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The Visual Pathway 

 

1. The Human Eye  

1.1  The Photoreceptors  

 
The human eye contains two major classes of photoreceptors: rods and cones. Creatures 
who have a preponderance of rods in their retinas, such as the owl, are active at night. 
Creatures who have a preponderance of cones, such as the squirrel, tend to be active only 
during daylight hours. Because human beings have duplex retinas, containing both types 
of photoreceptors, their activity is not limited to a fixed part of the day-night cycle.  
 
The Geography of Rods And Cones 
 
 

 
 
Cones are packed densely in the very center of the human macula. Note the systematic 
decrease in the number and proportion of cones as you move away from the center of the 
macula, and a corresponding increase in the number of rods. In fact, about 7 millimeters 
away from the fovea  along the retina in a direction toward the nose  rods reach a 
density approximately the same as that found for cones in the center of macula.  
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Notice the interruption in the plots shown in Figure 2.25. This gap reflects the complete 
absence of photoreceptors at the optic disk. Because you cannot see without 
photoreceptors, you are actually "blind" within that area of retina where there are no 
receptors. 
 
There are three distinct classes of cones. One is maximally responsive to light of about 
440 nanometers, a second class responds best to light of 530 nanometers, and a third class 
has its peak response at 560 nanometers. Light of 440 nanometers looks violet, light of 
530 nanometers looks green, and light of 560 nanometers looks yellow. 
 

1.2 The Retinal Ganglion Cells 
 
Each photoreceptor performs one simple job: it gauges the amount of light it is receiving. 
This results in about 130 million separate messages, each one specifying the light level 
falling on the tiny region of the eye occupied by a photoreceptor. This array of messages 
is then passed on to other cells in the retina, collector cells, as we termed them. These 
collector cells have a more complicated assignment: to reorganize those millions of raw 
messages into a more manageable, useful form.  
 
The key word is "differs". If there were some way of registering when neighboring retinal 
regions were being illuminated by different amounts of light, one would be on the way to 
identifying an object's edges or borders. The various stages of collector cells play a major 
role in this reorganization. 
 
Our primary interest is in the messages sent to the brain by the retina. Therefore, let's take 
a more direct approach and skip to the retinal ganglion cells, the neurons responsible for 
the last stage of processing within the eye itself. 
 
There are roughly 1 million retinal ganglion cells in the human eye. Ganglion cells, do 
not themselves absorb light; they are not photoreceptors. Ganglion cells process neural 
information that other cells have received directly from the photoreceptors (see Figure 
5.17). 
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How do the ganglion cells accomplish the job of summarizing the raw messages from the 
receptors? The most direct way to tackle this question is to determine what kinds of 
visual stimuli are best able to activate these cells. An experimental animal, a monkey in 
this case, is facing a screen. A micro-electrode is surgically placed into the part of the 
visual system under study. The probe can be placed close enough to an individual 
ganglion cell so that the electrode picks up the action potentials (neural impulses) 
arising from just that cell. One can then monitor the number of action potentials 
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generated by this single cell, and influence the cell's activity level by presenting various 
sorts of visual stimuli on the screen. This technique is called single cell recording. 
 
Before presenting anything on the screen, you discover that the ganglion cell is already 
active: the electrode is picking up an irregular but persistent chatter of action potentials 
from the cell.  
 
Since it is spontaneously active when no light is present, the cell must signal the presence 
of light (a change from no light) by a change in its level of activity. 
 
When one moves a small spot of light around over the screen, this cell responds in two 
antagonistic ways, depending on where you place the light spot on the screen and, hence, 
on the retina. In one region it responds to an increase in light, whereas in the other it 
responds to a decrease in light. To distinguish these two kinds of responses, let's call the 
first an "ON response" and the second as "OFF response".  
 
