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The Visual Pathway

The Photoreceptors
• The human eye contains two major classes of 

photoreceptors: rods and cones. 

• Night creatures, such as the owl, have a 
preponderance of rods.

• Day creatures, such as the squirrel, have a 
preponderance of cones.

• Human beings have duplex retina. Their activity 
is not limited to a fixed part of day-night cycle.
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Geography of Rods and Cones

•Cones are packed 
densely in the very center 
of the human macula.

•Systematic decrease in 
number and proportion of 
cones as you move away 
from the center. 
Corresponding increase in 
number of rods.

•Optic disk – Complete 
absence of 
photoreceptors. “Blind”
within that area of retina.

The Photoreceptors

• Three distinct classes of cones.

• Maximally responsive to light of

1.440 nanometers (violet).

2.530 nanometers (green).

3.560 nanometers (yellow).
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The Retinal Ganglion Cells

• Neurons responsible for 
the last stage of 
processing within the 
eye itself. 

• Do not absorb light, but 
process information that 
other cells have received 
directly from the 
photoreceptors.

The Retinal Ganglion Cells

• In darkness, the ganglion cell is already 
spontaneously active. 

• The cell changes its level of activity to 
signal the presence of light. 

• This cell responds in two antagonistic 
ways, depending on the light’s position on 
the retina. 
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The Retinal Ganglion Cells

• In one region it responds to an increase in light 
(“ON response”) .

• In the other region it responds to a decrease in light 
(“OFF response”).

• These regions constitute the cell’s receptive field.

A

B

C

D

E

Increase in 
response level

decrease in 
response level

Weak response 
due to standoff
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The Retinal Ganglion Cells

• Light placed outside the donut-shaped 
composite (receptive field) has no influence 
whatsoever on this cell's activity. 

• As shown in panel B, the two antagonistic 
regions compete with one another, resulting in 
a near stand-off. 

• This interaction between antagonistic regions is 
often called lateral inhibition. 

The Retinal Ganglion Cells

• Receptive Field Layout
– Most ganglion cells have concentric 

arrangement

Note: Note: 

Number of Number of ONON--centercenter ≈≈ Number of Number of OFFOFF--centercenter
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The Retinal Ganglion Cells

• Receptive Field Size
– Varies systematically with retina location

– Macula  periphery of retina
Small field large field

***************************************************************

The Retinal Ganglion Cells

∴ Neural impulses travel 
less rapidly

∴ Neural impulses travel 
more rapidly

80% of all primate 
ganglion cells

20% of all primate 
ganglion cells

Smaller in sizeLarger in size

Axon is thinnerAxon is thicker

Parvocellular cellsMagnocellular cells
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The Retinal Ganglion Cells

Response poorly when 
stimulus is moving 

rapidly

Response well even 
when stimulus is moving 

rapidly

Excited by light of a 
particular colour

Colours make no 
difference to response

Response better to 
small objects

Response well to small 
differences in light level

Receptive field size 
much smaller

Receptive field size 
much larger

Parvocellular cellsMagnocellular cells

Perceptual Consequences of 
Center/ Surround Antagonism

Illusory spots are formed at most grid intersections; they are 
the product of center/surround antagonism within receptive 
fields of retinal ganglion cells.
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Perceptual Consequences of 
Center/ Surround Antagonism

Sensitivity versus Resolution
• Over the entire retina, information from 130 

millions photoreceptors converges onto about 1 
million retinal ganglion cells.

• Aspect of convergence: Near the center of 
macula, convergence is close to unity. Ratio is 
several hundred to one at periphery of the 
retina.

• Convergence is a pre-requisite for high 
sensitivity but interferes with resolution.

• How to detect very dim lights and possess good 
spatial resolution?
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Sensitivity versus Resolution

• Duplex solution: The eye contains two types of 
photosensitive elements (or “films”).

• One, associated with rod photoreceptors, provides 
high sensitivity to light.

• The other, associated with cone photoreceptors, 
provides high resolution.

• The types of film occupy different locations along the 
back of the eye.

• Sensitivity is further enhanced by greater 
convergence among the rod-type retinal ganglion cell

Sensitivity versus Resolution

• Vision under conditions of very little light 
is describe as scotopic. “Scotopic” vision 
signifies vision that depends on rod-
dominated ganglion cells.

• Vision using cone-dominated ganglion 
cells is described as photopic.
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The Optic Nerves
• Optic nerves: bundles of optic fibers carrying 

information from the eyes to various processing 
stages in the central nervous system.

