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Je dédie cette thése a tous ceux dont j’ai endossé le costume?. Je me reconnais en chacun d’eux.
Ce sont eux qui m’ont fagonné tel que je suis. Grands-parents et parents de mon exceptionnelle?
enfance, fréres et sceur dans la folie, amis dans les joies et les peines, amant dans la plus grande
intimité, professeurs experts et novices étudiants sur les bancs de la connaissance, collegues
dans le travail d’équipe et la rivalité, fous et sages dans la confrontation a la réalité. Tous ces
individus ont contribué de pres ou de loin @ mon parcours, par leur soutien inconditionnel
comme conditionnel, ou a I’inverse en créant des difficultés, qui lorsque surmontées, ont forgé

mon caractere.
Je suis la somme pondérée de tous ces individus et ceux a venir.

Dédicace inspirée du livre® « Le banquet des affamés » de Didier DAENINCKX

1 Entendre, par le « costume », I’ego. La/les représentation(s) que tous ces individus se sont faite(s) de moi.

2 Le terme « exceptionnel » est un terme démocratique utilisé pour éviter les étiquettes, il peut signifier tout et son
contraire (Charlie Gordon dans « Des fleurs pour Algernon »).

3 Détail personnel : Lecteur passionné, je n’ai jamais dépassé la 10°™ page de ce livre, méme aprés 3 tentatives.
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HIGHLIGHTS

Perception and action are closely interconnected at the cerebral and representational

levels

Manipulable object perception is assumed to evoke motor information (i.e.,
affordances) as a function of the relation between the observer, the object and the

surrounding environment

Co-evocation of affordances causes competition and is detrimental for manipulable

object perception

Among paradigms designed to investigate affordance evocation, the action priming
paradigm raises fewer theoretical and/or methodological issues and provide reliable

results

Affordance sensitivity varies across age periods, reducing behavioral consequences,
of affordance evocation and affordance competition, on perceptual processing of

manipulable objects

Verbal contexts modulate affordance evocation and reduce neural consequences of

affordance competition during perceptual processing of manipulable objects.

Inter-individual and intra-individual factors modulate the mechanisms at play during
affordance competition, but it remains to clarify how and when these factors get

involved

Neuro-computational modeling might be one solution to explore these questions
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RESUME

La perception et I’action sont deux processus dynamiques et interconnectés. Ils partagent de
nombreux corrélats cérébraux et font partie intégrante des représentations cognitives. Dans ce
projet de these, nous nous sommes concentres sur les conceptions représentationnelles des liens
perception-action pour les objets manipulables. Les conceptions les plus récentes s’accordent
pour dire que la perception d’objets manipulables induit une réactivation de leurs informations
motrices, ce qui est habituellement appelé « affordances ». Bien qu’un nombre important de
preuves expérimentales suggérent que 1’évocation d’affordances lors de la perception d’objets
soit automatique, plusieurs arguments expérimentaux montrent une variabilité inter-
individuelle et intra-individuelle notable. L’expérience motrice individuelle et le contexte, tout
particulierement, module I’activation des affordances d’objet. Enfin, 1’évocation d’affordances
peut parfois étre préjudiciable. Quand un unique objet évoque plusieurs affordances distinctes
(objet « conflictuel »), ces affordances entrent en compétition. Cette compétition induit un codt
de traitement, ralentissant les jugements perceptifs et supprimant la résonance motrice neurale
(désynchronisation du rythme Mu). L’objectif de la thése est d’évaluer comment le coit de la
compeétition peut étre affecté par des facteurs individuels et contextuels. Dans une premiere
série d’expériences, nous avons cherché a préciser les propriétés motrices d’objets évaluées
avec les paradigmes classiquement utilisés pour mettre en lumicre les effets d’affordance. Les
résultats suggerent qu’il est possible d’évaluer 1’activation d’affordances fonctionnelles
d’objets manipulables a 1’aide d’un paradigme d’amorgage par I’action, en s’affranchissant de
I’influence de la compatibilité spatiale dans I’évaluation des effets d’affordance. Dans une
seconde étude, nous avons réalisé une vaste expérimentation sur le développement du codt de
la compétition entre affordances aupres de participants agés de 8 ans a I’age adulte. Les résultats
démontrent que le développement du colt de la compétition entre affordances et celui de
I’évocation d’affordances lors de la catégorisation d’objets suivent des trajectoires non linéaires
semblables. Dans une troisiéme étude, nous avons évalué I’influence du contexte visuel sur le
colut de la compétition entre affordances a 1’aide de 1’électroencéphalographie. Les objets
conflictuels étaient amorcés par des verbes écrits. Nous avons observé une réduction de la
désynchronisation du rythme Mu quand les objets atteignables étaient précédés par un contexte
verbal évoquant une action congruente avec 1’utilisation fonctionnelle de 1’objet. Cela suggere
que le contexte verbal a biaisé le traitement de 1’objet vers une affordance spécifique, réduisant
le cotit de la compétition. Dans I’ensemble, les données rapportées ici sont en accord avec les
propositions récentes concernant le réle du contexte et des caractéristiques individuelles dans
I’activation des affordances d’objets. Ces résultats aideront a affiner et étendre les modeles

