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What is action semantics in the context of objects/tools?

Hand posture (Sirigu, 1991)

Kinematics/Manipulation (Buxbaum et al., 2014)

distributed across the Tool Processing Network (e.g., 
Garcea et al., 2018; Kleineberg et al., 2018; Lesourd et al., 
2023; Reynaud et al., 2016; 2019)

Prototypical information about objects 

(i.e., object-centered) (e.g., Roy & Square, 1985)

Semantic tool knowledge

Information about how to manipulate tools (i.e., hand-tool 
centered) (Buxbaum, 2001, 2014; 2017; van Elk, 2014)

Action tool knowledge

LOTC

IPL/SPL
IFG



Single tool use

Real tool use

Pantomime of tool use

Behavioral level Cognitive level Neural level

Baumard & Le Gall (2021)



Two stream model (Goodale & Milner, 1992; Ungerleider & Mishkin, 1982)

Ventral stream

Vision-for-action (« where »)

Dorsal stream

Vision-for-perception (« what »)

Online visual guidance of action

Transformation of visual signal into the mental furnitures that guides memory

Visual agnosia

Optic ataxia



New account of the two stream model (Binkofski & Buxbaum, 2013)

Ventral stream

Dorso-dorsal stream

Vision-for-perception (« what »)

Online visual guidance of action

Transformation of visual signal into the mental furnitures that guides memory

Dorso-ventral stream
Knowledge of skilled object use 

Action tool  
knowledge

Semantic tool  
knowledge



Ventral stream
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Dorso-ventral stream
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Action tool  
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ATL

LOTC

mFG

AngSMG

IPS

vPMC

New account of the two stream model (Binkofski & Buxbaum, 2013)



Kleineberg et al. (2018)

fMRI in  
healthy subjects

Tarhan et al. (2015); Kalénine et al. (2016); Buxbaum et al. (2014); 
Kalénine et al. (2010); Martin et al. (2017)

Left brain-damaged patients

Hodges et al. (2000); Bozeat et al. (2002);  
Baumard et al. 2016; Lesourd et al. (2017)

Semantic  
dementia

The lateral Occipitotemporal cortex in action (Lingnau & Downing 2015)



Wurm & Caramazza 2021; Wurm & Lingnau 2015; Wurm et al., 2017; Lesourd et al., 2023; Lignau & Downing, 2015

The lateral Occipitotemporal cortex in action (Lingnau & Downing 2015)



Functional organization of action tool and semantic tool across the TPN

Lesourd et al. (2021)



Functional organization of action tool and semantic tool across the TPN
fMRI studies (n = 6; 97 healthy subjects; 61 activation peaks)

Lesourd et al. (2021)



Functional organization of action tool and semantic tool across the TPN
rTMS studies (n = 6; 114 healthy subjects; 9 stimulation sites)

Lesourd et al. (2021)



Manip

Function

• 24% of patients showing dissociations
• All have Function > Manipulation

Lesourd et al. (2019)

Functional organization of action tool and semantic tool across the TPN
Left brain-damaged patients (n = 7 studies; 138 LBD patients)

Lesourd et al. (2021)



• fMRI study with Manipulation and 
Function matching tasks

• Functional coupling between IPL and LOTC

• Involvement of ventral and dorso-
ventral pathways 

• IPL: Manipulation (Buxbaum, 2001; van 

Elk, 2014)

• LOTC: Manipulation et function 

(Lingnau & Downing, 2015)

Functional organization of action tool and semantic tool across the TPN

Lesourd et al. (2023)



Manipulation

Function

Association

3 x 54 pairs

(27 related et 27 unrelated)

CTL Object-Object (16 pair)

CTL Object-Context (16 pairs)

Participants
n = 35, Mage = 24.2, SDage = 4.0

21f; 34 right-handers
range = 18-36

Stimuli

Pretest (n = 15 participants)

Tâche, F(2,28) = 36.95, p < .001, ηp2 = 0.73

Manipulation Fonction Contexte

***
***

***
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Functional organization of action tool and semantic tool across the TPN

Lesourd et al. (2023)



Experimental design

Functional organization of action tool and semantic tool across the TPN

Lesourd et al. (2023)



