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I: Introduction to Object Recognition
 1. What is object recognition, why study it, and what
are the questions we need to answer to understand it?

2. LOC: A Cortical Region involved in Representing
Object Shape

II: Category-Specific Mechanisms?
How specialized is the cortex for specific classes of
objects?

III: Effects of Experience
How does visual experience change the cortical
representation of objects?
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1. Why Study Object Recognition?

Critical for survival
We are very good at it

how good?

OR is an important problem:

Remarkable Fact:

Within a fraction of a second of viewing a completely
novel and unpredictable image of a complex scene,
human perceivers have already extracted its gist
(Potter, 1976).

demo…

Molly Potter

Me Lecturing in Iran
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Mt. Everest Street Scene in Tehran

Remarkable Fact:

Within a fraction of a second of viewing a completely
novel and unpredictable image of a complex scene,
human perceivers have already extracted its gist
(Potter, 1976).

No current computer vision system comes even close to this.

Molly Potter

1. Why Study Object Recognition?

Critical for survival
We are very good at it

OR is an important problem:

A distinct domain of cognitive/ neural processes
i.e.  not just the same mechanisms engaged by the rest of

reasoning/thought.
how do we know?

so an understanding of human visual recognition 
might provide important clues for machine vision

Visual Object Recognition: A Distinct Domain of Cognition

Visual Agnosia: specific deficit in visual object recognition 
without impaired cognition/reasoning
without impaired visual acuity 
without impaired object recognition by touch, sound, smell 

For example……

Patient DF:
A Specific Impairment in Form Perception

 Patient DF has a “ventral stream” lesion
• Cannot identify line drawings of common objects

Slide adapted from Jody Culham

• Cannot copy line drawings
• Can draw from memory as long as she doesn’t lift hand from paper
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Object Recognition: A Distinct Domain of Cognition

Visual Agnosia: specific deficit in visual object recognition 
without impaired visual acuity 
without impaired object recognition by touch, sound, smell 

The fact that visual OR can be selectively lost in brain damage implies 
that it has its own special neural hardware, 
distinct from low-level visual processing, 
and from knowledge of the meanings and names of objects.

Thus, OR is a distinct domain of cognition, which should be investigated as such.

2. What is Object Recognition?
What does object recognition entail, and what is to be explained?

Eye/
Retinal image

World/
Visual field

Matching/
Pattern
Completion

Object Recognition.

2. What is Object Recognition?
What does object recognition entail, and what is to be explained?

Visual LTM:
thousands of
Stored shapes

•
••

Eye/
Retinal image

World/
Visual field

Visual Recognition

a. the nature of the stored visual representations in LTM

A Theory of Object Recognition
Would have to Specify:

c. a computational account of how each intermediate 
representation can be derived from the previous one

Visual LTM:
thousands of
Stored shapes

•
••

b. the nature of the intermediate representations

d. a determination of whether the answers to a-d are different
for different kinds of objects

Kinds of Cues Available for Visual Object Recognition

a. Characteristic motion (e.g. a fly).

b. Color/texture (e.g., lawn, ocean, beach)

c. Stored knowledge plus minimal cues (e.g. I left newspaper on
 dining table, that’s what that blob must be).

d.  The most important cue: SHAPE!
(which is the primary focus of most theories of object recognition)

Eye/
Retinal image

World/
Visual field

What Makes Object Recognition (by Shape) Hard?

1. A single
image can
be cast by
many 
different
3D 
objects 

Inverse optics problem
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Eye/
Retinal image

World/
Visual field

What Makes Object Recognition Hard?

2. A single
Object can
cast many 
Different
retinal 
images that
differ in….

Viewpoint

Distance/size

Occlusion

Configuration 

Lighting, etc….

1. A single
image can
be cast by
many 
different
3D 
objects ….

The Problem of Object Recognition

Given a
Retinal
Image such
As this:

What is it?

Two main Challenges:

Invariance/Tolerance:
Generalizing across changes
in size, orientation, lighting,
etc. to realize these images 
are all of the same thing:

Specificity:
Appreciating the distinction
between different categories.

=

How do we Recognize Objects 
despite Variations in the Image of Each Object?

Computation
Strategy:
Extract one common
representation from
each of these that is
“invariant” to changes
in size, position,
viewpoint, etc.

“Storage” strategy:
Extract a diff. repr.
for each, then map
all of these to
“rabbit”.

Rabbit

 “Bag of features”: image
fragments/parts.

Eye/
Retinal image

World/
Visual field

Visual Recognition
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A Theory of Object Recognition
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representation of objects?
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Eye/
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representation can be derived from the previous one

Visual LTM:
thousands of
Stored shapes

•
••

b. the nature of the intermediate representations

d. a determination of whether the answers to a-d are different
for different kinds of objects

How can brain imaging help?