neurobiologiques de la sélection d’action.
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ABSTRACT

Perception and action are dynamically interconnected. They share several brain correlates and
are constitutive parts of cognitive representations. In the present thesis, we emphasized on
representational views that focus on perception-action interplay during manipulable object
perception. Recent views agree on the idea that perceiving manipulable objects induces a
revocation of their motor information, what is usually referred as “affordances”. Even though
important experimental evidence suggests automatic evocation of affordances when perceiving
manipulable objects, empirical arguments indicate noticeable inter-individual and intra-
individual variabilities. Individual action abilities and context, in particular, modulate the
activation of object affordances. Finally, affordance evocation may be sometimes detrimental
for manipulable object perception. When distinct affordances are co-activated from a single
visual object (“conflictual” objects), they compete between each other. This competition has a
cost on manipulable object processing, slowing down perceptual judgements and suppressing
neural motor resonance (Mu rhythm desynchronization). The objective of the thesis was to
investigate how the cost of the competition between affordances may be affected by individual
and contextual factors. In a first series of experiments, we aimed at specifying the object
properties that are evaluated with classical paradigms assessing object-based affordances.
Findings suggest that the activation of object functional affordances during visual processing
of manufactured manipulable objects may be evaluated through action priming effects,
bypassing the issue of the spatial compatibility confound in the evaluation of affordance effects.
In a second study, a large investigation of the development of the affordance competition cost
was conducted on participants from 8-year-olds to young adults. Findings demonstrate that the
development of affordance competition cost follows a non-linear trajectory and parallels age-
related changes in affordance evocation. In a third study, the influence of visual context on the
competition cost between affordances during object perception was evaluated using
electrophysiological measures. Conflictual objects were primed by written verbs. We found a
release of Mu rhythm desynchronization when reachable objects were preceded by a contextual
verb denoted an action congruent with the object use. This suggests that the verbal context may
bias object processing toward one specific affordance, hence reducing the cost of affordance
competition on manipulable object processing. Together, the findings reported are consistent
with recent accounts concerning the role of the context and individual characteristics in the
activation of object affordances and will help refining and extending recent neurobiological
models of action selection.
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FIGURES

Figure 1. (A) Object discrimination task. Monkeys are trained to recognize an object and are
rewarded if they choose the unfamiliar object in the subsequent task. (B) Spatial location
discrimination task. Monkeys are trained to recognize distances and are rewarded if they
choose the shorter distance between a cylinder and the rectangular ‘landmark’ in the subsequent
task. Darkened brain parts represent lesioned brain areas that affect performances in the task
presented below it: the equivalent of (A) the inferior temporal cortex and (B) the posterior

parietal cortex in monkeys. Figure from Mishkin, Ungerleider and Macko (1983)................. 37

Figure 2. Experimental setting of Culham et al. (2003). (a) Tasks. Participants performed
grasping (left) or reaching (right) movements toward the rectangular target. (b) Example of
stimuli. Pictures of objects were either intact (left) or scrambled (right). (c) Grasping vs.
reaching brain activation. Grasping compared to reaching condition induces specific
activation of three parietal regions: postcentral sulcus of the left hemisphere, and two regions
in the intraparietal cortex. (d) Intact vs. scrambled brain activation. Intact compared to
scrambled objects induce specific activation of the bilateral lateral occipital cortex. Figures
from Culham et al. (2003). .....cceeiiiieiecce et 40

