
The Visual Pathway (Cont'd) 
 

 
Visual Processing Beyond V17 
 
In the last section, we have been focusing on cells in Area 17, a relatively early stage 
in visual processing. From this stage, neural information is distributed over a number 
of pathways to higher visual areas of the brain, as shown in the following diagram. 
 
 

 
 
 
 
Figure 1                 Visual areas of the human cortex. From primary visual cortex in 
the occipital lobe, visual information separates into two major pathways: a lower 
(ventral) one that goes to the inferior regions of the temporal lobe and an upper 
(dorsal) one that goes to the parietal lobe. Both pathways eventually make their way 
to the frontal lobe. 
 
 
1. Parietal and Temporal Cortex 
 
Part of the "big picture" about how cortical functioning is organized has come from 
lesion studies. It was reported that there is a pronounced difference between the 
function of the visual areas in the temporal versus parietal lobes of the monkey's 
cortex (Figure 2A). The inferior temporal centers in the lower (ventral) system seem 
to be involved in identifying objects, whereas the parietal centers in the upper (dorsal) 
system seem to be involved in locating objects. These two pathways are often called 
the "what" system and the "where" system, respectively. The evidence for this claim 
comes from experiments in which monkeys were required to perform two different 
kinds of tasks after one or the other area of cortex had been surgically removed. 
 



 
 
 

 
 
Figure 2           Two visual pathways in monkey cortex. The lower (ventral) pathway 
goes from occipital cortex to the temporal lobe and is believed to be specialized for 
object recognition (the "what" system). The upper (dorsal) pathway goes from 
occipital cortex to parietal cortex and is believed to be specialized for object location 
(the "where" system). Parts B and C illustrate experiments that support this division. 
(See text for details.)  
 
One task was an object discrimination problem, as illustrated in Figure 2B. After 
being familiarized with a particular object, the monkey has to select the familiar 
object over a novel one to receive a food reward. This is an easy task for a normal 
monkey. It turns out also to be easy for a monkey with a portion of its parietal lobe 
removed. However, it is extremely difficult for the monkeys that are missing their 
inferior temporal cortex. The second task, called a landmark discrimination problem, 
is illustrated in Figure 2C. It also required the monkey to make a choice between two 
objects, but this time the two objects were identical in shape, differing only in their 
spatial proximity to a third, landmark object. This is also an easy task for normal 
monkeys, but this time it is the parietally lesioned monkeys that have trouble and the 
temporally lesioned ones that are unaffected.  
 
The distinction between these two visual pathways appears to be important in humans 
as well as monkeys. People who have damage in certain areas of their temporal cortex 
exhibit visual agnosia: a deficit in identifying certain kinds of objects by sight. One 
form of visual agnosia is specific to faces. The patient cannot recognize anybody by 
sight—even a spouse, parent, or child—but can immediately do so by hearing them 
speak. This disability is not due to the lack of visual experiences, for such patients are 
able to describe the faces they see quite precisely, including the presence of freckles, 
glasses, and so on. They just cannot tell whose face it is—until the person speaks, at 
which time the patient can recognize his or her voice. Just how severe this form of 
agnosia can be is revealed in the following quotation: "At the club I saw someone 



strange staring at me, and asked the steward who it was. You'll laugh at me. I'd been 
looking at myself in a mirror". This is easy to understand in terms of a breakdown in 
the ventral "what" pathway that leads to the temporal lobe. 
 

 
 
Figure 3 Examples of drawings by an agnosic patient. Despite their inability to 
name objects, agnosics can copy pictures well, a fact that rules out sensory deficits as 
the basis for their inability to identify objects. 
 
Other agnosic patients have been studied who have problems with object categories 
such as living things. Patient JBR, for example, was able to identify 90% of the 
pictures depicting inanimate objects but only 6% of those depicting plants and 
animals. Even more selective deficits have been reported, including those confined to 
body parts, objects found indoors, and fruits and vegetables, although some of these 
deficits may be linguistic rather than perceptual (Farah, 1990). 
 
