the search displays 

(see for behavioral data [3,41,42]). However, on the basis of this 

account it would be expected that a hierarchical pattern in the 

S-cone condition would also be found. The delayed processing 

would be shown either through slower progression slopes (see 

[3]), or through the presence of a hierarchical pattern only for 

the first items that have been explored, e.g., the large and the 

medium targets, testifying of an incomplete deployment of 

attention through the whole display. None of these patterns was 

observed. Nevertheless, the temporal proprieties of both 

pathways are to consider for further understanding of the 

phenomena described here [43]. 

The present study showed that, in the absence of direct 

collicular contribution, no salience-based progression of 

attention occurred. It is generally admitted that this 

phenomenon involves two stages: the establishment of a 

hierarchy of the items present in the visual field on the basis of 

their salience, and an attentional deployment involving an 

initial capture by the most salient item, with a subsequent 

progression toward other items on the basis of the pre-

established hierarchy. Among the numerous structures that 

have been pointed out through the literature, we can mention 

the SC [18,21,45] which has been shown to respond specifically 

during target detection and visual search [45], and probably 

guides visual search in an involuntary fashion in response to 

unconsciously perceived cues [18]. Our results concur with 

these observations as far as S-cone stimuli that are not 

processed by the SC did not yield any hierarchical effect 

probably because of impairments in the establishment of 

salience or/and the deployment of attention from the most 

toward the least salient element. Also, specifically sensitive to 

luminance variation information, the PUL would respond to 

stimulation from any location in the visual field, due to its large 

cell receptive fields [46]. It would contain neurons that generate 

signals related to the salience of visual locations [8] and would 

improve efficiency of visual processing by engaging attention at 

the location of interest [12]. 

According to Koch and Ullman’s model [7], salience would be 

represented in a topographical saliency map that would 

combine information from individual feature maps into one 

global measure of conspicuity. This cognitive function that 

needs to encompass the overall visual field for orderly 

exploring conspicuous locations according to their salience 

could be undertaken by the cooperative processing of 

individual structures within the collicular pathway since it is 

unlikely that such a complex processing takes exclusively place 

within a single structure, be it subcortical (e.g., SC and PUL; 

[4,8]) or cortical (i.e., parietal cortex; [6]). Furthermore, such a 

processing should be underlain by a retinotopic cell 

organization [7,38]. Contrary to the SC, the PUL is mainly 

reported as non-retinotopic [46] even if some of its sub-

Fig. 3.  Results of further analysis comparing scores obtained for both color conditions with three items of different sizes (Experiment 1) or with one item 

(Experiment (A) Mean RT, and (B) mean accuracy performance. 
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divisions present a retinotopic organization. On the other hand, 

the lateral geniculate nucleus and the primary visual cortical 

area have a fine retinotopic organization that could greatly 

contribute to the generation of salience [39], but the fine-

grained resolution of this pathway is rather difficult to reconcile 

with the need to encompass multiple items in order to compute 

salience. Thus, generating salience and establishing a hierarchy 

for subsequent deployment of attention would need different 

contribution from each pathway. 

A noteworthy unpredicted divergence was observed 

between response speed and response accuracy in the S-cone 

condition of Experiment 1: RT were globally faster in the Black 

condition, while accuracy was globally lower. Yet no evidence 

on any speed/accuracy tradeoff was found. Behavioral models 

[47] for two-choice decisions –as the decisions made by 

participants in the present study– posit that performance 

should be homogeneous between response speed and response 

accuracy since they assume the existence of a single decision 

threshold. We believe that the discrepancy can be explained by 

two different phenomena. First, the pattern of chronometric 

performance in the Black condition testified that attention 

progressed according to the salience of items, meaning that the 

least the target is salient, the slower to take a correct decision 

about it. The absence of such a progression in the S-cone 

condition did not produce such a slowing, leading therefore to 

overall faster RT. Second, the overall lower accuracy in the S-

cone condition can be attributed either to lower visibility of the 

stimuli due to impaired processing of contrast, or to the lower 

responsive capacity of the S-cone for high spatial frequencies. 

The specific psychophysical approach used in this study 

aimed at impeding processing in the collicular pathway for 

identifying how the collicular and the geniculate pathways 

contribute to the salience-based progression of attention 

through space. Our aim was not to list the potential neural 

candidates involved in this phenomenon, an objective that can 

be achieved through other techniques. Despite the rigorous 

method that allowed drawing several inferences on 

mechanisms underlying salience-based progression of 

attention, these inferences are limited. First of all, while it was 

possible to outline the contribution of each pathway, it is 

difficult to distinguish the specific role of the SC, the PUL or the 

lateral geniculate nucleus. Another limitation would reside in 

the impairment not only of the koniocellular pathway. The 

magnocellular pathway, involved in the perception of changes 

in luminance, in the processing of low-frequency signals, and in 

attention [48] is also blind to S-cone stimuli [22]. The use of 

static size/luminance variations to investigate 

collicular/geniculate differences is another limit because this 

technique may prevent specific control of the feature-based 

creation of salience. Movement is probably a better feature as it 

has been long known to elicit strong responses in the collicular 

pathway and to capture attention [46,49,50]. Finally, in order 

not to restrain any inference on neuronal mechanism from this 

paradigm to the S-cone technique, monocular viewing 

techniques could be useful since they allow observing temporal 

vs. nasal hemifield asymmetries which are attributable to 

differential processing between the pathways under 

investigation [3,16]. 

5. A debated method 

The initial electrophysiological observations of Marrocco 

and Li [24] and De Monasterio [25] have yielded the lack of 

retinal S-cone input to the SC, which have led many clinical and 

behavioral studies to exploit the fact that S-cone stimuli would 

not activate the SC and therefore produce responses without 

collicular functional implication. In a recent report, Hall and 

Colby [44] challenged this and described collicular activation 

for S-cone stimuli in old world monkeys. The authors 

postulated that such observations would rule out any 

conclusion made upon the S-cone stimuli isolation technique. 

This claim is in contradiction with the results obtained in the 

present Experiment since activation of the SC would lead 

performance to be equivalent in both Black and S-cone 

conditions. Yet, the color condition interacted with target size. 

Our main concern regarding Hall and Colby’s study is that it did 

not distinguish whether the activation of the SC recorded after 

presentation of S-cone stimuli arises from a direct retinal or a 

cortical (striate and extrastriate) input. This leaves open the 

possibility of a retroactivation from cortical areas which, 

probably, would take place later on. It is thus fairly conceivable 

that the short presentation time used in this study would allow 

differences in color conditions to emerge from the failure of the 

SC to process direct retinal S-cone signals. To our knowledge, it 

never has been postulated that the SC would not process in fine 

the overall visual information conveyed through S-cone signals, 

but only that S-cone stimuli would prevent signals from the 

retina to reach directly the SC. 

6. Conclusion 

The central aim of the present study was to investigate the 

implication of the collicular pathway in the salience-based 

deployment of attention by the presentation of stimuli to which 

it is blind. We differentiated two attentional phenomena, 

namely an initial capture and direction of attention towards the 

locus of the most salient item, and a subsequent progression in 

space from the most to the least salient item. RTs indicated that 

the use of S-cone stimuli is not detrimental for capture but is 

detrimental for salience-based progression of attention. When 

the processing of the collicular pathway was involved in a visual 

search task, performance testified of a deployment through 

space as a function of salience. These results are in line with the 

well supported hypothesis that posits a strong involvement of 

this pathway in either the generation of salience or the 

attention orientation on its basis. These results are also arguing 

in favor of a distinct processing of the visual field by the 

collicular and geniculate pathways in terms of specialized visual 

pointers. 
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Appendix A. Methodological notes 

S-cone stimuli consist in a color transition that activate 

exclusively short wave sensitive retinal rods. This specific color 

transition that leaves large and medium rod cells unchanged 

differ between individuals and between retinal locations 

because of retinal sensitivity, macular pigmentation, lens 

density and chromatic aberrations variations. Therefore, S-

cone stimuli were individually calibrated by means of two short 

pilot experiments. Short wave receptors are classically known 

to be specialized in blue color perception, responding for a 

transition from gray to lilac-blue. The aim of this pilot session 

was to determine the exact color transition between the 

standard gray background (the exact point between black and 

white: 0°, 0%, 50% for hue, lightness and chroma in the Munsell’s model [51]) and the color that only activates S-cones 

among numerous color candidates. Those candidates were 

chosen according to the literature (e.g., [23,41]) to span color 

variations from deep blue (250°, 100%, 100%) to pink (300°, 

100%, 100%) since the expected color variation, at 3.8° of 

visual angle, would be slightly shifted from blue toward pink. 

The calibration procedure consisted in two pilot protocols of 15 

min each in order, first, to select isoluminant candidates 
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compared to the standard background, and second, to assess 

among isoluminant color candidates which variation 

specifically activated S-cones. 121 Color candidates were 

chosen, from 250° to 300° color angle by 5° angle steps, or 11 

hue angles, by 11 chroma variations, from 50% to 100% 

saturation. Lightness was maintained constant. 

A.1. Note 1: Isoluminant selection 

The first pilot protocol was set up in order to select the 

isoluminant variation of every hue angle. The minimum motion 

technique [52] was used. In this procedure, vertical color bars 

were presented on the screen, their color being alternatively 

standard gray and randomly one of the color candidate at each 

trial. This display flickered at a rate of 4 Hz and was periodically 

substituted by gray bars of respectively 0°, 0%, 25% and 0°, 0%, 

75% chroma, slightly horizontally off by half a bar distance. 

From this flickering emerged an optical illusion: vertical bars 

seemed to move from left to right when the used color was 

brighter than the background and from right to left when it was 

darker. In the isoluminant condition, no motion illusion 

appeared. Participants were asked to report either the direction 

of the motion illusion or the absence of illusion. The computer 

then selected the isoluminant chroma variation of each hue 

variation, resulting in a selection of 11 isoluminant color 

candidates. 

A.2. Note 2: S-cone calibration 

The second pilot protocol aimed to select among 

isoluminant color candidates the specific color transition that 

would leave the L- and M-cone activity unchanged. The 

transient trianopia procedure [53] was used. Participants were 

asked to detect a color item while the S-cone chromatic 

pathway was made insensitive. This transient desensitization 

was produced with a homogeneous yellow screen presentation 

(60°, 100%, 100%; 78.1cd/m2) prior to the detection task, for 

an initial adaptation duration of 2 mn and for 6 s before each 

trial. Then the target to detect, a .73° × .73° square colored with 

a randomly selected color candidate, appeared with 50% 

chance at a random location. Potential target locations were the 

same as describe in Experiment 1. The color transition that 

solicited both the least detection and the higher RT detection 

was the most affected by S-cone desensitization for detection, 

this transition could not be processed by L- and M-cone 

chromatic pathways and the S-cone receptivity was made 

transiently ineffective. Thus, this color candidate was then 

selected for the following MSLVST protocol. 
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Introduction 

Visual salience is not an intrinsic characteristic of the stimuli in the visual field, but is a 

property that emerges from the comparison of those stimuli with each other (Duncan & 

Humphreys, 1989; Theeuwes, 1992). It has been long theorized that basic features of the visual 

field are compared during preattentive stages (Koch & Ullman, 1985; Theeuwes, 1991, 1992, 

1994; Treisman & Gelade, 1980), and summarized into a topographic representation of the 

salience of items across the scene (saliency map), on which attention would rely in order to 

deploy and progress in space. The attentional focus has been theorized to first orientate toward 

the most salient item in the visual field and, if not the target of the search, the just attended 

location is inhibited and the focus then orientates toward the immediately least salient item, and 

so forth until the target is found (Koch & Ullman, 1985; Theeuwes, 1991). This progression 

implies that all elements present in the visual scene are hierarchized on the basis of their salience 

and that attention relies on this hierarchy to progress in space. 

Several studies have shown that attention progresses in space in search of moving stimuli. 

For instance, Franconeri and Simons (2003) adapted the singleton paradigm from Theeuwes 

(Theeuwes, 1991, 1992) in a priming search task. In a circular display with varying number of 

identical items (3 to 7), the authors tested several motion types animating one of the items for 

a short period (150 ms). In the subsequent search task, items became letters, one of them being 

the target to process. The authors reported that motion-related attentional capture for several 

motion types, such as looming or jittering, enhanced detection of the target when locations were 

congruent, and penalized detection in incongruent location conditions. Such attentional capture 

effect has been replicated several times since but in different paradigms (Abrams & Christ, 

2003; Michael & Buron, 2005). Motion can thus be considered as salient and can capture 

attention.  

However, models of salience (Itti & Koch, 2000; Koch & Ullman, 1985; Theeuwes, 1995) 

pointed that attention should progress across items on the basis of the hierarchy of salience. The 

study by Michael and Gálvez-García (2011) was the first to directly assess with static stimuli 

the salience-based progression of attention predicted by computational models of salience. The 

authors designed an original tachistoscopic visual research paradigm (multiple salience level 

visual search task: MSLVST) in which three items of different sizes conferring different 

saliences were presented for 100ms. Participants had to report the orientation of the only square 

that had a vertical opening on one of its sides, and this target was randomly the most salient, 

the intermediate or the least salient item. The authors postulated that behavioral results should 
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be affected as a function of the hierarchy of salience and, as expected, performance was better 

when the most salient item was the target, intermediate when it was the immediately less salient 

item, and the worst when it was the least salient one. The authors interpreted these results as 

the reflection of the deployment of attention on the basis of salience. In a subsequent 

experiment, the authors showed that this effect was not present in single item displays, 

confirming that this effect was not related to the respective physical strength of the stimuli 

(Wright & Richard, 2003), but to relative differences between stimuli.  

As mentioned earlier, despite evidence that motion captures attention, there is only scarce 

evidence on salience-based progression of attention due to motion. Salience models would 

predict that any dimension should transmit the activity to the saliency map, on which attention 

is thought to progress (Koch & Ullman, 1985; Theeuwes, 1991; Treisman & Gelade, 1980). 

Therefore, the deployment of attention is expected to follow the hierarchy of salience regardless 

of the dimension, including motion. However, previous research on attentional capture by a 

salient item showed that different visual dimensions exert different effect. For instance, 

Theeuwes (1992) reported that a color distractor penalized performance when looking for a 

different-shape target, while a color target prevented distraction from a different-shape 

distractor. This also seems to be the case for different features of the same dimension. In the 

study of Franconeri and Simons (2003), several types of motion were tested and different effects 

on attentional capture were reported. The authors proposed the hypothesis that features that 

signal urgency like the looming motion which signals an approaching object, should cancel all 

hierarchical effect by conferring processing priority to all looming objects. For instance, if 

several lions are coming towards you at different speeds, priority of attention will be attributed 

to all of them, whatever their respective speed, in order to ensure survival. This was tested in 

our lab (Mizzi & Michael, submitted) in an adaptation of the MSLVST paradigm, in which 

salience of moving items was defined through three different motion frequencies. Several 

motion types where used (looming, flickering and translation), and in each new trial the three 

items were always animated with the same motion but at different frequencies. It was expected 

that the highest frequency being perceived as the most salient and the lowest frequency as the 

least salient, except probably for looming which falls within the emergency signals defined by 

Franconeri and Simons (2003). The results showed hierarchical patterns for both flickering and 

translation, and no effect of frequency for looming. These observations suggested that the 

salience-based progression of attention is possible when salience is established on the motion 

dimension, but that some features are less prone to trigger such progression, possibly on the 
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account of urgency. When signals are associated to emergency situations, they all receive the 

same priority and the hierarchy of salience is abolished. It can probably be asserted that the 

activities that such signals give rise to within the salience map (Ullman & Koch, 1985) are 

equally strong and, therefore, not hierarchized. Attention is either directed to each one of them 

at a random order since they are all of equal priority -meaning that there is a not-hierarchized 

progression of attention through space-, or the focus is expanded to encompass all of them -

meaning that there is not progression at all, but rather a sort of zoom-out in order to process as 

much as signals as possible at a glance in a fast 'n dirty fashion (Eriksen & St. James, 1986). 

Even though it is difficult to back up these two accounts with empirical results, the second one 

seems to be in agreement with the behavioral urgency hypothesis (Franconeri & Simons, 2003).      

Another fundamental finding from the study by Michael and Gálvez-García (2011) is the report 

of nasal-temporal asymmetries. The authors analyzed progression slopes - a computation that 

attests of how much performance is affected by salience - and reported shallower slopes when 

items were presented in the temporal hemifield compared to the nasal one. Because, under 

monocular viewing conditions, information from the temporal visual hemifield reaches the 

superior colliculus (SC) and the pulvinar (PUL) (Rafal, Smith, Krantz, Cohen, & Brennan, 

1990; Sylvester, Josephs, Driver, & Rees, 2007), a temporal hemifield advantage in behavior is 

considered as a sign of processing taking place within extrageniculate visual pathways (for a 

review on the use of nasal-temporal asymmetries in behavioral studies, see Mizzi & Michael, 

in press). Those pathways convey visual information from the retina to the extrastriate cortical 

areas and bypass the geniculo-striate stream (Knudsen, 2011; Krauzlis, Lovejoy, & Zénon, 

2013; Lyon, Nassi, & Callaway, 2010; Robinson & McClurkin, 1989). The authors postulated 

that the shallower progression slopes in the temporal hemifield attested of a faster deployment 

of attention, and that this effect reflected the involvement of the extrageniculate pathways. This 

interpretation backed up the fact that these structures are pointed by the literature as underlying 

visual salience (Fecteau & Munoz, 2006; Gottlieb, Kusunoki, & Goldberg, 1998; Keller & 

McPeek, 2002; Michael & Buron, 2005; Robinson & Petersen, 1992). The authors argued that 

these pathways are most likely to support the progression of visual attention based on salience. 

This hypothesis received support in a subsequent study (Mizzi & Michael, 2014) where the 

MSLVST was adapted so as to display the stimuli in either a color transition to which the SC 

is blind because of its lack of connection with specific retinal ganglion cells (Marrocco & Li, 

1977; Monasterio, 1978) either in a luminance transition to which the SC is responsive (S-cone 

isolation technique, e.g., Leh, Ptito, Schönwiesner, Chakravarty, & Mullen, 2009; Smithson, 

Bourke, Zaidi, Mollon, & Stockman, 2004; Sumner, Adamjee, & Mollon, 2002a). The typical 
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hierarchical pattern attesting of the salience-based progression of attention was present only in 

the luminance transition condition that does not prevent the transfer of visual information from 

the retina to the SC. In the S-cone condition, however, this pattern was completely abolished. 

These results were well in agreement with the hypothesis that the extrageniculate pathways are 

supporting the salience-based progression of attention, at least in part. 

Motion perception involves a network including the cortical area V5 (Anderson, 

Holliday, Singh, & Harding, 1996; Liu & Newsome, 2005; Lyon et al., 2010; Priebe, Lisberger, 

& Movshon, 2006). The extrageniculate pathways are seemingly strongly involved in the 

processing of motion signals as shown through animal and human studies (Benevento & Miller, 

1981; Lyon et al., 2010; Michael & Buron, 2005), but also through the existence of nasal-

temporal asymmetries in healthy humans in attentional capture by motion (Michael & Buron, 

2005). Moreover, the perception of motion is known to trigger specific responses in both the 

SC (Boehnke & Munoz, 2008; Dean, Redgrave, & Westby, 1989; Sahibzada, Dean, & 

Redgrave, 1986) and the PUL (Benevento & Miller, 1981; Casanova, Merabet, Desautels, & 

Minville, 2001; Petersen, Robinson, & Keys, 1985; Villeneuve, Kupers, Gjedde, Ptito, & 

Casanova, 2005). More recently, neurophysiological investigations uncovered a direct 

disynaptic pathway for the transfer of motion signals from the retina to V5 through the SC and 

the PUL (Lyon et al., 2010) and circumventing the primary visual cortex, which may be 

responsible for the intact perception of motion in patients suffering cortical blindness after 

lesions of the primary visual cortex (Cowey, 2010). Taken altogether, these reports point out 

the overlapping of the systems involved in attention and motion processing.  

There is, however, some scarce evidence that motion-guided attention and perception of 

motion can be dissociated since lesions of the PUL in humans abolish attentional capture by 

motion signals, but seemingly not the perception of motion (Michael & Buron, 2005). It is 

therefore possible that extrageniculate-related aspects of the guidance of attention by motion 

are based on signals other than the basic features that produce motion, i.e., the detection of 

changes in position (translation or jitter) or size (looming and receding). It can be based on 

motion energy, i.e., spatiotemporal changes which have been characterized as objectless 

(Adelson & Bergen, 1985). Azzopardi & Hock (2011) provided impressive evidence from a 

patient with blindsight showing that two pathways from the retina to V5 are functionally 

distinct: the geniculostriate pathway would be specialized for feature-based motion perception, 

whereas the extrageniculate pathways would be specialized in processing motion energy. The 

direct disynaptic extrageniculate pathway uncovered by Lyon and colleagues (2010) would be 
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therefore responsible for the transfer and non-conscious perception of motion energy 

(Azzopardi & Hock, 2011) and probably the basis for the guidance of attention by motion 

(Michael & Buron, 2005). A fascinating hypothesis therefore arises: stimuli to which the 

extrageniculate pathways are blind, like S-cone stimuli, would still guide attention when 

animated, and this would be due to motion energy. Another original point is that 

neurophysiological studies that reported the lack of connections between the retinal and the SC 

(Marrocco & Li, 1977; Monasterio, 1978) only accounted for ganglion cells involved in color 

vision and these observations never extended to motion. This would therefore be the first 

investigation of this kind and would provide information about the way the extrageniculate 

pathways use energy motion signals to build salience and its hierarchy, and to guide attention 

in a salience-based fashion.  

Here, we have tested these issues in an adaptation of the MSLVST. As in the original 

version of the paradigm, participants were required to make as fast and accurately as possible a 

judgment about a target presented among two distractors. In each trial, the three items were 

animated with the same motion but at three different frequencies as to confer unequal saliences. 

In order to assess the specificity of different kinds of motion in guiding attention (Franconeri 

& Simons, 2003), translation and looming were used. Finally, the stimuli were either defined 

by luminance transitions (black on grey background) to which the SC responds or by the color 

transitions that leave the SC unresponsive (S-cone on grey background). In order to assess the 

conscious perception of motion, each trial contained a question after the search task in which 

participants had to indicate whether or not they detected the presence of motion. It was expected 

that (i) the hierarchical pattern would be found in the performance of participants reflecting the 

salience-based progression of attention (Michael & Galvez-Garcia, 2011). Following the results 

reported by Mizzi & Michael (submitted), the higher the frequency, the worst the performance 

would be; that (ii) this would be mostly visible for translation but not for looming, due to the 

emergency signals the latter one conveys (Franconeri & Simons, 2003; Mizzi & Michael, 

submitted), and that (iii) no difference would be observed in performance between luminance 

and color transitions due to the activation of the extrageniculate pathways by both kinds of 

transitions by motion energy. Finally (iv), if as suggested by Azzopardi and Hock (2011), non-

conscious processing of motion is due to motion energy and is mediated by the extrageniculate 

pathways, then the hierarchical effects on performance expected in the S-cone condition would 

show in the absence of awareness of motion. Overall, despite static S-cone signals not triggering 

salience-based progression of attention (Mizzi & Michael, 2014), animated S-cone signals 
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would both produce attentional capture and salience-based progression of attention, and these 

effects would probably occur without awareness.  

Materials and methods 

Participants 

Eighteen participants (9 females, mean age 23 ± 2.74 years) gave their written informed 

consent for their participation. All were right handed (83.78 ± 18.85 % Edinburgh laterality 

inventory, Oldfield, 1971), with normal or corrected-to-normal vision, and without any history 

of headache, epilepsy or psychoactive substance abuse. The experiment was conducted 

according to the Helsinki declaration.  

Stimuli and apparatus 

The viewing distance was 81.5 cm; participants were asked to rest their chins on a chinrest 

in order to hold the distance constant. The stimuli were outlined squares (1-pixel width) of 

.57°x.57° presented on a standard grey background (29.9 cd/m²). Each square had a .13° square 

attached to the center of one of its sides; this determined the orientation of each square. The 

target orientation was 0° (attached square on the top) or 180° (down), while the orientations of 

the distractors were 90° (right) and 270° (left), respectively. The three squares were presented 

at 30°, 90° and 150° clockwise in relation to the vertical (i.e., to the right of fixation) or 30°, 

90° and 150° anticlockwise in relation to the vertical (i.e., to the left of fixation), at a distance 

of 3.8° from each other and from fixation (a small white dot, 68.8 cd/m2). The stimuli were 

either black or calibrated in a way to only activate retinal S-cones by means of a pilot 

experiment (see note 1). In the Black condition, luminance of each square was 28.4 cd/m². In 

the S-cone condition, the stimuli and the background were adjusted for each participant as to 

be isoluminant by means of an initial pilot experiment (note 2). Variations of two types of 

motion were used: translation (TRANS: .13° lateral shift per frame in the maximal velocity 

condition, maximal total amplitude of .39°) and looming/receding (LOO/RE: 20% size 

expansion/retraction per frame in the maximal velocity condition, mimicking a radial motion). 

Also, a control condition with still items (CONT) was used. All animations (7 frames/75 Hz) 

consisted in three frequency conditions: 12.5, 37 and 50 Hz. Luminance noise was used in order 

to, firstly, ensure that attention orientation was made on the basis of color and not luminance or 

color contrast (Regan, Erkelens, & Collewijn, 1986; Smithson, Sumner, & Mollon, 2003). 

Secondly, literature advised (Smithson et al., 2003) to use such noise when stimuli are not 

precisely equiluminant (which was the case in the Black condition) and finally, even if there 
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might be some small S-cone input in the SC, this channel is not chromatically opponent and 

could be masked using luminance noise (Kaplan, 2003; Mollon, 1982; Sumner et al., 2002; 

Tamietto et al., 2010). This consisted in random presentation of 5 gray shades, for 13.3 ms (i.e., 

66.6 ms flickering) before and after the search display. The gray shades varied randomly from 

25 % gray (9.8 cd/m²) to 75 % gray (65 cd/m²), by steps of 5 %. The stimuli were presented on 

a cathodic Belinea calibrated Flat monitor (1920*1440 resolution at 75 Hz) controlled by a Dell 

Precision T3610, Intel Xeon E51650 v2, 3.5GHz CPU with 16 Go RAM processor. All 

luminance measures were conducted with a Minolta luminance meter LS-110. The experiment 

was run on OpenSesame (Mathôt, Schreij, & Theeuwes, 2012) and took place in a dimly lit 

room (.02 cd/m²). 

Procedure 

The procedure is depicted in Fig. 1. Each trial began with the presentation of the fixation 

dot for 300 ms. Then, the search display was presented for 93 ms and contained three items that 

were randomly and equiprobably selected by the computer program either from the TRANS, 

the LOO/RE or the CONT condition. In motion conditions, each item had a specific frequency, 

either fast (50 Hz), intermediate (37 Hz) or slow (12,5 Hz). Each square could be located 

randomly and equiprobably at one of the 3 locations and one of the three squares was the target 

with 33% probability, while the two others were distractors. In half of the trials, the target 

orientation was 0° (pointing up), in the other half 180° (pointing down). The stimuli color 

(Black or S-cone), the location of the target (30°, 90° or 150° in relation to the vertical), its 

orientation (0° or 180°), and the location of the search display (to the left or right of fixation) 

occurred with equal probability and were randomly chosen by the computer in each new trial. 