Figure 3. Neural activity (rasters and histograms) during single cell recording of canonical
neurons discharging during (A) object-directed action (grasping) and (B) passive fixation of the
same object without any subsequent action. The objects could be a plate, a ring, a cube, a
cylinder, a cone or a sphere. Y-axis indicates the (approximate) onset of trials. Figure from
MUrata €t @l. (L997). ...ttt 43

Figure 4. In yellow, significant activated regions for tool identification (recognition and
naming). In blue, significant activated regions for tool action-retrieval. In white, overlapping

activated regions. Figure from Ishibashi et al. (2016). .........ccccooiriiiiiiiii e, 48

Figure 5. Domains of grounded cognition. Cognition emerges from grounding classic cognitive
mechanisms in the perceptual modalities, body, physical environment, and social environment.

Figure and description from Barsalou (2020). .........cccoveiiiiiieiiie i 52

Figure 6. Example of an experimental paradigm that takes advantage of the functional
distinction between peripersonal space and extrapersonal space for assessing object associated

motor information (i.e., clench vs. pinch gestures). Figure from Ferri et al. (2011). ............. 60
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Figure 7. Basic assumption underlying perceptual symbol systems. Subsets of perceptual states
in sensorimotor systems are extracted and stored in long-term knowledge to function as symbols
in support of cognitive functions (e.g., memory, language, thought). As a result, the internal
structure of these symbols is modal, and they are analogically related to the perceptual states

that produced them. Figure and description from Barsalou (1999). .........ccccccevvvievieieciennn, 62

Figure 8. Examples of manipulable and non-manipulable objects. Research on affordance
evocation during objects perception are interested in manipulable object categories. In some
case, authors compare the processing of manipulable objects with the processing of non-

manipulable objects to assess the specific motor properties associated with manipulable objects.

Figure 9. The main affordance conceptions distributed on a 3-dimensional graphic from
Osiurak et al. (2017). The x-axis represents the cerebral system involved in affordance
perception. The y-axis represents the frame of reference. The z-axis represents the nature of the

representation of affOrdancCe. ...........ccoooi i 74

Figure 10. Examples of stimuli and apparatus used in compatibility paradigms. (a) Typical
handled-objects used in the handle-compatibility paradigm. Stimuli from Tucker & Ellis (1998).
(b) Specific device from Tucker & EHis (2001). .....c.coveieiiiiieeieceece e 85

Figure 11. Examples of prime-target sequence for object-to-object priming paradigm. (a)
Obijects share similar action manipulation but not visual shape. (b) Objects share similar visual

shape but not manipulation. Figure from Helbig et al. (2006). .........ccccccooveiiieieiieciece e, 88

Figure 12. Example of (a) hand posture primes and (b) manipulable object targets used in action
priming paradigms. Primes are either compatible or incompatible with the typical grasping

gesture associated with the object target. Figure from Ni et al. (2018). ......c.cccoceeviveviieiieinn, 89

Figure 13. On the left, the stimuli used in the categorization task (i.e., manufactured or
natural?) while recording the cerebral activation with positron emission tomography (PET).
On the right, the activation of the left premotor cortex specifically associated with manipulable
natural and manufactured objects. Figure from Gerlasch et al. (2002). ..........ccccvvvrvvrivriienne. 91

Figure 14. Modulation of ERPs as a function of priming congruency (i.e., congruent vs.
incongruent). (A) ERP waveforms over the central sites for an early (P1: 85-115 ms) and late
(N400: 380-480 ms) action priming effects. The y-axis indicates the onset of the target. (B)
Topography of the action priming effects in the P1 window. Asterisks (ERP plots) and arrows
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(topographic maps) index significant action priming effects. Figure and description from Kiefer
0= L 2 0 5 USSP 92

Figure 15. Experimental setting for studying space modulation of affordance evocation. (A)
Space modulation. Objects are presented in the peripersonal (left) or extrapersonal (right)
spaces. (B) Reachability modulation. Objects are presented in front of (left) or behind (right)

a transparent obstacle. Figure from Costantini et al. (2010).........ccccccveveiiierieeievie e, 99

Figure 16. Experimental setting for assessing visual scene modulation of structural and
functional affordances. (a) Objects associated with distinct grasp-to-move and skilled use
actions (e.g., kitchen timer) presented in a context congruent with a move action (left) and in a
context congruent with a use action (right). (b) Response device. Figure from Kalénine et al.
(2004). .ottt b et et e ettt ne et e e ere e 103

