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Figure 25–7 Visual pathways in the cerebral cortex.
A. Areas of the human cerebral cortex involved in visual process-
ing as shown by fMRI. The top row shows areas on the gyri and 
sulci of a normal brain; the middle row shows in!ated views of 
the brain, with light and dark grey regions representing gyri and 
sulci; the bottom row shows a two-dimensional representation 
of the occipital lobe (left) and a representation with less distor-
tion by making a cut along the calcarine "ssure. The areas are 
delineated by stimulus-based retinotopy (early visual areas V1, 
V2, and V3 converge at the representation of the fovea at the 
occipital pole, V3A, V3B, V6, V7, hV4, VO1, LO1, LO2, V5/MT), 
attention-based retinotopy (IPS1 and IPS2), or responsiveness to 
speci"c attributes or classes of objects (for less strictly retinoto-
pic areas). Functional speci"city has been demonstrated for a 
number of these areas: VO1 is implicated in color processing, 
the lateral occipital complex (LO2, pLOC) codes object shape, 
FFA (fusiform face area) codes faces, the parahippocampal place 
area (PPA) responds more strongly to places than to objects, 
the extrastriate body area (EBA) responds more strongly to body 

parts than objects, and V5/MT is involved in motion processing. 
Areas in the intraparietal sulcus (IPS1 and IPS2) are involved 
in control of spatial attention and saccadic eye movements. 
(Images from V. Piech, reproduced with permission.)
B. In the macaque monkey V1 is located on the surface of the 
occipital lobe and sends axons in two pathways. A dorsal path-
way courses through a number of areas in the parietal lobe and 
into the frontal lobe, and a ventral pathway projects through V4 
into areas of the inferior temporal cortex. In addition to feedfor-
ward pathways extending from primary visual cortex into the 
temporal, parietal, and frontal lobes, there are reciprocal or feed-
back pathways running in the opposite direction. (AIP, anterior 
intraparietal area; FEF, frontal eye "eld; IT, inferior temporal 
cortex; LIP, lateral intraparietal area; MIP, medial intraparietal 
area; MT, middle temporal area; PF, prefrontal cortex; PMd, 
dorsal premotor cortex; PMv, ventral premotor cortex; V1, 
primary visual cortex, Brodmann’s area 17; V2, secondary visual 
area, Brodmann’s area 18; V3, V4, third and fourth visual areas; 
VIP, ventral intraparietal area.)
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The number of functionally discrete areas of vis-
ual cortex varies between species. Macaque monkeys 
have more than 30 areas. Although not all visual areas 
in humans have yet been identi!ed, the number is 
likely to be at least as great as in the macaque. If one 
includes oculomotor areas and prefrontal areas con-
tributing to visual memory, almost half of the cerebral 
cortex is involved with vision. Functional magnetic 
resonance imaging (fMRI) has made it possible to 
establish homologies between the visual areas of the 
macaque and human brains (Figure 25–7). Based on 
pathway tracing studies in monkeys, we now appreci-
ate that these areas are organized in functional streams   
(Figure 25–7B).