The search display wad preceded and followed by a luminance noise period of 67 ms. After the 

post-stimulus luminance noise period, the fixation dot remained on the screen for 1600 ms 

allowing the subject to respond. Participants were asked to gaze at the fixation spot during the 

whole experimental session and to indicate as quickly and accurately as possible the target’s 

orientation (up or down) by pressing two pre-defined vertically-arranged response buttons with 

the major (up button) and index (down button) fingers. They responded with one hand in the 

first block and the other hand in the second block and half of the participants started with the 

right hand. After the response period, a question was presented on the screen “did you saw any 

motion?”3 to which participants had to answer by 'yes' or 'no' by pressing one of two lateralized 

buttons with the other hand. This question aimed at assessing awareness of motion in each trial. 

                                                 
3 Translated from French “Avez-vous vu un mouvement ?”. 
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The response to this question was followed by a blank (93 ms) that signaled the end of the trial 

and the beginning of the next one. Participants completed a 14-trial training session before two 

experimental blocks that consisted in 360 trials each (40 trials per motion condition/target 

frequency/color). The whole experimental session lasted approximately 30 minutes with one 

short central break between blocks (55 minutes counting the two calibration procedures). 

Response times (RT) and errors were recorded by the computer.  

 Results  

Response times 

RTs inferior to 100 ms (less than .1 % of the trials) were discarded as representing 

anticipation errors. Since the experimental design was incomplete (the CONT condition 

precluded the frequency factor) and in order to account for the control condition, we computed 

the difference between correct RT obtained in each motion condition for both color conditions 

and the corresponding RT in the CONT condition. Negative differences denoted faster RTs in 

motion conditions regarding to control, while positive differences denoted slower RTs in 

motion conditions. An ANOVA was computed on RT differences with the color of the items 

(Black vs. S-cone), the motion type (TRANS and LOO/RE) and the motion frequency (12, 37 

and 50 Hz) as intra-participant factors. The main effect of color was significant (F(1, 17) 

= 15.63; p < .005; Black : -48 ms; S-cone : 27 ms). This result indicated that motion allowed 

faster RTs than the control condition with black stimuli, while performance was worst with 

motion in S-cone stimulation. The difference in the Black condition was significantly different 

from zero (t(17) = 3.71; p < .005), as was the difference obtained in the S-cone condition (t(17) 

Figure 1. trial events. Stimuli are not shown in scale. All variables (Color, Motion type or Target frequency) were randomly selected by the 

computer at each new trial. Participants had to find the only item with its orientation up or down (the target) and report its orientation. They 

then had to report if they detected the presence of motion in the previous search display. 
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= 2.1; p < .05), confirming the response acceleration with motion in black stimulation, and the 

response deceleration with motion in S-cone stimulation. The main effect of frequency was also 

significant (F(2, 34) = 3.69, p < .05), with the highest difference when the target was animated 

with the lowest frequency, a lesser difference for the intermediate frequency, and the least 

difference for the highest frequency (respectively, -23, -6 and 2 ms). This result seemed to 

account for the hierarchical pattern expected, attesting of a progression of attention. Following 

Michael & Galvez-Garcia (2011), progression slopes (α)4 expressed in speed loss per additional 

Hz were computed as a way to investigate the progression of attention. The mean slope was .49 

ms/Hz and was reliably different from 0 (t(17) = 2.9; p < .01). The critical color X frequency 

interaction did not reach significance (F(2, 34) = 1.13, p > .9). Fig. 2a depicts this interaction 

and it is clear enough why it did not reach significance: performance as a function of frequency 

followed the same pattern whatever the color. Indeed, progression slopes were very similar for 

both black (α = -.41 ms/Hz; t(17) = 2.1; p < .05) and S-cone conditions (α = -.57 ms/Hz; t(17) 

= 2.95; p < .01), while no difference was found between the two slopes (t(17) = 0.8; p > .43). 

These hierarchical patterns indicated a progressive change in RT with increasing frequency in 

both the black and the S-cone condition, and this effect was similar in both conditions. No other 

effects were observed.  

                                                 
4
  = covariance(x,y)/variance(x) where x is the frequency of each of the three squares in Hz and y is the RT 

when each square was the target. 
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Figure 2. a) differences in response times between the control and motion conditions in both luminance and S-cone 

conditions as a function of the frequency of the target. Dotted lines represent linear regressions as an ilustration of the 

progression slopes. Notice that both color conditions are exerting hierarchical patterns as a function of frequency.  

b) differences in the proportions of correct responses between control and motion conditions in both luminance and S-

cone conditions as a function of the frequency of the target. Dotted lines represent linear regressions that illustrate progression 

slopes. Notice that both color conditions are also exerting hierarchical patterns as a function of frequency.  

Proportion of correct responses (PC) 

The same difference between PCs from motion and the CONT conditions was computed. 

Here, positive differences denoted loss in PC in the motion conditions compared to control, 

while negative differences denoted better PC in motion conditions. An ANOVA was computed 

on PCs differences with the color of the items (Black vs. S-cone), the motion type (TRANS and 

LOO/RE) and the motion frequency (12, 37 and 50 Hz) as intra-participant factors. The main 

effect of color was significant (F(1, 17) = 7.66; p < .05), with a negative difference in the black 

condition and a positive one in the S-cone condition (respectively.04 and -.03). As for RT, 

results indicated that the motion exerted a different effect as a function of color. Motion in the 

black condition elicited a significant increment of PCs (difference from zero: t(17) = 2.36; p < 

.05), while no significant effect was evidenced in the S-cone condition (t(17) = 1.47; p = .16). 

The main effect of the frequency was also significant (F(2, 34) = 5.67, p < .01), with a negative 

difference when the target was animated with the lowest frequency, close to no difference for 

the intermediate frequency, and a positive difference for the highest frequency (respectively 
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.03, -.01 and -.02). To explore further this effect, progression slopes (α) expressed in percent 

correct loss per additional Hz were computed. The mean slope was .077 %/Hz and was reliably 

different from 0 (t(17) = 3.4; p < .005). The critical color X frequency interaction did not reach 

significance (F(2, 34) = 1.59; p > .21). Fig. 2b depicts this interaction and, as it was the case 

for RT, it is clear enough why it did not reach significance: performance as a function of 

frequency followed the same pattern whatever the color. Indeed, progression slopes were very 

similar for both black (α = -.054 %/Hz; t(17) = 2.21; p < .05) and S-cone conditions (α = -

.10 %/Hz; t(17) = 3.02; p < .005), while no difference was found between the two slopes (t(17) 

= 1.2; p > .21). These hierarchical patterns indicated a progressive change in accuracy with 

increasing frequency in both the black and the S-cone condition, and that this effect is similar 

in both conditions. No other effects were observed. 

Motion Detection 

On average, participants detected the presence of motion in 58 % of the trials. When 

stimuli were still, participants were highly accurate with 84 % of correct responses in the black 

condition and 77 % in the S-cone condition. Both scores were reliably different from chance 

level (t(17) = 13.81; p < .001 and t(17) = 7.49; p < .001, respectively) and no difference was 

found between them (t(17) = 2.65; p > .16). Correct detection of motion was as high as 75 % in 

the black condition, which was different from chance level (t(17) = 5.82; p < .001). However, 

correct detection of moving S-cone stimuli was merely 41 %, which was not different from 

chance level (t(17) = 1.4; p = .18). The difference between the black and S-cone condition was 

significant (p < .001).  

Discussion 

Salience-based progression of attention has been shown to be affected by motion 

variations (Mizzi and Michael, submitted) and is thought to rely on the processing of the 

extrageniculate pathways (Michael & Gálvez-García, 2011; Mizzi & Michael, 2014; Tamietto 

et al., 2010). Also, different motion types lead to different effects. Motion signals requiring 

urgent behavioral responses gain attentional priority (the behavioral urgency hypothesis; 

Franconeri & Simons, 2003) and cancel out the salience-based progression of attention (Mizzi 

& Michael, submitted). Studies on patients with blindsight or pulvinar lesions (Azzopardi & 

Hock, 2011; Michael & Buron, 2005) led to hypothesize a distinction between motion 

perception and motion-related attentional effects. Furthermore, a disynaptic extrageniculate 

pathway through the SC has been suggested for processing of motion (Lyon et al., 2010). Here, 
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we aimed at investigating the involvement of the extrageniculate pathways in the salience-based 

progression of attention by taking advantage of the fact that motion can be processed 

independently of the basic features that produce it. It can be processed as objectless motion 

energy (Adelson & Bergen, 1985) and, seemingly, the extrageniculate pathways do process 

motion energy (Azzopardi & Hock, 2011). The logic was to present stimuli to which the 

collicular pathway, one of the extrageniculate pathways, is blind to and observe if, when 

animated at different frequencies, those stimuli produce effects that uncover salience-based 

progression of attention. The main purpose of the present study was therefore to determine the 

nature of the processes underlain by the extrageniculate pathways in the salience-based 

progression of attention. 

To this aim, we adapted the MSLVST in order to present several moving stimuli, defined 

either by luminance contrast (black) that stimulate both geniculostriate and extrageniculate 

pathways, either in a color transition (S-cone stimulation) to which the SC is blind (Marrocco 

& Li, 1977; Monasterio, 1978; Schiller & Malpeli, 1977). An ordering of items in the search 

display was created with hierarchical frequencies. Looming and translation where used to assess 

the effect of urgency (Franconeri & Simons, 2003). Finally, each participant had to report if 

they detected motion in every trial in order to test our hypothesis that attentional effects would 

occur in the S-cone condition without awareness of the presence motion. It was expected that 

attention would rely on motion frequency to progress in the visual field, relatively to the 

hierarchy of salience, in accordance with the results reported by Mizzi and Michael (submitted). 

According to the behavioral urgency hypothesis (Franconeri & Simons, 2003), this salience-

based progression of attention should be prevented in presence of motion types that trigger 

urgent responses, like looming, but was expected to occur in presence of any other motion type. 

Moreover, the effects of this progression were expected whether or not the SC was sensitive to 

the changes of visual features that create motion. This would confirm the capacity of the SC to 

process motion energy and to participate to the attentional progression. Finally, it was expected 

that the attentional effect in this condition would occur in the absence of awareness of the 

perception of motion (Adelson & Bergen, 1985; Azzopardi & Hock, 2011).  

Salience-based progression of visual attention 

As expected, the hierarchical pattern was found in both black and S-cones conditions and 

this pattern was present in both RTs and PCs. These results are in line with previous work that 

observed the salience-based progression of attention (Mizzi & Michael, submitted; Couffe et 

al., 2016; Michael & Gálvez-García, 2011; Mizzi & Michael, 2014). Performance was affected 
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by the hierarchical ordering of the items’ frequency, testifying of the initial capture and the 

subsequent deployment of attention, progressively changing response time and accuracy as a 

function of frequency. This pattern attests that attention was first grabbed by the location of the 

most salient item, if it wasn’t the target, attention had to disengage to progress toward the 

immediately least salient item, and so forth until the target was found (Koch & Ullman, 1985; 

Theeuwes, 1991). This confirmed that different frequencies would create different levels of 

salience and that this hierarchy of salience would serve as base for the progression of attention 

(Mizzi & Michael, submitted). This progression was present in both stimulation conditions and 

no noticeable difference in the hierarchical patterns was observed whether stimuli were visible 

to the SC or not.  

However, previous work from our laboratory (Mizzi & Michael, 2014) showed that the 

use of S-cone stimulation would cancel out the effect of attentional progression. The 

hierarchical pattern was only present in the luminance condition and it was argued that the 

collicular pathway was supporting the salience-based progression of attention. This account 

was in direct line with previous studies that used other behavioral cues of the extrageniculate 

processing (Michael & Gálvez-García, 2011; for a review of these techniques, see Mizzi & 

Michael, in press) and reached similar conclusions. Our results, showing a hierarchical pattern 

in S-cone stimulation, are not arguing against this. Indeed, our previous work used static stimuli 

in order to promote the hierarchy of salience. The use of the S-cone technique is preventing the 

access of both color and luminance information to the SC (Marrocco & Li, 1977; Monasterio, 

1978; Smithson et al., 2003), rendering it blind to static S-cone stimuli. However, according to 

the motion energy hypothesis (Adelson & Bergen, 1985), when using moving S-cone stimuli 

as we did here, despite the lack of color and luminance information, we found that motion 

energy allows automatic attentional responses. Since the SC is blind to the features used, then 

it can be assumed that motion energy is what probably activated the SC (Azzopardi & Hock, 

2011) and, thereafter, extrastriate and parietal areas involved in attention (Clower, West, Lynch, 

& Strick, 2001; Fries, 1984; Goldberg & Wurtz, 1972; Lyon et al., 2010). Hence, the present 

study provides arguments in favor of the view that the extrageniculate pathways direct attention 

toward moving stimuli, at least in part, based on motion energy independently on the features 

of the items. This is probably achieved through the functioning of the disynaptic retina-V5 

pathway involving the SC (Clower et al., 2001; Lyon et al., 2010). Furthermore, the present 

Experiment suggests that attention is directed in a way to prioritize one item over the others in 

a hierarchical way, suggesting that this is also done through the extrageniculate pathways 
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(Michael & Gálvez-García, 2011; Mizzi & Michael, 2014). We can pose that such an 

extrageniculate-generated hierarchy does not concern only motion, although it seems that 

motion is a good way to activate the extrageniculate pathways independently from features that 

define the stimuli per se. Our results can be probably generalized to other dimensions as long 

as they produce signals that activate these pathways, be them related to their features or to 

emergent energy.  

The effect of S-cone isolation 

Even though we described comparable hierarchical patterns in both luminance and S-

cone conditions, the color of the stimuli had different effects on general performance. Since we 

analyzed differences between the motionless control condition and the motion conditions, the 

main effect of color stimulation was attesting of the propensity of moving items to grab 

attention. Attentional capture was observed in both color conditions, yet the effect was at 

different directions: motion increased performance when the stimuli were black, but decreased 

performance (at least RTs) for S-cone stimuli. The results of the black condition can be easily 

interpreted in terms of faster access due to capture by motion to the stimulus characteristic the 

response is based on, i.e., the location of a small square on one side of the target. However, it 

is more difficult to understand why performance was penalized in the S-cones condition. It is 

widely accepted that the SC is involved in attentional capture (Ignashchenkova, Dicke, 

Haarmeier, & Thier, 2004; Krauzlis et al., 2013; Lovejoy & Krauzlis, 2010). Even though some 

doubts have been raised about this issue (Sumner et al., 2002; Mizzi & Michael, 2014), motion 

energy could have contributed to produce capture through activation of the SC. The use of S-

cone stimulation could have forced the SC to rely solely on motion energy to spot the salient 

item and to orient attention. However, once at the location of the moving item, its correct 

processing is necessary. This requires localizing the side of the small square and this can be the 

origin of decreased performance. This relies on other features like luminance (Mizzi & Michael, 

2014; Tamietto et al., 2010), or color (Lovejoy & Krauzlis, 2010), implying that correct 

processing is usually made upon a combination of visual features. Thus, an interpretation could 

be that the SC, in the S-cone condition, was processing stimuli with only limited tools, and this 

could have penalized performance.  

Another explanation can be found in the results by Mizzi and Michael (2014). Using static 

stimuli, performance was the same in both color conditions when the most salient item was the 

target. This was interpreted as reflecting the fact that attentional capture is possible without the 

implication of the collicular pathway (Sumner et al., 2002), but that further progression on the 
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basis of salience is not. Hence capture could rely in part on the capacity of the geniculostriate 

pathway to process stimuli. Indeed, the fact that color singletons can capture attention 

(Theeuwes, 1991; 1992) intimates that the geniculostriate pathway may have an important role 

to play. And it is also known that this pathway also processes motion (Azzopardi & Hock, 

2011). Taking into account a possible reduced capacity of the collicular pathway to compute 

saliency and to orientate attention in the S-cone condition, an explanation of the detrimental 

attentional capture by motion can reflect disturbed geniculostriate processing. Indeed, correct 

perception of the target's characteristics can be disturbed by motion since the more the item 

moves, the less its processing is efficient (Burr, 1980; Burr & Thompson, 2011; Geisler, 1999). 

Finally, the S-cone receptors system is known to have a slower transfer time than other visual 

receptors category (Smithson & Mollon, 2004) and this specificity can account for the overall 

loss in performance in this condition. 

Motion related effects 

Progression slopes suggest that performance decreased as frequency increased, and this 

is valid whatever the color of the stimuli. This is in contradiction with the initial idea that the 

higher the frequency, the higher the saliency level of the item. This inversion of the expected 

orientation of the slopes was also observed in previous reports from our lab (Mizzi & Michael, 

submitted) and it was associated to a motion-related distraction effect that impacted perception 

and, therefore, performance. The authors postulated that attention did follow the hierarchy of 

salience starting from the most salient item, i.e. the faster one, but that each allocation required 

an attentional reengagement on the small attached square that determined the orientation of the 

item. Attention was grabbed by motion and drawn away toward the task relevant aspect of the 

target, implying that the higher the frequency, the worse the performance. This hypothesis was 

tested by the authors in a control experiment in which a motionless target was central and a 

moving distractor could appear in a peripheral location. This distractor was animated with the 

frequency initially used and the authors postulated that a distraction effect would be confirmed 

by a frequency effect. As predicted, the authors observed that the higher the frequency of the 

distractor, the larger the distraction effect, which explained the inversion of the slopes. Since 

both that study and the present one are sharing a very similar methodology, with the difference 

of the S-cone isolation technique, it is most likely that the distraction effect previously observed 

also impacted the slopes described here. It is also possible to conceive that this distractor effect 

was accentuated in the S-cone condition because the perceptual characteristics of the S-cone 

condition described higher, as an alternative explanation of the difference between color 
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conditions. Another difference between the slopes obtained in the previous report and the 

present one consist in the fact that only PC progression slopes previously appeared significant, 

while the hierarchical pattern yielded significant slopes in both variables in the present study. 

This can be explained by the increase in the number of trials in the present experiment that 

could have allowed a better signal to noise ratio. Also the resolution of motion can be taken 

into account since it consisted in 7 frames under 100 ms in the present study, vs. 6 frames in 

100 ms in the previous report. That upgrade of the resolution could have allowed a finer 

solicitation of the visual system thanks to a more precise and well defined signal. 

The effect of motion type did not appear significant here. Performance in the translation 

motion condition was similar to performance in the looming/receding motion condition. This 

was in contradiction with our hypotheses since we expected the looming/receding motion to 

exert less attention effect than the translation motion. Franconeri and Simons (2003) postulated 

that any motion soliciting an urgent response would gain attentional priority. Since all items 

were animated with the same motion at the time, performance in the looming/receding condition 

should have shown flat progression slopes. Moreover, this effect was found in the previous 

reports from our team (Mizzi & Michael, submitted) that also tested this hypothesis and gave 

arguments in favor of the behavioral urgency hypothesis (Franconeri & Simons, 2003). 

Methodological differences between the two studies may be at the origin of these discrepancies. 

A few elements in the apparatus were added in the present experiment and can be held 

responsible for the disappearance of the effect. First, at each trial, participants had to answer a 

question regarding the presence or not of a motion animating the items. This subsequent task 

could have modified the attentional set of participants in the present study, forcing them to try 

to focus more on the presence or not of motion, regardless of the motion-type, and this can have 

impacted motion-type related effects. Secondly, the addition of an S-cone condition that 

required pre-calibration of the S-cone color transition, plus a subsequent question regarding the 

presence of motion, and plus a control motion condition more than tripled the experimentation 

time (up to more than an hour). Those additional manipulations may have created a more 

complex task and thus can be held accountable for the loss of discrete effects. 

Conscious detection of motion 

The observation that motion is perceived in blindsight through energy, not features 

(Azzopardi & Hock, 2011), and that this may be mediated by the extrageniculate pathways that 

convey signals from the retina to V5 (Lyon et al., 2010), suggested us that non-conscious 

perception of motion is probably the basis for the guidance of attention by motion. We therefore 
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hypothesized that if any hierarchical effects on performance in the S-cone condition were found, 

they would show in the absence of awareness of motion. This was assessed by asking 

participants in each trial whether they detected any motion during the search display or not. On 

one hand, detection performance was at chance level in the S-cone condition while it was quite 

high with luminance stimulation. Conscious perception of motion was not possible in the S-

cone condition. On the other hand, detection of the absence of motion was quite accurate in 

both color conditions. This means that the hierarchical effects in chronometric performance and 

accuracy found in the S-cone condition and described earlier are independent of any conscious 

perception of the stimuli that produced them. This finding suggests that the salience-based 

progression of attention can occur without any conscious perception. On the account of previous 

studies that demonstrated the involvement of the extrageniculate pathways (Michael & Gálvez-

García, 2011; Mizzi & Michael, 2014), this is arguing in favor of the idea that extrageniculate 

processes that guide attention in a salience-based fashion can take place without awareness 

(Azzopardi & Hock, 2011). This is also in agreement with computational and cognitive models 

(Koch & Ullman, 1985; Theeuwes, 1992) posing that salience and its hierarchy are generated 

during preattentive stages of visual information processing, which is necessarily and 

obligatorily bottom-up, automatic, involuntary and non-conscious (Theeuwes, 1992; Treisman 

& Gelade, 1980). 

This interesting finding is also of importance for understanding blindsight. Blindsight 

corresponds to the residual capacities of patients to behaviorally respond to stimuli contralateral 

to lesions of the primary visual cortex. These patients, although suffering from cortical 

blindness, are showing non-conscious residual visual functions in their blind field (Stoerig & 

Cowey, 1997; Weiskrantz, 1986). Studies have investigated the residual abilities of such 

patients to process moving stimuli and have reported that, although with a consequent inter-

individual variability, motion detection of several motion types and direction discrimination in 

forced choice paradigms was possible when occurring in their blind field (Azzopardi & Cowey, 

2001; Barbur, Watson, Frackowiak, & Zeki, 1993). In fact, the early report of Riddoch (1917) 

with injured soldiers already demonstrated detection of moving but not stationary item after 

occipital lesion. Also, the famous patient G.Y., under certain speed condition of a forced-choice 

task, could correctly detect a moving item in its blind field with more than 80 % accuracy 

(Weiskrantz, Barbur, & Sahraie, 1995) and discriminate the direction of its motion. The 

question of whether or not these patients are aware of the moving stimuli has been a source of 

debate in the literature, and the existence of residual subjective impression of non-visual 
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perception in some patients has been referred to by some authors as blindsight type 2 

(Weiskrantz et al., 1995; Zeki & Ffytche, 1998). This was investigated by Brogaard (2011) that 

demonstrated that her patient G.R. was not able to distinguish visual experiences from other 

internal experiences like thoughts. The author then concluded that patients with blindsight are 

effectively visually unconscious. Interestingly, blindsight monkeys categorized the stimuli they 

could detect in their blind field not as a light, but as invisible (Cowey & Stoerig, 1997), and 

G.Y. reported a “feeling” of motion regarding the dynamic stimuli presented in his blind field 

(Stoerig & Barth, 2001), which, in light of the present results, allow to consider that he actually 

relied on motion energy.  

Most initial studies on motion detection in blindsight reported that moving stimuli were 

more likely to be detected than static ones (Barbur et al., 1993; Weiskrantz, 1986; Weiskrantz 

et al., 1995; Zeki & Ffytche, 1998) but these observations rarely accounted for the difference 

in salience between moving and static items (Azzopardi & Cowey, 2001). In fact, already in 

the seventies, Humphrey (1974) proposed the idea that the salience of stimuli could explain the 

performance in visual discrimination of the destriated monkey Helen. Later on, Cowey (2010a) 

observed that this hypothesis had been unfairly neglected by the literature. In the present study, 

we observed performance attesting of a salience-based progression of attention over non-

consciously perceived stimuli. This is very similar to what have been referred to as blindsight 

in normal observer (Kolb & Braun, 1995; Lau & Passingham, 2006). In an investigation of the 

neural correlate of conscious perception, Lau and Passingham (2006) used metacontrast 

backward masking in order to penalize the perception of geometric stimuli and, using a forced-

choice paradigm, observed that discrimination performance remained high while conscious 

perception of the stimuli dropped down. The authors argued that these results resembled 

blindsight, with the advantage of not relying on sometimes unequivocal patients’ performance. 

The masking technique has been shown to provoke saccadic and attentional effects without 

consciousness (e.g., Ansorge, 2003; Lambert, Naikar, McLachlan, & Aitken, 1999; Spering & 

Carrasco, 2015) and some authors proposed that these effects would rely on extrageniculate 

pathways (Mulckhuyse & Theeuwes, 2010a, 2010b, for a review see Mizzi & Michael, in 

press). In light of the present observation that attentional effects observed in S-cone stimulation 

likely rely on the capacity of the SC to process motion energy (Adelson & Bergen, 1985; 

Azzopardi & Hock, 2011), combined with data reporting the involvement of the collicular 

pathway in salience-based progression of attention (Michael & Gálvez-García, 2011; Mizzi & 

Michael, 2014), we can argue that the effects observed in the present study are supported by 
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similar extrageniculate pathways. Moreover, given that our results are attesting of preserved 

effects in absence of conscious perception, the present study reports blindsight in normal 

observer (Kolb & Braun, 1995; Lau & Passingham, 2006). But can we argue that the 

extrageniculate pathways likely supporting the attentional phenomenon measured here are also 

those that support residual capacities in blindsight?  

Limits and perspectives 

It was recently reported that inactivation of the LGN in destriated monkeys abolished 

behavioral discrimination and the extrastriate activity related to stimuli in the blind field 

(Schmid et al., 2010). These observations led authors to propose that both the extrageniculate 

and the geniculostriate pathways support blindsight (Cowey, 2010a, 2010b; Schmid et al., 2010; 

Schmid, Panagiotaropoulos, Augath, Logothetis, & Smirnakis, 2009). It has been shown that 

after lesion of V1, Parvo (P) and Magno (M) cells of the LGN degenerate rapidly (Cowey & 

Stoerig, 1989; Mihailović, Čupić, & Dekleva, 1971), leaving only interlaminar Konio (K) cells 

unaffected. K cells project to the area MT/V5 (Sincich, Park, Wohlgemuth, & Horton, 2004), 

which pushed authors to consider the possible role of these connections in motion detection 

after striate lesions. P cells receive input from color-opponent retinal ganglion cells, while M 

cells receive mostly from α ganglion cells and process luminance information. K cells (10 % of 

LGN projections) connect with both V1 and the SC (Hendry & Reid, 2000). Interestingly, they 

transmit wavelength information from blue-ON ganglion cells, relying on S-cones (Dacey & 

Lee, 1994). In the present study, attention progressed on the basis of the salience of moving 

stimuli the color of which was invisible to the retino-collicular pathway (and M cells) (Gouras, 

1968; Yeh, Lee, & Kremers, 1995). One can postulate that the effects of motion under S-cone 

stimulation rely on the transfer of information to MT/V5 through the connections between the 

LGN and the SC. On one hand, a geniculo-collicular transfer of S-cone information through K 

cells seems unlikely since it would predict collicular responsiveness to S-cone stimulation. This 

account, although mentioned by some authors (Hall & Colby, 2014), has been disproved by 

physiological observations (Marrocco & Li, 1977; Monasterio, 1978). Furthermore, imaging 

studies reported a drop in activity of the SC under S-cone stimulation with static items in normal 

participants and blindsight patients (Leh, Mullen, & Ptito, 2006; Leh et al., 2009). On the other 

hand, the transfer of information from the SC to parts of the LGN toward extrastriate areas 

through K cells cannot be discarded and may support parts of the effect of motion without 

awareness, be it in the present Experiment or in Blindsight. 