Results
Simple contrasts

FWE, p < .05 at the cluster level

Functional organization of action tool and semantic tool across the TPN

Lesourd et al. (2023)



Results
ANOVA

FWE, p < .05 at the cluster level

Functional organization of action tool and semantic tool across the TPN

Lesourd et al. (2023)



Results
Functional connectivity analysis (ROI-to-ROI; wGLM)

Functional organization of action tool and semantic tool across the TPN

Lesourd et al. (2023)



• Specificity IPL/SMG and LOTC for manipulation

• Gradient Manipulation > Fonction


• Abstract action representations (Lingnau & Downing, 2015; Reynaud et al., 2019, 2019; Wurm 
et al., 2017, 2019)

• Dissociations… (Garcea et al., 2012; 2013; 2019; Chen et al., 2018)

• … are rare (for review Lesourd et al., 2021)

• Are manipulation and function separable dimensions?

• Action semantics representations emerge from the functional coupling between LOTC and 
IPL (Hutchison et al., 2018)

Functional organization of action tool and semantic tool across the TPN

Lesourd et al. (2023)



Method and design
Participants

Exploring the effect of brain lesions in action and semantic tool 
representations 

Lesourd, Martin, Hague, Levitre, Fargeix, Medeiros de Bustos, Clément, Magnin & Moulin (in prep)



LBD group (n = 30)

RBD group (n = 30)
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Method and design
Participants

Exploring the effect of brain lesions in action and semantic tool 
representations 



Method and design
Task

Exploring the effect of brain lesions in action and semantic tool 
representations 

Manipulation Function

Lesourd, Martin, Hague, Levitre, Fargeix, Medeiros de Bustos, Clément, Magnin & Moulin (in prep)



Manipulation Tool-Tool Function
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Results
Group analysis

Exploring the effect of brain lesions in action and semantic tool 
representations 
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Lesourd et al. (2019)

Bartolo et al. (2007)
Osiurak et al. (2009)
Jarry et al. (2013)
Kalénine et al. (2016)

Buxbaum et al. (2003)

n = 5 patients

Exploring the effect of brain lesions in action and semantic tool 
representations 



Results
Neuropsychological dissociations

LBD RBD

20%

37%

Proportion of impairment in each task 

(BSDT, Crawford and Garthwaite, 2007)
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Exploring the effect of brain lesions in action and semantic tool 
representations 

Lesourd, Martin, Hague, Levitre, Fargeix, Medeiros de Bustos, Clément, Magnin & Moulin (in prep)



Results
Additional cases analyses (Metzgar et al., 2022)

• Patients selected based on low lesion volume 
(within-group mean-split)

• Manipulation regressed by function and vice 
versa

• Studentized residuals to identify 
participants performing worse than 
expected either in manipulation or in 
function, t(29) = -1.70, p < .05

RBD17LBD01

Manipulation impaired Function impaired

LBD RBD

• Function < Manipulation

LBD07 LBD06

Manipulation impaired Function spared
• Manipulation < Function

LBD

Exploring the effect of brain lesions in action and semantic tool 
representations 



Results (preliminary)
SVR-DSM for manipulation scores

• Disconnectome maps entered in SVR-DSM 
analysis (DeMarco & Turkeltaub, 2018)

• Volume lesions regressed from both 
behavioral and lesions data

• Voxelwise thresholded at p<0.01 after 5000 
permutations

LBD

RBD

Exploring the effect of brain lesions in action and semantic tool 
representations 



• Manipulation and function representations intrinsically related in the 
TPN with a particular organization

• Pattern of functional coupling

Conclusion

• Neuropsychological dissociations

• Distinct contributions of left and right hemispheres?

Salazar-Lopez et al. (2016)

• Involvement of common and distinct brain regions

Lim et al. (2021)



• What is the role of the right hemisphere following stroke in 
cognitive recovery?

Perspectives

Rehme et al. (2011)

Karolis et al. (2019)

• Unravelling the fine-grain representations of action semantics embedded in the right 
hemisphere (right LOTC) and its « potential » reorganization from acute to chronic stage 
post-stroke



Thanks for your attention!