The visual areas of cortex can be differentiated 
either by their representation of visual space, known as 
a visuotopic (or retinotopic) map, or by the functional 
properties of their neurons. Studies of these two dif-
ferences have revealed that the visual areas are organ-
ized in two hierarchical pathways, a ventral pathway 
involved in object recognition and a dorsal pathway 
dedicated to the use of visual information for guiding 
movements. The ventral or object-recognition pathway 
extends from the primary visual cortex to the temporal 
lobe; it is described in detail in Chapter 28. The dorsal 
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Figure 25–6 Pathways for visual processing, pupillary re!ex 
and accommodation, and control of eye position.
A. Visual processing. The eye sends information !rst to 
thalamic nuclei, including the lateral geniculate nucleus and 
pulvinar, and from there to cortical areas. Cortical projections 
go forward from the primary visual cortex to areas in the pari-
etal lobe (the dorsal pathway, which is concerned with visually 
guided movement) and areas in the temporal lobe (the ventral 
pathway, which is concerned with object recognition). The pulvi-
nar also serves as a relay between cortical areas to supplement 
their direct connections.
B. Pupillary re!ex and accommodation. Light signals are relayed 
through the midbrain pretectum, to preganglionic parasym-
pathetic neurons in the Edinger-Westphal nucleus, and out 
through the parasympathetic out"ow of the oculomotor nerve 
to the ciliary ganglion. Postganglionic neurons innervate the 
smooth muscle of the pupillary sphincter, as well as the mus-
cles controlling the lens.
C. Eye movement. Information from the retina is sent to the 
superior colliculus (SC) directly along the optic nerve and 
indirectly through the geniculostriate pathway to cortical areas 
(primary visual cortex, posterior parietal cortex, and frontal eye 
!elds) that project back to the superior colliculus. The colliculus 
projects to the pons (PPRF), which then sends control signals 
to oculomotor nuclei, including the abducens nucleus, which 
controls lateral movement of the eyes. (FEF, frontal eye !eld; 
LGN, lateral geniculate nucleus; PPRF, paramedian pontine 
reticular formation.)
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Figure 25–4 A visual scene is analyzed at three levels. First, 
simple attributes of the visual environment are analyzed (low-
level processing). These low-level features are used to parse 
the visual scene (intermediate-level processing): Local visual 
features are assembled into surfaces, objects are segregated 
from background (surface segmentation), local orientation 

is integrated into global contours (contour integration), and 
surface shape is identi!ed from shading and kinematic cues. 
Finally, surfaces and contours are used to identify the object 
(high-level processing). (Images of horses reproduced, with 
 permission, from Pintos, © Bev Doolittle, courtesy of The 
Greenwich Workshop, Inc., www.greenwichworkshop.com.)







566  Part V / Perception

nucleus and how visual information is progressively 
analyzed by the brain. For example, the change in 
receptive-!eld structure that occurs between the lat-
eral geniculate nucleus and cerebral cortex reveals an 
important mechanism in the brain’s analysis of visual 
form. The key property of the form pathway is selec-
tivity for the orientation of contours in the visual !eld. 
This is an emergent property of signal processing in pri-
mary visual cortex; it is not a property of the cortical 
input but is generated within the cortex itself.

Whereas retinal ganglion cells and neurons in 
the lateral geniculate nucleus have concentric center- 
surround receptive !elds, those in the cortex, although 
equally sensitive to contrast, also analyze contours. David 
Hubel and Torsten Wiesel discovered this characteristic in 
1958 while studying what visual stimuli provoked activ-
ity in neurons in the primary visual cortex. While show-
ing an anesthetized animal slides containing a variety 
of images, they recorded extracellularly from individual 
neurons in the visual cortex. As they switched from one 
slide to another they found a neuron that produced a 
brisk train of action potentials. The cell was responding 
not to the image on the slide but to the edge of the slide 
as it was moved into position.

The Visual Cortex Is Organized into Columns 
of Specialized Neurons

The dominant feature of the functional organization of 
the primary visual cortex is the visuotopic organiza-
tion of its cells: the visual !eld is systematically repre-
sented across the surface of the cortex (Figure 25–11A).

In addition, cells in the primary visual cortex with 
similar functional properties are located close together 
in columns that extend from the cortical surface to the 
white matter. The columns are concerned with the 
functional properties that are analyzed in any given 
cortical area and thus re"ect the functional role of that 
area in vision. The properties that are developed in the 
primary visual cortex include orientation speci!city 
and the integration of inputs from the two eyes, which 
is measured as the relative strength of input from each 
eye, or ocular dominance.

