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READING
1. Purves, Chapter 12

2. Purves Chapter 26: pp. 587-589, 596-599.
3. This syllabus

INTRODUCTION

The main topics of this lecture are the neuroanatomy and functions of the two visual pathways that originate in the primary visual cortex (V1) and course through the visual association cortices. Along with V1, both pathways transduce visual sensory data into visual perceptions and create an internal representation of elements of the visual fields. The superior (dorsal) visual pathway creates percepts of depth, location and motion, and is very important in representing relationships between objects in the environment and for generating cognitive and motor components of our behaviors. The inferior (ventral) visual pathway creates precepts of object form, color and recognition, which are important for analyzing and navigating our environment.
MOTION  PERCEPTION

Motion of a visualized object is generated when the object moves or the observer moves, as both actions move the image of the object across the retina. Observer movement could result from movement of the body, head, or eyes, alone or in combination. Continuous movement of the body and/or head in one direction through the environment produces a kind of visual motion called ‘optic flow’. More commonly, visual motion results from a combination of object and eye movement. The discussion below pertains almost entirely to object movement.
The detection of visual object motion begins with the activity of motion-sensitive M ganglion cells in the retina. Their activity is transmitted to neurons in layers 1 & 2 of the LGN and, in turn, to the stellate cells in layer 4C-alpha of V1. This is, in essence, the M pathway. 
In V1, stellate cells project their axons to motion-sensitive complex cells in their own cortical column (Fig. 1). This cortical column contains simple cells that detect an edge in a particular retinal location with a particular orientation, and complex cells that can detect motion in only one preferred direction - perpendicular to the edge detected by the simple cells. Both the stellate cells and the complex cells project axons to neurons in the superior part of the visual association cortex (V2) in the superior (dorsal) visual pathway. 
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V2 neurons in the superior visual pathway project their axons into area MT, which spans the border between the occipital association cortex and the posterior part of the middle temporal cortex (Fig. 1). Columns of neurons in area MT each represent large areas of the retina and are retinotopically organized. Most columns respond to movements of spots, edges and whole shapes projected onto the retina. A few cells respond to the movement of edges that are formed by contrasting colors, although they are not selective for color itself. 
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A proportion of the neurons in an individual column in area MT behave like the typical complex cells in V1, as each cell will detect the motion of edges of a particular orientation in only one direction Fig 2). However, a significant proportion of neurons in an individual MT column are more complex still, as they can detect the motion of whole objects (ie. multiple edge orientations) in a preferred direction (Fig. 2). This implies that signals representing many or all the edges of a whole object, and/or the whole object itself, converge on these particular neurons in area MT. A source of signals representing whole objects is the posterior part of the inferior temporal cortex, which projects axons into area MT. One source of signals representing multiple complex contour elements of objects is the inferior occipital association cortex (V4), part of the inferior (ventral) visual pathway, which also sends axonal projections into area MT. A source of signals representing object edges is other neurons in the superior (dorsal) visual pathway. Convergence of signals from these sources onto a subpopulation of MT neurons would render these cells sensitive to the movement of whole objects. 
Thus, it seems that cortical processing of motion may occur in two stages (Fig. 2). The first stage is represented by neurons in V1 and in the superior (dorsal) visual pathway (V2 and area MT) that are sensitive only to the movement of edges in one preferred direction. These cells have been called ‘component direction-sensitve neurons’. The second stage is represented by the subpopulation of neurons in area MT that are sensitive to the movement of multiple edges and whole objects in a preferred direction. These cells have been called ‘pattern direction-sensitive neurons’. 
The ability to perceive motion is important in analyzing, perceiving and navigating our environment. Moreover, motion perception is important in the guidance of our motor behaviors. Thus, lesions of area MT, which destroy our ability to perceive motion in the visual fields, result in striking behavioral anomalies. 
DEPTH  (DISTANCE)  PERCEPTION