Some patients with brain damage in the parietal lobe suffer from a syndrome known 
as unilateral neglect. One of its main features is the apparent inability to attend to 
objects in the half of the visual field opposite to their brain damage. A person with a 
lesion in the right parietal lobe, for example, will eat only the food on the right side of 
the plate and draw only the right half of a picture he or she is asked to copy. It is as 
though objects in the left visual field were not there at all.  Although many features of 
neglect are not yet well understood, it seems consistent with the possibility that some 
aspect of the "where" system is damaged.  
 
These lesion results are particularly useful for understanding the overall function of 
gross regions of the brain, but they do not address more specific issues concerning the 
precise neural processing that underlies complex abilities like these. Doing so requires 
more detailed physiological studies using a variety of other techniques, including 
anatomical tracing of neural projections from one area to another and recording from 
individual cells in specific brain areas to find out what kinds of information they 



process. We do not yet understand this level of functioning in detail for areas outside 
primary visual cortex, but we will now briefly consider some of what is known at the 
present time. 
 
2. Mapping Visual Cortex 
 
Much of visual cortex in humans and closely related primates is hidden within the 
folds of the cortex. Figure 4 shows an anatomically correct depiction of the location 
and arrangement of some of the principle areas of visual cortex (areas V1 through V5) 
in the brain of macaque monkeys. These are only a few of the visual areas, however, 
many of which lie quite far from primary visual cortex. 
 
An anatomically distorted map of the currently known visual areas in the macaque 
monkey's cortex is shown in Figure 5. It is a strange view of a brain because the 
convoluted surface of the cortex has been "unfolded" so that areas hidden within the 
cortical folds (called sulci) can be seen in approximately correct spatial relations to 
visible areas. A side view of a normal macaque brain is given in the inset so that you 
can see how the visible areas are arranged in an intact (properly "folded") brain.  
 

 
 
 
Figure 4           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.  
 



 
 
Figure 5                A flattened map of visual areas in monkey cortex. The principle 
areas of cortex currently known to be involved in vision are shown in three views of a 
macaque brain. The top left diagram shows a lateral (side) view of a normal brain 
(facing right), and the one below it shows a medial (central) view (facing left). The 
large diagram to the right and below shows a more detailed view of the visual system 
after the cortex has been flattened. Note that the border between V1 and V2 has been 
cut to minimize size distortions.  
 
The first cortical stage of visual processing—called striate cortex, primary visual 
cortex, or area V1—is the largest and is located at the very back of the occipital lobe. 
It receives the majority of ascending projections from the LGN and is responsible for 
the first few operations of visual processing. As has just been discussed, we know a 
great deal about the precise anatomy and physiology of this area, perhaps more than 
for any other area in the brain. For now, we will just describe its gross anatomical 
connections to other areas of visual cortex. 
 
It was originally thought that there might be a strict serial ordering of visual 
processing, each area projecting to the next in a linear sequence. That simple 
hypothesis was quickly laid to rest as researchers found more and more anatomical 
connections among visual areas. It is now abundantly clear that a great deal of 



processing takes place in parallel across different areas, each region projecting fibers 
to several other areas but by no means to all of them.  
 
The next figure represents one attempt to summarize the connections among the 
multitude of brain areas that can be visually activated. Each labeled box represents a 
different visual area, starting with the retina (RGC), LGN, and V1 at the bottom. 
These visual areas are distributed widely throughout the cerebral cortex. 
 
Most of the details of this wiring diagram are not so important for our purpose; they 
simply underscore the large number and the hierarchical arrangement of these brain 
areas associated with vision. However, the pathways denoted by thick lines are of 
interest, for they represent the neural pathways formed by the P and M systems. From 
our earlier discussion of the inputs to V1 from LGN, you will recall that the P and M 
cells remain segregated within Area V1. This segregation remains in effect at least 
through the first several stages of processing following V1. 
 



 
 



A more concise schematic diagram of the connections is given in Figure 6. Although 
simplified for clarity, it indicates the interconnections between some of the best 
known and most studied visual areas. The connections are generally bidirectional; that 
is, if area X projects to area Y, then Y projects back to X as well. It turns out that the 
projections in the two different directions are not completely symmetrical, however, 
in that they originate and terminate in different layers of the cortex. 
 

