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Area LO
lesion

Patient DF
• Hypoxia from carbon monoxide poisoning
• Diffuse cortical damage with large  lesions 

in the ventrolateral occipital region, sparing 
V1

• Most salient symptom was visual form 
agnosia

• Clinical and psychophysical testing was 
largely in the normal range
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What about object
manipulation and
memory for weight?

and for real-world
action

heavylight
Learned

associations

Weight prediction is critical in dexterous object 
manipulation

Grip 
force

Load 
force

Gordon et al., Experimental Brain Research, 1991
Johansson & Westling, Experimental Brain Research, 1988

Gordon et al., Exp Brain Res, 1991
Johansson & Westling, Exp Brain Res, 1988 Buckingham et al., J Neurophysiol, 2009

Memory Representations of Object Weight
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Weight prediction based on priors also underlies 
object weight perception

Volume

Weight

heavier

lighter

Small object is judged to be heavier

V l

Size-Weight Illusion
Expected

Flanagan and Beltzner, Nature Neuroscience, 2000

Participants lifted equally weighted small and large 
objects (that were otherwise similar) in alternation 
20 times each. The size-weight illusion was tested 
before and after.

Memory Representations of Object Weight
Weight prediction in the size-weight illusion

Flanagan and Beltzner, Nature Neuroscience, 2000

After 1 
trial

After 20 
trials

• Independent predictions of weight for 
acton and perception.
–Motor system accurately predicts weights.
– Perceptual system’s expectations of weight 

are unchanged.

accurately
stem’s exp
d.

Memory Representations of Object Weight
Weight prediction in the size-weight illusion

• Priors are revealed by weight illusions:
- Size-weight illusion
- Material-weight illusion

• Priors are resistant to change
• Sensorimotor memory adapts quickly
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Flanagan, Bittner & Johansson, Current Biology, 2008
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Weight prediction in the size-weight illusion
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What about object
manipulation and
memory for weight?

and for real-world
action

heavylight
Learned

associations

From Hasson et al., 2004, TICS

Contrast:

General purpose object-processing region:
• Size
• Shape
• Location

High-level object representations:
• Luminance
• Texture
• Motion
• Grayscale or line-drawing
• Haptics (unseen)

For review see Grill-Spector and Malach, 2004, Annual Reviews Neuroscience

What about object properties—like 
weight—that are not directly 
available to vision?

Memory Representations of Object Weight

Lateral occipital complex
lateral occipital area (LO)

posterior fusiform sulcus (pFs) Apparatus

Gallivan, Cant, Goodale, Flanagan, Current Biology, 2014

Memory Representations of Object Weight



Time (imaging volumes)

R
aw

  M
R

I s
ig

na
l (

M
1)

 

Time (imaging volu

R

“Beep”“Ready”

Interaction phase with Heavy Object
Interaction phase with Light Object
Light Object
Heavy Object

Gallivan, Cant, Goodale, Flanagan, Current Biology, 2014

Experiment 1: Sensorimotor Memory
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Experiment 1: Sensorimotor Memory
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*Same group of participants as in Experiment 1

Experiment 2: Associative Memory
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Experiment 2: Associative Memory

LO 

What about Material?

Scrambled
Textures

Scrambled
Ensembles

Ensembles

Material Localizer
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>
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Material

Do these regions represent object weight when it can be 
predicted based on object material?

Gallivan, Cant, Goodale, Flanagan, Current Biology, 2014

Material Processing Regions
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Object Weight: Heavy vs. Light  
Expt. 2 Decoding Legend 

Object Material: Metal vs. Wood 

Material Processing Regions

Do these regions ONLY represent weight when 
predicted by object material?

Material Processing Regions
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Material Processing Regions
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Ventral visual stream represents 
intrinsic, non-visual object properties 
(i.e., weight)

Gallivan, Cant, Goodale, Flanagan, Current Biology, 2014

Coding of associations, lasting 
properties

Real-time visuomotor processing

Processing of geometric features

Dorsal Stream:
Vision for action

Ventral Stream:
Vision for perception

Two Visual Streams Model
Goodale & Milner

and for action

Behaviour Brain