If you label these two regions using + signs (ON) and - signs (OFF), the composite looks 
like a small circle of plus signs surrounded by a ring of minus signs, as shown in panel A 
of Figure 3.3. This spatial layout of ON and OFF regions actually arises from 
intersections among the precursor collector cells and their inputs onto the ganglion cells. 
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Light placed anyway outside this donut-shaped composite has no influence whatsoever 
on this cell's activity. In other words, only light falling within this restricted, 
concentrically shaped area of the retina is registered by ganglion cell. This area 
constitutes that cell's receptive field  the patch of retina within which a cell's activity 
may be influenced. 
 
Can you picture an optimal visual stimulus for this cell, one that would produce the most 
vigorous increase in neural activity? First, imagine illuminating the entire retina, in 
effect, filling the cell's receptive field with light. As shown in panel B of Figure 3.3, the 
cell gives only a weak response to uniform illumination.  This is because such a stimulus 
produces opposite effects in the center and surround; the two antagonistic regions 
compete with one another, resulting in a near stand-off. This interaction between 
antagonistic regions is often called lateral inhibition. 
 
Now imagine what happens when an edge is positioned in the manner shown in panel C. 
The ON-center portion of the receptive field receives an increase in light, its preferred 
stimulus, while a good portion of the surround receives a reduced level of light, its 
preferred stimulus. The net result is a vigorous response from the cell. As panel D and E 
show, the cell would also respond well to bars of light positioned appropriately within the 
receptive field. Incidentally, because these center/surround areas are nearly always 
concentrically arranged, ganglion cells will respond well regardless of whether the edge 
is oriented vertically, horizontally, or diagonally. The orientation of an edge positioned 
appropriately within the receptive field. 
 
This antagonistic arrangement of center and surround within the receptive field enables 
the retinal ganglion cell to perform a major editing job. Lateral inhibition has enabled the 
cell to condense the message from a patch of photoreceptors into a single statement: "I 
detect a light/dark boundary." By accenting the difference in light levels on adjacent areas 
of the retina, the cell has begun the process of extracting perceptually relevant 
information. 
 
Receptive Field Layout.  Nearly all ganglion cells have concentrically arranged 
receptive fields, composed of a center and surround that respond in an antagonistic 
fashion. Some of those cells have ON centers and OFF surrounds. Other cells have just 
the opposite layout, with an OFF center and an ON surround. There are about as many 
ON-center cells as there are OFF-center cells.  
 
Receptive Field Size.  The sizes of receptive fields vary systematically with retinal 
location. As you move away from the macula into the periphery of the retina, you find 
that receptive fields grow increasingly larger. 
 
1.2.1 Two Types of Retinal Ganglion Cells 
 
So far we've distinguished retinal ganglion cells on the basis of receptive field size as 
well as on the basis of center type (ON versus OFF). But retinal ganglion cells differ in 
other ways. These differences form the bases for classifying ganglion cells into one of 
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two groups, the M cells and P cells, with M standing for "magnocellular" and P for 
"parvocellular"; these two terms refer to the two classes of brain cells to which the M and 
P cells relay their neural impulses. 
 
First, seen under a microscope, M cells are larger than P cells, and the portion of the cell 
carrying information out of the retina, the axon, is thicker in M cells. This means that 
neural impulses travel more rapidly to the brain over M cell axons, since the conduction 
velocity of neural impulses increases with axon thickness. Second, theses two types of 
cells differ greatly in number, with approximately 80 percent of all primate ganglion cells 
belonging to the P class. Third, at any given retinal eccentricity, the receptive fields of P 
cells are several times smaller than receptive fields of M cells. This difference in field 
size between P and M cells means that P cells will respond better to small objects than 
will M cells. Fourth, M cells respond well to very small differences in light levels in 
center and surround; P cells require larger light differences before they will respond 
strongly. This distinction between cell types suggests that M cells may be of low contrast, 
such as dark gray letters on a medium gray background; P cells may be more important 
for seeing high-contrast objects, such as black letters on a white background. Fifth, M 
cells respond well even when a visual stimulus is turned on and off very quickly, whereas 
P cells respond poorly if at all to such a temporally modulated stimulus. This difference 
in temporal sensitivity means that M cells are better able to register transient visual 
events, such as the presence of a rapidly moving object. The sixth difference between M 
and P cells is especially intriguing, for it probably relates to color vision. For P cells, an 
excitatory response is evoked only when the receptive field is stimulated with light of a 
particular color; P cells are inhibited by the presence of another, quite different color. For 
M cells, in comparison, color makes no difference  they respond to light regardless of 
color. 
 