• Optic nerves from the two eyes converge at the 
optic chiasm.

• Fibers remain on same side of brain: uncrossed 
fiber or ipsilateral fibers.

• Those crossed over to the other side of the 
brain: crossed fiber or contralateral fibers.

The Optic Nerves
• Within optic chiasm, crossed fibers from one eye 

join uncrossed fibers from the other eye, yielding 
two new combinations of retinal axons.

• Optic tract runs from the chiasm to structure 
deeper in the brain.

• Proportion of crossed and uncrossed fibers varies 
among species: related to the position of the eyes 
within its head.

• 80% of fibers project to a cluster of cells known as 
the lateral geniculate nucleus (LGN) before to 
visual cortex.

• 20% to neighboring structures in the midbrain, most 
prominent being the superior colliculus.
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The Superior Colliculus
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The Superior Colliculus
• Major center for visual processing in lower animals. 

(e.g. frogs and fish).

• Plays a prominent role in visual orienting reflexes, 
including initiation and guidance in higher animals.

• Have receptive fields with rather ill-defined ON and 
OFF regions. Respond to just about any stimulus, 
regardless of shape or orientation.

• Not concerned with “what” but “where”.

• Clearly involved in control of eye movement.

Lateral Geniculate Nucleus (LGN)

• Cells in layers 1 & 2 are larger than those in layers 3 to 6. These 
2 layers are termed the magnocellular layers, and the rest the 
parvocellular layers.

Number of 
layers vary 
from species 
to species. 
For human: 6 
layers.
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Receptive Field Properties of 
LGN Cells

• Color: Nearly all parvocellular cells are 
differentially sensitive to color of light.

• Acuity: Receptive fields vary systematically in 
size within each layer of the LGN.

• Speed of Motion: Magnocellular cells and not 
parvocellular cells, are able to signal the 
presence of rapid movement.
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Possible Functions of the LGN

• Concerned with differences in intensity, i.e., 
designed to register the presence of edge.

• Retinal cells have already done this! So is LGN 
just a relay station?

• Receives input from recticular activating 
system: modulates the intensity of retinal 
inputs according to the current state of arousal.

• Receives large input from the visual cortex: 
feedback loop (as early as 60 ms).

• Located at the very back of the cerebral 
hemispheres in a region called occipital lobe.

• Primary visual cortex: receives input from the 
lateral geniculate nucleus. Also referred to as 
V17, V1 or striate cortex.

• Consists of a layered array of cells.

• The million or so axons from 6 layers of LGN 
connect with cortical cells within layer 4 of 
visual cortex.

The Visual Cortex
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• Orientation: receptive fields are elongated, rather 
than circular; prefer certain orientation of stimulus

• Direction selectivity: respond to moving edge and one 
direction of motion only.

• Size selectivity: receptive fields vary in size - smallest 
in fovea, largest in the periphery. At any given region 
of visual field, some cells may favor a narrow bar, 
while others prefer a wider bar.

• Binocularity: Some cells respond more vigorously to 
stimulation of the left eyes, whereas others favor 
right-eye stimulation (ocular dominance).

Functional Properties of Cortical Cells

• Columns and Hypercolumns: Cells are grouped in 
orderly fashion in cortex. All cells along the path of 
penetration through layers have identical preferred 
orientations (except in layer 4, which respond to all 
orientation). Along the way, receptive field size may 
vary, and some are likely to prefer edges while 
others prefer bars.

• It takes 18 to 20 columns to cover a complete range 
(known as a hypercolumn). Each hypercolumn
contains tens of thousands of cells whose receptive 
fields all overlap on the same retinal territory. 

Functional Properties of Cortical Cells
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Columns and Hypercolumns

A cut parallel to any 
one layer in V1

Cortical Analysis of Motion

• The processing of image motion is greatly 
expanded in area V1. Here, the first cells that 
are specifically sensitive to directed motion are 
found. See next slide.

• Motion-sensitive cells in V1 send their output to 
other areas of visual cortex, most prominently 
to area MT in the medial temporal cortex (also 
known as V5), where more global information is 
extracted.
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Cortical Analysis of Motion
Neural response of a motion-
sensitive complex cell. When 
a grating is drifted across the 
cell's receptive field, it fires 
most rapidly to motion within 
a small range of directions. Its 
directional selectivity can be 
plotted as a graph in polar 
coordinates, in which each 
point's distance from the 
center corresponds to the 
firing rate of the cell in each 
motion direction that is tested.