Eye/
Retinal image

World/
Visual field

Visual Recognition

a. the nature of the stored visual representations in LTM

A Theory of Object Recognition
Would have to Specify:

c. a computational account of how each intermediate 
representation can be derived from the previous one

Visual LTM:
thousands of
Stored shapes

•
••

b. the nature of the intermediate representations

d. a determination of whether the answers to a-d are different
for different kinds of objects

How can brain imaging help?

Get some clues into how visual recognition
works, by exploring the organization of the parts of
the brain that do it:

General Strategy
Macaque Visual Cortex

Source: Felleman & Van Essen, 1991

 What about Human Visual Cortex?

?
mid-90s: invention of fMRI….

Cortical Regions Involved in Processing Object Shape

I  Malach et al (1995), “LO”

: and >

The Lateral Occipital Complex  (LOC):

II Kanwisher et al (1996) - a similar region

: and >

Important point: meaning/familiarity don’t matter! subject: NT

Object-Selective Regions in the Human Brain:
LOC in one Subject

10-4

10-4

10-10

10-4

10-10

right hemisphere

lateral view

ventral view

left hemisphere

>

Kalanit Grill-SpectorBut: is this region necessary for object recognition?



6

LOC in Normals and Lesion site in DF

James, Culham, Humphrey, Milner, & Goodale (2003)

But: is this region necessary for object recognition? Apparently so!

Characterizing Representations
and Processes in the LOC �

Does the LOC represent shapes independent of the visual cues
 that define the shape, e.g.

photographs
line drawings
shape from luminance, local motion, texture 

Are representations in the LOC 
of shapes, or of the contours defining the shapes?
based on parts/convexities?
invariant to changes in size and position
inv. to changes in viewpoint and direction of illumination 

Are common regions involved in processing object structure indep.
of the cues defining the shape (e.g. line contours, surface shading)?

Grayscale
Scrambled

Grayscale
Intact

Line Drawings
Intact

Line Drawings
Scrambled

Kourtzi & Kanwisher, 2000

Procedure

Each Scan:

Each Epoch:
(20 pictures per epoch)

Tasks: Passive Viewing
250 msec

550 msec

250 msec

0 5:36
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Kourtzi & Kanwisher, 2000

a. Intact versus Scrambled Grayscale images

Activations in one subject for:

b. Intact versus Scrambled Line Drawings

Kourtzi & Kanwisher, 2000

Activation Map for Intact-Scrambled Images averaged across subjects
A big chunk of cortex is more active for intact than scrambled shapes.

Experiment 1: Results
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0.8
Grayscale

Intact

Line Drawings
Intact
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Are common regions involved in processing object structure
independent of the cues defining the object’s shape (e.g. line

contours, surface shading)?

Grayscale
Scrambled

Grayscale
Intact

Line Drawings
Intact

Line Drawings
Scrambled

Kourtzi & Kanwisher, 2000

YES!

Does it respond to shapes defined in other ways? 

Grill-Spector et al. , Neuron 1998
15 different images per block
presented rate: 0.5Hz

Are object-selective regions preferentially activated by objects from
Luminance? Motion? Texture?

Objects from Motion Experiment
OFM G-MTN OFM

0

3

6

%
 si

gn
al

0 50 100 150 200 250 300 time (s)

Grill-Spector et al. , Neuron 1998

n=9

Define object selective regions: OFL > GFL
GFLOFL

left hemi

lateral

ventral

OFL > GFL

Objects from Motion Experiment
OFM GFLOFLMTN OFM

0

3

6

%
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al

0 50 100 150 200 250 300 time (s)

Grill-Spector et al. , Neuron 1998

n=9

Define object selective regions: OFL > GFL

left hemi

lateral

ventral

OFL > GFL

Time course from object-selective regions:  LOC

Objects from Texture Experiment

Grill-Spector et al. , Neuron 1998

3

6

0
28426 56 102 148 164 194 208 23872 118   254 3200

%
  s

ig
na

l

time (sec)

n=9

Define object selective regions: OFL > textures
Texture OFT OFT Texture OFL    Texture

right hemi

lateral

ventral

OFL > textures

Time course from object-selective regions:  LOC

Characterizing Representations
and Processes in the LOC �

Does the LOC represent shapes independent of the visual cues
 that define the shape, e.g.

photographs
line drawings
shape from luminance, local motion, texture 

Are representations in the LOC 
of shapes, or of the contours defining the shapes?
based on parts/convexities?
invariant to changes in size and position
inv. to changes in viewpoint and direction of illumination 

√
√
√

√
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Grill-Spector et al. , Neuron 1998

Objects from motion

Objects from texture

Objects from luminance

Conclusion: Cue-independent 
Representations of Object Shape

Left hemisphere

lateralObjects from greyscale
photos Objects from line drawings

BUT: These stimuli
all have complex
contours……

Question:
Does LOC represent complex contours, or full-fledged shape?