Figure 17. Differences of the competition effects (competitors — unrelated items) from the
structure-based distractors (dotted line) and function-based distractors (dashed line). Figure and
description from Lee et al. (2012). ....c.oooviiiiiiiiieeeeee e 104

Figure 18. Sketch of the neurobiological model of affordance specification and selection
developed by Cisek (Cisek, 2007; Cisek & Kalaska, 2010). Blue arrows represent affordance
specification processes and red arrows represent affordance selection processes. Dash blue
arrow reflects visual feedback. Simple red arrows represent direct processing and double red
arrows represent communication between brain areas. Figure and description from Cisek &
Kalaska (2010). .....cviiieiieceec ettt et et e e nre e r e raenaeens 109

Figure 19. The experimental setup used by Jax & Buxbaum (2010). The participant wears
occlusive eye glasses. Participant’s right-hand rests on a button device during experimental
sessions. Objects are positioned in front of the participants. At the signal (i.e., when eye glasses
open), participants are asked to position their hand on the object as if they were going to grasp
or use it, depending on the condition. Time between the signal and the onset of the movement

(i.e., initiation time) are recorded. Figure from Jax & Buxbaum (2010). .........cccccceevviinrnne. 115

Figure 20. On the upper part of the picture, a participant wearing an EEG cap in front of the
system displaying the 3D virtual environment. On the lower part of the picture, two exemplars
of object picture displayed for the experiment: a conflictual object (left) and a non-conflictual

object (right). Figure selected from Kalénine et al. (2016). ........ccceevvevveieiicceece e 117
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Figure 21. Exemplars of the 3D picture of an object and its scrambled version from Wamain et
LI 220 ) RSP PSSS 121

Figure 22. Procedure of an experimental trial of the delayed handle-response compatibility

paradigm. Two conditions: grasp compatible (left) vs. grasp incompatible (right). .............. 136

Figure 23. Procedure of an experimental trial in the two priming conditions: neutral priming

(left) versus action priming (FGNL). .....ccveiiiieie e 142

Figure 24. Experimental setting of the immersive virtual reality system. On the left are
represented the different distances (e.g., near, limit of reachability, far) at which stimuli are
presented in the virtual scene. On the right are displayed examples of conflictual and non-
conflictual objects from both object categories (top: kitchen objects; bottom: non-kitchen
objects). Participant’s task was to judge object category (“is it a kitchen object?”’) or object

reachability (“is it reachable?”), responding with foot pedals. .........cccccevviiiiiniiiiiniiciennn, 165

Figure 25. Procedure of an experimental trial for the spatial congruency (Simon) and action
priming paradigms. (1) Simon paradigm with the two conditions: congruent (left) vs.
incongruent (right) and (2) Action priming paradigm with the two priming conditions: action

priming (left) vs. neutral priming (Fght)........cocvoiiiiieee e 168

Figure 26. Mean affordance conflict cost [95% CI] for the different age groups. The affordance
conflict cost is computed as the difference between responses times (in milliseconds) to
conflictual minus non-conflictual objects presented within reach, in comparison to the same

difference when objects are presented out of reach. * indicates significant differences at p < .05.

Figure 27. Mean action priming effect [95% CI] for the different age groups. The action
priming effect is computed as the difference between responses times (in milliseconds) to

objects preceded by neutral versus action primes. * indicates significant differences at p < .05.

Figure 28. Mean Simon effect [95% CI] for the different age groups. The Simon effect is
computed as the difference between responses times (in milliseconds) to stimuli in the

incongruent versus congruent conditions. * indicates significant differences at p <.05....... 179

Figure 29. 3D virtual scene of the neutral room in which objects were presented. .............. 204
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Figure 30. Picture of a participant wearing the active 3D eyewear in front of the scene used

during the experimental tasK. .........ccoe i s 207

Figure 31. Experimental procedure of the EEG study. The upper-part corresponds to the
condition with the verb preceding the object (i.e., condition analyzed below). The lower-part
correspond to the condition with the verb following the object (NOT ANALYZED IN THIS
THESIS). The blurred scene with the table alone remains on the screen, except for when the
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Figure 32. (A) Time frequency representation of 7-30 Hz power change under all electrodes,
averaged across participants and conditions during the entire time window of epochs (1500 ms
pre-object and 1500 ms post object onset). (B) Topographical representations of 8-12 Hz power
change under all electrodes, averaged across participants and conditions during the 500 ms post-
-verb presentation (left) and 1000 ms post-object presentation (right). The desynchronization
of 8-12 Hz rhythm at centro-parietal and posterior sites will be further analyzed as a function

