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Prediction of object 
weights based on 

memory

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

Prediction is critical in dexterous object manipulation
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Prediction is critical in dexterous object manipulation
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Flanagan and Beltzner, Nature Neuroscience, 2000

Memory systems underlying prediction

Size-weight
illusion

Flanagan and Beltzner, Nature Neuroscience, 2000

Memory systems underlying prediction

Size-weight
illusion

0.5 s

Load
force

(N)

Grip
force

(N)

Light
switch

3

0

5

0

Flanagan and Beltzner, Nature Neuroscience, 2000

Associative
Memory (priors)

Memory systems underlying prediction

Size-weight
illusion

0.5 s

Load
force

(N)

Grip
force

(N)

Light
switch

3

0

5

0

Do N
ot 

Cop
y



Flanagan and Beltzner, Nature Neuroscience, 2000

Associative
Memory (priors)

Memory systems underlying prediction

Size-weight
illusion

0.5 s

Load
force

(N)

Grip
force

(N)

Light
switch

3

0

5

0

Flanagan and Beltzner, Nature Neuroscience, 2000

Associative
Memory (priors)

Object-Specific
Memory

Memory systems underlying prediction

Size-weight
illusion

0.5 s

Load
force

(N)

Grip
force

(N)

Light
switch

3

0

5

0

Flanagan and Beltzner, Nature Neuroscience, 2000

2

1

0

Ratio of
Magnitude
Estimates

After 1
Lift

After 20
Lifts

Associative
Memory (priors)

Object-Specific
Memory

Memory systems underlying prediction

Size-weight
illusion

0.5 s

Load
force

(N)

Grip
force

(N)

Light
switch

3

0

5

0

Flanagan and Beltzner, Nature Neuroscience, 2000

2

1

0

Ratio of
Magnitude
Estimates

After 1
Lift

After 20
Lifts

Associative
Memory (priors)

Object-Specific
Memory

Memory systems underlying prediction

Size-weight
illusion

0.5 s

Load
force

(N)

Grip
force

(N)

Light
switch

3

0

5

0

> Perception & Action

> Action

Do N
ot 

Cop
y



Flanagan and Beltzner, Nature Neuroscience, 2000

2

1

0

Ratio of
Magnitude
Estimates

After 1
Lift

After 20
Lifts

Associative
Memory (priors)

Object-Specific
Memory

Memory systems underlying prediction

Size-weight
illusion

0.5 s

Load
force

(N)

Grip
force

(N)

Light
switch

3

0

5

0

What about the underlying neural representations?
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Contrast:

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

Apparatus

Gallivan, Cant, Goodale, Flanagan, Current Biology, 2014
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Experiment 1: Object-Specific Memory

Gallivan, Cant, Goodale, Flanagan, Current Biology, 2014
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*Same group of participants as in Experiment 1

Experiment 2: Associative Memory
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Experiment 2: Associative Memory
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Do these regions represent object weight when it can be 
predicted based on object material?

Material Processing Regions

Gallivan, Cant, Goodale, Flanagan, Current Biology, 2014
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Material Processing Regions

Do these regions ONLY represent weight when 
predicted by object material?
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Gallivan, Nashed, Flanagan, in progress

LW

W&L shared

W&L distinct

Gallivan, Nashed, Flanagan, in progress

Classic Spatial Memory Tasks

Learning ‘fixed’ environments
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Ventral visual stream areas are 
engaged in object manipulation 
and represent weight, a non-
visual object property.

MTL structures may 
support real-world action 
tasks involving manipulating 
and re-arranging objects

Manipulation tasks might 
provide a novel window onto 
understanding how declarative, 
spatial, and episodic memory 
systems interact.
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Impairments in real-world 
tasks involving manipulation 
may reflect sensory, motor, or 
cognitive deficits 
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