Ocular-dominance columns re"ect the segregation 
of thalamocortical inputs arriving from different layers 
of the lateral geniculate nucleus. Alternating layers of 
this nucleus receive input from retinal ganglion cells 
located in either the ipsilateral or contralateral retina 
(Figure 25–12). This segregation is maintained in the 
inputs from the lateral geniculate nucleus to the pri-
mary visual cortex, producing the alternating left-eye 
and right-eye ocular dominance bands (Figure 25–11B), 
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Figure 25–9 Receptive !elds of neurons at early relays of 
visual pathways. A circular symmetric receptive !eld with 
mutually antagonistic center and surround is characteristic 
of retinal ganglion cells and neurons in the lateral geniculate 
nucleus of the thalamus. The center can respond to the onset 
or offset of a spot of light (yellow), and the surround has the 
opposite response. Outside the surround there is no response, 
thus de!ning the receptive !eld boundary. The response is 
weak when light covers both the center and surround, so these 
neurons respond optimally to contrast (a light-dark boundary) in 
the visual !eld.
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Figure 25–11 (Opposite) Functional architecture of the 
primary visual cortex. (Images from M. Kinoshita and A. Das, 
reproduced with permission.)
A. The surface of the primary visual cortex is functionally organ-
ized in a map of the visual !eld. The elevations and azimuths 
of visual space are organized in a regular grid that is distorted 
because of variation in the magni!cation factor (see Figure 
25–10). The grid is visible here in the dark stripes (visualized 
with intrinsic-signal optical imaging), which re"ect the pattern 
of neurons that responded to a series of vertical candy stripes. 
Within this surface map one !nds repeated superimposed 
cycles of functionally speci!c columns of cells, as illustrated in 
B, C, and D.
B. The dark and light stripes represent the surface view of 
the left and right ocular dominance columns. These stripes 

 intersect the border between areas V1 and V2, the representa-
tion of the vertical meridian, at right angles.
C. Some columns contain cells with similar selectivity for the 
orientation of stimuli. The different colors indicate the orienta-
tion preference of the columns. The orientation columns in 
surface view are best described as pinwheels surrounding 
singularities of sudden changes in orientation (the center of the 
pinwheel). The scale bar represents 1 mm. (Surface image of 
orientation columns on the left reproduced, with permission, 
from G. Blasdel.)
D. Patterns of blobs in V1 and stripes in V2 represent other 
modules of functional organization. These patterns are visual-
ized with cytochrome oxidase.
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Figure 25–12 Projections from the lateral geniculate 
nucleus to the visual cortex. The lateral geniculate nucleus in 
each hemisphere receives input from the temporal retina of the 
ipsilateral eye and the nasal retina of the contralateral eye. The 
nucleus is a laminated structure comprising four parvocellular 
layers (layers 3 to 6) and two magnocellular layers (layers 1 and 
2). The inputs from the two eyes terminate in different layers: 
The contralateral eye projects to layers 1, 4, and 6, whereas 

the ipsilateral eye sends input to layers 2, 3, and 5. The parvo-
cellular and magnocellular inputs to the primary visual cortex 
arrive in separate sublayers. The parvocellular layers project to 
layer IVCβ and the magnocellular layers to layer IVCα. In addi-
tion, the afferents from the ipsilateral and contralateral layers 
of the lateral geniculate nucleus are segregated into alternating 
ocular-dominance columns.



The input(s) to V1 (see Figures 25-6, 25-12, and 25-14).



Chapter 25 / The Constructive Nature of Visual Processing  571

layer IVCα. From there a sequence of interlaminar con-
nections, mediated by the excitatory spiny stellate neu-
rons, processes visual information over a stereotyped 
set of connections (Figure 25–15).

This characterization of parallel pathways is only 
an approximation, as there is considerable interaction 
between the pathways. This interaction is the means 
by which various visual features—color, form, depth, 
and movement—are linked, leading to a uni!ed vis-
ual percept. One way this linkage, or binding, may be 
accomplished is through cells that are tuned to more 
than one attribute.