1.2.2  Perceptual Consequences of Center/Surround Antagonism 
 
The Hermann Grid 
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Looking at the left-hand grid of Figure 3.11, you'll notice dark spots located in most of 
the intersections of white horizontal and vertical stripes. Looking at the middle grid (a 
photographic negative of the other), you'll notice light spots in most of the intersections 
of black horizontal and vertical stripes. Looking at the right-hand grid (a smaller version 
of the one on the left), you'll see dark spots at all the intersections. Although they are 
vivid, every one of these spots is illusory. Where, then, do they come from, and why do 
they appear where they do? It is generally accepted that these illusory spots are the 
product of center/surround antagonism within receptive fields of retinal ganglion cells. 
 
We'll make use of ON-center receptive fields to explain why spots are seen in the left-
hand grid. Two questions must be answered. First, why are the spots that you see located 
only at intersections between horizontal and vertical stripes, not elsewhere? Second, why 
do you not see a spot located within the intersection you look directly at? To answer the 
first question, we've drawn receptive fields on Hermann's grid (Figure 3.12). This allows 
you to compare how the retinal image of the grid would affect the two receptive fields 
shown, one being stimulated by an intersection and the other being stimulated by part of a 
white stripe that is not at an intersection. 
 

 
 

To determine the response of either retinal ganglion cell, we must analyze how each of its 
components  center and surround  would be affected by the grid pattern. Assume 
that a viewer gazes steadily on the spot labeled "fixation point." Now, note that the 
centers of both receptive fields receive the same amount of light, but the surrounds 
receive different amount. Remember that light falling in an OFF portion of a receptive 
field reduces that cell's activity. This means that the cell whose receptive field is centered 
on the intersection will respond less than the cell whose receptive field is centered 
between intersections. Consequently, between intersections the white stripes will look 
comparatively lighter.  
 
Why, though, does one not see a spot within the intersection one is looking directly at? 
Recall that receptive fields vary in size according to their eccentricity, the smallest 
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receptive fields coinciding with the fovea. When you look directly at an intersection, you 
are using receptive fields whose centers and surrounds are so small that both fit 
completely within the width of a stripe. 
 
To test your understanding of these ideas, see whether you can apply this same line of 
reasoning to the middle grid in Figure 3.11, where light illusory spots are seen. Finally 
see whether you can explain why spots are seen at every intersection, including the one 
you are fixating, in the right-hand grid in Figure 3.11. 
 

1.3 Sensitivity versus Resolution 
 
Aspects of Convergence.  Over the entire retina, information from 130 million 
photoreceptors converges onto about 1 million retinal ganglion cells. This suggests an 
average convergence, over the entire retina, of about 130 to 1. But this statistic is actually 
a little misleading. Near the center of the macula, the convergence ratio is close to unity 
 about one ganglion cell per receptor  whereas in the periphery of the retina, the ratio 
is several hundred to one.  
 
Convergence is a prerequisite for high sensitivity yet it interferes with good resolution. 
To design an eye that detects very dim lights and possess good spatial resolution 
represents a real challenge. How do your eyes manage to resolve these two conflicting 
demands? 
 
The Duplex Solution.  Duplex means that the eye contains two types of photosensitive 
elements (or "films"). One  associated with the rod photoreceptors  provides high 
sensitivity to light; the other  associated with the cone photoreceptors  provides high 
resolution. In the human eye, the two types of film occupy somewhat different locations 
along the back of eye. 
 
