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Object Recognition

� Human recognize object with a fraction of a 
second.

� Current computer vision algorithms: lag far 
behind human performance

� One promising strategy is to understand 
human vision recognition: characterize the 
neural system that accomplishes it: the 
ventral visual pathway



Ventral Visual Pathway: monkey



Ventral Visual Pathway: human
occipital lobe=>inferior and lateral regions of temporal  lobe

V1

PG Cortex

Rostral STS

DP

VIP
LIP
7a
PP

MSTc

MSTp

FST
PO

V3A

MT

TPO
PGa
IPa
TEa
TEm

STP

V1 V2

V3
V4

TEO

VTF TE

TG

36,35

MTp

PG

TE

46
8
45
12

11,13

LIP,VIP,DP,7a

V2,V3,V4,MT,MST

TEO,TE

TE,TG

Prefrontal
   Cortex

36,35,28

FRONTAL

O
C

C
IP

IT
A

L

TEMPORAL - "WHAT"

PARIETAL - "WHERE"

35



Two main questions:

First, what is the functional organization of the 
ventral visual pathway?

� Macaque: single-unit recording (in detail)
� Human: fMRI (a few years ago)
� Her claim: this pathway contains a small number of 

category-specific regions, each primarily involved in 
processing a specific stimulus class, in addition to a 
more general-purpose region that responds to any 
kind of visually presented objects.



Two main questions:

Second, what is the nature of the 
representations we extract from visually 
presented objects? 

� Heart of any theory of object recognition
� Behavioral methods 
� fMRI: Any invariance and equivalence classes 

of neural representations within each region of 
cortex? Distributed neural codes or focal 
regions?



Question 1
Functional Organization: 
category-selective regions

Three distinct regions in the human ventral 
visual pathway

� Faces: FFA (fusiform face area)
� Places: PPA (parahippocampal place area)
� Bodies: EBA (extrastriate body area)

What else? 
� Categories including animals and tools (lack 

strong evidence)
� If not category-selective, how are these kinds 

of objects represented?



Faces

� Rich information (Identity, mood, age, sex, 
direction of gaze…)

� Face perception engages cognitive and 
neural mechanisms distinct from other 
objects (behavioral studies: Farah, 2000; 
event-related potentials: Allison et al., 1999; 
single unit recording in monkeys: Perrett et 
al.)



Kanwisher et al., 1997

� Scanned subjects with fMRI (rapidly presented 
sequences of faces versus sequences of familiar 
inanimate objects)

� Found a region in the fusiform gyrus which produced 
a stronger MR response during face viewing than 
object viewing (other areas in frontal lobe and 
parietal lobe)

� Identified the candidate face-selective fusiform
region individually in each subject with comparison 
of faces to objects, then measured response in ROI 
to different contrasting conditions 





FFA

� This area responds 
at lease twice 
(standard criteria) as 
strongly to faces as 
to any of the other 
control stimuli!

� Concluded that this 
region is selectively 
involved in face 
processing 



FFA

� Response to faces does not arise from a 
greater attentional engagement (Kanwisher
et al., 1997: passive viewing/ discrimination 
task demanded)

� Response to faces is not due to a low-level 
feature confound (Tong et al., 1998: face 
stimulus unchanged in binocular rivalry)

� FFA: Visual perception of general faces



Lesion studies

� Site of a brain lesion that produced a severe deficit 
in face recognition but not in object recoginition

� Similarity in the anatomical locus of the lesion and 
FFA activation



About FFA

� Truly specific to faces, or involves a domain-
general operation (could be applied to other 
stimuli)? Rossion et al., 2000: right FFA 
processes holistic aspects of faces, but not 
activated by inducing holistic encoding on 
nonface stimuli

� “Expertise view”: Tarr and Gauthier, 2000 
(Greebles)  



Greeble Experiment



Experiment result



Other observations

� FFA not involved in discriminating direction of 
eye gaze, or emotional expressions  
(amygdala does: Breiter et al., 1996)

� FFA not involved in representing semantic 
information about individual people (Gorno-
Tempini and Price, 2001)

� FFA might be simply involved in detecting the 
presence of a face (inverted faces: Haxby et 
al., 1999; line drawings: Kanwisher et al., 
1998)



Places

� Important: Determine location in the 
environment

� PPA: play an important role in this ability 
(Epstein and Kanwisher, 1998)

� Image of places (indoor/outdoor), abstract 
spatial environments, desktop scenes, empty 
rooms 





Lesion studies

� Damage to parahippocampal cortex: 
topographical disorientation 

� Another neurological patient with no PPA: 
apparent deficit in learning new places



Other observations

� Not engaged in relying on knowledge of the 
specific environment to orient (same response 
to familiar and unfamiliar places: Epstein et al., 
1999) 

� Two other neural structures that work for 
spatial encoding and navigation

- Hippocampus (place cells): cognitive map
- Parietal lobe (working memory): representing 

current specific spatial information



Bodies

� EBA: extrastriate body area -- lateral occipito-
temporal cortex 

� Unlikely to reflect low-level stimulus confounds, see: 
sticks

� Function unknown (To recognize ppl when face is 
occluded? Body shape and motion?)



FFA, PPA, EBA, what else…?

� Ongoing work: so far have not found other regions of 
cortex that exhibit such strong selectivity (resolution 
of fMRI?)

� Functional organization: category-general regions --
Inferotemporal visual cortex is organized in 
modular fashion (Nancy Kanwisher)

� For other object categories: it seems that a region in 
the ventral visual pathway “LOC”—lateral occipital 
complex, responds strongly to object shape and 
structures  



Competitor

� Main competence: 

Inferotemporal visual cortex is organized 
as a distributed network of areas (James 
Haxby).

� Experimental Evidence:
Patterns of activity coding for categories 
of objects.



Correlations between patterns 
of response served as indices of 
similarity



� Mean within-category and 
between-category 
correlations between patterns 
of response across all 
subjects for all ventral 
temporal object-selective 
cortex (red and dark blue) 

� and for ventral temporal 
cortex excluding the cortex 
that responded maximally to 
either of two categories being 
compared (orange and light 
blue). 



See how Kanwisher argues

� Respond to other categories also: 

Due to voxel size, blood as an indirect 
measure, MR signal shouldn’t be expected to 
a pure measure (include contributions from 
adjacent neural tissue)

� No reason to expect a strongly face-selective 
cortical area to shut itself off completely 
when a nonface is presented



Open questions

� Distributed versus Local Representation of 
objects?

� What does cortical modularity tell us about 
visual recognition? (to expedite recognition?)

� Origins of specialized regions within the 
ventral visual pathway? (experience, innate?)



Thank you!

Questions?
Mar.24, 2007

My first presentation in the group!