At each stage of cortical processing pyramidal neu-
rons extend output to other brain areas. Super!cial-layer 

Intrinsic Cortical Circuits Transform  
Neural Information

Each area of the visual cortex transforms information 
gathered by the eyes and processed at earlier synap-
tic relays into a signal that represents the visual scene. 
This transformation is accomplished by local circuits 
formed by excitatory and inhibitory neurons.

The principal input to the primary visual cortex 
comes from two parallel pathways that originate in 
the parvocellular and magnocellular layers of the lat-
eral geniculate nucleus (see Figure 25–12). Neurons in 
the parvocellular layers project to cortical layer IVCβ, 
whereas those in the magnocellular layers project to 
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Figure 25–14 Parallel processing in visual pathways. The 
ventral stream is primarily concerned with object identi!cation, 
carrying information about form and color. The dorsal pathway 
is dedicated to visually guided movement, with cells selective 
for direction of movement. These pathways are not strictly 

segregated, however, and there is substantial interconnec-
tion between them even in the primary visual cortex. (LGN, 
lateral geniculate nucleus; MT, middle temporal area.) (Retinal 
ganglion cell images from Dennis Dacey, reproduced with 
permission.)



The functional role of neurons in V1 (see Figure 25-13).
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The columnar systems serve as the substrate for 
two fundamental types of connectivity along the vis-
ual pathway. Serial processing occurs in the successive 
connections between cortical areas, connections that 
run from the back of the brain forward. At the same 
time parallel processing occurs simultaneously in sub-
sets of !bers that process different submodalities such 
as form, color, and movement.

Many areas of visual cortex re"ect this arrange-
ment; for example, functionally speci!c cells in V1 
communicate with cells of the same speci!city in V2. 
These pathways are not absolutely segregated, how-
ever, for there is some mixing of information between 
different visual attributes (Figure 25–14).

Columnar organization confers several advan-
tages. It minimizes the distance required for neurons 
with similar functional properties to communicate 
with one another and allows them to share inputs from 
discrete pathways that convey information about par-
ticular sensory attributes. This ef!cient connectivity 
economizes on the use of brain volume and maximizes 
processing speed. The clustering of neurons into func-
tional groups, as in the columns of the cortex, allows the 
brain to minimize the number of neurons required for 
analyzing different attributes. If all neurons were tuned 
for every attribute, the resultant combinatorial explo-
sion would require a prohibitive number of neurons.

a few hundred micrometers in diameter and 750 µm 
apart (Figure 25–11D). The blobs correspond to clus-
ters of color-selective neurons. Because they are rich in 
cells with color selectivity and poor in cells with orien-
tation selectivity, the blobs are specialized to provide 
information about surfaces rather than edges.

In area V2 thick and thin dark stripes separated by 
pale stripes are evident with cytochrome oxidase label-
ing (Figure 25–11D). The thick stripes contain neurons 
selective for direction of movement and for binocular 
disparity as well as cells that are responsive to illusory 
contours and global disparity cues. The thin stripes 
hold cells specialized for color. The pale stripes contain 
orientation-selective neurons.

For every visual attribute to be analyzed at each 
position in the visual !eld there must be adequate til-
ing, or coverage, of neurons with different functional 
properties. As one moves in any direction across the 
cortical surface, the progression of the visuotopic loca-
tion of receptive !elds is gradual, whereas the cycling 
of columns occurs more rapidly. Any given position in 
space can therefore be analyzed adequately in terms 
of the orientation of contours, the color and direction 
of movement of objects, and the stereoscopic depth.  
The small segment of visual cortex that deals with that 
particular part of the visual !eld represents all possible 
values of all the columnar systems (Figure 25–13).
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Orientation
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Figure 25–13 A cortical computational module. 
A chunk of cortical tissue roughly 1 mm in diam-
eter contains an orientation hypercolumn (a full 
cycle of orientation columns), one cycle of left- and 
right-eye ocular-dominance columns, and blobs and 
interblobs. This module would presumably contain 
all of the functional and anatomical cell types of 
primary visual cortex, and would be repeated hun-
dreds of times to cover the visual !eld. (Adapted, 
with permission, from Hubel 1988.)