Chapitre 2. 

Article en préparation 

134 

How to pursue this investigation? Mizzi and Michael (in press) recently reviewed several 

behavioral cues that allow searchers to assess the impact of the extrageniculate pathways in 

attention. Along with the S-cone isolation technique used in the present Experiment, the authors 

listed the nasal-temporal asymmetries and the response to suppressed stimuli as approaches 

used in the literature. Whereas nasal-temporal asymmetries appeared to consist in a reliable 

indication of extrageniculate modulation, the literature using the response to suppressed stimuli 

occurred to be less unanimous regarding of its capacity to reflect such effect. This may be due 

to the numerous ways to suppress stimulation from perception and to the yet too scarce 

convergent findings in this domain. The effects of suppressed stimuli are however very relevant 

to the present findings because they can trigger eye movement (Spering & Carrasco, 2015) and 

attentional capture (Lin & He, 2009; Zhang, Jamison, Engel, He, & He, 2011) without 

awareness (Blake, 2001; Kim & Blake, 2005; Roseboom & Arnold, 2011). Combining 

behavioral techniques could bring some answers. An adaptation of the MSLVST using both 

suppressed stimuli and nasal-temporal asymmetries could allow to measure congruent 

behaviors related to a common neural substrate. Nasal-temporal asymmetries have been 

recognized as a valid sign of the extrageniculate mediation because of temporal information is 

transferred through the SC to pulvinic and parietal structures (Rafal et al., 1990; Sylvester et 

al., 2007). This method can be combined with binocular rivalry that allows isolating through 

mirrors the information presented to each eye, in which perception is attributed to the eye that 

received the most salient signal whereas conscious perception from the other one is suppressed. 

One can investigate whether nasal-temporal asymmetries would be measured for the attentional 

response to suppressed stimuli. Such finding would attest of a common substrate of the 

attentional processing involved in suppressed stimuli and nasal/temporal asymmetries, and back 

up the present results by bringing evidence in favor of the extrageniculate processing of 

attentional information without awareness. 

Conclusion 

This study consisted in an adaptation of a paradigm designed for assessing the effect of 

salience on the attentional progression and was combined with a psychophysical technique 

allowing to present items whose color is not transmitted through the collicular pathway. This 

approach was used in previous study that pointed the crucial role of the collicular pathway in 

the salience-based progression of attention on static stimuli. A determinant aspect of the present 

study is the use of moving items hierarchized on the base of their frequency. By doing so, the 
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impact of salience on performance was not abolished when the collicular pathway could not 

process the color transition of the items. This was most likely due to the capacity of the 

collicular pathway to process motion energy, in absence of contrast or color stimulation that 

determined motion. This effect was measured in absence of awareness of the presence of motion 

in participants. Therefore, the take-home message of this study is that attention can progress in 

space in a salience-based hierarchical fashion without awareness and that this effect most 

probably dependents on the extrageniculate pathways. 

Methodological notes 

S-cone stimuli consist in a color transition that activate exclusively short wave sensitive 

retinal rods. This specific color transition that leaves large and medium rod cells unchanged 

differ between individuals and between retinal locations because of retinal sensitivity, macular 

pigmentation, lens density and chromatic aberrations variations. Therefore, S-cone stimuli were 

individually calibrated by means of two short pilot experiments. Short wave receptors are 

classically known to be specialized in blue color perception, responding for a transition from 

gray to lilac-blue. The aim of this pilot session was to determine the exact color transition 

between the standard gray background (the exact point between black and white: 0°, 0 %, 50 % 

for hue, lightness and chroma in the Munsell’s model (Munsell, 1912) and the color that only 

activates S-cones among numerous color candidates. Those candidates were chosen, according 

to the literature (e.g., Leh et al., 2006; Sumner et al., 2002a), to span color variations from deep 

blue (250°, 100 %, 100 %) to pink (300°, 100 %, 100 %) since the expected color variation, at 

3.8° of visual angle, would be slightly shifted from blue toward pink. The calibration procedure 

consisted in two pilot protocols of 15 min each in order, first, to select isoluminant candidates 

compared to the standard background, and second, to assess among isoluminant color 

candidates which variation specifically activated S-cones. 121 Color candidates were chosen, 

from 250° to 300° color angle by 5° angle steps, or 11 hue angles, by 11 chroma variations, from 

50 % to 100 % saturation. Lightness was maintained constant. 

Note 1. Isoluminant selection 

The first pilot experiment was set up in order to select the isoluminant variation of every 

hue angle from 11 candidate color steps from deep blue to pink. The minimum motion technique 

(Anstis & Cavanagh, 1983) was used. In this procedure, vertical color bars were presented on 

the screen, their color being alternatively standard gray and randomly one of the color candidate 

at each trial. This display flickered at a rate of 5 Hz and was periodically substituted by gray 
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bars of respectively 0◦, 0%, 25% and 0◦, 0%, 75% chroma, slightly horizontally displaced by 

half a bar distance. From this flickering emerged an optical illusion: vertical bars seemed to 

move from left to right when the used color was brighter than the background and from right to 

left when it was darker. In the isoluminant condition, no motion illusion appeared. Participants 

were asked to report either the direction of the motion illusion or the absence of illusion. The 

computer then selected the isoluminant chroma variation of each hue variation, resulting in a 

selection of 11 isoluminant color candidates.  

Note 2. S-cone calibration  

The second pilot protocol aimed to select among isoluminant color candidates the specific 

color transition that would leave the L- and M-cone activity unchanged. The transient trianopia 

procedure (Mollon & Polden, 1975) was used. Participants were asked to detect a color item 

while the S-cone chromatic pathway was made insensitive. This transient desensitization was 

produced with a homogeneous yellow screen presentation (60°, 100 %, 100 %) prior to the 

detection task, for an initial adaptation duration of 2 mn and for 6 s before each trial. Then the 

target to detect, a .57° x .57° square colored with a randomly selected color candidate, appeared 

with 50% chance at a random location. Potential target locations were the same as describe in 

the present Experiment. The color transition that solicited both the least detection and the higher 

RT detection was the most affected by S-cone desensitization for detection, this transition could 

not be processed by L- and M-cone chromatic pathways and the S-cone receptivity was made 

transiently ineffective. Thus, this color candidate was then selected for the following MSLVST 

protocol.  
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Synthèse intermédiaire 
Le deuxième chapitre s’est intéressé à l’investigation des voies extragéniculées dans la 

capture et la progression de l’attention sur la base de la saillance. Dans un premier temps, il a 

été établi un compte-rendu des techniques comportementales qui permettent cette investigation. 

Par la suite, la technique psychophysique d’isolation des cônes S a été utilisée pour tester d’une 

part le rôle de la voie rétino-tectale dans ces processus et, d’autre part, pour investiguer les 

poids respectifs des dimensions visuelles dans l’établissement de la saillance visuelle et le 

déplacement attentionnel fait sur cette base. 

La première étude consistait donc en une revue des techniques comportementales utilisées 

dans la littérature pour explorer les fonctions des voies extragéniculées. Après avoir décrit en 

détail les voies visuelles, trois indices du fonctionnement extragéniculé ont été décrits et 

analysés : les asymétries temporal-nasal, la réponse aux stimuli cônes-S et la réponse aux 

stimuli perceptivement supprimés. Les deux premiers semblaient constituer des approches 

fiables, alors que le dernier se basait sur une litérature trop peu homogène pour être considéré 

comme une indication plausible du fonctionnement extragéniculé. 

La deuxième et la troisième étude ont exploité l’absence de projection de l’information 

issue des cônes S de la rétine vers le colliculus supérieur afin investiguer le rôle de la voie 

colliculaire dans l’orientation de l’attention sur la base de la saillance. La deuxième étude a pu 

montrer, en utilisant des stimuli statiques différents par leurs tailles, que lorsque la voie 

colliculaire est rendue aveugle par la stimulation cônes-S, la progression de l’attention est 

abolie. En revanche, le phénomène de capture de l’attention par l’élément le plus saillant du 

dispositif ne semblait pas affecté par la stimulation cônes-S, ce qui indiquait que les 

phénomènes de capture et de progression de l’attention sur la base de la saillance sont 

indépendants et sollicitent probablement des substrats différents. 

La troisième étude a également utilisé la technique d’isolation des cônes S, avec des 

stimuli hiérarchisés sur la base de différentes fréquences de mouvement. Le pincipal résultat de 

cette étude consiste en l’observation du pattern comportemental hiérarchique, témoin de la 

progression de l’attention, aussi bien en condition de contraste, qui sollicitait l’ensemble des 

voies, qu’en condition de stimulation cônes-S, qui sollicitait probablement la capacité du 

colliculus supérieur à traiter l’énergie du mouvement, en l’absence de l’information de 

changement de luminosité ou de couleur. Un point intéressant est que les participants ne 

rapportaient pas percevoir le mouvement dans la condition cônes-S, ce qui indiquait que les 

performances étaient affectées par la saillance des éléments en mouvement, et ce en l’absence 
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de traitement conscient, ce qui a permis de revenir sur le rôle potentiel des voies extragéniculées 

dans le phénomène de bindsight. 

Ces indices comportementaux sont des indicateurs précieux lorsqu’il s’agit d’étudier 

l’implication de ces voies et des structures qui les composent dans les processus attentionnels. 

Par exemple, un travail précédent de notre laboratoire (Mizzi & Michael, 2014, chap. 2, art. 2) 

a permis d’établir une distinction entre la capture et la progression de l’attention sur la base de 

la saillance en démontrant que le premier processus était possible même lorsque le CS était 

aveugle à la stimulation, alors que le second ne l’était pas. En revanche, ces techniques ne sont 

plus utilisables lorsqu’il s’agit d’étudier l’implication des voies extragéniculées dans le transfert 

de l’information à des structures corticales plus élevées dans la hiérarchie de traitement, 

également massivement impliquées dans les processus attentionnels. L’impact de ces structures 

corticales dans la progression de l’attention sur la base de la saillance n’a jamais été étudié. La 

notion de décours temporel est également centrale dans cette problématique puisque la 

temporalité de l’effet de la saillance au niveau cortical peut permettre d’apporter des indications 

vis-à-vis des processus sous-tendus par ces structures, ainsi que permettre de comprendre 

comment et à quel moment les informations attentionnelles sont transférées à ces structures 

corticales. 

Le troisième chapitre propose de répondre à ces questions en utilisant l’approche 

électrophysiologique. En effet, ces techniques sont particulièrement indiquées pour 

l’investigation des processus attentionnels précoces et permettent d’établir avec précision à la 

fois le décours temporel et la localisation corticale des effets. Cependant aucune étude EEG n’a 

encore permis de mettre en évidence des indices physiologiques de la hiérarchisation de la 

saillance. L’apport d’indications temporelles précises de cette technique peut permettre de 

mettre en évidence de quelle manière le signal parviens aux aires corticales. Le troisième 

chapitre présente le rapport d’une étude qui consiste en une adaptation du MSLVST à 

l’utilisation de mesures EEG. Le dispositif de recherche a été adapté pour que les deux 

hémichamps visuels soient stimulés en même temps (à la différence des anciennes versions du 

paradigme) pour permettre l’utilisation d’une technique d’analyse du signal en fonction de la 

latéralisation de l’effet. Cette approche permet de rendre compte du décours temporel de la 

sélection par l’attention des éléments visuels en fonction de leur saillance. Une condition avec 

trois carrés de tailles différentes et une condition ou les trois carrés étaient de taille similaire 

ont été utilisées, et les potentiels latéralisés étaient mesurés aux localisations pariétales et 

occipitales. Les résultats ont montré que la taille des éléments affectait le signal uniquement 

lorsqu’ils étaient présentés simultanément avec différentes tailles, ce qui indiquait que la 
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modulation observée était bien le reflet de la saillance. D’autre part, cette modulation était 

présente aux localisations pariétales et occipitales lors de différentes périodes temporelles. Les 

aires pariétales étaient modulées plus intensément et pendant plusieurs périodes du décours 

temporel, à la distinction d’une seule modulation du signal occipital. Cette dissociation a été 

interprétée en termes de transfert de l’information entre les aires corticales et d’implication plus 

importante des structures du cortex pariétal dans la progression de l’attention sur la base de la 

saillance, probablement du fait de l’apport massif d’information d’origine extragéniculée vers 

ces structures.
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Introduction 

Visual salience arises from the comparison between items in the visual field for 

attentional selection. The general idea is that the visual system processes basic features and 

establishes how much each element differs from neighboring items. Hence salience is not to be 

understood as an intrinsic property of an item but as the result of computations that ends up 

tagging locations of interest in the visual field (Koch & Ullman, 1985). Theoretical conceptions 

of salience posit that multiple locations are tagged simultaneously and are hierarchized from 

the most to the least salient one. The more an item differs from neighboring items, the more 

salient it will be (Duncan & Humphreys, 1989), and the greatest its propensity to attract 

attention in an exogenous fashion. Attention would then span -or expand- through visual 

locations from the most salient toward the least salient one, until the target is found (Cave & 

Bichot, 1999; Couffe, Mizzi, & Michael, 2016; Posner, 1980; Theeuwes, 1991b). This 

hypothesis was tested by Michael and Gálvez-García (2011) who used a modified version of a 

visual search task, the multiple salience level visual search task (MSLVST) in which 

tachistoscopic search arrays composed of one target and two distractors, all three differing in 

size, were displayed. The authors showed that performance was linearly related to the salience 

of the target: it was better for the most salient item down to the worst for the least salient one. 

However, when each item was displayed alone, no such hierarchical pattern was found, 

confirming that it was independent from the physical strength of the stimulus (i.e., luminance 

or size), but related to the relative difference between multiple items (Itti & Koch, 2000; Koch 

& Ullman, 1985; Theeuwes, 1991a).  

Computational and cognitive models also postulated that salience arises during 

preattentive stages of visual processing (Borji & Itti, 2013; Judd, Durand, & Torralba, 2012; 

Koch & Ullman, 1985; Theeuwes, 1991a; Treisman & Gelade, 1980; Wolfe, 1994). Behavioral 

studies carried out during the past decades showed that attention needs approximately 50 to 100 

ms to deploy to a single salient location (Posner, 1980; Posner & Cohen, 1984; Müller & 

Findlay, 1988; Müller & Rabbitt, 1989). As time goes by, attention seems to focus on that item 

for further processing (Kean & Lambert, 2003; Theeuwes, 1995). For instance, Theeuwes 

(1995) presented a target that was followed at varying time intervals by distractors to ignore. 

He showed that distractors captured attention and interfered with the processing of the target as 

long as they were presented within the first 100 to 150 ms after the target. The author posed 

that preattentive stages would run up to 100 to 150 ms post-stimulus and that attentive stages 

of processing would start taking place at that time. A recent investigation by Couffe and 
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colleagues (2016) showed that salient items could capture attention as early as 33 ms post-

stimulus but that clear hierarchical patterns among multiple items of different salience do not 

arise before 100 ms post-stimulus. Interestingly, with 100 ms presentation, the attentional focus 

seemed to have encompassed and facilitated responses for the two most salient items, while 

performance for the least salient item would progressively drop down, as if inhibited in the 

surround of the focus. This means that salience would be established progressively and that its 

hierarchy would be established before 100 ms, if it is to guide attention afterwards. It also means 

that salience-related activity may be visible in early electrophysiological responses to stimuli.  

When attention encompasses the location of the target, the processing of the stimulus and 

the associated behavioral response are better and faster. This facilitation has been linked to an 

increase of extrastriate and parietal activation when attention is oriented prior to the onset of 

the stimulus, or when it is captured by it (Bushnell, Goldberg, & Robinson, 1981; Colby, 

Duhamel, & Goldberg, 1996; Corbetta & Shulman, 2002; Hopfinger & Mangun, 1998). This 

attentional modulation of cortical responses is commonly associated with an increase of sensory 

gain that allows prioritizing the attended location (Hawkins et al., 1990). EEG measurements 

are attesting of this phenomenon (Noordzij, Van Der Lubbe, & Postma, 2006; Van der Lubbe, 

Jaśkowski, & Verleger, 2005). Since the focus of attention is progressing from the most salient 

to the least salient item in a search task (Couffe et al., 2016; Michael & Gálvez-García, 2011; 

Mizzi & Michael, 2014), the progression -or deployment- of attention through the visual field 

should sequentially confer priority to the items encompassed (Koch & Ullman, 1985; 

Theeuwes, 1991b). Hence, electrophysiological markers of the allocation of attention may be 

modulated as a function of this progression. However, up to date, no electrophysiological cues 

of the salience-based progression of visual attention have ever been reported.  

Because of its high temporal resolution, electroencephalography (EEG) offers the 

possibility to study cerebral activity during attention tasks (Cohen, 2011) and therefore, to 

observe how the early generation of salience influences the subsequent attentional shifts. The 

classic approach consists in the exploration of the activity related to the onset of a stimulus or 

the emission of a response. These potentials are time-locked to events related to certain 

experimental conditions, and the averaging of the activity across each condition allows to obtain 

event-related potentials (ERPs). This approach implies that averaging across a sufficient 

number of trial cancels irrelevant signals that contain noise and unrelated EEG activity while 

leaving out the relevant activity evoked by the event (Handy, 2005; Heinze, Luck, Mangun, & 

Hillyard, 1990; Jervis, Nichols, Johnson, Allen, & Hudson, 1983). ERPs yield components that 

are associated with sensory or cognitive processes as a function of their time course: early ERP 
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components are generally thought to reflect automatic processes modulated by the stimulus 

attributes (Coles & Rugg, 1995; Herrmann & Knight, 2001) while late components would 

reflect higher cognitive aspects. For instance, the P1 and N1 components have a posterior 

topography contralateral to the presentation of the stimulus that emerge around 100-200 ms 

post-stimulus and are associated to item selection during spatial attention (Coles & Rugg, 1995; 

Heinze et al., 1990; Hillyard, Hink, Schwent, & Picton, 1973; Rugg, Milner, Lines, & Phalp, 

1987). This early selection, thought to be reflected by those components, is involved in the 

salience-based progression of attention and behavioral studies reported corresponding time 

course. Hence they could consist in an electrophysiological index for the investigation of this 

phenomenon. However, a major issue in the investigation of the effect of salience in EEG 

components in attentional tasks is the impossibility to separate two mixed effects: the relative 

sensorial effect of the stimuli and the salience-based effect of attention. Indeed, in order to exert 

different relative levels of salience, multiple stimuli have to be dissimilar on at least one 

dimension (e.g., different sizes), and the sensorial effect of this dissimilarity necessarily 

modulates the measured activity. Hence, several stimuli of different sizes would evoke 

potentials that could be attributed to both their respective visual attributes and the attentional 

effect they triggered. If behavioral studies solved this issue with controlling the effect of each 

stimulus individually in specific manipulations (e.g., Michael & Gálvez-García, 2011), the EEG 

approach requires canceling out stimulus-related effects while extracting subsequent attentional 

effects. This was done by employing event-related lateralizations (ERLs), that constitute an 

index very specific to changes in spatial attention.  

ERL 

ERLs are stimulus-locked difference waves computed from ERPs (Harter, Miller, Price, 

LaLonde, & Keyes, 1989; van der Lubbe et al., 2000; Van der Lubbe & Utzerath, 2013; 

Wascher & Wauschkuhn, 1996) that allows to extract the activity specific to the contralateral 

presentation side (Wascher & Wauschkuhn, 1996). This computation isolates the neuronal 

activity related to the presentation side of the target by means of a double subtraction: for left-

sided targets, the activity of ipsilateral channels (e.g., PO7) is subtracted from the contralateral 

channels’ activity (e.g., PO8), and this difference is also computed for right-sided targets. Both 

differences are subsequently averaged. This approach cancels all activity unrelated to the 

processing of the target, be it related to stimulus differences or to the focus of attention toward 

the task-relevant aspect of the target. It is, however, generally used in Posner-like paradigms 

that only display two lateralized elements. The manipulation of different levels of salience in 

the MSLVST paradigm involve the presentation of three items of different sizes (Michael & 
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Gálvez-García, 2011). In such set-up, the target can be either the big, the medium or the small 

item, and attentional selection of the target needs to be isolated from the effect of stimulus size. 

In order to cancel out this sensorial effect provoked by size variations on the signal, we 

implemented an additional double subtraction. In trials where the target was in the central 

position, the activity of the channels ipsilateral to the most salient element was subtracted from 

the contralateral channels’ activity, and this difference was computed for both presentation 

sides. Both differences were subsequently averaged and subtracted from the initial ERL and the 

resulting activity would attest of the attentional selection of the target, regardless of its size.  

 

Formule 1. ERL index used in the present study. Arrays contained a big (B), a medium (M) and a small (S) item. Their 
order (e.g., BMS) represented their location on the display (e.g., left B, central M and right S). For each target size, an ERL 
computation established the difference between lateralized target conditions. This difference was subtracted to an additional 
ERL computation that established the difference for the corresponding displays in conditions when the target was the central 
item. The first computation extracted the effect relative to the target selection. The second extracted the effect relative to stimuli 
differences. The difference between those computations established an index of target selection independent of stimulus effect. 
ERLs were computed for each channel pair, for each size condition. 

It was expected that the initial salience-based orientation of attention enhanced this target 

isolation and therefore modulates the ERLs, thus testifying of an attentional after-effect. ERLs 

allow to cancel out all neuronal activity unrelated to the focus of attention, which makes this 

computation highly relevant for the investigation of spatial attention (Van der Lubbe & 

Utzerath, 2013), and are considered as an electrophysiological correlate of covert attentional 

mechanisms that reflects different steps in the selection of task-relevant aspects of stimuli 

(Velzen & Eimer, 2003).  

PCN 

The most commonly reported component of ERL in visual search paradigms is the 

posterior contralateral negativity (PCN; van der Lubbe et al., 2000), also referred to as N2pc 

(latency over N2, 180 to 280 ms). This component arises in search tasks in lateralized displays 

containing a salient item among distractors (e.g., Brisson & Jolicoeur, 2007; Eimer, 1996; Luck 

& Hillyard, 1994a) and is observed over posterior electrodes contralateral to the position of the 

target. It reflects attentional selection, either through distractor suppression (Luck, Girelli, 

McDermott, & Ford, 1997; Luck & Hillyard, 1994b), target enhancement (Eimer, 1996; Mazza, 

Turatto, & Caramazza, 2009a, 2009b), or both (Hickey, Di Lollo, & McDonald, 2009). Luck 

and Hillyard (1994a, 1994b) reported a PCN for salient stimuli whether or not they were the 
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target and showed that the PCN was elicited by salient stimuli as well as by distractors closely 

resembling the target, but not by dissimilar distractors. Also, in the absence of any distracting 

item or in conditions in which all stimuli were identical, no PCN was elicited. These conditions 

strongly resemble those of the emergence of salience (Duncan & Humphreys, 1989) and it can 

be expected that salience-based progression of attention allows the measurement of PCN. 

Ppc 

Prior to the PCN, an early posterior contralateral positivity (Ppc) component has been 

reported to occur around 140 to 180 ms post-stimulus (Corriveau et al., 2012; Pomerleau, 

Fortier-Gauthier, Corriveau, Dell’Acqua, & Jolicœur, 2014). Corriveau and colleagues (2012) 

reported Ppcs in both target and distractor conditions, whereas the PCN was measured only for 

targets. The emergence of the PCN appeared to be linked to the selection of relevant aspects of 

the target, while neither amplitude or latency of the Ppc appeared to be related to the 

target/distractor status of the salient item, and thus was associated to the exogenous processing 

of its salience, before the processing of task-relevant characteristics. The authors suggested that 

the Ppc would reflect the emergence of salience in a preattentive salience map (Koch & Ullman, 

1985; Treisman & Gelade, 1980; Wolfe, 1994). Here also, manipulating several levels of 

salience in a visual search task lead us to expect the emergence of early components associated 

with salience processing such as Ppc. 

Ptc 

After the time window associated to the PCN, studies reported the observation of a 

temporal contralateral positivity (Ptc) between 290 and 340 ms post-stimulus. This component 

is seemingly associated to local competition resulting from the isolation of the target from 

neighboring distractors (Hilimire et al., 2009), hence its temporal aspect. The modulation of Ptc 

amplitude seems to be related to the proximity between the target to isolate and the distractor, 

hence reflecting distractor inhibition after an initial attentional deployment, and has been shown 

to be independent of difference in salience between items (Hilimire et al., 2009; Hilimire, 

Mounts, Parks, & Corballis, 2010, 2011). The influence of proximity, as well as a surround 

inhibition mechanism have been reported in previous a study using the MSLVST (Couffe et al., 

2016) . If the component isolated by Hilimire and colleagues (Hilimire et al., 2009, 2010) 

reflects such inhibition, it is possible to suspect the emergence of a Ptc component in adaptation 

of the MSLVST. 

What topography is to be expected from these components? As stated earlier, the 

establishment of the hierarchy of visual salience and the subsequent progression of attention on 

its basis are phenomena that occur early on after stimulus onset. Effects of the salience-based 
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deployment of attention are already present with 100 ms presentation of the search display 

(Michael & Gálvez-García, 2011), which allows us to expect an influence on early 

electrophysiological components of ERLs such as Ppc and PCN. Moreover, transcranial 

magnetic stimulation (TMS) studies showed that reorienting attention was affected when 

magnetic bursts occurred on the right intraparietal lobule (IPL) at different time windows: in an 

early epoch between 90 and 120ms, and later on between 210 and 240ms (Chambers, Payne, 

Stokes, & Mattingley, 2004; Chambers, Stokes, Janko, & Mattingley, 2006). The authors 

interpreted the early effect by the impairment of the correct processing of the parietal cortex of 

the information coming from visual pathways that bypass the lateral geniculate nucleus. These 

fast extrageniculate pathways are widely supposed to be involved in automatic attentional 

processes such as capture and salience-based progression (Goldberg & Wurtz, 1972; Michael 

& Gálvez-García, 2011; Mizzi & Michael, in press, 2014; Nowak & Bullier, 1997; Robinson 

& Kertzman, 1995) and are known to directly feed parietal areas throught the superior colliculus 

and the pulvinar (Lyon, Nassi, & Callaway, 2010). Hence, it can be expected that the 

investigation of such processes that are thought to involve these fast pathways also yield some 

cues about a biphasic activation of specific areas. The parietal cortex is commonly associated 

with automatic attention (for a review, see Corbetta & Shulman, 2011). Indeed, several studies 

have reported the central role of the IPL in automatic attention (Assad & Maunsell, 1995; 

Corbetta et al., 1998; Kimberg, Aguirre, & D’Esposito, 2000; Rushworth, Paus, & Sipila, 2001; 

Snyder, Batista, & Andersen, 1997), as well as the role of the lateral intraparietal area (LIP) 

which, according to some authors, underlies the generation of visual salience (Colby et al., 

1996; Corbetta & Shulman, 2002; Gottlieb, Kusunoki, & Goldberg, 1998; Kusunoki, Gottlieb, 

& Goldberg, 2000), and which shares fast extrageniculate connections with tectal areas, also 

involved in visual attention (Clower, West, Lynch, & Strick, 2001; Fries, 1984; Lyon et al., 

2010; Nowak & Bullier, 1997). Hence, one can expect ERL components to express maximum 

activity over parietal sites compared to occipital ones.   