The center of the primate retina contains mainly cones and very few rods. As a result, 
activity of retinal ganglion cells with receptive fields near the center of the retina reflects 
mainly the responses of cones. Because of the predominance of rods in the retinal 
periphery, activity of ganglion cells with receptive fields in that region reflects mainly the 
influence of rods. 
 
Rod-dominated ganglion cells support vision even when light levels are several hundred 
times less than that demanded by their cone-dominated counterparts. This results from 
the rods' own greater sensitivity, as well as greater convergence on rod-dominated retinal 
ganglion cells. Vision under conditions of very little light is described as scotopic (from 
the Greek skotos, meaning "darkness", and ops, meaning "sight"). We'll use the term 
"scotopic vision" to signify vision that depends on rod-dominated ganglion cells. 
 
The cone-dominated retinal ganglion cells require higher levels in order to function 
properly. Hence vision using these ganglion cells is described as photopic 
. 
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2. Central Visual Pathways 
 

2.1 The Optic Nerve 
 
Let's begin by examining the optic nerve, the bundle of fibers carrying information from 
the eyes to various processing stages in the central nervous system. 
 
The optic nerves from the two eyes converge at the optic chiasm. The term "chiasm" 
comes from the Greek word meaning "cross", and a glance at Figure 4.1 shows why this 
term is appropriate. At the chiasm there is a wholesale rearrangement of the constituent 
fibers. Some fibers always remain on the same side of the brain -- these are called 
uncrossed fibers, or ipsilateral fibers  ("ipsi" means "same" and "lateral" refers to side). 
Regardless of which eye they come from, these ipsilateral fibers originate from the eye's 
temporal retina ("temporal" refers to that half of the retina nearest the temples). Other 
fibers cross to the opposite side of the brain at the optic chiasm. These are the crossed 
fibers, or contralateral fibers, and they come from the nasal retina of each eye. Thus the 
optic nerve from each eye branches into two segments -- one crossed, the other 
uncrossed. Within the optic chiasm, crossed fibers from one eye join with uncrossed 
fibers from the other eye, yielding two new combinations of retinal axons. These new 
combinations, which run from the chiasm to structures deeper in the brain, are known as 
optic tract. 
 

 
 
The proportion of crossed and uncrossed fibers in the optic tract varies among species. 
The percentages are not related to the species' position on the evolutionary scale; instead, 
they relate to the position of the animal's eyes within its head. For instance, in animals 
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with laterally placed eyes, such as the rabbit, nearly all the axons cross to the opposite 
side of the brain. In human, about 50 percent of the axons from each eye cross at the 
chiasm, while the other 50 percent remain uncrossed.  
 
Let's resume tracing the destination of the fibers of the optic tract. About 80 percent of 
the fibers project to a cluster of cell bodies known as the lateral geniculate nucleus 
(LGN), which then further projects to the visual cortex. The remaining 20 percent of the 
optic tract projects to several neighboring structures in the midbrain, the most prominent 
being the superior colliculus . 
 

2.2 The Superior Colliculus 
 

 
 
Figure 4.3 View of the left side of the brain showing the relative locations of several 
visual structures. The lateral geniculate nucleus and superior colliculus are actually 
located within the brain and are not visible from its surface. 
 
Tucked away at the top of the brain stem (see Figure 4.3), the superior colliculus is a 
phylogenetically older, more primitive visual area than the visual cortex. In many lower 
animals, such as frogs and fish, the superior colliculus represents the major brain center 
for visual processing. In human beings and other higher animals, however, the 
phylogenetically newer visual cortex has supplanted the superior colliculus as the more 
important visual area. Nonetheless, even in these higher animals, the superior colliculus 
plays a prominent role in visual orienting reflexes, including the initiation and guidance 
of eye movements.  
 