Although we have two eyes, the retinal images in each eye are nearly identical when viewed objects are located at a great distance, near 100 feet or more. By contrast, when objects are nearer to us, the retinal images are disparate. Thus, we assess depth (distance) using two sets of cues, far cues and near cues.
When objects are quite far from us we use far cues to assess their distance.  Because far-field depth (distance) perception requires only one eye, and because, if two eyes are used, the retinal images are not disparate to a significant degree, the far cues are often referred to as monocular. Far cues include the following:
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A. Familiar size (2 & 3 in Fig. 3). For example, we know from experience that most adults are between 5.25 and 6 feet tall, and young children may be half that size, so their inclusion in the visual field will provide a rough estimate of their distance from the observer.
B. Occlusion (4 & 5 in Fig. 3). We know that nearer objects can partially hide more distant objects from view.
C. Perspective (1-9 in Fig. 3). We know that parallel lines, like the borders of a road, a railroad track, and the edges of a building or a window, appear to converge with increasing distance. By extrapolation, an adult will appear large if near the observer but progressively smaller with increasing distance.
D. Illumination (10 in Fig. 3). Patterns of illumination and shadow often give the impression of distance from the observer. This is particularly relevant to discerning surface details.
E. Motion parallax (11 in Fig. 3). As we move our head or ourselves through the environment in one direction, objects closer to us than the object on which we are visually fixated move opposite to our direction of movement through the environment. By contrast, objects further that the object on which we are visually fixated move in the same direction as we do.  

Painters, photographers and anyone who renders images of our environment onto a 2-dimentional surface use far cues to represent depth (distance). The analysis in the brain of these visual cues occurs in both the superior (dorsal) and inferior (ventral) visual pathways. The means by which neurons process these cues is not yet understood.
When objects are near to us we continue to use far cues to assess depth (distance) but we employ an additional set of near cues made possible by stereoscopic vision.  Because our eyes, which are approximately 6-7 cm apart, view visual space from a slightly different position, the two retinal images of visual space are slightly different (Fig. 4). Consider the retinal images of the objects in Fig. 5 . When we fixate visually on an object, its image is projected onto the fovea of each eye. Thus, there is no positional disparity for this object between the images on the two retinas – they are both on the fovea. Simple cells in V1 and in the superior (dorsal) and inferior (ventral) visual pathways that combine signals from the foveas of the two eyes become activated to generate the perception of fixation or ‘zero binocular disparity’. These simple cells are, therefore, called ‘zero cells’. Images of nearer objects are projected on the temporal side of each fovea. Other simple cells, called ‘near cells’, which receive convergent inputs from the temporal sides of both retinas, become activated to generate the perception of nearer depth (distance). Finally, images of farther objects are projected on the nasal side of each fovea. Simple cells called ‘far cells’, which receive convergent inputs from the nasal retinas of both eyes, become activated to generate the perception of farther depth (distance). 
Perceptions of depth (distance) are used in form vision to refine the definition of viewed objects, in the guidance of our motor behaviors, and to help us to navigate our environment.