The combination of scarce data coming from behavioral, electrophysiological and 

transcranial magnetic stimulation studies therefore suggests that, since salience and its 

hierarchy are established quite early, and since the fast visual pathways that feed the parietal 

cortex are likely involved in the establishment of salience and its hierarchy, then signs of 

salience and its hierarchy should be found at least in early electrophysiological parietal activity. 

Electroencephalography could help assessing such hypotheses. However, electrophysiological 

cues of the salience-based progression of attention have never been reported. In the present 

study, we used the MSLVST (Michael & Gálvez-García, 2011) in order to display stimuli 
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hierarchized on the basis of their sizes, and examined the evoked EEG response. We adapted 

the paradigm in order to display lateralized item in order to analyze ERLs, and modified the 

common ERL approach in order to filter out any sensory effect. To our knowledge, this is the 

first time that ERL computations are modified in such a way in the investigation of attentional 

effects. We expected a) behavioral performance to replicate the hierarchical pattern testifying 

of the salience-based progression of attention (Couffe et al., 2016; Michael & Gálvez-García, 

2011; Mizzi & Michael, 2014). Also b), the magnitude of the evoked response was expected to 

be affected as a function of the salience of the target to process and, thus, exhibit a hierarchical 

pattern. Moreover c), results obtained with TMS techniques led us to expected a biphasic 

hierarchical component and d) these effects would be better observed over parietal channels, 

compared to occipital ones.  

Method 

Participants: 18 volunteers (7 males, mean age = 24 ± 2.9 years) from the Adam 

Mickiewicz University in Poznań (Poland) took part in the present experiment. None reported 

any history of substance abuse, pathological headache trends or epilepsy. All were right-handers 

(.75 ± .46, Edinburgh laterality inventory; Oldfield, 1971), had normal or corrected-to-normal 

vision, were not under medication at the time of testing, and all gave their written informed 

consent. The experiment was conducted in agreement to the Helsinki declaration. 

Stimuli and procedure: We adapted the original MSLVST paradigm (Michael & 

Gálvez-García, 2011) to ensure reliable ERP measurements. Modifications included an 

enhancement of the size of the stimuli and an adjustment of the luminance of the items (see 

below) in order to avoid unwanted effects or noise. The presented apparatus was pretested prior 

to the described study by means of a pilot behavioral study on 12 volunteers that ensured the 

presence of the expected hierarchical pattern in performance with the adapted apparatus. 

Stimuli consisted in three outlined (1.9° width) light grey squares occupying an angular 

space of 1.34°x1.34°, 1.77°x1.77° and 2x2°, respectively. They were presented on a standard 

grey background (4.58 cd/m²). The luminance of the squares was identical and was set at 6.1 ± 

.05 cd/m². In order to equate their luminance, the density of grey shades of the big and the small 

item were counterbalanced so they matched the luminance of the medium square. The big 

square was 5% dimmer than the medium, and the small one was 5% brighter than the medium. 

Each square had a 0.1°x0.1° square attached to the center of one of its sides, determining 

therefore its orientation. The target's orientation was 0° (attached square on the top side) or 180° 

(down side), while the distractors' orientations were 90° (right) or 270° (left). The three squares 
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of the display were presented at 0°, 120° and 240° clockwise in relation to the vertical, at a 

distance of 5.16° from fixation, forming therefore an imaginary equilateral triangle (8.88° side) 

pointing up, with in its center the location of the fixation cross (23 cd/m²).  

The procedure (Fig. 1) consisted in the presentation of the white fixation cross for 500ms 

at each trial. The search display was then displayed for 100ms (in order to minimize saccades 

toward the items, Michael & Gálvez-García, 2011) and was constituted of one target and two 

distractors. The location of the target (0°, 120° or 240° in relation to the vertical) and orientation 

(0° or 180°) occurred with equal probability (random sorting). After the offset of the search 

display, the fixation cross remained on the screen for 1700ms, allowing the participant to 

respond. It was then extinguished for 100ms, signaling to the participant the end of the trial and 

the next trial to come. In the Salience condition, the search display contained three squares of 

unequal size (one big, one medium and one small). In the Control condition, all three squares 

were of the same size (either big, medium or small). The size of the target (big, medium or 

small), its orientation (up or down), its location (left, center or right) as well as the configuration 

of the search display (the size and the orientation of the two distractors) was randomly and 

equiprobably chosen at each new trial.  

Each participant completed a 10-trial training session, followed by 3 blocks of 288-trial 

each (32 trials per Target-size and Salience Condition; total of 1728 trials) with short breaks in 

between. Participants were asked to gaze at the fixation cross during the whole experimental 

session and to indicate as quickly and accurately as possible the target's orientation (up or down) 

with the index fingers of each hand by pressing on the vertically-arranged response buttons of 

a button box. The assignment of the response hand (left or right hand for up or down button) 

was counterbalanced across participants. Response times (RT) and errors were recorded.  
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component analyses implemented in Brain Vision Analyzer. Major artefacts trials (.66 % of the 

overall dataset) were removed from analyses. After an additional baseline correction computed 

on the period extending 300 ms prior to stimulus onset, ERLs were determined for each 

condition of Target-Size, Display Configuration and Size-variation factors. The double 

subtraction technique (see formula in introduction) was applied for 60 symmetrical electrode 

pairs (the overall set, minus central channels) to two sub-sets of ERPs. First, ERLs were 

computed when the lateralized item was the target, for each Size condition and for each possible 

configuration of the search display. This initial double subtraction corresponds to the ERL 

classically used in the literature and canceled out the activity unrelated to the selection of the 

target. Second, ERLs were computed when the central item was the target, for every 

corresponding Size condition and Display configurations. Then, difference waves were 

computed between these ERLs in order to remove from the signal any sensory effect emerging 

from the display. Subsequent analyses were computed on the obtained difference wave. In order 

to test our hypotheses regarding the topographical location of ERL components, we pooled 

lateralized remaining channels into five clusters corresponding to major lobes: channels Fp2, 

AFp2, AF3, AF4, AF8, AFF2h, AFF6h, F2, F4, F6, F8 and F10 accounted for the frontal cluster, 

channels FFC2h, FFC4h, FFC6h, FC2, FC4, FC6, FCC2h, FCC4h, FCC6h, C2, C4 and C6 

accounted for the anterior parietal cluster, FFT8h, FFT10h, FT8, FT10, FTT8h, FTT10h, T8, 

TTP8h, TP8, TP10, TPP8h and TPP10h accounted for the temporal cluster, CCP2h, CCP4h, 

CCP6h, CP2, CP4, CP6CPP2h, CPP4h, CPP6h, P2, P4 and P6 accounted for the parietal cluster, 

and P8, P10, PPO2h, PPO6h, PPO10h, PO4, PO8, PO10, POO2, O2, POO10h, OL2h and O10 

accounted for the occipital cluster. Subsequent analyses were computed on occipital and 

parietal clusters. 

Behavioral Results 

Response times 

RTs less than 200 ms were discarded as representing anticipation errors and accounted 

for .003% of trials. An ANOVA was carried out on mean correct RT with the Condition 

(Salience vs. Control) and the Target-size (Big, Medium and Small) as within-participant 

factors. The interaction between the two factors was significant (F(2, 34) = 22.7, p < .001, ²p 

= .57). The hierarchical pattern was present only in the Salience condition (fig. 2a). Newman-

Keuls post-hoc comparisons showed that, in the Salience condition, differences between RT 

obtained for the Big vs. the Medium target, as well as between RT obtained for the Medium vs. 

the Small target were significant (both p < .001 for Big = 661 ms, Medium = 703 ms and Small 
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= 747 ms). No such differences were observed in the Control condition (Big = 690 ms; Medium 

= 689 ms; Small = 704 ms; all ps > .23).  

Previous studies investigating the progression of visual attention computed slopes as an 

indication of the effect of the manipulated dimension on the measured variable (Michael & 

Gálvez-García, 2011). Progression slopes (α1) are expressed in speed gain in milliseconds per 

additional visual angle and were computed in order to investigate further the progression of 

attention. The more the obtained slope differs from zero, the more it indicates the presence of a 

hierarchical pattern related to the progression of attention. The mean slope in the Salience 

condition was -84 ms/°, which was significantly different from zero (t(17) = 6.03, p < .001, d 

= 1.42), as well as was the mean slope of the Control condition (-16 ms/°, t(17) = 4.5, p < .001, 

d = 1.06). The difference between the two conditions (t(17) = 5.08, p < .001 bicaudal, d = 1.74) 

showed that the slope was steeper in the Salience condition compared to the Control one (fig. 

2b). 

 

Figure 2. a) Mean RT for the Salience and the Control condition as a function of the target size (Big, Medium, or 
Small). The Salience condition exerts a clear hierarchical pattern, while this pattern is not present in the Control condition. b) 
Are also represented progression slopes for Salience and Control conditions, illustrating clearly the relative influence of size 
in both conditions. Standard errors are plotted. 

  

                                                 
1 α = covariance (x, y)/variance (x) where x is the size of each of the three squares in visual angle and y is 

the RT when each square was the target. 
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Proportion of correct responses  

Proportion of correct responses (PC) were also computed. An ANOVA was carried out 

on PC with the Condition (Salience vs. Control) and the Target-size (Big, Medium and Small) 

and as within-participant factors. As observed with RTs, the interaction between the two factors 

was significant (F(2, 34) = 5.79, p < .01, ²p = 11.58) with the hierarchical pattern to be present 

in the Salience condition only (fig. 3a). Newman-Keuls post-hoc comparisons showed that, in 

the Salience condition, differences between PC obtained for the Big vs. the Medium target, as 

well as between PC obtained for the Medium vs. the Small target were significant (both ps < 

.04 for Big = .942, Medium = .928 and Small = .916). Such differences were not found in the 

Control condition (Big = .935; Medium = .93; Small = .931; all ps < .49). The slope in the 

Salience condition was .025 %/°, which was significantly different from zero (t(17) = 3.52, p < 

.01). The slope in the Control condition was .003%/°, which was not different from zero (t(17) 

= .63, p = .54). The difference between the two conditions was significant (t(17) = 3.9, p < .05 

bicaudal) and showed that the slope was steeper in the Salience condition compared to the 

Control condition (fig. 3b). 

 

Figure 3. a) Proportions of correct responses for the Salience and the Control condition as a function of the target size 
(Big, Medium, or Small). The Salience condition shows a clear hierarchical pattern, while this pattern is not present in the 
Control condition. B) Are also represented progression slopes for Salience and Control conditions, illustrating clearly the 
relative influence of size in both conditions. Standard errors are plotted. 
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ERL results  

Main ANOVA 

We computed progression slopes on the ERL difference waves in order to directly provide 

an index of the effect of salience. This computation also had the advantages to reduce the noise-

to-signal ratio and to reduce inter-individual differences. We computed progression slopes on 

the difference waves for each 20 ms time window (from 100 ms to 600 ms, resulting in 25 time 

windows). We performed an ANOVA on the slopes, with Time-Window (25 Time-Windows), 

Cluster (data obtained in the Occipital vs. Parietal clusters), and Condition (Salience vs. Control) 

as within-participant factors. The main effect of the Size-variation factor was significant (F(1, 

17) = 18.49; p < .001, ²p = .52) with the difference slope in the salience condition (.444, 

different from zero t(17) = 5.13, p < .001) significantly steeper than in the control condition (-

.029, not different from zero t(17) = .61, p = .55). The interaction effect between the Time-

Window and the Cluster factors appeared significant (F(24, 408) = 13.03; p < .001, ²p = .43) 

with more pronounced main difference slopes along time windows in the parietal cluster 

(ranging from .78 for the 220-240 window, down to -.157 for the 260-280 window, difference 

between most pronounced pics = .937) than in the occipital cluster condition (ranging from -

.099 for the 100-120 window, up to .417 for the 220-240 window, difference between most 

pronounced pics = .516). The interaction effect between Time-Window and Condition was also 

significant (F(24, 408) = 5.76; p > .001, ²p = .25), with overall difference slopes being steeper 

and varying along time windows in the salience condition (from 1.218 in the 220-240 window 

down to -.043 in the 260-280 window, difference between most pronounced pics = 1.261, 

overall SD = .305) than in the control condition (from -.127 in the 100-120 window up to .057 

in the 440-460 window, difference between most pronounced pics = .185, overall SD = .049). 

The interaction effect between the Cluster and the Condition factors was also significant (F(1, 

17) = 29.23; p > .001, ²p = .63, Fig. 4) with, in both occipital and parietal clusters, the 

difference slopes being steeper in the salience condition than in the control condition (Occipital: 

.321 and -.005 respectively, p < .001 NK and Parietal .567 and -.053 respectively, p < .001). 

The post-hoc test revealed that the salience slope was steeper in the parietal cluster compared 

to the occipital one (respectively .567 and .321, p < .001), while there was no difference 

between control slopes (respectively -.053 and -.005, p = .226). 
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Figure 4. Iteraction effect obtained with the ERL slopes between the condition and the cluster factors. 

 

Finally, the interaction between all three factors was also significant (F(24, 408) = 14.83; 

p < .001, ²p = .47), with difference slopes steeper and much more varying across time windows 

in the salience condition of both clusters (from 1.624 for the 220-240 window, down to -.193 

for the 260-280 window in the parietal cluster, difference = 1.816, and from -.121 for the 100-

120 window, up to .813 for the 220-240 window in the occipital cluster, difference = .934) than 

in the control condition of both cluster (from -.178 to .052 in the parietal cluster, difference = 

.23 , and from -.102 to .063 in the occipital cluster, difference = .165). Descriptively, while 

control condition slopes of both clusters did not seem to vary across time windows, salience 

condition slopes of both clusters seemed to present slopes differing from zero across certain 

time windows. Both seemed to exert steep slopes between 160-180 and 240-260 windows, later 

on between 300-320 and 340-360 windows, and after the 520-540 window until the end of the 

sample. Interestingly, these difference slopes in the salience condition seemed to present 

dissimilar patterns between clusters as a function of the Time-Window factor. The slopes 

seemed to be steeper for the parietal cluster during two periods, between the 220-240 window 

to the 220-240 window, as well as between the 300-320 to the 320-340 window. These 

observations of the three-way interaction pushed to investigate three points: a) Are the effects 

of the Time-Window factor observed in slopes mostly related to the salience condition rather 

than the control condition? b) Are these effects indeed present for both cluster conditions along 

the abovementioned three time periods? c) Are these effects different between clusters? 
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A) Salience vs. control conditions 

In order to answer these questions, we carried on additional analyses that consisted in 

several partial ANOVAs. We computed a first ANOVA solely on data obtained in the control 

condition, with the Time-Window (25 time windows of 20 ms along the sample) and the Cluster 

(occipital vs. parietal) as within-subject factors. Neither main effect, nor the interaction reached 

significance. A second partial ANOVA was computed solely on data obtained in the salience 

condition, with the Time-Window (25 time windows of 20 ms along the sample) and the Cluster 

(occipital vs. parietal) as within-subject factors. The interaction between the two factors was 

significant (F(24, 408) = 21.5; p < .001, ²p = .56). These results allowed us to conclude that 

the effects of the Time-Window factor observed in slopes are mostly related to the salience 

condition rather than to the control condition. 

B) Time-Window effect 

In order to investigate the Time-Window effect for both clusters, we computed an 

ANOVA with data obtained in the occipital cluster solely, with the Time-Window (25 time 

windows of 20 ms) and the Size-variation (Salience vs. Control) as within-subject factors. The 

interaction effect between the two factors was significant (F(24, 408) = 3.09; p < .001, ²p = 

.15). In order to further investigate this effect, we needed to evaluate difference slopes in each 

window separately. We implemented the Benjamini and Hochberg (1995) procedure that limits 

the false discover rate in the case of multiple comparisons (Lage-Castellanos, Martínez-Montes, 

Hernández-Cabrera, & Galán, 2010). In order to compute 25 t-tests (bilateral tests, as derivation 

from zero indicated relevant activity), we applied a p-value correction formula2 which rendered 

the applicable p-value, for 25 time-windows and 2 electrodes clusters at .0047 instead of .05. 

We computed t-tests to assess the significance of slopes for both salience and control 

conditions, for each time window of the occipital cluster. No t-test reached the significance 

threshold in the control condition. In the salience condition, the successive windows 

significantly different from zero accounted for two periods: from 180-200 to 240-260 and later 

on from 520-540 to the end of the sample (first period, respectively .406, .642, .813 and .488, 

all ps < .004, second period, respectively .699, .602, .507, .619, all ps < .002; for a comparable 

procedure, see Talsma, Wijers, Klaver, & Mulder, 2001; Van der Lubbe & Utzerath, 2013). 

These results are represented fig. 5a. 

                                                 
2  � crit = √.05/(tw−1) ∗�ℎ where tw is the number of t to compute corresponding to the number of Time 

windows of the sample, and ch is the number of channels involved. 
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We computed a second partial ANOVA solely on data obtained in the parietal cluster, 

with the Time-Window (25 time windows of 20 ms) and the Size-variation (salience vs. control) 

as within-subject factors. The interaction effect between the two factors was significant (F(24, 

408) = 9.566; p < .001, ²p = .36). The same Benjamini and Hochberg procedure was 

implemented, with the same applicable p-value of .0047. We computed t-tests on slopes for 

both salience and control conditions, for each time window of the parietal cluster. No t-test 

reached the significance threshold in the control condition. In the salience condition, three 

period of successive significant windows were observed: a first period from 160-180 to 240-

260, later on from 300-320 to 320-340, then from 520-540 to the end of the sample. Respective 

slope values for the first time window were .478, .711, .581, 1.624 and .66, for the second one 

.902 and .957, and the last one .688, 1.297, .779 and .995. All ps < .001. These results are 

represented fig. 5b. These results allowed us to conclude that these effects are indeed present 

along the described time periods, but differently as a function of the cluster. 

C) Cluster effect 

We computed Newman-Keuls post-hoc analysis on the interaction effect between the 

Time-Window and the Cluster factors obtained in the ANOVA described higher, computed 

solely on the salience condition data. Three periods of successive significant p-values were 

observed, the first one from the 160-180 to the 180-200 window, the second one from the 300-

320 to the 320-340 window, and the third one from the 540-560 to the end of the sample. The 

time course of difference wave slopes for the two clusters of interest are displayed fig. 5c. These 

results allowed us to conclude that these effects are different between clusters in multiple 

distinctive time windows. 
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derived from ERP. The main objective was to investigate the time course and the topography 

of the electrophysiological response to stimuli that produced an automatic progression of 

attention relatively to different salience levels. ERL are especially advised for the exploration 

of covert attentional processes in attention search tasks (Van der Lubbe, Neggers, Verleger, & 

Kenemans, 2006; Van der Lubbe & Utzerath, 2013) as they account for the allocation of 

attention. To our knowledge, up to date no study has investigated EEG cues of the salience-

based progression of attention. We modified the usual computation of ERLs in order to cancel 

out effects related to perceptual differences between stimuli and expected the time course of 

activity to be coherent with previously observed ERL components. On one hand, models of 

attention posit that the preattentive processing of visual salience occurs early and that attention 

relies on this initial process to progress in the visual field. Behavioral studies showed that 

maximum effects of this progression are observed with about 100-150 ms of presentation, hence 

leading us to expect an early measure of the associated ERL modulation on periods associated 

with early components like Ppc and PCN. On the other hand, TMS studies observed a biphasic 

penalization of magnetic stimulation in attention tasks, leading us to also expect the emergence 

of delayed components like Ptc. This effect was attributed to an asynchrony between the fast 

extrageniculate and the slow geniculostriate pathways. These pathways have been shown to be 

differently involved in the attentional effects related to salience, as the former is thought to 

transmit information faster toward parietal and extrastriate areas, and the latter toward the 

primary visual cortex. Since parietal structures and their extrageniculate connections have been 

shown to be massively involved in the emergence of salience and in spatial attention, we 

expected ERLs to testify of the asynchrony between parietal and occipital regions, and to show 

that parietal activity is more related to salience-based attentional effects than the occipital 

activity.  

To this aim, we used a modified version of the MSLVST paradigm and measured the 

electric scalp activity. Participants were presented three squares of different sizes for 100 ms. 

They had to detect the only square that was oriented up or down (the target) and were asked to 

report this orientation on vertically arranged buttons of a response box. At each trial, the target 

could be either the big, the medium or the small square with 33 % chance. This paradigm 

classically produces behavioral responses that vary as a function of the hierarchical ordering of 

the items, testifying of the salience-based progression of attention. The principal modification 

of the paradigm in the present Experiment consisted in the use of a central search display 

configuration with one central and two lateralized elements per trial, instead of a fully 
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lateralized one as previously used, in order to allow the computation of ERLs from the EEG 

signal.  

Replication of the salience-based behavioral effects 

Behavioral results showed the expected hierarchical pattern in the salience condition of 

both RTs and PCs. Performance was faster and more accurate when the most salient item was 

the target, intermediate when it was the medium one, and the worst when it was the least salient 

item. On the opposite, performance in the control condition showed no variation on the account 

of the size of the items displayed, arguing in favor of the view that attention progresses through 

items of the visual field only when salience emerges from the comparison of the items (Koch 

& Ullman, 1985; Michael & Gálvez-García, 2011). Progression slopes confirmed this 

observation by attesting that the progression of attention was reliably present in the salience 

condition. In RTs, the negative slope attested that the more the target increased in size, the more 

the response was fast. Likewise, PCs showed a positive slope that confirmed that the more the 

target increased in size, the less the participant was likely to make a mistake on its orientation. 

These progression slopes were different both from zero and from the control conditions, which 

also confirmed the emergent characteristic of the computation of salience (Duncan & 

Humphreys, 1989; Koch & Ullman, 1985; Theeuwes, 1992). These behavioral results are 

replicating previous observations (Couffe et al., 2016; Michael & Gálvez-García, 2011; Mizzi 

& Michael, in press) and are in line with the view that attention progresses in the visual field as 

a function of salience, and that this automatic and early mechanism is determining performance 

in a visual search task (Itti & Koch, 2000; Koch & Ullman, 1985; Treisman & Gelade, 1980).  

Michael and Gálvez-García (2011) tested individually each item of the MSLVST and 

showed that without the multiplicity of elements, no difference appeared in performance as a 

function of the size of the items. Hence, the authors confirmed that the hierarchical pattern in 

performance was related to the effect of salience on the attentional progression, and not the 

physical strength (they manipulated both size and luminance) of the stimuli. In the present 

Experiment, we controlled the respective luminance of each items and replicated the behavioral 

hierarchical pattern. This observation is confirming the theoretical view that salience emerges 

from difference between an item and its neighborhood on at least one dimension (Duncan & 

Humphreys, 1989; Theeuwes, 1992) and not a conjunction of dimension. Also, this control of 

luminance prevents any interpretation of the results in terms of sensory effects related to the 

respective luminosity of the items (Wright & Richard, 2003). 
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Salience effect in ERL 

The computation of ERL was modified in order to cancel out any effect related to stimulus 

differences. By doing so, ERLs were testifying of attention allocation to the target and we 

expected this activity to be influenced by the progression of attention on the base of salience. 

Effects in ERLs thus testified of an after-effect of the attentional progression on target selection. 

Moreover, we computed progression slopes in order to highlight the effect on the salience-based 

progression of attention on this index. We expected an effect of the size of the target when all 

items were of different sizes at the same time (salience condition) and not when they were all 

of the same size at once but differed in size across trials (control condition). Results confirmed 

this hypothesis since steeper and significant slopes were observed in the salience condition 

while no significant slope was observed in the control condition. ERLs were therefore only 

affected by the size factor when salience arose from the search display. Moreover, subsequent 

analyses revealed that the variations of the progression slopes in ERLs across time windows 

was only possible in the salience condition, while no variation occurred in the control condition 

over time: no salience emerged between same-size items, hence attention randomly progressed 

in the display, rendering flat slopes. This confirmed at an electrophysiological level that the 

allocation of attention to the target is influenced by the initial progression of attention as a 

function of the hierarchy of salience (Couffe et al., 2016; Itti & Koch, 2000; Koch & Ullman, 

1985; Michael & Gálvez-García, 2011). This result was new regarding the fact that the literature 

interested in the signs of attention with EEG already demonstrated the modulation of posterior 

activity with single-item attention capture (e.g., Heinze et al., 1990; Luck & Hillyard, 1994b) 

but never explored the modulation exerted by the progression of visual attention. Here, by 

presenting hierarchized stimuli, we constrained the attentional focus to progress as a function 

of the hierarchy of salience, hence we could explore the time course of the cortical modulation 

associated with this progression. 