Test with “fMRI adaptation”…

fMRI Adaptation

Basic idea:  Any measure  that is sensitive to the sameness vs. difference
between 2 stimuli can reveal what discriminations the system can make.

Measure fMRI response in that region to same vs. different trials like this: 

Then  region X 
can discriminate
these 2 stimuli.

In contrast,
adaptation across a
stimulus change
indicates invariance
to that change.

Example: can brain region X discriminate between two similar stimuli, say….

If we see this
In Region X:

250ms 250ms500ms

D
IF

FE
R

E
N

T
SA

M
E

OK, back to this question:

Does the LOC merely represent the contours that
define a shape, not the shape itself?

How can we use event-related fMRI-Adaptation to
answer it?

Predictions

2. Same Contours
But Different Shape

1.  Diff. Contours
But Same Shape 

Adaptation

No Adaptation

If the LOC represents object shape,
independent of the contours defining that
shape, then  if the two stimuli have……..

Kourtzi & Kanwisher (2001), Science

1. Diff. Contours But Same Shape

Is there neural adaptation in the LOC for objects
 that have different contours but the same

perceived shape?

F

2000 ms
300 ms 300 ms

400 ms
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Experiment 1: Results
• Define the LOC for intact versus scrambled images in each subject (n=10).
• Average time course of activation in the LOC.

• Significant adaptation for identical shapes (p<0.05).

Identical

Same Depth Completely Different
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-0.05
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0 1 2 3 4 5 6 7 8 9 10

Same Shape

Kourtzi & Kanwisher (2001), Science

Experiment 1: Results
• Define the LOC for intact versus scrambled images in each subject (n=10).
• Average time course of activation in the LOC.

• Significant adaptation for displays with the same shape but different contours (p<0.05).

Identical

Same Depth
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0 1 2 3 4 5 6 7 8 9 10

Same Shape

Completely Different

Kourtzi & Kanwisher (2001), Science

2. Same Contours
  Different Shape

1. Diff. Contours
   Same Shape 

Adaptation

No Adaptation

If the LOC represents object shape, independent
of the contours defining that shape, then 
if the two stimuli have……..

Kourtzi & Kanwisher (2001), Science

Is there neural adaptation for stereoscopically
defined shapes that share the same contours

but have different shape?

F F

2. Same Contours But Different Shape  

Kourtzi & Kanwisher (2001), Science

Experiment 2: Results
• Define the LOC for intact versus scrambled images in each subject (n=10).
• Average time course of activation in the LOC.

Identical

Same Depth Completely Different

• Significant adaptation for identical shapes (p<0.01).
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Kourtzi & Kanwisher (2001), Science

Experiment 2: Results
• Define the LOC for intact versus scrambled images in each subject (n=10).
• Average time course of activation in the LOC.

• No significant adaptation for displays with the same contours but different shape.

Same Contours

Same Depth
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p<0.01
-0.05
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0.05
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0.15

0.2

0.25

0 1 2 3 4 5 6 7 8 9 10

F F

F F

F F

Completely Different

F FF F F

IdenticalF F

Same ContoursF F

Kourtzi & Kanwisher (2001), Science
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2. Same Contours
    Different Shape

1. Diff. Contours
   Same Shape 

Adaptation

No Adaptation
F F

The adaptation effects in the LOC suggest 
that these neural populations represent object shape
 independent of the contours defining the shape.

Conclusions

Kourtzi & Kanwisher (2001), Science

Characterizing Representations
and Processes in the LOC �

Does the LOC represent shapes independent of the visual cues
 that define the shape, e.g.

photographs
line drawings
shape from luminance, local motion, texture 

Are representations in the LOC 
of shapes, or of the contours defining the shapes?
based on parts/convexities?
invariant to changes in size and position
inv. to changes in viewpoint and direction of illumination 

√
√
√

√

Characterizing Representations
and Processes in the LOC �

Does the LOC represent shapes independent of the visual cues
 that define the shape, e.g.

photographs
line drawings
shape from luminance, local motion, texture 

Are representations in the LOC 
of shapes, or of the contours defining the shapes?
based on parts/convexities?
invariant to changes in size and position
inv. to changes in viewpoint and direction of illumination 

√
√
√

√

Object parts are convex

Hoffman & Richards, 1984

Superior performance with convex
shapes

Driver & Baylis, 1995

Convex probe 575 ms, 16% errors
Concave probe 637 ms, 31% errors

Greater sensitivity in LOC for convex than
concave shapes?

Johannes Haushofer, Chris Baker & me…
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Concave    Convex

Identical

Different

F F

F F

F F

FF

Prediction: (different-same)convex > (different-same)concave
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Timecourses
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Greater Sensitivity to Convex than Concave
Shapes in LOC!