Visual Processing Beyond V17



18

Visual Processing Beyond V17
• From primary visual cortex, visual information is 

branched into 2 major pathways.
– A lower (ventral) that one goes to the inferior regions of the 

temporal lobe.

– An upper (dorsal) one that goes to the parietal lobe.

• Both pathways eventually make their way to the frontal 
lobe.

• There is a pronounced difference between the function 
of the visual areas in the temporal versus parietal lobes 
of the monkey’s cortex.

Visual Processing Beyond V17
• The inferior temporal centers in the lower 

(ventral) system seem to be involved in 
identifying objects.

• The parietal centers in the upper (dorsal) 
system seem to be involved in locating objects.

• These 2 pathways are often called the “what”
system and the “where” system, respectively.
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Parietal and Temporal Cortex

Parietally lesioned
monkey has 

difficulty making a 
choice between 2 
identically shaped 

objects

Mapping Visual Cortex

The location of primary visual cortex in macaque monkeys. The anatomical 
positions of striate cortex (area V1) and several prestriate areas (V2 through 
V5) are shown in a (displaced) horizontal slice through the brain. The cellular 
structure of these areas is shown in the inset (A) with the transition between 
V1 and prestriate areas indicated by an arrow
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Mapping Visual Cortex
• It was originally thought that there might 

be a strict serial ordering of visual 
processing.

• Now, abundantly clear that a great deal 
of processing takes place in parallel 
across different areas, each region 
projecting fibers to several areas but by 
no means to all of them.

Mapping Visual Cortex

Interconnections 
between cortical 
areas. This diagram 
summarizes just a 
few of the known 
connections 
between visual 
areas of monkey 
cortex. 
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The Physiological Pathways Hypothesis

Schematic diagram 
of the visual 
pathways hypothesis. 
Some theorists 
believe that color, 
shape, motion, and 
depth are processed 
independently in the 
visual system. This 
diagram summarizes 
a simplified form of 
the theory.

The Physiological Pathways Hypothesis

• Evidence from single cell recordings shows that color, 
form, motion and stereoscopic depth information are 
processed in distinct subregions of V1, V2.

• These areas then project to distinct higher-level area of 
the cortex: movement and stereoscopic depth 
information to area V5 (MT), color to V4, and form 
through several intermediate centers (including V4) to 
area IT (InferoTemporal cortex).

• The form and color pathways may project to the ventral 
“what” system for object identification; depth and motion 
pathways to the dorsal “where” system for object 
localization.
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Physiological Evidence

magno cells 
terminate on 

layer 4Ca, parvo
cells on 4Cb

Physiological Evidence

Cells near the input end of the cortex, in layer 4, show less 
complicated behavior than cells near the output. 
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Perceptual Evidence
• Selective loss of function (e.g. motion, color) in 

patients suggests separate brain centers for 
processing these properties.

• If motion information is processed in the magnocellular
pathway and color information in the parvocellular
pathway, there might be conditions under which 
people would be unable to see motion in stimuli 
defined only by differences in color.

• When light-to-dark gradations in a photograph with 
normal shading are changed to equiluminant
chromatic differences (e.g. red-to-green gradations), 
the perception of depth due to shading is greatly 
diminished.

UltraUltra--rapid visual categorizationrapid visual categorization

E.g. : Choice saccade task

In which of the two scenes (left or right)
is the animal?
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UltraUltra--rapid visual categorizationrapid visual categorization
Could be done withCould be done with a very large number of neurons in a very large number of neurons in 
higher order visual areas that are selective to image higher order visual areas that are selective to image 
fragments (diagnostic of animal for e.g.)fragments (diagnostic of animal for e.g.)
Categorization might be possible with only the earliest Categorization might be possible with only the earliest 
responses of these neuronsresponses of these neurons
Processing as fast for manProcessing as fast for man--made categories as for made categories as for 
natural ones (mean reaction time: 230ms).natural ones (mean reaction time: 230ms).
Average cost in visual processing: 100Average cost in visual processing: 100--120ms.120ms.
More complex and time consuming processes (i.e. More complex and time consuming processes (i.e. 
segmentation) could be done only after the initial feedsegmentation) could be done only after the initial feed--
forward pass.forward pass.
Most telling: inverting face of animals does not Most telling: inverting face of animals does not 
significantly impair performance on rapid detection, but significantly impair performance on rapid detection, but 
full identification is substantially impaired.full identification is substantially impaired.