The functional role of neurons in V2 (see Figure 25-14).
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layer IVCα. From there a sequence of interlaminar con-
nections, mediated by the excitatory spiny stellate neu-
rons, processes visual information over a stereotyped 
set of connections (Figure 25–15).

This characterization of parallel pathways is only 
an approximation, as there is considerable interaction 
between the pathways. This interaction is the means 
by which various visual features—color, form, depth, 
and movement—are linked, leading to a uni!ed vis-
ual percept. One way this linkage, or binding, may be 
accomplished is through cells that are tuned to more 
than one attribute.

At each stage of cortical processing pyramidal neu-
rons extend output to other brain areas. Super!cial-layer 

Intrinsic Cortical Circuits Transform  
Neural Information

Each area of the visual cortex transforms information 
gathered by the eyes and processed at earlier synap-
tic relays into a signal that represents the visual scene. 
This transformation is accomplished by local circuits 
formed by excitatory and inhibitory neurons.

The principal input to the primary visual cortex 
comes from two parallel pathways that originate in 
the parvocellular and magnocellular layers of the lat-
eral geniculate nucleus (see Figure 25–12). Neurons in 
the parvocellular layers project to cortical layer IVCβ, 
whereas those in the magnocellular layers project to 
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Figure 25–14 Parallel processing in visual pathways. The 
ventral stream is primarily concerned with object identi!cation, 
carrying information about form and color. The dorsal pathway 
is dedicated to visually guided movement, with cells selective 
for direction of movement. These pathways are not strictly 

segregated, however, and there is substantial interconnec-
tion between them even in the primary visual cortex. (LGN, 
lateral geniculate nucleus; MT, middle temporal area.) (Retinal 
ganglion cell images from Dennis Dacey, reproduced with 
permission.)



Where do areas V1 and V2 project (see Figure 25-14).
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layer IVCα. From there a sequence of interlaminar con-
nections, mediated by the excitatory spiny stellate neu-
rons, processes visual information over a stereotyped 
set of connections (Figure 25–15).

This characterization of parallel pathways is only 
an approximation, as there is considerable interaction 
between the pathways. This interaction is the means 
by which various visual features—color, form, depth, 
and movement—are linked, leading to a uni!ed vis-
ual percept. One way this linkage, or binding, may be 
accomplished is through cells that are tuned to more 
than one attribute.

At each stage of cortical processing pyramidal neu-
rons extend output to other brain areas. Super!cial-layer 

Intrinsic Cortical Circuits Transform  
Neural Information

Each area of the visual cortex transforms information 
gathered by the eyes and processed at earlier synap-
tic relays into a signal that represents the visual scene. 
This transformation is accomplished by local circuits 
formed by excitatory and inhibitory neurons.

The principal input to the primary visual cortex 
comes from two parallel pathways that originate in 
the parvocellular and magnocellular layers of the lat-
eral geniculate nucleus (see Figure 25–12). Neurons in 
the parvocellular layers project to cortical layer IVCβ, 
whereas those in the magnocellular layers project to 
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Figure 25–14 Parallel processing in visual pathways. The 
ventral stream is primarily concerned with object identi!cation, 
carrying information about form and color. The dorsal pathway 
is dedicated to visually guided movement, with cells selective 
for direction of movement. These pathways are not strictly 

segregated, however, and there is substantial interconnec-
tion between them even in the primary visual cortex. (LGN, 
lateral geniculate nucleus; MT, middle temporal area.) (Retinal 
ganglion cell images from Dennis Dacey, reproduced with 
permission.)
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What chiefly distinguishes cerebral cortex from other parts of the
central nervous system is the great diversity of its cell types and inter-
connexions. It would be astonishing if such a structure did not profoundly
modify the response patterns of fibres coming into it. In the cat's visual
cortex, the receptive field arrangements of single cells suggest that there is
indeed a degree of complexity far exceeding anything yet seen at lower
levels in the visual system.
In a previous paper we described receptive fields of single cortical cells,

observing responses to spots of light shone on one or both retinas (Hubel
& Wiesel, 1959). In the present work this method is used to examine
receptive fields of a more complex type (Part I) and to make additional
observations on binocular interaction (Part II).