 
 
 
Figure 6           Interconnections between cortical areas. This diagram summarizes 
just a few of the known connections between visual areas of monkey cortex.  
 
Do these purely anatomical facts bear any useful relation to cortical function? One 
clear correlation is between the level of a cell in the anatomical hierarchy of Figure 6 
and size of the region of the retina from which it receives information. Cells from 
lower levels in the cortical hierarchy receive input from small retinal areas, and cells 
from higher levels receive input from larger retinal areas. For example, the cells in 
area V1 can be activated by stimulation within foveal retinal areas 0.1-0.5 degrees of 
visual angle wide; in V2, they are typically 0.5-1.0°; in V4, they are 1-4°; and in IT, 
they are often 25° or more. The increase in receptive field size from lower to higher 
visual areas in cortex is thus 100-fold or more.  
 
3. The Physiological Pathways Hypothesis  
 
A further possible relation between anatomical structure and physiological function 
has begun to emerge during the last decade or so. The hypothesis is that there are 
separate neural pathways for processing information about different visual properties 
such as color, shape, depth, and motion. This idea arose from studies suggesting that 
different areas of cortex were specialized for processing different properties. It later 
became increasingly apparent that this specialization had roots earlier in the visual 
system. Livingstone and Hubel (1987, 1988) summarized much of this anatomical, 
physiological, and perceptual evidence and proposed that these four types of 
information are processed in different neural pathways from the retina onward. They 
traced these differences from two classes of retinal ganglion cells (one for color and 
form, the other for depth and motion) to the LGN and from there to different regions 
of V1, V2, and beyond. 
 



 
 
Figure 7          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. 
 
They report evidence from single cell recordings that color, form, motion, and 
stereoscopic depth information are processed in distinct subregions of V1 and V2, as 
indicated schematically in Figure 7. These areas then project to distinct higher-level 
areas of cortex: movement and stereoscopic depth information to area V5 (also called 
MT, Medial Temporal cortex), color to area V4, and form through several 
intermediate centers (including V4) to area IT (InferoTemporal cortex). From these 
areas, the form and color pathways may project to the ventral "what" system for 
object identification and the depth and motion pathways to the dorsal "where" system 
for object localization.  
 
 
3.1 Physiologlcal Evidence 
 
The overall structure of Livingstone and Hubel's proposal is illustrated in more details 
in Figure 8. The first important distinction is between the M ganglion cells (solid 
circles) and the P ganglion cells (open circles) in the retina. Livingstone and Hubel 
conjectured that the M cells carry information about motion and stereoscopic depth, 
whereas the P cells carry information about color and form. The M and P cells project 
selectively to the magno and parvo cells in the LGN, which, they argue, continue the 
functional separation between motion and depth versus color and form. Livingstone 
and Hubel then suggested that a further differentiation occurs in area V1. First, they 
observed that the magno and parvo cells in the LGN terminate in different regions of 
layer 4 in cortical area V1 (see Figure 8). The magno cells synapse on neurons in 
layer 4Ca, and the parvo cells synapse on neurons in layer 4Cb. These sublayers, in 
turn, project to different higher-level layers of V1: the magno-4Ca cells to layer 4B 
and the parvo-4Cb cells to layers 2 and 3.  
 



 
 
Figure 8               A theory of separate functional pathways in the primate visual 
system. Livingstone and Hubel suggested that form, color, motion, and stereo 
information become increasingly differentiated from retina to extrastriate visual 
cortex. (LGN = lateral geniculate nucleus; MT = medial temporal lobe; V4 = visual 
area 4.) (From Livingstone & Hubel, 1988.) 
 
Livingstone and Hubel (1988) trace the properties of cells in each pathway in V2 and 
argue that they constitute four functional subsystems: the thick stripes in V2 for 
binocular depth perception, the thin stripes in V2 for color perception, the pale stripes 
in V2 for form perception, and the direct projection to MT for motion. The division is 
by no means clean, for any given area typically contains several different types of 
cells and there is also significant cross-talk among them. But there appears to be a 
relative preponderance of binocular cells in the thick stripes, of color cells in the thin 
stripes, of end-stopped cells (which are useful in form perception) in the pale stripes, 
and of motion cells in MT.  
 