For one thing, cells in the superior colliculus have receptive fields with rather ill-defined 
ON and OFF regions. These cells will respond to just about any visual stimulus  edges, 
bars of any orientation, light flashes  falling within their receptive fields, regardless of 
the shape or orientation of that stimulus. These properties suggest that the colliculus is 
not concerned with precisely "what" the stimulus is but rather with "where" it is. For 
another thing, cells in the superior colliculus clearly are involved in controlling eye 
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movements. Many cells in the superior colliculus emit a vigorous burst of activity just 
before the eyes begin to move. This burst of activity occurs, however, only if the eyes 
move in order to fixate a light flashed in the visual periphery; eye movements made in 
darkness evoke no activity in these cells. So the intention to move the eyes toward some 
object seems to be critical for the cells' responsiveness. Besides initiating eye 
movements, the superior colliculus also plays some role in guiding the direction and 
extent of those eye movements. 
 
The superior colliculus is just one of several brain areas playing a role in guidance of eye 
movements; other prominent areas include the visual cortex and the frontal eye-field 
situated in the frontal lobe. 
 
2.3 The Lateral Geniculate Nucleus  
 
2.3.1 Structure of the LGN 
 
The LGN has a very distinct, layered appearance, as can be seen in panel A of Figure 4.4. 
The layers consist of cell bodies, and the number of layers in the LGN varies from one 
species to another. In humans, the LGN on each side of the brain contains six layers 
stacked on top of one another and bent in the middle. This bend gives the LGN its name: 
"geniculate" comes from a Latin word meaning "with bent knee," as in "genuflect." For 
purpose of discussion, let's number the successive layers 1, 2, 3, 4, 5, and 6, going from 
the bottom to the top of the structure. Note also in Figure 4.4 that cells in layers 1 and 2 
are larger than those in layer 3 through 6. These two large-cell layers are termed the 
magnocellular layers , and the four small-cell layers are called the parvocellular layers  
(the prefixes come from the Latin words magnus, meaning "large", and parvus, meaning 
"small"). You will recall the P and M retinal ganglion cells from the previous chapter. 
The P ganglion cells provide the input to the parvocellular layers of the LGN, whereas 
the M ganglion cells feed into the magnocellular layers of the LGN. Recall also that the P 
cells and the M cells differed in the kinds of visual stimuli to which they respond best; 
those response differences are maintained at the level of the LGN. 
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Remember that each optic tract contains a mixture of fibers from both eyes, the temporal 
retina of the ipsilateral eye and the nasal retina of the contralateral eye. These fibers 
become very strictly segregated when they arrive at the lateral geniculate nucleus: the 
contralateral fibers contact only the cells in layers 1, 4, and 6, whereas the ipsilateral 
fibers contact only the cells in layer 2, 3, and 5.  
 
Retinal Maps in the LGN 
 
Each layer of the LGN contains an orderly representation, or map, of the retina. This 
point is illustrated in Figure 4.5. As you can see, axons that carry information from 
neighboring regions of the retina connect with geniculate cells that are themselves 
neighbors. This way of distributing retinal information within any layer of the LGN 
creates a map of the retina within that layer. Since such a map preserves the topography 
of the retina, it is known as a retinotopic map. Each of the six layers contains its own 
complete retinotopic map, and these layers are stacked in such a way that comparable 
regions of the separate maps are aligned with each other. For instance, the foveal parts of 
adjacent layers are situated on top of one another. 
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2.3.2 Receptive Field Properties of LGN Cells 
 
• Color. Nearly all parvocellular cells (that is, the cells in layer 3 through 6) are 

differentially sensitive to the color of light imaged within their receptive fields. A 
vigorous response can be evoked from these cells only if the center of the field is 
illuminated by light of one particular color (for example, red); when the surround 
is illuminated by a different color (for example, green), the cell's activity is 
inhibited. Because of their unique response to the pairing of "opposite" colors, 
these cells are called color opponent cells. Some opponent cells exhibit red/green 
organization, whereas others exhibit blue/yellow organization. Cells in the 
magnocellular layers (and a small fraction of cells in the parvocellular layers) 
respond to all colors.  