Multiple processes  

The computation of progression slopes in ERLs allowed to observe that the influence of 

salience on target selection varied as a function of the location of the signal, occipital or parietal, 

and varied along the time after stimulus onset. Those variations appeared to be occurring along 

time-windows usually associated with specific ERL components. The observation of the 

emergence of those components, along with the specific regions over which they emerged, 

allow us to draw an ordering of the processes involved in the response to a display containing 

hierarchized item.  
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Progression 

As proposed by attention models and confirmed by empirical data, the emergence of 

visual salience is a preattentive process that allows subsequent attentional progression. (Itti & 

Koch, 2000; Koch & Ullman, 1985; Theeuwes, 1992). In a visual search task, attention 

sequentially encompasses the items of the display on the base of this ordering until the target is 

found (Couffe et al., 2016; Michael & Gálvez-García, 2011). Whereas no effect of size on 

progression slopes was obtained in the control condition, regardless of the cluster, our data in 

the salience condition showed a very early period of significance in ERL progression slopes 

(from 160 to 260 ms) over parietal areas. The initial part of this first period (160 to 180 ms) 

falls into the time course associated to the emergence of the Ppc component observed with usual 

ERLs (140 to 180 ms, Corriveau et al., 2012; Pomerleau et al., 2014), while the occipital activity 

did not show any slopes different from zero in this period. Ppcs activity is thought to reflect the 

early ordering of items on the basis of salience (Pomerleau et al., 2014), and this influenced the 

selection of the target observed in early time windows in the present Experiment. However, this 

process has been shown in behavioral studies to exert maximum activity around 100 to 150 ms 

and is known to decrease afterward (Couffe et al., 2016; Kean & Lambert, 2003; Kim & Cave, 

1999; Theeuwes, 1995). Also, TMS studies showed that the initial orientation of attention was 

penalized by magnetic stimulation between 90 and 120 ms post-stimulus (Chambers et al., 

2004). Ppc activity, as well as the time-course of the parietal slopes in the present Experiment, 

is thought to reflect this aspect but later on, around 140 to 180 ms. How to account for this 

delay? Here the decription of progression slopes reflects the impact of salience on the selection 

of the target. This selection occurs after the initial orienting, and the ERL index used here is 

indirectly attesting of the effect of attentional progression. That measure of the after-effect of 

salience may be the cause of the delay between time periods reported by behavioral and 

electrophysiological studies. Thus, the results of the present Experiment are attesting of the 

early effect of the hierarchy of salience on the orientation of attention. This effect only appeared 

over parietal areas as slopes were different from both zero and the slopes measured over 

occipital areas. This is coherent with the view that the extrageniculate feed to parietal areas is 

subtending the processing of salience in the orientation of attention (Cowey & Stoerig, 1991; 

Lyon et al., 2010; Mizzi & Michael, 2014; Rafal, Henik, & Smith, 1991), since extrageniculate 

activity feeds the parietal areas more extensively than the occipital ones. On this account, 

Chambers and colleagues postulated that the transmission of information via this channel would 

be faster for automatic early attentional effects (Chambers et al., 2004). Our results are arguing 

in favor of this hypothesis with the observation of an effect of salience-based progression of 
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attention first observed in early time period over parietal areas, likely because of the fast 

extrageniculate transmission of visual information for attentional shift to salient stimuli and 

alerting function. 

Selection  

Later on, the results attested of an effect of salience during time periods associated with 

PCN (from 180 to 280 ms, Brisson & Jolicoeur, 2007; Eimer, 1996; Luck & Hillyard, 1994a). 

Interestingly, progression slopes were observed in both occipital and parietal structures, 

putatively reflecting a parieto-striate feed or geniculostriate activation. The PCN component is 

directly associated with the ERL index we used in the present study since it is widely thought 

to reflect attentional selection. In fact, PCNs (or N2pcs) are generally measured through the 

analysis of the PO7-PO8 occipital channels pair (Eimer, 1996; Luck & Hillyard, 1994a; 

Wascher & Wauschkuhn, 1996) and the observation of the relative activity with a cluster of 

electrodes is new, as well as the observation of PCN-related activity over parietal channels. The 

PCN reflects target selection, hence the observation of significant slopes in ERL activity along 

the PCN time period is attesting of the influence of salience in target selection. However, the 

literature still debates over the processes involved in selection since some searchers evoked 

target enhancement (Eimer, 1996; Hilimire et al., 2009; Mazza et al., 2009a, 2009b), while 

others argued in favor of distractor suppression (Luck et al., 1997; Luck & Hillyard, 1994b). 

Can our results contribute to this debate? The ERL computation in the present Experiment only 

allowed to attest for the effect of salience on target selection. However, the study from Couffe 

and colleagues (2016) showed that surround inhibition seems to play a central role in the 

salience-based deployment of attention. Taken together this account and the present observation 

of salience effect during PCN time-window, we can postulate that the phenomenon reflected 

by this component may be inhibitory in nature. Nevertheless, further studies are needed to 

validate this point. 

Feed back 

Finally, results attested of an effect of salience during a late period associated with the 

Ptc component (from 300 to 340 ms post-stimulus), only with parietal channels. Ptc is 

associated with local attentional competition resulting from the isolation of the target from 

neighboring distractors (Hilimire et al., 2009). Again, the revious report from Couffe and 

colleague (2016) suggested a surround inhibitory process in the effects yielded by the 

MSLVST. Given the fact that Ptc activity is associated with distractor inhibition after the initial 

deployment of attention (Hilimire et al., 2009, 2010, 2011), it is at glance possible to conceive 

that the salience-based activity measured over parietal channels reflect this process. However, 
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the surround inhibition observed in Couffe and colleague study (2016) appeared with only 100 

ms presentation time, suggesting that this process occurs earlier in the processing hierarchy. 

The late stage (over 300 ms post-stimulus) in which the Ptc component emerges is therefore 

arguing against this hypothesis and the reflection of this process through PCNs seems more 

probable. Alternatively, our results showed a biphasic effect of salience in ERLs over the 

parietal channels. This ressembles the report from Chambers and colleagues’ TMS study that 

shown two periods of stimulation penalization in an attentional task. They proposed that the 

late period of parietal activity may reflect the transfer or the reception of attentional signal to 

other cortical regions (Chambers et al., 2004). This input would convey crutial information for 

visual discrimination and it is probable that our results are attesting of this phenomenon.  

Limits and perspectives 

Cognitive and computational models defined that attention emerges from the comparision 

of an item and its visual neighborhood (Duncan & Humphreys, 1989; Koch & Ullman, 1985; 

Theeuwes, 1992). On this behalf, we controlled the effects observed in the salience condition -

in which all items are of different sizes- with comparision to the results of control conditions in 

which all item were of the same size. The idea is that the attentional effect related to salience 

should be observed only when items are differing on one dimension, and no such effect should 

appear in control conditions, from which displays no salience can emerge. Even though slopes 

in RT and in ERL analyses were flat and testified of an absence of salience effect on the 

progression of attention, the control slope in PCs was small but significantly different from 

zero. Accuracy in the target orientation task was affected by the size of the squares even when 

no salience emerged. Despite the control of luminance, the orientation of the target was better 

reported with big items, and less accurately with small items. This can be explained by 

perceptual facilitation of the enhancement of the distance between the upper and the lower side 

of the target. Also, it is probable that the augmentation of accuracy along the augmentation of 

size is a reflect of phasic alertness that is known to modulate the executive response (Posner, 

2008). Indeed, larger items are known to solicit the alerting system differently than small items 

and alertness have been shown to enhance the processing of visual stimuli (Weinbach & Henik, 

2011). Interestingly, this effect did not appear in ERL results, insisting on the importance to 

account for stimulus effect in the electrophysiological measure of attention. 

Conclusion  

The central aim of the present study was to investigate the time course and the topography 

of the electrophysiological effects of the salience-based orientation of attention. To this aim, 
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we adapted the MSLVST paradigm with EEG recordings in order to compute event-related 

lateralizations that are attesting of the attentional target selection. The major findings of this 

study are: a) the amplitude of the effect of the salience-based progression of attention was more 

strongly correlated with the activity of parietal areas than the activity of the occipital ones, and 

b) this parietal salience-based activity appeared earlier in the time-course of events than the 

occipital activity. c) Visual salience affected ERLs during three distinct periods, usually 

associated with the emergence of distinct components: Ppc, PCN and Ptc, respectively 

associated with the emergence of salience, target selection through distractor inhibition and the 

cortical transfer of attentional information. These results are arguing in favor of a multiple-steps 

processing of salience, and the control of shifts of attention. The initial progression of attention 

appeared to solicit first parietal structures, and this early mechanism was followed by a cortical 

modulation reflecting target selection, involving both parietal and occipital areas. Finally, a 

period of parietal activity related with salience was associated with the transfert of attentional 

signal, most probably to initiate behavioral response. 
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Rappel des objectifs de thèse 

L’objectif de ce travail de thèse était de mieux comprendre les processus en jeu dans les 

déplacements de l’attention visuelle dans l’espace sur la base de la saillance, et d’explorer le 

rôle des voies extragéniculées dans ces processus. Plusieurs expériences ont été mises en place 

et ont utilisé des variantes d’un paradigme expérimental développé par Michael et Gálvez-

García (2011), le MSLVST, qui propose une tâche tachistoscopique de recherche visuelle sur 

plusieurs éléments dont les niveaux de saillance sont différents. Trois approches ont été 

employées pour investiguer la nature des processus, les décours temporels et les substrats 

neuronaux de la progression de l’attention sur la base de la saillance : la psychologie 

expérimentale, la psychophysique et l’électroencéphalographie.  

I. Mécanismes de la saillance 

1. La hiérarchie de la saillance 

Le rôle principal de l’attention visuelle spatiale est de permettre un traitement priorisé 

des localisations spatiales d’intérêt. Certains modèles du déplacement de l’attention ont proposé 

que cette sélection des items du champ visuel soit influencée par la caractéristique de saillance, 

qui est issue de la différence entre un élément et son entourage. A un niveau préattentif, une 

carte de saillance recenserait l’activité de l’ensemble des dimensions visuelles et permettrait la 

hiérarchisation des localisations des éléments de la scène, en fonction de leur saillance. Il a été 

proposé que cette hiérarchie soit la base du déplacement automatique de l’attention (Koch & 

Ullman, 1985; Theeuwes, 1994; Treisman, 1988; Treisman & Gelade, 1980; Wolfe, 1994). 

Depuis ces modèles, cette hypothèse a été vérifiée. En effet les travaux de Michael et Gálvez-

García (2011) ont manipulé la saillance de plusieurs éléments visuels dans une tâche de 

recherche attentionnelle et ont mis en évidence des performances qui suivaient presque 

linéairement la hiérarchie de la saillance. Après la capture par l’élément le plus saillant, 

l’attention se déplace vers l’élément directement moins saillant et ainsi de suite jusqu’à la 

complétion de la tâche de recherche visuelle (Posner, 1980; Theeuwes, 1994). Les résultats 

obtenus dans les études présentées ici ont répliqué cette confirmation. Au travers des différents 

travaux réalisés, la manipulation de la taille, de la luminance ou de la fréquence du mouvement 

ont à nouveau mis en évidence un pattern hiérarchique qui atteste de cette progression de 

l’attention sur la base de la hiérarchie de la saillance. En fait, cet effet s’est avéré robuste 
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puisque, à l’exception d’une dimension de mouvement, nous l’avons observé dans toutes les 

adaptations du MSLVST utilisées.  

L’effet de la multiplicité des stimuli 

Le postulat initial de l’émergence de la saillance implique une comparaison des 

éléments visuels entre eux de manière à ce qu’une hiérarchie puisse être mise en place. De la 

sorte, en condition de recherche visuelle, l’attention se base sur cette hiérarchie pour progresser 

et les performances en sont affectées. Mais comment s’assurer que cet effet soit dû à la saillance 

et ne soit pas une conséquence des caractéristiques physiques des stimuli ? En effet, un item 

plus grand ou plus lumineux devrait être plus « visible », et la détection de ses caractéristiques 

pour la résolution de la tâche devraient être facilitées par une meilleure perception (Wright & 

Richard, 2003). Une condition contrôle a été mise en place dès la première utilisation du 

MSLVST (Michael & Gálvez-García, 2011) et consiste en la présentation isolée des différents 

éléments du dispositif de recherche. Présenter un seul des trois items à chaque essai permet de 

vérifier si chaque élément, en fonction de ses caractéristiques physiques, entraine des meilleures 

performances. Les résultats de cette condition contrôle dans les présents travaux n’ont pas 

différés de ceux de la première utilisation du paradigme : lorsque les éléments sont présentés 

seuls, aucune variation sur la base de leur taille ou luminance n’est mesurée dans les 

performances, alors qu’une claire hiérarchie s’observe avec la multiplicité des items (Mizzi & 

Michael, 2014). Ceci confirme que la saillance survient grâce à la comparaison des items entre 

eux, et que son émergence est déterminante pour la progression de l’attention (Duncan & 

Humphreys, 1989; Koch & Ullman, 1985).  

L’effet de la proximité des stimuli 

Les modèles cognitifs et computationnels de l’attention ont également postulé que le 

déplacement du faisceau attentionnel soit influencé par la proximité des stimuli (Borji & Itti, 

2013; Itti & Koch, 2000; Koch & Ullman, 1985; Sagi & Julesz, 1984). Selon cette idée, un 

élément proche de la localisation du faisceau attentionnel aura plus de probabilité d’être exploré 

par la suite qu’un élément plus distant. La conception d’une carte de saillance, comme dans le 

modèle de Koch et Ullman (1985), qui représente de façon rétinotopique le champ visuel, va 

dans le sens de cette idée. Le module responsable de la sélection attentionnelle (le WTA) se 

déplacerait au sein de cette carte et cette notion de déplacement implique nécessairement que 

la proximité joue un rôle. Les auteurs ont proposé que le WTA, après la sélection d’une 

localisation, accroisse l’activité des localisations adjacentes en amont de son déplacement. La 
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proximité serait donc un facteur dans la compétition pour la priorité attentionnelle, à l’instar de 

la saillance. Cet aspect a été exploré au sein des présents travaux. Nous avons pu montrer que 

plus la cible de la recherche était proche de la localisation du faisceau attentionnel, meilleures 

étaient les performances. De plus cette facilitation par la proximité se fait de façon très précoce 

dans les étapes de traitement puisque ses effets ont été mesurés dès 33 ms de présentation pour 

l’élément le moins saillant (Couffe, Mizzi, & Michael, 2016, chap. 1, exp.1). L’observation de 

cet effet et de son caractère précoce va dans le sens de l’hypothèse que la proximité est un 

facteur à prendre en compte dans le déplacement de l’attention et qu’il survient dès les étapes 

préattentives de l’émergence de la saillance.   

L’effet de la diversité des stimuli 

Une autre condition fondamentale à l’émergence de la saillance constitue la diversité 

des stimuli. Un élément est considéré comme saillant lorsqu’il diffère de son entourage sur au 

moins une dimension visuelle (Duncan & Humphreys, 1989). De la sorte, la hiérarchie de la 

saillance ne doit pouvoir se mettre en place qu’en présence d’éléments tous différents sur la 

base d’une ou plusieurs dimensions visuelles. Ainsi, en présence de multiples éléments 

identiques, il devrait être attendu une disparition des effets de la saillance sur la progression 

attentionnelle. Cette idée a été testée au sein des présents travaux. Dans une logique similaire 

au contrôle de l’effet de la multiplicité par la présentation d’un item unique, nous avons pu 

contrôler l’effet de la diversité par la présentation de plusieurs stimuli identiques (Mizzi, 

Michael, Przekoracka-Krawczyk, Mazza, & Van der Lubbe, submitted; chap. 3). L’effet de la 

saillance dans une condition où les items étaient tous de tailles différentes a pu être comparée à 

une condition dans laquelle les éléments étaient tous de taille identique et les différentes tailles 

étaient testées au travers d’essais séparés. Les résultats ont montré que la taille n’influence la 

progression de l’attention qu’en présence de la diversité des stimuli ; lorsque les éléments 

étaient de tailles différentes au sein d’un même essai. Cette observation est donc révélatrice du 

fait que la diversité des stimuli est un facteur central dans l’émergence de la saillance, et donc 

important pour la progression subséquente de l’attention. 

2. Capture et progression, des effets distincts 

Les modèles attentionnels conçoivent le déplacement de l’attention dans l’espace 

comme un processus homogène et unitaire. Posner, pour expliquer la facilitation de l’amorçage 

dans son paradigme, proposait une succession itérative d’opérations (désengagement, 

déplacement et engagement) qui détermine une répétition de processus lors de la capture de 
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l’attention (Posner, 1980; Posner, Cohen, & Rafal, 1982). Par la suite, Posner proposait qu’une 

inhibition de retour soit attribuée à la localisation déjà investiguée pour empêcher une nouvelle 

capture et permettre une progression de l’attention (Posner, Rafal, Choate, & Vaughan, 1985). 

Une logique similaire se trouve dans le modèle de Koch et Ullman (Itti & Koch, 2001; Koch & 

Ullman, 1985) qui propose que le déplacement du module WTA au sein de la carte de saillance 

se fasse séquentiellement, en explorant les localisations de la plus saillante à la moins saillante 

en fonction de règles de proximité et de similarité, et en apposant une inhibition de retour sur 

les localisations déjà explorés. Enfin, cette linéarité des processus qui détermine la progression 

de l’attention se retrouve également dans les écrits de Theeuwes (1991, 1992) qui n’établit pas 

de différence entre la capture initiale vers l’élément saillant du champ visuel et la redirection 

de l’attention qui suit vers une autre localisation. Selon ces auteurs, ces processus sont 

automatiques et de nature similaire pour la capture initiale et la progression subséquente de 

l’attention. Cependant, les présents travaux ont pu révéler qu’il existe certainement une 

distinction entre ces phénomènes. En effet, l’utilisation du MSLVST permet d’observer 

l’impact des différents niveaux de saillance des éléments visuels sur la capture et la progression 

de l’attention. Le pattern hiérarchique généralement observé montre des meilleures 

performances pour le report de l’orientation de la cible lorsque celle-ci est l’élément le plus 

saillant du dispositif, ce qui est associé au phénomène de capture attentionnelle. Après cette 

capture, si l’élément exploré n’est pas la cible de la recherche visuelle, l’attention doit se 

désengager pour se déplacer vers la localisation de l’élément directement moins saillant et s’y 

réengager, et ainsi de suite jusqu’à la découverte de la cible. Cette progression donne lieu à un 

pattern hiérarchique linéaire qui correspond aux variations de taille des éléments du dispositif. 

Bien que la succession des étapes décrite ici semble confirmer la vision linéaire des auteurs 

cités plus haut, l’adaptation psychophysique du paradigme permet de revenir sur cette vision.  

En effet, la technique d’isolation des cônes S de la rétine nous a permis d’investiguer 

l’impact de la voie colliculaire dans ces processus (Mizzi & Michael, 2014, chap. 2, exp. 2). 

Cette adaptation du protocole implique de présenter les éléments d’une variation de couleur qui 

n’active pas cette voie, et les résultats ont montré une disparition du pattern hiérarchique, 

témoin de l’impact de la saillance sur la progression de l’attention. En revanche, les 

performances lorsque l’élément le plus saillant était la cible ne semblaient pas varier entre la 

condition contrôle (qui activait l’ensemble des voies visuelles) et la condition cône-S (invisible 

à la voie colliculaire). Ce constat nous a amené à postuler que la capture et la progression 

seraient deux phénomènes distincts puisque le substrat neural est visiblement différent. Cette 
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observation fait écho aux travaux de Sumner et collègues (Sumner, Adamjee, & Mollon, 2002) 

qui ont également utilisé la technique d’isolation des cônes S. Les auteurs ont d’abord testé 

l’impact de cette transition de couleur sur la distraction oculomotrice et ont mesuré une 

disparition de l’effet de distraction en condition cône-S. Les auteurs ont ensuite testé la capacité 

de ces stimuli à exercer une capture attentionnelle dans un paradigme d’amorçage de type 

Posner et ont mesuré une amélioration des performances lorsque la localisation de l’apparition 

d’une cible était correctement amorcée par un stimuli cône-S. Cette étude a mis en évidence 

une distinction entre les effets oculomoteurs et attentionnels, généralement observés 

simultanément (Theeuwes, Kramer, Hahn, Irwin, & Zelinsky, 1999), et a révélé que des signaux 

invisibles à la voie colliculaire sont capables de provoquer une capture de l’attention. Donc les 

travaux de Sumner et collègues et les nôtres ont révélé une capture attentionnelle lors de la 

présentation des stimuli en condition cône-S. D’une part, la même condition a empêché la mise 

en place d’effets oculomoteurs chez Sumner et collègues, ce qui implique une dissociation entre 

le système oculomoteur et le système attentionnel (Kustov & Lee Robinson, 1996; Sheliga, 

Riggio, & Rizzolatti, 1994). D’autre part, cette condition dans notre étude a également empêché 

la progression de l’attention sur la base de la saillance, ce qui implique une dissociation entre 

le processus de capture vers l’élément le plus saillant et celui de progression vers l’élément 

directement moins saillant.  

Cette observation implique que les processus cognitifs et les substrats neuraux attribués 

à la capture attentionnelle ne soient pas nécessairement les mêmes pour la progression de 

l’attention. Par exemple, le phénomène d’inhibition de retour est central dans la littérature de 

l’attention (Klein, 2000; Posner et al., 1985) et est souvent cité comme un processus nécessaire 

(voire initial) à la capture attentionnelle (Fecteau, Bell, Dorris, & Munoz, 2005; Fecteau & 

Munoz, 2006). Or, en ce qui concerne les processus précoces de progression de l’attention sur 

la base de la saillance, nous avons pu démontrer que l’attention se déploie et englobe 

progressivement les éléments visuels à mesure de sa progression (Eriksen & James, 1986; 

Eriksen & Yeh, 1985), plutôt que de se désengager et inhiber la localisation investiguée pour se 

déplacer vers la prochaine (Couffe et al., 2016, chap. 1, exp. 1).  

D’autre part, une distinction empirique entre la capture et la progression implique 

également que ces fonctions soient supportées par des substrats neuraux respectifs. En effet, le 

colliculus supérieur (CS) est généralement attribué au support de la capture attentionnelle 

(Gaymard, Lynch, Ploner, Condy, & Rivaud-Péchoux, 2003; Posner et al., 1982; Rafal, Inhoff, 

Friedman, & Bernstein, 1987) mais les indices de cette spécialisation sont indirects et les rares 
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études chez les patients atteints de lésion colliculaire circonscrites ne confirment pas ce rôle 

(Sapir, Soroker, Berger, & Henik, 1999). A l’instar de cette dernière étude, les résultats 

présentés plus haut vont à l’encontre de cette idée et supportent l’hypothèse que la voie 

colliculaire ne soit pas nécessaire à la capture attentionnelle, surement sous-tendue par 

l’interaction d’autres structures sous-corticales (le pulvinar ; PUL ou le corps genouillé latéral ; 

CGL) avec le réseau fronto-pariétal (Chalupa, Anchel, & Lindsley, 1972; Fecteau et al., 2005; 

Fecteau & Munoz, 2006; Rafal, Henik, & Smith, 1991; Sumner et al., 2002). En revanche, ces 

résultats confirment l’hypothèse déjà émise par une étude précédente (Michael & Gálvez-

García, 2011) que cette voie est indispensable à la progression de l’attention subséquente à la 

capture initiale.  

3. Les dimensions visuelles  

Les modèles de la saillance ont proposé que les traitements préattentifs soient identiques pour 

chacune des dimensions visuelles. Pour chaque localisation du champ visuel, la carte de 

saillance rassemblerait de la même manière les activités issues des comparaisons locales faites 

au sein de cartes des dimensions élémentaires (Koch & Ullman, 1985; Treisman & Gelade, 

1980). Cependant cette similarité dans le traitement des dimensions n’est pas validée par la 

littérature. Plusieurs études se sont intéressées au phénomène de capture attentionnelle en 

manipulant différentes dimensions dans des paradigmes de recherche de cible parmi des 

distracteurs (p.ex., Kim & Cave, 1999; Theeuwes, 1992; Wolfe, 1994; Yantis & Egeth, 1999). 

Ces études ont rapporté des effets attentionnels différents en fonction des dimensions, ce qui 

semble montrer qu’elles n’ont pas toutes le même poids dans l’émergence de la saillance. Outre 

la capture, en nous intéressant à la progression de l’attention sur la base de la saillance, nos 

travaux permettent de revenir sur ces conclusions en apportant des nouvelles données. La 

modulation de la taille conjointement à celle de la luminance permet la mise en place de la 

hiérarchie de la saillance (Couffe et al., 2016, chap. 1, exp. 1; Mizzi & Michael, 2014, chap. 2, 

exp. 2), ce qui correspond à ce qu’ont obtenu Michael & Gálvez-García (2011) en manipulant 

ces dimensions. De plus, la modulation de la taille en gardant la luminance des items 

équivalente a permis l’observation de performance hiérarchiques, montrant que la dimension 

seule de la taille permettait l’émergence de la saillance, de sa hiérarchie et de la progression 

subséquente de l'attention. Pour aller plus loin et tester la généralisation de cet effet à d’autres 

dimensions, nous avons adapté le paradigme en manipulant différents mouvements. Dans ces 

adaptations, les trois items étaient présentés simultanément et étaient animés d’un même 

mouvement à chaque essai. La saillance était créée en manipulant la fréquence de chacun des 
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éléments, l’un plus rapide, le second intermédiaire et le troisième plus lent. Les résultats d’une 

première étude ont mis en évidence des proportions de bonnes réponses linéairement liées à la 

fréquence de la cible (Mizzi & Michael, submitted: chap. 1, exp. 2). Cet effet a été répliqué 

dans une seconde étude qui a mis en évidence le pattern hiérarchique aussi bien au travers des 

temps de réponse que des proportions de bonnes réponses (Mizzi & Michael, in preparation: 

chap. 2, exp. 3), ce qui a confirmé que la hiérarchie de la saillance s’établit également sur la 

base du mouvement.  

Comment concilier le fait que toutes les études qui se sont intéressées à l’effet de différentes 

dimensions dans la capture aient rapporté des effets distincts pour chaque dimension, alors que 

les travaux présentés ici semble confirmer l’idée que l’émergence de la saillance semble se faire 

indépendamment des dimensions ? Il a été avancé que c’est la hiérarchisation des localisations 

des items sur la base de leur saillance qui détermine la progression de l’attention (Itti & Koch, 

2001; Koch & Ullman, 1985) et le traitement spatial indépendamment du traitement des 

dimensions visuelles est considéré comme indispensable à l’émergence de la saillance (Fecteau 

& Munoz, 2006). Une hypothèse explicative peut se trouver dans le fait que la capture 

attentionnelle semble être basée sur des processus différents que le phénomène de progression 

de l’attention sur la base de la saillance. Comme rapporté plus haut, il semble que ces 

phénomènes soient indépendants (Mizzi & Michael, 2014: chap. 2, art. 2; Sumner et al., 2002), 

il est donc possible de supposer que les processus qui les sous-tendent soient influencés 

différemment en fonction des dimensions visuelles. L’amplitude ou la rapidité de la capture 

attentionnelle serait donc modulable en fonction des caractéristiques qui définissent l’élément 

le plus saillant de la scène (Hillstrom & Yantis, 1994; Theeuwes, 1992; Yantis & Egeth, 1999) 

et la progression subséquente se ferait de façon amodale, relativement à la hiérarchie préétablie 

de la saillance (Couffe et al., 2016: chap. 1, art. 1; Itti & Koch, 2001; Koch & Ullman, 1985; 

Michael & Gálvez-García, 2011; Mizzi & Michael, submitted: chap. 1, art. 2). 