Characterizing Representations
and Processes in the LOC �

Does the LOC represent shapes independent of the visual cues
 that define the shape, e.g.

photographs
line drawings
shape from luminance, local motion, texture 

Are representations in the LOC 
of shapes, or of the contours defining the shapes?
based on parts/convexities?
invariant to changes in size and position
inv. to changes in viewpoint and direction of illumination 

√
√
√

√

√

Characterizing Representations
and Processes in the LOC �

Does the LOC represent shapes independent of the visual cues
 that define the shape, e.g.

photographs
line drawings
shape from luminance, local motion, texture 

Are representations in the LOC 
of shapes, or of the contours defining the shapes?
based on parts/convexities?
invariant to changes in size and position?
inv. to changes in viewpoint and direction of illumination? 

√
√
√

√

√

How do we Recognize Objects 
despite Variations in the Image of Each Object?

Computation
Strategy:
Extract one common
representation from
each of these that is
“invariant” to changes
in size, position,
viewpoint, etc.

“Storage” strategy:
Extract a diff. repr.
for each, then map
all of these to
“rabbit”.

Rabbit

 “Bag of features”: image
fragments/parts.

Changes in Viewpoint

• Are responses to faces tuned to specific
viewpoints of faces?

Front Profile Cheek Back

Tong, Kanwisher, & Nakayama, 2000
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1.8 1.8 1.3 0.9
PSC in
FFA
(n=5)

Front Profile Cheek Back
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Time
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Signal
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Time
Tong, Kanwisher, & Nakayama, 2000

Viewpoint Invariance?

?

Fi
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g 
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te

viewing angle

Fi
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g 
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te

viewing angle

Viewpoint-invariant neuronsViewpoint-selective neurons

0 90 0 90

Source of slide: Kalanit Grill-Spector

Using Adaptation to Test for Invariances

texture

+

+

+

identical

+

+

++

+

+

different 

+

+

+

+

+

+

(Grill-Spector et al. 1999)

Expect lower
responses for blocks
of identical images
than blocks of
different faces/cars.

Using Adaptation to Test for Invariances

textureviewpoint
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+
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identical
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+
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different 

+
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+

position
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+

+

+

+

+

+

+

(Grill-Spector et al. 1999)

Do images that vary only in position or viewpoint count as the “same” and
hence get adapted, or do they count as “different” and not get adapted?

Differential Invariance in Anterior-Ventral
Object-Selective Areas: LOa /pFs

ratio = % signal condition
% signal different

ratio = 1.0     there is no adaptation
ratio < 0.7    * significant adaptation (p<0.01)
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Differential Invariance in Anterior-Ventral
Object-Selective Areas: LOa /pFs

ratio = % signal condition
% signal different

ratio = 1.0     there is no adaptation
ratio < 0.7    * significant adaptation (p<0.01)
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Differential Invariance in
Subdivisions of LOC

ratio = % signal condition
% signal different

ratio = 1.0     there is no adaptation
ratio < 0.7    * significant adaptation (p<0.01)
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(Grill-Spector et al. 1999)

So: Representations in LOC are:

• To some degree size and position invariant
• Viewpoint and illumination sensitive

» But 2 other studies found different results for viewpoint:
– James et al (2002): viewpoint invariance
– Vuilleumier et al (2002): viewpt invariance in left hemisphere

Characterizing Representations
and Processes in the LOC �

Does the LOC represent shapes independent of the visual cues
 that define the shape, e.g.

photographs
line drawings
shape from luminance, local motion, texture 

Are representations in the LOC 
of shapes, or of the contours defining the shapes?
invariant to changes in size and position
inv. to changes in viewpoint and direction of illumination 

√
√
√

√

~ √
~ X

I: Introduction to Object Recognition
 Why study it, what is entailed in OR, and what are the
questions we need to answer to understand it?

II: Brain Regions involved in Representing Object Shape
Where are they and what kinds of representations do
they contain?

III: Category-Specific Mechanisms?
How specialized is the cortex for specific classes of
objects?

IV: Effects of Experience
How does visual experience change the cortical
representation of objects?

Outline 

LOC contains partly invariant representations of shape.

Object-Selective Activations in DF & Normal Subjects

Apparently,  normal
LOC is necessary for
object recognition.

James, Culham, Humphrey, Milner, & Goodale (2003)

Intact> scrambled
line drawings:
little/no reponse. For
greyscale and color
photos, some
response but diffuse.

So: what does LOC do?
What kind of
information does it
represent about
objects?
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Macaque V4: Preference for
convex shapes

Pasupathy & Connor, 1999

Selectivity Index
SI = (different - same) / (different + same)
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