 3.2 Perceptual Evidence  
 
A number of phenomena suggest that the neural separation of the color, form, depth, 
and motion systems is perceptually important, at least under certain restricted 
circumstances. 
 
One important source of evidence comes from property-specific deficits in visual 
perception that have been discovered in patients with brain damage in visual areas of 
the brain. One neurological patient lost her ability to perceive motion almost 
completely but without any noticeable disturbance in her perception of color, depth, 
or form. Other patients have lost their ability to perceive color following brain trauma 
but without reporting loss of motion, form, or depth perception. Such selective loss of 
function can be explained quite easily if there are separate brain centers for processing 
these properties. Otherwise, it is mysterious. 



 
Another kind of evidence comes from psychophysical effects that would be predicted 
from the separate pathways hypothesis. For example, 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. It was found that when 
randomly positioned red and green dots of equal luminance were alternately presented 
in slightly different positions under conditions that would normally produce motion 
perception, observers could not detect motion. When luminance-defined black and 
white dots were presented in exactly the same way, however, observers easily 
detected motion. This is just what one would predict if motion and color were 
processed in different pathways. 
 
Similar claims have been made about the separation of color and depth information. 
Shadows and shading are important for perceiving depth, and both are normally 
carried in luminance pathways rather than color pathways. When light-to-dark 
gradations in a photograph with normal shading are changed to equiluminant 
chromatic differences (for example, red-to-green gradations), the perception of depth 
due to shading is greatly diminished or disappears entirely. 
 
There is another intriguing neurological case of a highly specific deficit in human 
visual motion perception. The patient was admitted to the hospital complaining of 
severe headaches, vertigo, nausea, and the inability to perceive motion. She reported 
that the world appeared to her as a series of frozen snapshots. She had difficulty 
pouring liquid into a cup, for example, because she could not experience its motion as 
the cup filled. First, she would see the empty cup, then some amount frozen and 
unmoving in the cup, and the next thing she saw, it had overflowed. She had similar 
problems in crossing the street. She would see an unmoving car at some distance from 
her, and then a moment later would see it almost upon her, without seeing it move 
between the two positions. Psychophysical testing showed that she could perceive 
horizontal or vertical movement in the picture plane if it was slow enough but not 
rapid motion or any sort of movement in depth. Her perceptual problems were quite 
restricted to visual motion perception, however. Her ability to recognize objects was 
intact, as evidenced by identification of the car as a car and the cup as a cup. She was 
also able to perceive auditory motion events. She could comprehend speech—
although this was somewhat more difficult because of her inability to see the person's 
face move—and she eventually learned to gauge the distance of approaching cars by 
attending to their increasing loudness. Brain imaging tests indicated that the lesion in 
her brain was located in the border region between occipital and temporal cortex, 
clearly outside of primary visual cortex. The damaged area appears to be analogous to 
MT and MST in monkey cortex. The fact that primary visual cortex was intact may 
account for her very limited ability to perceive some motion in the frontal plane, 
given the existence of motion-selective cells in V1. Motion in depth, however, 
appears to be processed at a later stage where her cortex was damaged, probably in 
MT and MST. 
 
Livingstone and Hubel (1987) have argued that a number of other perceptual effects 
reflect the underlying separation of color, form, depth, and motion information in 
different physiological pathways. Much of the evidence is suggestive of their claim, 
but little of it is definitive. Furthermore  the state of physiological knowledge about 



the anatomy and physiology of neural pathways is constantly changing. For example, 
they identify V4 as part of the color pathway but not of the form pathway, but more 
recent studies provide evidence against this conclusion. Given such findings, perhaps 
the most accurate statement that can be made at present is that the "four pathways" 
conjecture is a vast simplification, at best.  
 
Meanwhile, the use of brain-imaging techniques such as PET (positron emission 
tomography) and fMRI (functional magnetic resonance imaging) is just beginning to 
provide useful information about localization of visual function in humans, and their 
promise is enormous.  
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