Une autre explication a été avancée par Turatto et collègues (Turatto, Galfano, Gardini, & 

Mascetti, 2004) et concerne la méthodologie des études qui ont rapporté des effets 

contradictoires. Les auteurs ont critiqué les approches de Theeuwes et de Yantis et Egeth 

(Theeuwes, 1991, 1992; Yantis & Egeth, 1999) en démontrant que le type de paradigme utilisé 

-la comparaison des pentes des performances en fonction du nombre de distracteurs- n’est pas 

idéale pour répondre à certaines questions sur l’attention. La démarche de recherche d’une 

absence de progression de cette pente, qui indiquerait une capture de l’attention 

indépendamment du nombre d’items, a été montrée comme masquant des effets plus subtils. 
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Cette hypothèse peut expliquer le fait que Yantis et Egeth (1999) rapportent que le mouvement 

ne capture pas l’attention alors que Franconeri et Simons (2003) montrent que c'est le cas, mais 

aussi que la progression de l’attention s’est révélée possible sur la base de cette dimension dans 

les travaux présentés ici. Se pose alors la question de l’équivalence des paradigmes, ainsi que 

celle de l’équivalence des dimensions : est-il possible de directement comparer les résultats 

obtenus par des protocoles expérimentaux différents (p.ex., le paradigme du singleton 

supplémentaire versus celui de Posner) ? Et si c’est le cas, les effets propres à différentes 

dimensions témoignent-ils de processus attentionnels distincts, de réseaux distincts, ou d’effets 

perceptifs ou de facteurs non pris en compte ?  

En effet, différents paradigmes sont susceptibles de révéler différents effets, quand bien même 

ces effets seraient dus à un substrat théorique similaire. Les travaux de Turatto et collègues 

(2004) se sont penchés sur cette hypothèse et ont testé au sein d’une même étude différentes 

approches pour analyser leurs résultats. Comme attendu, ces approches révélaient des effets 

différents, et une des conclusions intéressantes de cette étude est que différentes approches 

peuvent ou non révéler des effets. Pour développer, le travail de revue de Fecteau et Munoz 

(2006) s’est intéressé aux différents travaux investiguant la capture attentionnelle et l’inhibition 

de retour. Ils ont observé que différentes méthodes expérimentales rapportaient des substrats 

neuraux variables pour des phénomènes dont les origines cognitives étaient a priori similaires. 

Ce constat a amené les auteurs à conclure que différentes tâches ne sollicitent pas les mêmes 

processus. Plutôt, différentes tâches sollicitent différentes fonctions cognitives qui ont des 

répercussions similaires sur le comportement.  

Egalement, différentes dimensions sont susceptibles de révéler différents effets, quand bien 

même les modèles initiaux postulent une équivalence des dimensions visuelles (Itti & Koch, 

2001; Koch & Ullman, 1985; Treisman & Gelade, 1980). Une raison à cela peut se trouver dans 

une proposition de Yantis et Egeth (1999) qui distingue certaines dimensions comme plus 

saillantes que d’autres. Les auteurs ont remarqué que les variations de couleur et de mouvement 

permettaient des effets moins stables que les variations de luminance ou de taille. Ils ont attribué 

cette différence au fait que les premières appartiendraient à une catégorie de dimensions 

métathétiques, c’est-à-dire qui ne varient pas en fonction d’un ordre de grandeur, et les dernières 

seraient de la catégorie protéthique, c’est-à-dire dont la variation implique une hiérarchie. En 

effet, il est impossible d’émettre un jugement de supériorité lorsqu’on compare deux couleurs 

ou deux types de mouvement. En revanche, de deux tailles ou de deux niveaux de luminance, 

l’un sera nécessairement plus grand ou plus fort que l’autre. Yantis et Egeth ont ainsi proposé 
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que la saillance d’un élément soit définie par sa singularité (c.à.d., sa différence par rapport à 

son voisinage visuel) ainsi que par sa supériorité. Les variations des dimensions metatéthiques 

permettraient donc la mise en place de la saillance uniquement sur la base de la variation de la 

singularité, alors que les dimensions protéthiques permettraient une variation de la singularité 

à laquelle se surajouterait une information de supériorité, ce qui rendraient ces dimensions plus 

à même d’exercer des modulations de saillance. Cette proposition théorique est bien supportée 

par les présents travaux. Ces dimensions protéthiques sont en effet les seules à permettre la mise 

en place d’éléments à la fois tous différents et hiérarchisés sur la base d’une dimension visuelle. 

Ainsi, les variations de taille et de luminance ont pu permettre l’observation d’effets 

attentionnels sur la base de la saillance de façon stable au fil des adaptations du MSLVST 

(Couffe et al., 2016, chap. 1, exp. 1; Michael & Gálvez-García, 2011; Mizzi & Michael, 2014, 

chap. 2, exp. 2; Mizzi et al., submitted, chap. 3). Comment alors expliquer l’observation, dans 

les présents travaux, de la progression attentionnelle sur la base de variations de mouvement, 

dimension a priori métathétique ? Yantis et Egeth n'ont pas attribué à cette dimension une 

variation ordonnée du fait que les études dont ils ont fait la revue ne manipulaient pas la 

fréquence ou la vitesse mais uniquement les types de mouvements (Hillstrom & Yantis, 1994; 

Jonides & Yantis, 1988), donc la comparaison était en effet nominale, au même titre que la 

comparaison de couleurs. Dans les travaux présentés ici, différents types de mouvements ont 

également été utilisés et des effets attentionnels différents ont été observés dans la comparaison 

des performances pour différents types de mouvement, en accord avec les observations de 

Yantis et Egeth. En revanche, au sein de chaque essai, la comparaison des éléments visuels se 

faisait sur la base de la variation de fréquence d’un même type de mouvement (Mizzi & 

Michael, submitted, chap. 1, exp. 2 ; Mizzi & Michael, in preparation, chap 2. exp. 3). Les 

éléments se déplaçaient donc plus ou moins vite, ce qui nous a permis d’établir différents 

niveaux de saillance et de manipuler le mouvement sur un plan protéthique, contrairement au 

classement de Yantis et Egeth (1999). Nos résultats ont révélé un effet de la saillance grâce à 

cette variation, ce qui nous permet d’aller dans le sens de l’idée que seules les variations 

protéthiques permettent la mise en place de la hiérarchie de la saillance, et cette hiérarchie 

constitue la base de la progression de l’attention.  

4. Mouvement radial, des effets spécifiques ? 

Certaines différences dans la propension de certains mouvements à hiérarchiser la 

progression de l'attention ont cependant été mises en évidence. Franconeri et Simons (2003) ont 

testé les capacités de plusieurs types de mouvements sur la capture de l’attention et ont proposé 
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la théorie de l’urgence comportementale. Les éléments du champ visuel animés d’un 

mouvement signifiant un danger, qui nécessite une réponse urgente, bénéficieraient de la 

priorité attentionnelle. Les travaux présentés ici allaient dans le sens de cette hypothèse puisque 

la pente de progression liée au mouvement radial d’expansion/rétraction, mimant le mouvement 

d’un objet en approche/éloignement, ne s’était pas différenciée de zéro. Ceci signifierait que la 

priorité attentionnelle était attribuée de la même manière à chaque élément, peu importe son 

niveau de saillance, et ce probablement du fait du signal d’urgence attribué à chacun des 

éléments. Ces résultats étaient congruents avec les études qui ont montré le déclenchement d’un 

comportement de défense face au mouvement d’expansion radial (Ball & Tronick, 1971; Schiff, 

Caviness, & Gibson, 1962; Vagnoni, Lourenco, & Longo, 2012) et confirmaient l’hypothèse 

de Franconeri et Simons (2003) en montrant qu’un élément de ce type gagne automatiquement 

la priorité attentionnelle peu importe finalement sa vélocité (dans le cadre des vélocités 

employées ici).  

De façon intéressante, les mesures électrophysiologiques chez l’animal ont pu montrer 

que cet effet semble attribuable, au moins partiellement, au fonctionnement du PUL chez le 

singe (Benevento & Miller, 1981) et à celui du CS chez le rat (Dean, Redgrave, & Westby, 

1989). Ce qui est cohérent avec le fait que ces structures sont fortement associées au traitement 

automatique de l’attention chez l’homme (Desimone & Duncan, 1995; Grieve, Acuña, & 

Cudeiro, 2000; Michael & Buron, 2005; Petersen, Robinson, & Keys, 1985; Posner et al., 1982; 

Rafal & Posner, 1987). Ces structures appartiennent également au réseau associé au traitement 

de l’attention émotionnelle. Tamietto et Gelder (2010) se sont intéressés aux bases neurales de 

la perception non consciente des signaux émotionnels et ont isolé, au niveau sous-cortical, un 

réseau qui incluant le CS et le PUL qui transférerait l’information vers l’amygdale et le noyau 

accumbens (Tamietto et al., 2009; Vuilleumier, Richardson, Armony, Driver, & Dolan, 2004). 

Ces deux dernières structures analyseraient l’information émotionnelle du signal d’origine 

extragéniculée et moduleraient en cas d’alerte le réseau fronto-pariétal pour l’orientation de 

l’attention (Anderson & Phelps, 2001; Morris et al., 1998; Peelen, Atkinson, Andersson, & 

Vuilleumier, 2007). Cet effet attentionnel serait dépendant des caractéristiques visuelles du 

signal, ce qui est cohérent avec l’hypothèse que le phénomène de capture soit modulé 

différemment en fonction des dimensions. 

5. La nature précoce des phénomènes 

La littérature apporte de nombreux arguments sur le fait que les effets d’orientation 

automatique de l’attention se manifestent entre 100 et 150 ms (Chambers, Payne, Stokes, & 
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Mattingley, 2004; Kean & Lambert, 2003; Kim & Cave, 1999; Michael & Gálvez-García, 2011; 

Posner & Cohen, 1984; Theeuwes, Kramer, & Atchley, 2001; Wright & Richard, 2003), et les 

travaux présentés dans le premier chapitre vont dans le sens de la mise en place précoce des 

processus attentionnels. En effet, la capture par l’élément le plus saillant s’est révélée possible 

dès 33 ms de présentation (Couffe et al., 2016, chap. 1, exp. 1), donc bien plus précocement 

qu’établi précédemment par la littérature. D’autre part, l’aspect progressif du phénomène 

observé a permis de mettre en lumière plusieurs points. Cette facilitation graduelle de 

l’amorçage en fonction du temps de présentation a permis de répliquer les données de Michael 

et Gálvez-García (2011) suggérant que l’attention progresse sur la base de la saillance dans 

l’espace (Koch & Ullman, 1985; Theeuwes, 1994), et a permis d’établir empiriquement que ce 

déploiement nécessite également du temps et qu’il se fait graduellement jusqu’à 100 ms. Mais 

quid de la distinction entre l’établissement de la hiérarchie de la saillance et la progression de 

l’attention sur sa base ? Cette séparation entre un processus préattentif et un processus 

subséquent attentif a été proposée dans plusieurs modèles. Les traitements préattentifs se 

feraient de façon continue et le marquage dynamique des localisations en fonction de leur 

saillance serait disponible à tout moment pour le déplacement ultérieur de l’attention (Koch & 

Ullman, 1985; Theeuwes, 1994, 1995b; Treisman & Gelade, 1980; Wolfe, 1994). Encore une 

fois, la distinction entre phénomènes sensoriels liés à l’établissement de la saillance, et les 

phénomènes attentionnels liés à la progression est excessivement complexe à mettre en place 

du fait du manque de leviers empiriques et cette dissociation théorique n’a jamais été 

directement testée. Néanmoins des indices en faveur d’une dissociation peuvent être décelés 

dans les résultats comportementaux. Michael et Gálvez-García (2011) ont rapporté des 

différences entre les temps de réponses et les bonnes réponses et ont associé les variables à des 

mécanismes différents. La première variable était considérée comme reflétant le seuil au-delà 

duquel le participant considère avoir reçu assez d’informations pour délivrer une réponse 

correcte. La seconde variable correspondrait à la précision de la réponse et reflèterait la finesse 

avec laquelle chaque élément est traité (Michael & Gálvez-García, 2011). Les auteurs ont 

observé que la précision était affectée par la saillance lorsque l’hémichamp nasal projetant vers 

l’hémisphère droit était stimulé, et non l’hémichamp temporal. Or, les effets de la progression 

se mesuraient dans cet hémichamp au travers des temps de réponses. Les auteurs ont donc 

proposé que la précision reflèterait le degré de dépendance du traitement de l’élément à sa 

saillance, sans pour autant que cette variable soit affectée par le déploiement de l’attention. En 

accord avec ces études initiales (Michael, Boucart, Degreef, & Godefroy, 2001; Michael & 

Gálvez-García, 2011), les résultats présentés dans la première expérience du premier chapitre 
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révélaient une distinction entre les variables. Les temps de réponse montraient un pattern qui 

s’établissait progressivement dans le temps, pour montrer une hiérarchie avec 100 ms de 

présentation. En revanche, les proportions de bonnes réponses à la tâche montraient un pattern 

hiérarchique indépendant du temps de présentation de l’amorce, dès 33 ms de présentation, ce 

qui révélait la mise en place de mécanismes distincts. Les temps de réponses, du fait de la mise 

en place progressive du pattern hiérarchique, reflétaient le déploiement de l’attention d’un item 

à l’autre (Koch & Ullman, 1985; Michael & Gálvez-García, 2011; Theeuwes, 1991, 1992), ce 

qui correspondrait bien à la notion de seuil, reflétée par les temps de réponse : le faisceau 

attentionnel permettrait l’élévation de ce seuil pour chaque élément en fonction de sa 

progression séquentielle au travers du dispositif. Les proportions de bonnes réponses, quant à 

elles, du fait de l’établissement très précoce du pattern hiérarchique et de l’indépendance de ce 

traitement avec la progression, semblent refléter un effet de la hiérarchie de la saillance qui 

s’établirait à des stades préattentifs, indépendant des effets attentionnels (Koch & Ullman, 

1985; Theeuwes, 1995b; Treisman & Gelade, 1980). Au travers de cette variable, il est possible 

de concevoir que la précision de la réponse pour chaque item ait été modulée en fonction de sa 

place dans la hiérarchie de la saillance. Bien entendu, nous sommes actuellement loin de savoir 

exactement ce que les temps de réponse et les bonnes réponses reflètent avec précision, d'autant 

plus que les modèles psychophysiques dominants ne conçoivent pas de telles distinctions 

(Ratcliff & Rouder, 1998) 

D’autre part, l’adaptation électrophysiologique du paradigme nous a permis d’apporter 

un autre éclairage sur ces phénomènes précoces. Grâce au calcul des latéralisations évoquées, 

il nous a été possible d’isoler l’activité corticale propre à la sélection de la cible (Mizzi et al., 

submitted: chap. 3). Le calcul des pentes de progression mis en place sur cette activité a révélé 

un pattern hiérarchique relatif à la saillance des éléments du dispositif de recherche, également 

observé dans les variables comportementales. De façon intéressante, ce pattern hiérarchique 

dans l’activité électrophysiologique s’est manifesté de manière cyclique durant la fenêtre 

temporelle explorée (entre 100 et 600ms post-stimulus). Pour les aires pariétales, il s'est 

manifesté dès 160 ms post-stimulus. Une activation controlatérale postérieure de ce type, 

mesurée entre 140 et 180 ms, est associée dans la littérature à une composante spécifique : le 

Ppc (pour posterior contralateral positivity : positivité postérieure controlatérale, Corriveau et 

al., 2012; Pomerleau, Fortier-Gauthier, Corriveau, Dell’Acqua, & Jolicœur, 2014). Corriveau 

et collègues (2012) ont utilisé le paradigme du singleton supplémentaire tout en extrayant les 

latéralisations évoquées du signal EEG et ont observé l’émergence de cette composante dans le 
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signal lorsque le dispositif de recherche contenait, du côté controlatéral à la mesure, un élément 

saillant. Cette composante du signal s’est révélée ne pas varier en fonction de la nature (cible 

ou distracteur) de l’élément perçu, contrairement aux composantes qui la suivent, et ainsi a été 

associée au traitement automatique de la saillance des éléments, en amont de la prise en compte 

des caractéristiques de pertinence. Les auteurs ont donc suggéré que l’observation de cette 

composante reflète l’émergence de la saillance au niveau préattentif, en accord avec les modèles 

initiaux de la saillance (Koch & Ullman, 1985; Treisman & Gelade, 1980; mais les auteurs 

citent Wolfe, 1994). Dans nos travaux, nous avons pu rapporter non pas un effet relatif à un 

élément saillant, mais l’apparition du pattern complet de la hiérarchie de la saillance lors des 

périodes précoces associées au Ppc. Si l’on prend en compte l’hypothèse que la présence du 

pattern hiérarchique dès 33 ms post-stimulation rapportée par Couffe et collègues (2016, 

Chap.1, exp. 1) témoigne de l’établissement précoce de la hiérarchie de la saillance, il est 

possible de postuler ici que l’apparition de ce même pattern, dans les latéralisations évoquées 

lors de fenêtres temporelles précoces, témoigne du même effet. La composante Ppc consisterait 

donc en un reflet de la mise en place de la hiérarchie de la saillance et de la préparation du 

déplacement de l’attention sur cette base. La topographie postérieure pariétale de cet effet 

proviendrait probablement des échanges des aires pariétales avec les structures sous-corticales 

responsables du traitement de la saillance visuelle, de l’émergence de sa hiérarchie et de la 

progression de l’attention sur cette base (Fecteau & Munoz, 2006; Mizzi & Michael, 2014, 

chap. 2, exp. 2). Par ailleurs, Gottlieb et collègues (1998) considèrent que le cortex pariétal est 

la région corticale qui contiendrait une carte de saillance. Nous pouvons éventuellement 

suggérer que la génération de la saillance et de sa hiérarchie impliquerait les voies 

extragéniculées (Fecteau & Munoz, 2006; Robinson & Petersen, 1992; Shipp, 2004) et les 

régions corticales qu'elles alimentent (Gottlieb et al., 1998).   

6. Mise en place non consciente 

Comme discuté plus haut, les travaux présentés ici rassemblent plusieurs indices allant 

dans le sens des modèles qui conçoivent la mise en place de la hiérarchie de la saillance lors 

d’une étape préattentive (Itti & Koch, 2001; Koch & Ullman, 1985; Theeuwes, 1995b; 

Treisman & Gelade, 1980; Wolfe, 1994). Nos travaux ont donc pu apporter de nouvelles 

données pour revenir, d’une part, sur la notion d’équivalence des dimensions qui est suggérée 

par ces modèles, ainsi que, d’autre part, sur la conception précoce des mécanismes en jeu. Nous 

avons donc pu confirmer l’idée que la hiérarchie de la saillance s’établirait avant 100 ms post-

stimulus et que les processus attentifs se mettent en place sur la base de cette hiérarchie dans 
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cette période (Couffe et al., 2016: chap. 1, exp. 1; Mizzi et al., submitted: chap 3). Une telle 

précocité implique une automaticité des processus, c’est-à-dire que les attentes et les buts de 

l’observateur n’aient pas d’effets sur l’orientation de l’attention vers un élément saillant. Cette 

notion a été confirmée à plusieurs reprises (Michael, Kleitz, Sellal, Hirsch, & Marescaux, 2001; 

Müller & Rabbitt, 1989), Kim et Cave (1999) par exemple, ont adapté le paradigme du singleton 

supplémentaire en y ajoutant une tâche de détection de sonde. Les auteurs ont confirmé les 

suspicions de Theeuwes (1991, 1994) en montrant que, malgré la recherche par le participant 

des caractéristiques physiques qui définissaient la cible, il était impossible d’annuler les effets 

de la capture par un élément distracteur plus saillant. Ainsi, il est possible de se demander si 

ces processus précoces et automatiques nécessitent de se mettre en place de façon consciente, 

et il est intéressant de noter que les modèles initiaux ne font pas d’hypothèse vis-à-vis de cet 

aspect. Cependant, la nature préattentive attribuée aux traitements faisant émerger la saillance 

et sa hiérarchie, suggère qu'ils aient lieu de manière non-consciente.  

En faisant varier la fréquence de plusieurs éléments en mouvement, il a été possible de 

mesurer une progression de l’attention sur la base de la saillance des variations du mouvement. 

Cette observation répliquait les précédentes, obtenues avec des variations de taille et de 

luminance dans le dispositif de recherche. Afin d’explorer si la mise en place de cette 

progression se faisait de façon consciente ou non, nous nous sommes basés sur les travaux 

d’Azzopardi et Hock (2011) qui ont proposé que le CS joue un rôle dans la détection d’items 

animés du fait de sa sensibilité à l’énergie du mouvement. Les auteurs ont proposé que cette 

énergie soit objectless, c'est-à-dire distincte des dimensions physiques qui constituent le 

mouvement. Il nous a été ainsi possible de priver le CS de la perception des éléments visuels 

grâce à la technique d’isolation des cônes S (qui codent une transition de couleur pour laquelle 

le CS est aveugle) et de tester si sa sensibilité à la seule énergie du mouvement permettait 

l’émergence de la hiérarchie de la saillance. C’est ce que les résultats ont montré : sans que les 

participants rapportent de perception consciente du mouvement, les performances témoignaient 

de la progression de l’attention sur la base de la saillance. Il faut noter que l’utilisation de cette 

technique psychophysique lors d’une étude précédente avec des éléments statiques avait 

empêché l’émergence de ce pattern hiérarchique. Cette différence confirme que les effets 

mesurés étaient bien dus au mouvement et, par conséquent, à la capacité du CS à traiter l’énergie 

du mouvement. Ces résultats montrent que la capture et la progression de l’attention sur la base 

de la saillance sont des phénomènes qui se manifestent sans nécessiter de perception consciente 

des éléments visuels.  
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Cette découverte est congruente avec l’aspect automatique et précoce des processus qui 

sous-tendent ces phénomènes. En effet, l’établissement de la perception consciente est lié à 

l’analyse fine de l’ensemble des dimensions du contenu visuel, propriété basée sur les capacités 

des aires visuelles primaires et de leurs connections avec les circuits ventraux. En revanche, 

l’établissement de la saillance des éléments de la scène visuelle, l’émergence de la hiérarchie 

de la saillance et la progression de l’attention au travers des localisations visuelles nécessitent 

des processus sous-tendus par le transfert d’information des voies extragéniculées vers les 

réseaux fronto-pariétaux et extrastriés. De ce fait il est possible de concevoir que les fonctions 

sous-tendues par ces circuits puissent s’effectuer en l’absence des processus nécessaires à la 

perception consciente. Des arguments dans ce sens se trouvent dans la mesure des 

comportements les patients atteints de lésions des aires visuelles primaires, chez qui des effets 

attentionnels sont observés en l’absence de perception consciente. 

La littérature sur le blindsight (pour vision aveugle) a longtemps considéré que l’étude 

de cette condition neurologique était une voie royale pour l’investigation des effets attentionnels 

automatiques (Cowey & Stoerig, 1991). Les patients blindsight souffrent de lésions plus ou 

moins diffusent des aires visuelles primaires et présentent des capacités visuelles résiduelles 

vis-à-vis des stimulations faites dans leur champ aveugle. Par exemple, il a été mesuré chez ces 

patients des effets de capture oculomotrice (Rafal, 2006; Rafal et al., 1991), attentionnelles 

(Cowey & Stoerig, 1997; Kentridge, 2012), ou encore des capacités élevées de détection du 

mouvement (Weiskrantz, Barbur, & Sahraie, 1995). En outre, il est intéressant de noter que ces 

réactions comportementales s’observent chez ces patients en absence de toute perception 

consciente de la stimulation, grâce généralement à des paradigmes de choix forcé. Les résultats 

de l’étude décrite plus haut permettent d’apporter des nouvelles informations pour mieux 

comprendre le phénomène de blindsight et les voies visuelles impliquées. D’une part, il a été 

possible d’établir que la progression de l’attention sur la base de la saillance est impossible 

lorsque la voie colliculaire n’est pas sollicitée (Mizzi & Michael, 2014, chap. 2, exp. 2), mais 

qu’elle peut se mettre en place lorsque le CS reçoit uniquement une information d’énergie du 

mouvement (Mizzi & Michael, in preparation, chap. 3). Ces observations vont dans le sens de 

l’implication des voies extragéniculées dans la progression automatique de l’attention (Michael 

& Gálvez-García, 2011) et coïncident avec la conception que ces voies transmettent 

l’information aux aires pariétales et extrastriées, notamment pour le traitement du mouvement 

(Lyon, Nassi, & Callaway, 2010). D’autre part, les études sur le blindsight ont rapporté de 

nombreux cas de réponse à une stimulation en mouvement sans perception consciente 
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(Azzopardi & Hock, 2011; Cowey, 2010a; Cowey & Stoerig, 1997) et certains modèles mettent 

en avant le rôle de cette voie colliculaire et de ses connections pulviniques et géniculées dans 

le support des capacités préservées (Cowey, 2010b). Ces observations tendent à suggérer que 

les processus mis en jeu dans la progression de l’attention sur la base de la saillance et les 

structures qui les mettent en place sont, au moins en partie, de même nature que ceux en jeu 

dans les capacités préservées chez les patients blindsight. Cependant, les voies qui sous-tendent 

le blindsight sont encore sujettes à vifs débats dans la littérature, et la réplication avec d’autres 

techniques de suppression de stimulation sont nécessaires avant de postuler que les réseaux du 

blindsight et de l’émergence de la saillance sont communs. 

7. Résumé intermédiaire 

La saillance est une caractéristique émergente issue de la comparaison des éléments 

entre eux lors d’une étape préattentive (Duncan & Humphreys, 1989; Itti & Koch, 2001; Koch 

& Ullman, 1985; Theeuwes, 1995b; Treisman & Gelade, 1980) et nos travaux ont contribué à 

confirmer cette conception en démontrant l’aspect précoce de l’établissement de la hiérarchie 

de la saillance (Couffe et al., 2016: chap.1, art. 1; Mizzi et al., submitted: chap. 3). Lors d’une 

recherche visuelle, c’est sur la base de cette hiérarchie que progresse l’attention, qui explore la 

scène en commençant par l’élément le plus saillant. Si cet élément n’est pas la cible, le faisceau 

attentionnel s’en désengagerait pour se déplacer vers l’élément directement moins saillant, et 

ainsi de suite jusqu’à la complétion de la tâche (Koch & Ullman, 1985; Posner, 1980; 

Theeuwes, 1994, 1995b). Nos travaux ont montré que le faisceau attentionnel se déployait pour 

progressivement englober plusieurs éléments lors de la progression (Couffe et al., 2016: chap. 

1, art. 1; Eriksen & James, 1986). Une inhibition de contour se mettrait alors en place de façon 

à maintenir constant le traitement des éléments explorés tout en réduisant l’interférence des 

éléments moins saillants (Mounts, 2000). Les modèles ont proposé que la mise en place de la 

saillance se fasse de façon amodale, au sein d’une carte de saillance qui rassemble les 

activations des localisations faites dans des cartes indépendantes des différentes dimensions 

visuelles. Cette conception implique une équivalence des dimensions et nos travaux ont permis 

de revenir sur cette idée en montrant que certaines dimensions ne permettraient pas la mise en 

place de la hiérarchie (Mizzi & Michael, submitted: chap. 1, art. 2). En effet, les éléments 

visuels qui sollicitent une réponse urgente bénéficieraient d’une priorité de traitement, ce qui 

annulerait la progression de l’attention sur la base de la saillance en faveur des éléments urgents 

pour le comportement (Franconeri & Simons, 2003; Vuilleumier & Schwartz, 2001). 