of experimental CONAITIONS. ........ccociiiiiii i 213

Figure 33. At each time point, the graphs show the difference in mean 8-12 Hz power change
over centro-parietal electrodes (Al, A2, A3, B1, B2, D15, D16) between verbal contexts (upper
part: neutral minus action) and between spaces (lower part: reachable minus unreachable).
Shaded areas show 95% confidence intervals. The light-yellow bar on the x axis indicates
respectively the time that the verb (i.e., -500 ms to -300 ms) and that the object (i.e., 0 ms to
500 ms) were on the screen. Blue marks (permutation test p <.05) and red marks (FDR-adjusted

p < .05) indicate significant difference between conditions.............cccccveveiieve i ieece e, 218

Figure 34. (A) At each time point, the graphs show mean 8-12 Hz power change over centro-
parietal electrodes (Al, A2, A3, B1, B2, D15, D16) as a function of spaces for neutral verb
(left) and action verb (right). (B) At each time point the graph shows the Space X Verb
interaction effect on mean 8-12 Hz power change over centro-parietal electrodes (Al, A2, A3,
B1, B2, D15, D16). Shaded areas show 95% confidence intervals. The light-yellow bar on the
X axis indicates respectively the time that the verb (i.e., -500 ms to -300 ms) and that the object
(i.e., 0 ms to 500 ms) were on the screen. Blue marks (permutation test p <.05) and red marks

(FDR-adjusted p < .05) indicate significant difference between conditions.............cc.ccccoe.... 219

Figure 35. At each time point, the graphs show the difference in mean 8-12 Hz power change
over posterior electrodes (Al4, A15, A22, A23, A24, A27, A28) between verbal contexts

(upper part: neutral minus action) and between spaces (lower part: reachable minus
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unreachable). Shaded areas show 95% confidence intervals. The light-yellow bar on the x axis
indicates respectively the time that the verb (i.e., -500 ms to -300 ms) and that the object (i.e.,
0 ms to 500 ms) were on the screen. Blue marks (permutation test p < .05) and red marks (FDR-

adjusted p < .05) indicate significant differences between conditions.............ccccoevevvenenne. 220

Figure 36. (A) At each time point, the graphs show mean 8-12 Hz power change over posterior
electrodes (Al4, A15, A22, A23, A24, A27, A28) as a function of spaces for neutrals verb (left)
and action verb (right). (B) At each time point the graph shows the Space X Verb interaction
effect on mean 8-12 Hz power change over posterior electrodes (Al4, Al15, A22, A23, A24,
A27, A28) D15, D16). Shaded areas show 95% confidence intervals. The light-yellow bar on
the x axis indicates respectively the time that the verb (i.e., -500 ms to -300 ms) and that the
object (i.e., 0 ms to 500 ms) were on the screen. Blue marks (permutation test p < .05) and red

marks (FDR-adjusted p < .05) indicate significant differences between conditions. ............ 221

Figure 37. Schematic illustration of possible scenarios associated with contextual modulations
of affordance evocation. In the first scenario, the verb acts as a triggering signal before object
processing, resulting in the activation and processing of only one object-affordance (i.e.,
functional affordance). In the second scenario, the verb acts as a filter during object processing,
resulting in the activation of both structural and functional affordances and the processing of

only one of them (i.e., functional affordance)..........cccccovveiiiiiii i 246

Figure 38. Schematic illustration of the NENGO model built to reproduce neural competition
between structural and functional affordances and to investigate when and how modulating
factors get involved in the resolution of affordance competition during manipulable object
perception. The name of the different boxes must not be considered, as the schematic illustration
is still an initial draft of the MOdel. ........cccooeriie e 250

Figure 39. Schematic illustration of the NENGO model processing characteristics associated
with a gas lighter. The gas lighter was presented at reasonable distance (cf. reachable or
peripersonal space) and in a context that primes the functional gesture of objects. The top right
plot shows the timing of spikes produced by the population of neurons in the box called “motor”
(for motor system). The bottom right text refers to semantic pointer that are the “most”

represented by the population of neurons in the box called “motor”. ..........ccccvvvvriverriiinnnnn 251
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