 
• Acuity. Within each of the six layers of the LGN, receptive fields vary systematically 

in size, with the smallest fields devoted to representation of the fovea. For a given 
region of the retina, cells in the magnocellular layers have receptive fields that are 
2 or 3 times larger than receptive fields for cells in the parvocellular layers. Hence 
parvocellular cells analyze spatial information at a finer level of detail than do 
magnocellular cells. 
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• Speed of Motion. Magnocellular cells respond vigorously to fast, abrupt fluctuations 
of light intensity within their receptive fields, whereas parvocellular cells respond 
sluggishly  if at all  to such fluctuations. Rapid motion of an object generates 
such intensity fluctuations within a cell's receptive field, implying that 
magnocellular cells, but not parvocellular cells, are able to signal the presence of 
rapid movement. 

 
2.3.3 Possible Functions of the LGN 
 
Cells in the LGN are primarily concerned with differences in intensity between 
neighboring regions of the retina, and in some instances with the color of light; these cells 
are unconcerned with the overall level of light. In other words, LGN cells are designed to 
register the presence of edges in the visual environment. This alone, however, does not 
represent a unique contribution to vision; retinal cells have already accomplished this job 
of signaling the presence of edges. So we are led to ask, does the LGN seem uniquely 
suited for some other role, or does it merely relay messages broadcast from the retina 
straight on to higher brain sites with no editing or censorship? There are several reasons 
for thinking the LGN is considerably more than just a relay station. 
 
For one thing, the LGN receives input not only from the retina but from the reticular 
activating system as well. Buried in the brain stem, the reticular activating system 
governs an animal's general level of arousal. Hence the flow of visual information from 
the LGN to higher visual centers could be modified by the animal's state of arousal. The 
LGN may well operate like the volume control on a radio, modulating the intensity of 
retinal inputs according to the animal's current state of arousal. 
 
In addition to input from the reticular activating system, the LGN receives a large input 
from the visual cortex. This kind of arrangement is known as a feedback loop.  
 

2.4 The Visual Cortex 
 

The visual cortex is located at the very back of the cerebral hemispheres (see Figure 4.3), 
in a region called the occipital lobe . Various evidence has established the occipital lobe 
as the visual centers in human. 
 
Structure of the Visual Cortex 
 
The primary visual cortex is that portion of the occipital lobe receiving input from the 
lateral geniculate nucleus. It is sometimes referred to as Area 17. Other names for this 
area include V1 (in recognition of its being the first in a hierarchy of cortical visual areas) 
and striate cortex.  
 
Like the rest of the cerebral cortex, the visual area consists of a layered array of cells 
about 2 millimeters thick. The million or so axons arriving from the six layers of the 
LGN connect with cortical cells within layer 4 of the visual cortex. The axons of cells 
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from the magnocellular layers of the LGN make their contacts within an upper 
subdivision of cortical layer 4, while LGN axons from the parvocellular LGN layers 
contact the lower subdivision of layer 4 (see Figure in next chapter). From here, 
connections within the cortex carry information to neurons in other layers above and 
below layer 4 and, eventually, to other areas within the brain. 
 
Functional Properties of Cortical Cells 
 
Orientation, Direction, and Size Selectivity. One of the most striking characteristics of 
cortical cells is their orientation selectivity. Recall that retinal and geniculate cells, 
because of their circular-shaped receptive fields, respond indiscriminately to all 
orientations. In marked contrast, most cortical cells are very fussy about the orientation of 
a stimulus. 
 
Receptive fields are elongated, not circular as in retinal and genicular cells. Other cortical 
cells strongly prefer moving contours to stationary ones.  
 