Egalement, des facteurs autres que la saillance rentrent en jeu dans la progression automatique 
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de l’attention, à savoir la proximité et la similarité des éléments (Koch & Ullman, 1985). Nos 

travaux ont permis de confirmer l’effet de proximité en montrant que les éléments proches de 

la localisation du faisceau attentionnel ont plus de chance d’être exploré par la suite (Couffe et 

al., 2016: chap. 1, art. 1). De façon intéressante, nos travaux ont pu démontrer que le phénomène 

de capture de l’attention implique la mise en place de processus distincts de ceux sollicités par 

le phénomène de progression (Mizzi & Michael, 2014: chap. 2, art. 2). Cette observation 

constitue une rupture avec les conceptions précédentes qui proposaient une progression de 

l’attention par étapes itératives similaire d’une localisation à une autre (Posner, 1980; 

Theeuwes, 1994, 1995b). Ainsi, la vision en trois étapes de désengagement-déplacement-

engagement de Posner (1980) mérite d’être revue avec l’addition d’une étape initiale de 

capture. Enfin, nos travaux ont pu apporter des éléments en faveur de l’idée que l’établissement 

de la saillance des éléments du champ visuel, ainsi que la progression subséquente faite sur 

cette base, soient sous-tendus par des mécanismes automatiques qui se mettraient en place sans 

perception consciente par l’observateur (Azzopardi & Hock, 2011; Mizzi & Michael, in 

preparation: chap. 2, art. 3), ce qui constitue un élément nouveau par rapport aux modèles de 

l’attention. 

II. Substrats 

1. Les structures extragéniculées  

Le rôle des voies extragéniculées 

Les premières études qui ont souligné le rôle potentiel des voies extragéniculées dans 

les processus spatiaux sont les travaux sur le blindsight (p.ex., Weiskrantz, 1986, mais voir 

Cowey, 2010a). Les auteurs rapportaient des réponses comportementales à des stimuli visuels 

préservées lors de lésions du cortex visuel primaire. L’hypothèse que des voies visuelles 

contournent la voie géniculée principale et transmettent l’information à d’autre structures 

impliquées dans les traitements visuo-spatiaux a donc émergé. En conséquence, il a été proposé 

que ces voies, qui transmettent l’information à des aires pariétales et extrastriées via le CS et le 

PUL, soient responsables -ou du moins impliquées- dans l’orientation automatique 

oculomotrice (Rafal et al., 1991) et attentionnelle (Cowey, 2010b; Desimone & Duncan, 1995; 

Rafal & Posner, 1987). Cependant, du fait de la forte variabilité des phénomènes observés chez 

les patients blindsight d’une part (Cowey, 2010a), et d’autre part de l’implication probable 

d’autres structures comme le noyau géniculé latéral (Cowey, 2010b), le blindsight ne peut pas 
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être considéré comme un indicateur privilégié du rôle des voies extragéniculées. De ce fait la 

littérature s’est penchée sur des indices comportementaux chez le sujet sain.  

L’utilisation des techniques psychophysiques nous ont permis d’exploiter certaines 

caractéristiques physiologiques du système visuel de manière à pouvoir faire des inférences vis-

à-vis du fonctionnement de ces voies extragéniculées. Grâce à l’isolation de la transition de 

couleur qui excite exclusivement les cônes S de la rétine, et en exploitant le fait que le CS ne 

reçoit pas directement d’information issue de ces cellules (Marrocco & Li, 1977; Monasterio, 

1978), il a été possible d’observer des comportements liés à l'attention en sollicitant ou non la 

voie colliculaire. L’intérêt de cette technique provient du fait que le CS a largement été pointé 

par la littérature comme sous-tendant le phénomène de capture oculomotrice et attentionnelle. 

Par exemple, ses neurones montrent une réponse plus ample en présence d’une cible dans une 

recherche visuelle, avec ou sans la sollicitation de saccade (Goldberg & Wurtz, 1972), et il 

semble fortement associé au traitement attentionnel de la localisation de la cible (Krauzlis, 

Lovejoy, & Zénon, 2013; Shen, Valero, Day, & Paré, 2011). Ce phénomène de capture, comme 

il a été discuté précédemment, se produit dans la direction de la localisation de l’élément saillant 

du champ visuel. Cependant, s’agit-il du même phénomène lorsque l’attention doit progresser 

dans le camp visuel sur la base de la saillance ? En outre, le rôle de la voie colliculaire dans 

cette progression n’avait encore jamais été investigué.  

Les résultats issus de ces investigations psychophysiques ont permis d’apporter des 

nouvelles données vis-à-vis de l’implication de la voie colliculaire dans les phénomènes de 

capture et de progression de l’attention. Une découverte importante de ces travaux est que 

lorsque le CS n’est pas impliqué dans le traitement de l’information visuelle, tout effet de la 

hiérarchie de la saillance sur la progression attentionnelle est aboli. En revanche, la capture 

attentionnelle s’est montrée peu affectée par l’aveuglement du CS. Ces résultats vont dans le 

sens d’une dissociation des deux phénomènes, à l’inverse du postulat des modèles de 

l’attentions (Koch & Ullman, 1985; Theeuwes, 1991, 1992) qui ne font pas de distinction. Une 

autre implication de ces résultats est que la voie colliculaire ne serait pas indispensable à la 

capture attentionnelle, ce qui coïncide avec des récents travaux de Sumner et collègues qui ont 

rapporté un effet de capture attentionnelle par des stimuli S cône (Sumner et al., 2002), ce qui 

fait contraste avec les études précédentes (Rafal et al., 1991).  

Posner et Petersen ont proposé que l’orientation de l’attention soit sous-tendue par un 

réseau pariétal postérieur, interconnecté avec le réseau antérieur de la détection et le réseau 

noradrénergique de l’alerte. Pour son déplacement dans le champ visuel, l’attention solliciterait 
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différentes structures en fonction des différents processus mis en jeu. Le désengagement de la 

localisation du faisceau solliciterait le fonctionnement du cortex pariétal, et le déplacement 

subséquent serait supporté par le CS. A la nouvelle localisation, c’est le PUL qui se chargerait 

de l’engagement et du traitement attentionnel. Ce déplacement qui consiste en la réitération 

d’étapes à mesure de la progression du faisceau dans l’espace est plutôt cohérent avec les 

données obtenues à l'aide du paradigme MSLVST. En effet, cette progression a donné lieu à 

des patterns hiérarchiques dans les performances, ce qui correspondaient à la hiérarchie de la 

saillance manipulée. De ce fait nos résultats témoignent de cette prise en compte séquentielle 

des éléments du champ visuel en fonction de leur saillance respective. Cependant, la vision 

d’un faisceau restreint de Posner n’a pas été pleinement validée par les présents travaux. 

L’étude du décours temporel de ce phénomène (Couffe et al., 2016: chap. 1, art. 1) a révélé que 

l’attention n’englobe pas les éléments visuels un par un mais se déploierait pour englober 

progressivement plusieurs items. En effet, lorsque le faisceau se désengage d’un élément et 

quitte sa localisation, on devrait observer une baisse des performances si la cible venait à 

apparaitre à cette localisation, du fait de l’abandon de cette localisation par le faisceau et de la 

mise en place de l’inhibition de retour (Klein, 2000; Posner et al., 1985). Or, nos résultats ont 

montré un maintien des performances pour la localisation quittée, simultanément à 

l’augmentation des performances de la nouvelle localisation, ce qui témoignait d’un 

élargissement du faisceau attentionnel sur plusieurs éléments (Eriksen & James, 1986). Il est 

probable que le phénomène d’inhibition de retour se mette en place plus tard dans le décours 

temporel (Klein, 2000). Une autre observation qui pourrait aller également dans ce sens est 

l'apparition cyclique de la pente de progression dans notre étude en électroencéphalographie. 

En effet, l'apparition de la pente de progression correspond à l'apparition d'un pattern 

hiérarchique. L'augmentation de la valeur de cette pente correspond au renforcement de la 

hiérarchie alors que sa diminution corresponde en sa disparition progressive. Or, l'observation 

d'augmentation-diminution de la pente dans 3 fenêtres temporelles distinctes dans des régions 

pariétales corroborerait éventuellement l'existence d'une diminution du faisceau permettant la 

focalisation plus ou moins prioritaire sur l'un ou l'autre item donnant naissance à une hiérarchie, 

et son élargissement subséquent pour englober tous les items du dispositif de recherche faisant 

disparaître la hiérarchie. Ce point précis mériterait une investigation future. D’autre part, nos 

résultats semblent aller dans le sens des propositions de Posner vis-à-vis des structures 

impliquées dans le déplacement de l’attention. Ces structures, le CS, le PUL et le cortex pariétal, 

font partie des voies extragéniculées et nous avons pu montrer que ces voies sont centrales dans 
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la progression de l’attention. En revanche, comme discuté précédemment, la question de 

l’implication du CS dans le phénomène de capture attentionnelle initiale reste encore ouverte. 

Fecteau et Munoz (2006) ont préféré à cette approche, qui s’intéresse au rôle des 

structures isolées dans les étapes de la progression attentionnelle, une approche en niveaux de 

traitement. En effet, un ensemble d’études en neuropsychologie et en neuroimagerie ont 

contribué à l’idée que les fonctions attentionnelles sont sous-tendues par les interactions de 

multiples structures (p.ex., Corbetta & Shulman, 2002) et cette idée avait déjà été amorcée par 

Posner (Posner et al., 1982; Posner & Petersen, 1990). Cette conception implique que les 

fonctions soient sous-tendues par différentes structures et que l’information soit 

progressivement traitée par des réseaux plus élevés en fonction d’une hiérarchie, avec plusieurs 

niveaux de traitement (Felleman & Van Essen, 1991). Cette idée correspond bien à l’étude des 

effets de la saillance sur l’attention puisque ces effets ont été mesurés dans différentes 

structures, comme le CS (Bell, Fecteau, & Munoz, 2004; Dorris, Klein, Everling, & Munoz, 

2002; Fecteau et al., 2005; Fecteau & Munoz, 2005; Robinson & Kertzman, 1995), l’aire 

latérale intra-pariétale (Robinson, Bowman, & Kertzman, 1995), des aires extrastriées (Mazer 

& Gallant, 2003), entre autres (voir Fecteau & Munoz, 2005, 2006). Fecteau et Munoz (2005, 

2006) ont différencié un stage visuel précoce impliquant les structures visuelles primaires et 

extrastriées d’un stage oculomoteur différé qui sollicite les aires latérales intra-pariétales, les 

champs oculogyres frontaux et le cortex inféro-temporal. De façon intéressante, les auteurs ont 

rapporté que le CS reçoit l’information de ces deux réseaux : ses couches superficielles sont 

connectées aux structures sensorielles précoces, alors que ses couches intermédiaires reçoivent 

l’information des structures du niveau de traitement supérieur. Les auteurs se sont intéressés à 

la capture visuelle et à l’inhibition de retour et ont cherché à définir quel réseau était le plus à 

même de générer ces effets de saillance. Grâce à la mesure directe de l’activité du CS chez le 

singe dans une tâche d’amorçage attentionnel et une revue conséquente de la littérature de 

l’électrophysiologie de l’attention, ils ont pu rapporter que seules les couches intermédiaires 

montraient une différence d’activation lors de la discrimination de la cible (McPeek & Keller, 

2002). Les auteurs ont décrit deux périodes d’activation, l’une précoce associée à l’arrivée de 

l’information d’un stimulus visuel, et l’autre subséquente et plus diffuse dans le temps, associée 

aux interactions entre les structures du réseau. L’émergence de cette dernière activation était, 

selon les auteurs, le témoin de la sollicitation du réseau oculomoteur, qu’ils considèrent comme 

plus élevée dans la hiérarchie de traitement, et donc, différée par rapport à l’afflux 

d’information initial (Fecteau et al., 2005; Fecteau & Munoz, 2005, 2006). Egalement, l’activité 
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de ce réseau, par rapport à l’activité du réseau visuel, s’est révélée être la seule à correspondre 

aux patterns de réponse comportementaux puisque les neurones visuels montraient un effet 

négatif de l’amorçage en présence ou non de l’effet de capture. A l’inverse, les mesures 

comportementales et l’activité des neurones oculomoteurs montraient un effet de capture 

lorsque la cible apparaissait rapidement après une amorce latérale de 30 ms (50 ms de délai 

inter-stimuli), suivi par un effet d’inhibition de retour pour les temps plus longs (déjà à partir 

de 100 ms de délai). 

Si cette série de travaux va dans le sens de l’hypothèse de support des fonctions 

attentionnelles automatiques par les structures associées au CS (Corbetta & Shulman, 2002; de 

Fockert, Rees, Frith, & Lavie, 2004; Gaymard et al., 2003; Pierrot-Deseilligny, Milea, & Müri, 

2004; Sapir et al., 1999), un certain nombre de données apparaissent pourtant contradictoires 

avec les études présentées ici. Fecteau et Munoz (2006) défendent l’idée que la capture de 

l’attention survient tard dans le traitement visuel du fait de la mise en place des processus 

nécessaires au sein d’un réseau oculomoteur qui occupe une place élevée dans la hiérarchie de 

traitement. En revanche, leurs mesures ont montré un effet de l’inhibition de retour (baisse des 

performances du côté de l’amorçage et une amélioration des performances du côté opposé) pour 

les systèmes visuels et oculomoteurs. Les auteurs ont donc attribué le phénomène d’inhibition 

à ces deux systèmes et ont proposé que l’inhibition de retour participe de façon précoce à 

l’orientation de l’attention. Les travaux présentés ici, en revanche, soutiennent l’idée que la 

capture et la progression de l’attention se mettent en place en amont d’une éventuelle inhibition 

de retour. En effet, l’investigation du décours temporel de la progression attentionnelle a révélé 

qu’avec 100 ms de présentation, une expansion du faisceau attentionnel se produit, sans 

inhibition des éléments déjà investigués. En outre, l’inhibition de retour est observée 

classiquement autour de 300 ms de présentation (Klein, 2000; Posner & Cohen, 1984; Posner 

et al., 1985), bien après la fenêtre temporelle nécessaire à l’attention pour se déplacer sur la base 

de la hiérarchie de la saillance. Fecteau et Munoz expliquent cette différence entre les décours 

habituellement associés à l’inhibition de retour et leurs résultats par des raisons 

méthodologiques. Ils ont considéré un effet de l’entraînement des singes mesurés, et ont 

rapporté que la pratique répétée des protocoles attentionnels rapproche la transition entre les 

phénomènes de capture et d’inhibition de retour autour de 80 ms chez les singes, et au-delà de 

200 ms chez les humains. 

D’autre part, la conception d’un système oculomoteur impliqué plus tardivement dans 

le traitement visuel n’est pas soutenue par les travaux présentés ici. Il est intéressant de 
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remarquer que les connexions des structures de ce système avec le CS que Fecteau et Munoz 

(2005, 2006) attribuent à l’orientation oculomotrice sont également considérées comme 

centrales dans la mise en place de l’attention visuelle (Corbetta, Kincade, Ollinger, McAvoy, 

& Shulman, 2000; Corbetta & Shulman, 2002; Robinson & Kertzman, 1995). Ces structures 

constituent également les voies extragéniculées, et il a été montré qu’elles transmettent 

l’information visuelle directement aux aires pariétales et extrastriées (Knudsen, 2011; Krauzlis 

et al., 2013; Lyon et al., 2010; Robinson & McClurkin, 1989). Ce constat contredit la 

conception d’une hiérarchie de traitement linéaire qui solliciterait les voies visuelles primaires 

en premier lieu, puis les aires extrastriées et pariétales. Les voies extragéniculées sont 

considérés comme plus rapides que les voies géniculées (Chambers et al., 2004) et les présents 

travaux, grâce au développement d’approches psychophysiques, ont démontré qu’elles étaient 

indispensables à la mise en place de la progression de l’attention. En outre, il a été montré que 

ces effets attentionnels sollicitaient en premier lieu l’activation des zones pariétales, puis 

occipitales au travers des mesures EEG. En accord avec l'idée de Chambers et collègues (2004), 

nous avons constaté l'existence d'au moins deux vagues d'activité distinctes spatialement et 

décalées dans le temps de 20 à 40ms, toutes deux liées à la hiérarchisation des items sur la base 

de la saillance (Mizzi et al., submitted: chap. 3). Si ces activités, respectivement pariétales et 

occipitales, reflètent l'arrivée de l'information en provenance des voies, respectivement, 

extrageniculées et géniculostriées, alors les voies primaires ne sont pas sollicitées en premier 

lieu et les extrastriées et pariétales par la suite, mais plutôt l’inverse. Nos travaux défendent 

donc l’idée que les structures qui constituent le réseau oculomoteur forment également un 

réseau spécialisé dans la progression de l’attention sur la base de la saillance. Ces effets sont 

précoces et sollicitent en premier lieu des structures associées au traitement spatial.  

La question qui se pose concerne évidemment la spécificité des régions pariétales par 

rapport aux occipitales dans les processus étudiés. Le pourquoi physiologique est peut-être 

simple à imaginer puisque les voies extragéniculées qui l'alimentent sont dites plus rapides dans 

la transmission de l'information. Le pourquoi fonctionnel est plus difficile à trouver.  

Le mode de fonctionnement des voies extragéniculées 

Un point central vis-à-vis du mode de fonctionnement des voies extragéniculées 

concerne leur rapport aux différentes dimensions visuelles. Comme décrit plus haut, les 

modèles cognitifs et computationnels de l’attention ont proposé que les différentes dimensions 

visuelles soient traitées en parallèle au sein de différentes cartes lors d’une étape préattentive 
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(Treisman & Gelade, 1980; Wolfe, 1994). L’activité des différentes localisations de ces cartes 

serait ensuite sommée dans une carte de saillance (Itti & Koch, 2001; Koch & Ullman, 1985) 

au sein de laquelle émergerait une hiérarchie des localisations en fonction de leurs niveaux de 

saillance respectifs. Cette conception implique que toutes les dimensions aient le même poids 

dans l’orientation attentionnelle, et que le substrat neuronal soit capable de traiter des 

localisations (donc de façon spatiale) sans effet des dimensions (Fecteau & Munoz, 2006). Les 

données issues des présents travaux apportent des éléments pour compéter cette conception. 

Tout d’abord, les substrats rapportés par les études psychophysiques et 

électroencéphalographiques semblent aller dans le sens de cette conception puisque les 

structures des voies extragéniculées : le CS et ses connexions thalamiques d’une part (Mizzi & 

Michael, 2014, chap. 2, exp. 2) et les aires pariétales d’autre part (Mizzi et al., submitted: chap. 

3), font partie d’un réseau capable d’encoder les informations visuelles indépendamment des 

dimensions qui les supportent (Bichot & Schall, 1999; Bisley & Goldberg, 2003; Fecteau & 

Munoz, 2006; Goldberg, Bisley, Powell, Gottlieb, & Kusunoki, 2002). De plus, du fait de 

l’organisation rétinotopique du PUL ventral, Fecteau et Munoz (2006) confèrent à cette 

structure le rôle de carte de saillance et ce sont les interconnexions entre les aires frontales, 

pariétales et colliculaires qui constituerait le réseau oculomoteur (Moore, Armstrong, & Fallah, 

2003; Shipp, 2003, 2004). En effet, si une influence de la hiérarchie de la saillance a été 

observée lors des adaptations du paradigme avec les dimensions de luminance, taille et 

mouvement (les dimension protéthiques), certains types de mouvement n'ont pas produit le 

pattern hiérarchique révélateur du déplacement de l’attention sur la base de la saillance, ce qui 

allait dans le sens de l’hypothèse que tout signal nécessitant une réaction urgente gagne la 

priorité de traitement (Franconeri & Simons, 2003). Cette observation pourrait impliquer que 

ces traits urgents provoqueraient une activation plus forte lors du traitement préattentif en carte 

des dimensions élémentaires. Egalement, la limite méthodologique de l’impossibilité de 

concevoir des dimensions de mouvements équivalentes en soi peut impliquer qu’il existe des 

cartes des dimensions élémentaires propre à chaque type de mouvement. Chaque carte pourrait 

ne pas être combinée de la même manière en carte de saillance, soit par le biais d’une 

pondération respective, soit par une priorité de base pour certaines cartes. Cette idée correspond 

bien au fait que des mouvements différents provoquent des effets attentionnels de différentes 

ampleurs (Franconeri & Simons, 2003), mais implique une remise en question de l’égalité 

préattentive des dimensions. Comme évoqué plus haut, cette inégalité des dimensions est 

également retrouvée dans les travaux portant sur les phénomènes attentionnels envers des 

stimuli à connotation émotionnelle, urgente ou non, comme les visages ou les 
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serpents/araignées (Öhman & Mineka, 2003; Vuilleumier, Armony, Driver, & Dolan, 2003; 

Vuilleumier & Schwartz, 2001). Cette priorisation a été attribuée aux connexions entre les 

structures des voies extragéniculées et l’amygdale et le noyau accumbens, et il est possible de 

supposer que ces structures jouent le rôle de circuit breaker dans les phénomènes attentionnels 

précoces, en présence de stimulation nécessitant une réaction d’urgence. Il faut cependant noter 

que la spécificité des effets attentionnels associés à des mouvements urgents n’est pas toujours 

reproductible (Mizzi & Michael, in preparation, chap. 2, exp. 3) et n’apparaît pas dans certaines 

conditions expérimentales. Par exemple, l’attention s’est montrée plus affectée par la saillance 

d’items en mouvement dans le quadrant visuel inférieur gauche, ce qui va dans le sens d’une 

spécialisation des voies occipito-pariétales droites dans le traitement attentionnel sur la base du 

mouvement. Par ailleurs, cet effet ne s’est pas révélé varier en fonction des différents types de 

mouvement, urgents ou non.   

Un autre point important vis-à-vis du mode de fonctionnement des voies extragéniculées 

concerne le timing du transfert d’information et de traitement. Les travaux de Chambers et 

collaborateurs (Chambers et al., 2004; Chambers, Stokes, Janko, & Mattingley, 2006) ont révélé 

que le lobe pariétal inférieur était impliqué à plusieurs moments dans les processus de 

réorientation de l’attention. En utilisant la TMS, les chercheurs ont montré une pénalisation des 

performances lorsque la stimulation se produisait lors d’une première fenêtre, entre 90 et 120 

ms, puis lors d’une seconde fenêtre, entre 210 et 240 ms. La première période a été associée 

avec le transfert rapide de l’information extragéniculée au cortex pariétal, ce qui correspond 

bien à ce qui est observé en comportemental. De nombreuses études ont contribué à démontrer 

que les effets attentionnels liés à la présentation d’un élément saillant se produisaient autour de 

100 à 150 ms de temps de présentation, puis décroissaient par la suite (Kean & Lambert, 2003; 

Kim & Cave, 1999; Theeuwes, 1995b). Les travaux présentés ici confirment cette idée puisque 

l’étude du décours temporel de la hiérarchie de la saillance a montré une mise en place 

progressive du déploiement de l’attention, jusqu’à l’émergence du pattern complet avec 100 ms 

de présentation (Couffe et al., 2016, chap. 1, exp. 1). Egalement, l’étude des effets 

électroencéphalographiques de la saillance a révélé une sollicitation précoce des aires 

pariétales, ce qui correspond bien aux résultats de Chambers et collègues (2004) et renforce 

l’idée que le cortex pariétal serait impliqué très tôt dans l’orientation de l’attention spatiale 

(Andersen, 1987; Bushnell, Goldberg, & Robinson, 1981; Gaymard et al., 2003; Robinson et 

al., 1995), très probablement du fait du transfert rapide de l’information par les voies 

extragéniculées. La seconde période décrite par Chambers et collègues a été attribuée à deux 
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raisons possibles : l’arrivé de l’information visuelle véhiculée par la voie géniculée puis 

transférée via la voie dorsale occipito-pariétale qui permettrait la mise en place d’autres 

processus nécessaires à l’orientation de l’attention, ou une période de traitement pariétal 

nécessaire à la réception et à la transmission du signal attentionnel à d’autres régions cérébrales. 

Il est intéressant de noter que l’asynchronie décrite par Chambers et collègues s’est vérifiée 

dans effets de la saillance sur les signaux EEG (Mizzi et al., submitted: chap. 3). L’activité des 

aires pariétales s’est montrée modulée plus tôt par la hiérarchie de la saillance que l’activité 

occipitale, en fonction d’un timing d’activations très similaire malgré la différence 

méthodologique.  

2. Les structures corticales 

Retour sur les modèles 

 Quelles sont les structures corticales impliquées dans la capture et la progression de 

l’attention sur la base de la saillance ? Comme décrit plus tôt dans ce document, le modèle de 

Corbetta et Shulman (2002) met l’emphase sur un réseau ventral qui sous-tendrait l’orientation 

de l’attention. Au sein de ce réseau, les auteurs évoquent l’activation commune du sillon ventral 

intrapariétal et des champs oculogyres frontaux (COF) en IMRf dans des tâches d’attention 

sélective, et ce principalement dans l’hémisphère droit (Corbetta et al., 2000; Corbetta, 

Kincade, & Shulman, 2002; Hopfinger, Buonocore, & Mangun, 2000; Kastner, Pinsk, De 

Weerd, Desimone, & Ungerleider, 1999). Egalement, les tâches d’orientation exogène de 

l’attention ont permis l’observation de l’activité de la jonction temporo-pariétale ainsi que du 

gyrus frontal inférieur (Arrington, Carr, Mayer, & Rao, 2000; Corbetta et al., 2000, 2002; 

Serences, Schwarzbach, Courtney, Golay, & Yantis, 2004). L’interaction des deux régions 

semble donc d’une importance centrale dans ce modèle, la jonction temporo-pariétale (qui 

inclue les aires pariétales inférieures) et le cortex frontal ventral (qui contient les COF). De 

façon intéressante, les auteurs pointent que la latéralisation à droite de ce réseau subviendrait 

du fait de la concentration plus forte de noradrénaline dans le thalamus droit (Oke, Keller, 

Mefford, & Adams, 1978). Ils soulignent que la libération de ce neurotransmetteur est 

augmentée lors de la survenue d’éléments inattendus chez le rat (Dalley et al., 2001), et que ce 

système thalamo-cortical droit serait activé lors de tâches de vigilance chez l’humain (Pardo, 

Fox, & Raichle, 1991).  

 Cette conception est également étayée dans le modèle de Shipp (2004) qui propose une 

revue détaillée des modèles cognitifs de l’attention. En comparant ces modèles avec les résultats 

de nombreux travaux chez le singe, l’auteur propose un modèle intégratif qui, pour ce qui est 
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des aspects endogènes, se rapproche de celui de Koch et Ullman (Itti & Koch, 2001; Koch & 

Ullman, 1985). Au sein de ce modèle, les interactions corticales entre les COF et les aires intra-

pariétales latérales seraient responsables du contrôle de l’attention spatiale. Les structures sous-

corticales (le CS et le PUL ventral), grâce à leurs échanges avec les voies visuelles, joueraient 

le rôle d’intégration des dimensions élémentaires et de relai pour les traitements corticaux.  

