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Figure 27–3 Orientation selectivity and mechanisms.
A. A neuron in the primary visual cortex responds selectively to 
line segments that !t the orientation of its receptive !eld. This 
selectivity is the !rst step in the brain’s analysis of an object’s 
form. (Reproduced, with permission, from Hubel and Wiesel 
1968.)

B. The orientation of the receptive !eld is thought to result from 
the alignment of the circular center-surround receptive !elds of 
several presynaptic cells in the lateral geniculate nucleus. In the 
monkey, neurons in layer IVCβ of V1 have unoriented receptive 
!elds. However, the projections of neighboring IVCβ cells onto 
a neuron in layer IIIB create a receptive !eld with a speci!c 
orientation.
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Figure 27–4 Simple and complex cells in the visual cortex. The 
receptive !elds of simple cells are divided into sub!elds with opposite 
response properties. In an ON sub!eld, designated by “+,” the onset of 
a light triggers a response in the neuron; in an OFF sub!eld, indicated 
by “−,” the extinction of a bar of light triggers a response. Complex cells 
have overlapping ON and OFF regions and respond continuously as a line 
or edge traverses the receptive !eld along an axis perpendicular to the 
receptive-!eld orientation.























“What” Pathway

Ventral Visual Stream

Visual Agnosia

Representation Deficit

Form/Shape Apperceptive 
Agnosia

Objects Associative 
Agnosia

Faces Prospopagnosia



Apperceptive Agnosia

Ventral Visual Stream

Exp 2 - Orientation and Action Task

Patient DF

Task: Put card into mail slot



Associative Agnosia

Ventral Visual Stream

flip open
buttons

Some device?

Overt/Covert Awareness



Prospopagnosia
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What is it like?



Bottom Up Processing







Bottom Up: Feature Analysis

- analysis of simple features lead to 
identification 





Top Down Processing





























































































The perception of an object:

Instantaneous and effortless
e.g. Thorpe, Fize and Marlot (1996); Grill-Spector and 
Kanwisher (2005)



How do we recognize objects?



1 2 3 4 5 6 7 8 9 10



Pattern Recognition
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The Idea…

• A “blurred” image (low frequency information) is sent from early 
visual areas directly to PFC



• PFC generates an “expectation” which is sent back 
to temporal cortex



Activation in OFC correlates with successful object identification



‘Filling In’





Charles Bonnet Syndrome
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Cortical analysis related to visual object recognition is traditionally
thought to propagate serially along a bottom-up hierarchy of
ventral areas. Recent proposals gradually promote the role of
top-down processing in recognition, but how such facilitation is
triggered remains a puzzle. We tested a specific model, proposing
that low spatial frequencies facilitate visual object recognition by
initiating top-down processes projected from orbitofrontal to
visual cortex. The present study combined magnetoencephalogra-
phy, which has superior temporal resolution, functional magnetic
resonance imaging, and a behavioral task that yields successful
recognition with stimulus repetitions. Object recognition elicited
differential activity that developed in the left orbitofrontal cortex
50 ms earlier than it did in recognition-related areas in the temporal
cortex. This early orbitofrontal activity was directly modulated by
the presence of low spatial frequencies in the image. Taken
together, the dynamics we revealed provide strong support for the
proposal of how top-down facilitation of object recognition is
initiated, and our observations are used to derive predictions for
future research.

feedback ! object recognition ! orbitofrontal cortex ! visual cortex !
low spatial frequency

The functional architecture of the visual cortex has helped
shape the traditional view that visual input is processed

serially, in a bottom-up cascade of cortical regions that analyze
increasingly complex information. This view has been challenged
by models proposing a simultaneous bottom-up and top-down
flow of information in the cortex (1–6). Recent findings support
those proposals by showing that top-down mechanisms might
play an important role in visual processing (7–10), but it remains
puzzling how such processing would be initiated. Indeed, the
existence of top-down processes that facilitate perception im-
plies that high-level information is activated earlier than some
lower-level information. We examine here a specific proposal for
the triggering of such top-down facilitation in visual object
recognition (11). The gist of this proposal is that a partially
analyzed version of the input image (i.e., a blurred image),
comprised of the low spatial frequency (LSF) components is
projected rapidly from early visual areas directly to the prefron-
tal cortex, possibly by using the dorsal magnocellular pathway.
This coarse representation is subsequently used to activate
predictions about the most likely interpretations of the input
image in recognition-related regions within the temporal cortex.
Combining this top-down ‘‘initial guess’’ with the bottom-up
systematic analysis facilitates recognition by substantially limit-
ing the number of object representations that need to be
considered (Fig. 1).

The cortical regions most often associated with visual object
recognition are situated in the temporal cortex (12, 13) and in
humans include in particular the fusiform gyrus and the lateral
occipital cortex (14–17). However, recent studies indicate that the
prefrontal cortex might also play an active role in the cortical
network that mediates visual object recognition. In particular, Bar
et al. (14) compared the functional (fMRI) activity elicited by trials
in which objects were successfully recognized with the activity
elicited by the same pictures when they were not recognized under

identical conditions (Fig. 2A). In addition to the temporal regions
typically associated with object recognition, a prefrontal site, in the
orbitofrontal cortex (OFC), was also differentially active in this
comparison (Fig. 2B).

How should this OFC activity be interpreted with respect to
object recognition? Given that various prefrontal regions have been
implicated in semantic analysis (18–20) (although not the orbital
section in particular), it would be reasonable to interpret prefrontal
activity observed during recognition of everyday objects as reflect-
ing postrecognition semantic processing. According to this view, the
OFC activity is not related to the processes required for object
recognition per se, but rather is a manifestation of related semantic
processes taking place after the object has been recognized. An
alternative account, however, is that the network that mediates
object recognition includes regions beyond the traditionally defined
visual cortex and, specifically, that this OFC activation represents
the cortical source of top-down facilitation in visual object recog-
nition (11). This alternative is our focus here.

To facilitate recognition, top-down processing would have to
start before recognition has been accomplished. Consequently, for
the OFC site to be critical for early top-down facilitation, recog-
nition-related activity must develop at that site earlier than it does
in temporal regions associated with recognition. Given the brief
amount of time that is sufficient for typical recognition to be
accomplished, it was critical to use a neuroimaging method with
superior temporal resolution to test this alternative account. We
therefore combined milliseconds-resolution magnetoencephalog-
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Fig. 1. An illustration of the proposed model. A LSF representation of the
input image is projected rapidly, possibly via the dorsal magnocellular path-
way, from early visual cortex to the OFC, in parallel to the systematic and
relatively slower propagation of information along the ventral visual path-
way. This coarse representation is sufficient for activating a minimal set of the
most probable interpretations of the input, which are then integrated with
the bottom-up stream of analysis to facilitate recognition.
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