Besides preferring contours that move, complex cells often respond to one direction of 
motion only. For instance, such a cell might give a burst of activity when a vertical 
contours mover from left to right, but would remain unresponsive when that same 
contour moved in the opposite direction, right to left. This property  known as 
direction selectivity  suggests that this class of cells plays an important role in motion 
perception.   
 
Size selectivity: The receptive fields of cortical cells vary in size, being smallest in the 
fovea and larger in the periphery. Moreover, at any given region of the visual field there 
is also some variation in field size. Thus some cells have receptive fields favoring, say, a 
narrow vertical bar whereas others prefer a wider bar. 
 
Binocularity. Some cells respond more vigorously to stimulation of the left eye, whereas 
other cells favor right-eye stimulation. This variation in the relative strength of the 
connection with the two eyes is called ocular dominance. Any cell that can be excited 
through both eyes, regardless of its ocular dominance, is called a binocular cell.   
 
Columns and Hypercolumns. The orientation-selective cells are not haphazardly 
arranged; they are grouped in a very orderly fashion within the cortex. Now suppose we 
randomly select a position somewhere on the surface of this unfolded cortex. Starting 
here, we gradually move straight downward through the various layers in a direction 
perpendicular to the surface of the cortex. All cells along the path of this penetration have 
identical preferred orientations (except for cells in layer 4, which respond to all 
orientation). Along the way, there may be variation in the size of these cells’ receptive 
fields, and some are likely to prefer edges while others prefer bars. But all cells will 
exhibit the same orientation preference. 
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Suppose we now repeat this sampling procedure, this time beginning at a position just a 
fraction of a millimeter away from our initial penetration. Now we will find that all cells 
prefer an orientation slightly different from the one encountered in the first sample. 
 
Another intriguing regularity emerges: within a given penetration perpendicular to the 
cortical surface, all cells have the same ocular dominance. If we make another sampling 
penetration right next to the first one, the cells encountered will exhibit a different pattern 
of ocular dominance. This, too, is illustrated in Figure 4.13. 
 
Altogether, it takes roughly eighteen to twenty neighboring columns to cover a complete 
range of stimulus orientations and ocular domination. This aggregation of adjacent 
columns is collectively known as a hypercolumn. Each hypercolumn contains tens of 
thousands of cells whose receptive fields all overlap on the same retinal territory. The 
hypercolumns themselves are all uniform in size throughout the cortex, but the 
hypercolumns devoted to the central retina deal with a much smaller area of retina than 
do the hypercolumns concerned with the peripheral retina. 
 

 
 
 
Cortical Analysis of Motion 
 
The processing of image motion is greatly expanded in area V1 where the first cells that 
are specifically sensitive to directed motion are found. The firing rate for a representative 
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complex cell in visual cortex is shown in Figure 10.1.16 for several directions of motion. 
It is most sensitive to upward motion, as indicated in the polar plot summarizing its 
overall response. Such 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). It is here that the piecemeal motion information from V1 appears to be more 
globally integrated into useful information about the velocity of coherent objects. 
 

 
 
Figure 10.1.16          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. 
 
One suggestive line of evidence about the integrative function of cells in MT concerns 
their response to plaid gratings, constructed by adding together two gratings that move in 
different directions (see Figure 3 in the Chapter on motion). As we mentioned earlier, 
people tend to see such stimuli as moving in the direction of their crosspoints rather than 
in the directions perpendicular to their component gratings, provided their spatial 
frequencies and contrasts are similar.  
 
Virtually all directionally selective cells in V1 respond selectively to the motion of one of 
the component gratings, very much as though the other grating were not present. As we 
have noted, these responses are different from what people consciously experience when 
viewing such gratings, a finding that suggests that the neural activity underlying 
conscious motion perception must lie farther along the motion system. Although many 
cells in MT also respond to the component motions, it was found that about 25% of them 
(the so-called pattern cells) appear to respond in a manner corresponding to the perceived 
motion of the entire plaid. 