De façon plutôt homogène, ces modèles du substrat cortical de l’attention font référence 

aux interactions entre les aires pariétales et les aires oculomotrices frontales, et soulignent 

l’importance des interactions avec les structures sous-corticales. D’autres modèles insistent plus 

particulièrement sur le rôle du cortex pariétal dans les phénomènes attentionnels. Par exemple 

les travaux de Robinson et collègues (1995) ont permis de montrer, grâce à la mesure directe 

des neurones du sillon latéral intrapariétal chez le singe, que les tâches d’orientation 

automatique provoquaient une activité liée à la localisation de la cible et cette activité était 

indépendante de l’activité oculomotrice. Ces travaux font également écho aux premières études 

qui pointaient le rôle prédominant du cortex pariétal dans l’orientation de l’attention et sa 

spécialisation dans le traitement de la saillance (p.ex., Andersen, 1987; Bushnell, Goldberg, & 

Robinson, 1981; Ward, Danziger, Owen, & Rafal, 2002). L’adaptation du MSLVST avec des 

mesures électrophysiologiques présentée ici a démontré l’aspect précoce de l’implication 

corticale dans le phénomène d’orientation automatique de l’attention. En présence de différents 

niveaux de saillance dans le champ visuel, l’activité du cortex pariétal liée à la cible variait en 

fonction de son niveau de saillance. Cette modulation de l’attention s’est observée de façon très 

précoce, ce qui laissait envisager le reflet d’un traitement préattentif, en lien avec les 

propositions de Shipp (2004). D’une part, cette observation est congruente avec les modèles 

cités qui supposent un rôle central des aires pariétales inférieures et latérales dans l’attention 

spatiale automatique. D’autre part, l’observation d’un pattern hiérarchique témoin de 

l’organisation de la saillance n’a jamais été rapporté dans la littérature, ce qui apporte un 

argument nouveau vis-à-vis de l’implication des aires pariétales dans un réseau précoce 

responsable de la réception et du traitement de l’information de saillance visuelle. Egalement, 

cela nous permet de revenir sur le postulat de la hiérarchie des niveaux de traitements rapportée 

par Fecteau et Munoz (2006) pour expliquer la séquentialité de leurs mesures de l’activité du 

CS. L’observation d’un effet pariétal, puis occipital, de l’attention visuelle remet en question la 

vision ascendante du traitement qui devrait solliciter en premier lieux les aires visuelles 

primaires. Cette hiérarchie, en tout cas en ce qui concerne l’orientation automatique de 

l’attention, n’est pas confirmée par nos résultats qui mettent en évidence un traitement des aires 
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pariétales indépendant ou initial à celui des voies visuelles géniculées. Ceci est en accord avec 

la conception d’un acheminement plus rapide des voies extragéniculées vers les aires pariétales 

(Chambers et al., 2004; Lyon et al., 2010), et avec la capacité de ce système à traiter 

l’information visuelle de façon spatiale, indépendamment de la considération des 

caractéristiques visuelles (Shipp, 2004), probablement grâce à l’implication des structures sous-

corticales de ce système (Mizzi & Michael, 2014: chap. 2, art. 2; Mizzi & Michael, in 

preparation: chap. 2, art. 3; Shipp, 2003). 

L’implication plus tardive des aires occipitales n’exclut pas l’importance de leur 

traitement dans les effets attentionnels. La capacité à traiter l’information de façon 

rétinotopique et les connexions colliculaires de V1 ont poussé certains chercheurs comme Li 

(2002) à proposer que les aires visuelles primaires constituent le substrat neural de la carte de 

saillance. Cette idée a été rejetée par Fecteau et Munoz (2006) qui ont insisté sur le fait que le 

potentiel substrat d’une telle fonction doit être capable de traiter l’information de façon spatiale 

et qu’une lésion provoque des troubles attentionnels. D’autre part, Shipp (2004), dans son 

modèle, a préféré attribuer aux aires visuelles le rôle de cartes des dimensions élémentaires. 

Quel serait donc le rôle des aires striées et extrastriées dans l’orientation de l’attention sur la 

base de la saillance ? Chambers et collègues (Chambers et al., 2004) ont proposé que 

l’information de la voie géniculée soit transmise plus tardivement aux aires pariétales, et qu’elle 

soit également nécessaire à l’orientation de l’attention ou à la réponse comportementale 

associée. Egalement, Cowey (2010a, 2010b) a rassemblé plusieurs arguments 

neurophysiologiques qui insistent sur le rôle de la voie géniculée dans les capacités préservées 

des patients atteints de blindsight. Enfin, les études en TEP de Corbetta et collègues (1991) ont 

révélé une modulation de l’activité extrastriée en fonction des dimensions visuelles et des 

localisations spatiales sur laquelle l’attention devait se porter. Tous ces éléments semblent 

indiquer que l’activité occipitale est importante dans l’orientation de l’attention sur la base de 

la saillance, et des éléments d’explications peuvent se trouver dans la théorie des pointeurs 

attentionnels. Cette théorie, développée par Michael et Desmedt (2004), s’est basée sur 

l’implication possible du PUL dans un réseau responsable de traiter les éléments avoisinants la 

cible et de collecter l’information des éléments présents de façon parafovéale. Cette fonction 

serait sous-tendue par des pointeurs (comparables au faisceau attentionnel) assez larges et 

grossiers qui fonctionneraient en parallèle des pointeurs supportés par V1, qui seraient plus fin 

et précis (Intriligator & Cavanagh, 2001). Leur rôle serait d’englober les localisations à 

sélectionner afin de prendre en compte le voisinage de chaque localisation dans l’établissement 
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de la carte de saillance. Cette conception expliquait la disparition de l’interférence de 

distracteurs périphériques chez les patients atteints de lésion du PUL (Michael & Desmedt, 

2004), puisque l’activité générée en carte de saillance par les éléments du contour de la cible 

ne serait plus mise en place en l’absence du réseau pulvinique chez ces patients. Le traitement 

de la cible, en revanche, restait possible du fait de la préservation des pointeurs de V1. Cette 

théorie, reprise dans les présents travaux pour expliquer l’effet de la multiplicité des stimuli en 

présence ou non du traitement colliculaire (Mizzi & Michael, 2014, chap. 2, exp. 2) permet 

d’entrevoir les interactions nécessaires entre les traitements pariétaux (cible des voies 

extragéniculées impliquant le PUL) et occipitaux pour la mise en place de la carte de saillance, 

et nos observations électrophysiologiques semblent confirmer l’aspect tardif mais nécessaire 

des traitements striés dans l’établissement de la hiérarchie de la saillance (Mizzi et al., in 

preparation, chap. 3).  

La question de la latéralisation  

D’autre part, les informations rassemblées par les présents travaux permettent de revenir 

sur la notion de latéralisation du système attentionnel. Cette notion est bien représentée dans 

les modèles du substrat neural de l’attention (Corbetta & Shulman, 2002; Mesulam, 1981, 1999; 

Posner & Petersen, 1990). Par exemple, le modèle de Corbetta et Shulman (2002) compile un 

certain nombre d’études en IRMf et les compare aux aires dont la lésion a donné lieu au trouble 

de négligence spatiale unilatérale, syndrome attentionnel généralement observé après des 

lésions de l’hémisphère droit. Selon les auteurs, le réseau fronto-pariétal contenant la jonction 

temporo-pariétale et le cortex frontal ventral, responsable de l’orientation automatique de 

l’attention, serait latéralisé dans l’hémisphère droit. Les auteurs évoquent que la raison à cette 

latéralisation se trouverait dans un influx noradrénergique provenant plus fortement du 

thalamus droit que du thalamus gauche (Aston-Jones, Foote, & Bloom, 1984; Oke et al., 1978).  

En accord avec ces études qui montrent une forte latéralisation droite du système 

attentionnel, les travaux menés à l'aide du paradigme MSLVST permettent de valider ce point 

de vue et d’y apporter de nouvelles informations. En effet, la première mise en place de ce 

paradigme (Michael & Gálvez-García, 2011) a rapporté que les proportions de bonnes réponses 

montraient des asymétries temporo-nasales plus prononcées dans l’hémisphère droit. Ce 

résultat a été interprété comme l’impact plus prononcé du traitement des voies extragéniculées 

droites dans la progression de l’attention sur la base de la saillance. Dans les travaux présentés 

ici, la hiérarchie de la saillance établie sur la dimension du mouvement a révélé une forte 

dominance du champ visuel inférieur gauche ; le pattern hiérarchique qui témoignait de la 
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progression de l’attention depuis l’élément dont le mouvement était le plus rapide vers celui le 

moins rapide était plus prononcé dans ce champ visuel, et cet effet ne variait pas en fonction du 

type de mouvement (Mizzi & Michael, submitted, chap. 1, exp. 2). Nous avons considéré, d’une 

part, la mise en évidence d’une voie extragéniculée disynaptique véhiculant l’information de 

mouvement aux aires extrastriées par l’intermédiaire du CS (Lyon et al., 2010), ainsi que, 

d’autre part, les arguments de Christman et Niebauer (1997) qui recensaient des indications 

pour un traitement attentionnel préférentiel des éléments en mouvement dans le champ visuel 

inférieur et dans le champ visuel gauche. Cette spécialisation du champ visuel inférieur gauche 

dans la progression de l’attention sur la base de la saillance a été interprétée en tant que le reflet 

d’une spécialisation de la voie pariéto-occipitale droite dans ce phénomène. Ceci semble 

apporter des arguments en faveur de la suspicion de Corbetta & Shulman (2002) d’une origine 

sous-corticale de la latéralisation du système attentionnel, du fait du support du phénomène 

d’orientation de l’attention sur la base de la saillance par les voies sous-corticales 

extragéniculées (Michael & Gálvez-García, 2011; Mizzi & Michael, 2014, chap. 2, exp. 2). 

III. Questions en suspens et développements  

1. Le décours te porel, uels axes d’i vestigatio  ? 

D’un point de vue comportemental, la mise en place des effets attentionnels 

automatiques nécessiterait autour de 100 à 150 ms (Kim & Cave, 1999; Theeuwes, 1994, 

1995a). Il a été montré que l’attention commence son déploiement avant cette période (Couffe 

et al., 2016: chap. 1, art. 1; Kean & Lambert, 2003) et que le pattern de progression sur la base 

de la saillance est complet avec 100 ms de temps de présentation (Couffe et al., 2016: chap.1, 

art. 1). 

Une limite de la mesure de la temporalité des processus par le biais comportemental 

réside dans le fait qu’un certain temps de présentation ne reflète pas forcément le temps 

nécessaire au processus pour se mettre en place. En l’absence d’utilisation de masquage, il n’est 

pas exclu que l’information visuelle continue à transiter après la disparition de sa source. Si cet 

aspect ne constitue pas une limite pour l’investigation du décours temporel des phénomènes 

dans laquelle c’est l’évolution des performances en fonction de l’allongement du temps de 

présentation qui est étudiée, il représente une limite lorsqu’il s’agit de comparer les résultats 

avec ceux issus d’autres paradigmes. En effet, les mesures du même phénomène de progression 

par le biais de l’électroencéphalographie ont révélé une modulation de l’activité liée à la 

saillance environ 50 à 100 ms plus tard dans le décours temporel estimé sur la base des résultats 
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comportementaux. Deux explications possibles peuvent rendre compte de ce délai. Une 

première hypothèse méthodologique discutée dans les travaux présentés ici consiste dans le fait 

que la mesure de l’effet de la saillance au travers des latéralisations évoquées implique un 

certain nombre de filtrages. Cette approche consiste à sélectionner uniquement l’activité propre 

à la cible, tout en éliminant du signal tout effet relatif à la différence physique des éléments. De 

ce fait, l’effet de la saillance n’était pas mesuré directement, les pentes de progression observées 

témoignaient d’un effet indirect de la saillance qui module l’activité lors de la sélection de la 

cible (un after-effect de l’orientation de l’attention), et ceci pourrait être responsable du délai 

entre les approches. Une autre explication, rarement discutée par les études qui se sont 

intéressées au décours temporel des effets attentionnels, consiste en l’idée que les processus 

sont certes dépendants du temps de présentation initial (plus les stimuli sont présents, meilleur 

est le traitement), mais ce temps ne détermine pas la profondeur de traitement (l’information 

peut être traitée même après la disparition de la stimulation). Cette idée rend difficile toute 

comparaison des effets précoces observés dans les paradigmes comportementaux avec ceux des 

mesures physiologiques qui se basent sur la rapidité neurale de transfert de l’information. Les 

études à venir devraient donc s’intéresser à la mesure directe de la modulation 

électrophysiologique liée à la saillance et à la progression de l’attention. Cependant, aucune 

solution n’existe aujourd’hui pour se défaire des limites propres à l’impact des différences 

physiques entre les stimuli, condition nécessaire à l’émergence de la saillance.  

2. Les dimensions visuelles, différends poids ? 

Les définitions initiales de Treisman (Treisman & Gelade, 1980) ont proposé que 

chaque caractéristique d’un objet visuel soit définissable en tant que dimension (p.ex., couleur, 

taille, forme, etc.) et que chacune de ces dimensions soit fractionnable en différents traits (p.ex., 

différentes couleurs, la taille en cm, différentes formes, etc.). Les seules dimensions visuelles 

qui permettent de manipuler les niveaux de saillance d’un dispositif avec de multiples éléments 

sont les dimensions protéthiques définies par Yantis et Egeth (1999) qui correspondent aux 

dimensions dont les traits sont hiérarchisables. Celles-ci s’opposent aux dimensions 

métathétiques dans lesquelles les traits ne sont pas organisables du plus petit au plus grand, 

comme la couleur. Les auteurs ont proposé, pour expliquer la littérature contradictoire vis-à-vis 

des effets propres à chaque dimension visuelle, que les dimensions prothétiques seraient les 

plus à même de déclencher des effets attentionnels du fait de l’information de supériorité 

surajoutée à l’information de différence. Cependant, cette conception des dimensions semble 

incomplète puisqu’elle ne permet pas de prendre en compte les distinctions faites dans les 
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présents travaux sur la base du mouvement. Si chaque type de mouvement est un trait de la 

dimension mouvement, comment prendre en compte les variations de vitesse possibles au sein 

de chaque type de mouvement ? En ce sens, chaque type de mouvement peut constituer un trait 

à part entière, ce qui est cohérent avec l’observation d’effets attentionnels différents en fonction 

de cette caractéristique (Mizzi & Michael, submitted, chap. 1, art. 2), ce qui fait écho aux 

travaux qui démontrent une inégalité des dimensions vis-à-vis des effets attentionnels 

(Theeuwes, 1992; Yantis & Egeth, 1999). Comme il a été discuté plus haut, l’inégalité des 

dimensions dans les phénomènes de capture et de progression de l’attention peut s’expliquer 

par différentes hypothèses, qui réclament des investigations.  

D’une part, l’inégalité des dimensions dans la progression de l’attention sur la base de 

la saillance a été mise en évidence dans nos travaux par la différence entre les effets exercés 

par deux types de mouvement (Mizzi & Michael, submitted: chap. 1, art. 2). La manipulation 

d’un mouvement latéral permettait l’établissement d’un pattern hiérarchique dans les 

performances, alors qu’un mouvement radial, mimant une approche vers l’observateur, ne 

permettait pas de telles performances. L’hypothèse de l’urgence comportementale développée 

par Franconeri et Simons (2003) a été évoquée, avec l’idée que les signaux nécessitant une 

réaction urgente, comme la réaction à un élément en approche rapide, gagne automatiquement 

la priorité attentionnelle. Cette hypothèse correspond bien aux propositions des travaux de 

l’attention émotionnelle qui ont démontré que certains stimuli comme des visages (Vuilleumier 

et al., 2003), mais aussi des mouvements évoquant des animaux dangereux (Öhman & Mineka, 

2003; Vuilleumier & Schwartz, 2001), permettaient des effets attentionnels et physiologiques 

automatiques, et ce même en l’absence de perception consciente (Tamietto et al., 2009; pour 

une revue, voir Tamietto & de Gelder, 2010). Cependant, l’ensemble de ces études s’est 

concentré sur le phénomène de capture, et la question de savoir si cette spécialisation du 

système attentionnel s’applique également à celui de la progression reste à confirmer par de 

futures investigations. 

D’autre part, la conception de processus distincts sous-tendant capture et progression 

pourrait apporter des éléments de réponse à la question de l’inégalité des dimensions au travers 

de la littérature. La capture serait plus susceptible d’être influencée par les différentes 

dimensions (Hillstrom & Yantis, 1994; Kim & Cave, 1999; Theeuwes, 1992; Yantis & Egeth, 

1999), alors que la progression, qui nécessite le traitement amodal du système attentionnel pour 

se faire sur la base de la saillance (Koch & Ullman, 1985), ne le serait pas, à l’exception possible 

des stimuli urgents. Cependant, les signes d’une telle distinction ont été obtenus de façon 
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indirecte, par l’investigation du rôle de la voie colliculaire dans les phénomènes attentionnels 

(Mizzi & Michael, 2014: chap. 2, art. 1; Sumner et al., 2002). Une investigation future dédiée 

à cette problématique est donc nécessaire.  

3. L’isolatio  des cô es S : u e approche co flictuelle 

Une limite majeure à l’utilisation de la technique d’isolation des cônes S de la rétine 

consiste en l’absence d’une revue des techniques qui soit compréhensive et complète. 

L’émergence récente de l’attrait scientifique de cette approche est à la source d’une grande 

disparité dans la méthodologie des études. Certains travaux ont utilisé des filtres gabor constitué 

des couleurs excitatrices et inhibitrices des cônes S (Leh, Mullen, & Ptito, 2006; Leh, Ptito, 

Schönwiesner, Chakravarty, & Mullen, 2009), alors que d’autres ont établi la transition précise 

qui ne sollicite pas ces cellules pour chaque sujet (Bompas, Sterling, Rafal, & Sumner, 2008; 

Bompas & Sumner, 2009; Mizzi & Michael, 2014: chap. 2, art. 2; Mizzi & Michael, in 

preparation: chap. 2, art. 3; Sumner et al., 2002). Egalement, du fait de la sensibilité réduite du 

système visuel pour les stimuli cônes S (Wyszecki & Stiles, 1982), certaines études ont 

arbitrairement augmenté la taille de ces stimuli (Sumner, Nachev, Vora, Husain, & Kennard, 

2004) alors que d’autres les ont gardé identiques (Mizzi & Michael, 2014). Si ce manque 

d’homogénéité de la littérature pousse au besoin de la mise en place d’une revue des techniques, 

une autre limite majeure nécessite également de plus amples investigations. Depuis la mise en 

évidence de l’absence de connexion directe entre les cellules ganglionnaires qui rassemblent 

l’information des cônes S et le CS (Marrocco & Li, 1977; Monasterio, 1978; Schiller & Malpeli, 

1977), un ensemble d’études s’est intéressé aux effets attentionnels avec ce type de stimulation 

en faisant le postulat que cette condition reflétait le fonctionnement attentionnel sans le 

traitement de la voie colliculaire. Cependant, les travaux récents de Hall et Colby (2014) ont 

mis en évidence une réponse des neurones du CS de singes à une stimulation de type cônes-S. 

Selon les auteurs, cette découverte invalide les résultats de toute étude faite sur la base de cette 

technique. Cependant, les auteurs n’excluent pas la possibilité que cette activation soit le reflet 

des modulations descendantes des aires corticales, elles-mêmes sensibles aux stimuli cônes-S 

par le biais de la voie géniculostriée. Un axe d’investigation de cette hypothèse, centrale pour 

la littérature utilisant cette technique, peut consister en une adaptation du paradigme MSLVST 

qui combinerait la technique d’isolation des cônes S avec la mesure électroencéphalographique. 

Les résultats obtenus dans les présents travaux ont mis en évidence une modulation de l’activité 

pariétale en fonction de la saillance des éléments visuels, suivie par une modulation occipitale, 

plus tard dans le décours temporel (Mizzi et al., submitted: chap. 3). Cette asynchronie 
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correspond bien aux travaux de Chambers et collègues (2004) qui ont formulé l’hypothèse que 

la voie extragéniculée transmette l’information plus rapidement aux aires pariétales et 

extrastriées que la voie géniculée. Il est possible d’exploiter cette asynchronie en observant le 

pattern d’activation en l’absence ou non de la sollicitation de la voie colliculaire par le biais de 

la technique cônes-S dans le paradigme MSLVST. Ainsi, l’hypothèse de Hall et Colby (2014) 

d’une activation du CS par les stimuli cônes-S se vérifierait au travers d’une absence de 

distinction entre les effets relatifs aux conditions de couleur : l’asynchronie observée dans la 

condition contrôle avec des stimuli noirs, qui sollicitent l’ensemble des voies visuelles, devrait 

également s’observer dans la condition cônes-S. En revanche, l’hypothèse de l’activation du 

CS par une rétro-activation des aires corticales en condition cônes-S se vérifierait par une 

annulation ou une inversion de l’asynchronie. Au lieu d’activer en premier lieu les aires 

pariétales, les voies géniculées ne bénéficieraient de l’information des éléments cônes-S 

qu’après le transfert des voies géniculostriées et de la voie dorsale vers les aires pariétales, ce 

qui aurait pour effet d’activer les structures pariétales après l’activation occipitale. 

4. Auto aticité des effets d’orie tatio  de l’atte tio  

Les travaux présentés ici ont pu mettre en évidence que les effets d’orientation et de 

progression de l’attention sur la base de la saillance semblent être de nature inconsciente (Mizzi 

& Michael, in preparation: chap. 2, art. 3). En effet, lorsque nous avons présenté des éléments 

de couleurs cônes-S animés de mouvements, les participants rapportaient ne pas percevoir de 

mouvement, alors que les performances montraient un effet hiérarchique de la vélocité des 

éléments. Cet effet a été attribué à la capacité du CS à traiter l’énergie du mouvement (Adelson 

& Bergen, 1985; Azzopardi & Hock, 2011) malgré son absence de sensibilité aux 

caractéristiques physiques à la source du mouvement. Un point important à souligner est que, 

d’une part, les réponses comportementales aux stimuli supprimés sont parfois interprétées 

comme le signe du transfert extragéniculé de l’information (Mulckhuyse & Theeuwes, 2010; 

Spering & Carrasco, 2015; Tamietto & de Gelder, 2010), d’autre part, la technique d’isolation 

des stimuli cônes-S est également considérée comme pertinente pour l’investigation des voies 

extragéniculées (Leh et al., 2006; Mizzi & Michael, 2014: chap. 2, art. 2; Sumner et al., 2002), 

mais la réponse aux stimuli qui activent exclusivement les cônes S n’a jamais été considérée 

comme une stimulation supprimée. En fait, ces stimuli sont transmis uniquement par le biais de 

la voie géniculée, pointée comme responsable du transfert visuel pour la perception fine et 

consciente de l’information visuelle, il est donc contre-intuitif d’observer de tels effets avec ce 

type de stimulation. Ici, les effets comportementaux du mouvement en l’absence de perception 
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consciente seraient surtout dus à la spécialisation des voies extragéniculées dans le traitement 

du mouvement (Azzopardi & Cowey, 2001; Azzopardi, Fallah, Gross, & Rodman, 2003; 

Azzopardi & Hock, 2011), à l’existence d’une voie di-synaptique qui relie la rétine aux aires 

extrastriées pour l’analyse du mouvement (Lyon et al., 2010). Cependant, l’utilisation de 

techniques élaborées dans le but précis de mettre en évidence des réponses à des stimuli 

supprimés semble nécessaire pour la réplication et la validation des hypothèses avancées par 

cette étude : la sensibilité du CS à l’énergie du mouvement (Azzopardi & Hock, 2011), la mise 

en place de la hiérarchie de la saillance sur cette perception de l’énergie du mouvement, et enfin 

la progression de l’attention sur la base de la saillance en l’absence de perception consciente. 

Pour proposer des axes de validation de ces hypothèses, on peut imaginer une adaptation du 

MSLVST dans laquelle les éléments du dispositif de recherche seraient présentés de façon à ce 

que leur perception consciente soit impossible, comme la rivalité binoculaire (Blake, 2001; 

Carmel, Arcaro, Kastner, & Hasson, 2010). Un tel dispositif pourrait permettre de vérifier 

l’hypothèse que les réponses aux éléments supprimés se font sur la base d’un traitement 

extragéniculé, par exemple par l’observation d’asymétries temporo-nasales dans les 

phénomènes d’orientation de l’attention (Michael & Gálvez-García, 2011; pour une revue voir 

Mizzi & Michael, in press: chap. 3) et le rapport de performances suivant un pattern 

hiérarchique pourrait confirmer l’aspect inconscient des phénomènes de capture et de 

progression sur la base de la saillance.  

IV. Conclusion 

Ce travail de thèse a exploré deux aspects de la progression de l’attention sur la base de 

la saillance. Un premier objectif consistait en l’investigation des mécanismes cognitifs 

impliqués dans cette progression et cet aspect a été exploré par la mise en place d’études en 

Psychologie expérimentale. L’étude du décours temporel de la hiérarchie de la saillance nous a 

permis d’apporter un nouvel éclairage sur les différents mécanismes qui permettent le 

déploiement du faisceau attentionnel au travers du champ visuel. En effet, nous avons pu revenir 

sur la notion de progression séquentielle d’un faisceau à taille fixe en montrant qu’il s’étend 

pour englober plusieurs éléments. Egalement, la manipulation de différentes dimensions 

visuelles nous ont permis de revenir sur la question des poids spécifiques aux dimensions 

visuelles en montrant que l’attention progresse en fonction de la saillance de la même manière 

selon les dimensions, à l’exception des signaux nécessitant une réponse urgente. D’autre part, 

nous avons pu apporter des arguments vis-à-vis de la distinction des phénomènes de capture et 
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de progression de l’attention en montrant que le dernier pouvait être affecté par l’absence de 

sollicitation des voies extragéniculées, à la différence du premier.  

Un second objectif consistait en l’investigation du rôle du substrat neural de la 

progression automatique de l’attention. Cet aspect a été exploré au travers d’expérimentations 

en Psychophysique et en Electrophysiologie. Grâce à l’isolation des voies visuelles, nous avons 

pu apporter des nouveaux arguments comportementaux en faveur de l’implication des voies 

extragéniculées dans la progression de l’attention sur la base de la saillance. Egalement, cette 

approche nous a permis de révéler que ces phénomènes se mettent en place de façon non 

consciente, ce qui nous a permis de revenir sur le rôle potentiel des voies extragéniculées dans 

le syndrome de blindsight. Enfin, l’approche Electrophysiologique nous a permis d’apporter de 

nouveaux arguments en faveur de l’implication précoce des structures pariétales dans le 

traitement de la hiérarchie de la saillance, et nous a permis d’apporter un nouvel éclairage sur 

le décours des modulations corticales liées à la progression de l’attention sur la base de la 

saillance. 
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