FORM  PERCEPTION

The detection of form and color begins with P & K ganglion cells in the retina, which project their axons to the superior 4 layers of the LGN and the intralaminar cells, respectively. In the P pathway, the LGN cells project their axons to stellate cells in layer 4C-beta of V1. In the K pathway, intralaminar LGN cells project their axons to cells arranged in blobs in layers 2 & 3 of V1.
The perception, awareness and recognition of visualized objects is mediated by the cell groups in the inferior (ventral) visual pathway. The cortical analysis begins in V1, where signals are generated that represent contour (edge) orientation, color composition and brightness in neurons that represent specific positions on the retina (see Primary Visual Cortex in Fig. 6). 
Small and intermediate sized pyramidal cells in layers 2 & 3 of V1 project their axons to neurons in the posterior part of the inferior occipital association cortex (V2). V2 pyramidal cells, in turn, project their axons more anteriorly in the inferior occipital association cortex (V4). V2 and V4 cells become activated by retinal images that contain implied edges, curves, angles, or primitive 2-dimensional geometric shapes, etc. These excitations represent the assembly of more complex representations of object features generated from the convergence and combination of signals from V1 (see Occipital Assoc. Cortex in Fig. 6). 
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Figure 6.  Form Vision  And The Inferior (Ventral) Visual Pathway
Pyramidal cells in layers 2 & 3 of V4 project their axons anteriorly into the inferior temporal cortex and the fusiform gyrus of the occipitotemporal cortex (Fig. 6). In this projection, axons representing all the individual retinal positions provide branches that converge on individual temporal cortex neurons. This means that retinotopy is lost, that information about the spatial location of an object on the retina is no longer present, and that single temporal neurons respond to objects located anywhere in the visual field. Thus, inferior temporal neurons respond to a viewed object even if the eyes are moved from one position to another, so long as its image remains on the retina. The neurons in the inferior temporal cortex and in the fusiform cortex respond to primitive whole object shapes and to color (Fig. 7).  It is thought that signals, generated  in V2-V4 and representing elements of object contours, are combined in temporal neurons to represent primitive 3-dimensional geometric shapes of whole object parts. Thus, lines and angles represented by activity in V2-V4 might be combined in temporal neuron activity to represent the contours of a 3-dimentional rectangular block; circles lines and angles might be combined to represent a 3-dimentional cylinder or cone; etc (see Inferior Temporal Assoc. Cortex in Fig. 6). 

Neurons in the inferior temporal cortex and the fusiform gyrus are organized into columns (Fig. 6, lower right). Some of these columns respond to shapes resembling geons and some respond to more complex objects, such as faces, hands, or other biologically significant stimuli. Cells at different depths of the column respond to various orientations of the same object. Lesions of the inferior temporal and the occipito-temporal cortex result in the inability to distinguish between similar visualized objects and the inability to recognize visualized objects. Thus, the inferior temporal and the occipito-temporal cortex are areas where perceptions of the form of objects are developed and refined.
LEARNING  GOALS

1. Motion perception
A. Neuroanatomy of the M Pathway

B. Neuroanatomy of the superior (dorsal) visual pathway

C. The physiology of the cells in the superior (dorsal) visual pathway as it applies to motion perception.
2. Depth (distance) perception

A. Far cues and their use

B. Near cues, their use, and the physiology of near and far cells as it applies to depth perception
3. Form perception

A. Neuroanatomy of the P and K pathways
B. Neuroanatomy of the inferior (ventral) visual pathway

C. Physiology of the cells in the inferior (ventral) visual pathway as it applies to form perception.
Figure 1.  Motion Perception





Left:    Grids of edges were moved in directions perpendicular to the edges. Cells were sensitive to movement in one direction (blue arrows).


Right: Grids of edges were moved but two grids were superimposed. The resulting cross-hatched grid appeared to move at the angle indicated by the black arrow. 


Upper: Many cells showed individual responses to the 2 component of the cross-hatched grids.


Lower: Only some cells in area MT responded to the movement of the cross-hatched grid.





Figure 2.  Two Stages of Motion Analysis





Figure 3.  Far Cues





Figure 4.   Images from the two eyes.





Figure 5 





A theory of form vision, based on the results of psychophysical experiments, postulates that one of the earliest stages in the process is the ability to detect straight and curved parallel lines, angles, primitive geometrical shapes and whether or not the geometrical shapes are symmetrical.





Figure 7.  A cell sensitive to form and color





The psychophysical theory of form vision mentioned above postulates that straight and curved parallel lines, angles, and primitive geometrical shapes are assembled into 3-dimentional geometric primitives called ‘geons’.  Geons, in turn, are used to assemble a 3-dimentional image of the contours and parts of all objects (see Fig. 6).
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