This approach is necessary in order to understand the behaviour of
individual cells, but it fails to deal with the problem of the relationship
of one cell to its neighbours. In the past, the technique of recording
evoked slow waves has been used with great success in studies of
functional anatomy. It was employed by Talbot & Marshall (1941) and
by Thompson, Woolsey & Talbot (1950) for mapping out the visual cortex
in the rabbit, cat, and monkey. Daniel & Whitteiidge (1959) have recently
extended this work in the primate. Most of our present knowledge of
retinotopic projections, binocular overlap, and the second visual area is
based on these investigations. Yet the method of evoked potentials is
valuable mainly for detecting behaviour common to large populations of
neighbouring cells; it cannot differentiate functionally between areas of
cortex smaller than about 1 mm2. To overcome this difficulty a method has
in recent years been developed for studying cells separately or in small
groups during long micro-electrode penetrations through nervous tissue.
Responses are correlated with cell location by reconstructing the electrode
tracks from histological material. These techniques have been applied to
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the other half. These fields were divided into two halves by a line parallel
to the receptive-field axis: an edge oriented parallel to the axis gave 'on'
responses throughout one of the halves and 'off' responses through the
other. In either half, replacing the edge by its mirror image reversed the
response-type. Even cells, which were uniform in their response-types,
like those in Text-fig. 4-6, varied to some extent in the magnitude of
their responses, depending on the position of the stimulus. Moreover, as
with most cortical cells, there was some variation in responses to identical
stimuli.
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Text-fig. 6. Same cell as in Text-fig. 5. A-H, responses to a vertical edge in
various parts of the receptive field: A-D, brighter light to the left; E-H, brighter
light to the right; I, large rectangle, 10 x 20° , covering entire receptive field. Time,
1 sec.

A final example is given to illustrate the wide range of variation in the
organization of complex receptive fields. The cell of Text-figs. 7 and 8 was
not strongly influenced by any form projected upon the screen; it gave only
weak, unsustained 'on' responses to a dark horizontal rectangle against a
light background, and to other forms it was unresponsive. A strong dis-
charge was evoked, however, if a black rectangular object (for example, a
piece of black tape) was placed against the brightly illuminated screen.
The receptive field of the cell was about 5 x 5° , and the most effective
stimulus width was about 1'. Vigorous firing was obtained regardless of
the position of the rectangle, as long as it was horizontal and within the
receptive field. If it was tipped more than 100 in either direction no dis-
charge was evoked (Text-fig. 7D, E). We have recorded several complex
fields which resembled this one in that they responded best to black
rectangles against a bright background. Presumably it is important to

119
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have good contrast between the narrow black rectangle and the back-
ground; this is technically difficult with a projector because of scattered
light.

Slow downward movement of the dark rectangle evoked a strong dis-
charge throughout the entire 50 of the receptive field (Text-fig. 8A). If
the movement was halted the cell continued to fire, but less vigorously.
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Text-fig. 7. Cell activated only by left (contralateral) eye over a field approxi-
mately 5 x 50, situated 100 above and to the left of the area centralis. The cell re-
sponded best to a black horizontal rectangle, J x 60, placed anywhere in the recep-
tive field (A-C). Tilting the stimulus rendered it ineffective (D-E). The black bar
was introduced against a light background during periods of 1 sec, indicated by
the upper line in each record. Luminance of white background, 1 0 log10 cd/M2;
luminance of black part, 0-0 log10 cd/M2. A lesion, made while recording from the
cell, was found in layer 2 of apical segment of post-lateral gyrus.

Upward movement gave only weak, inconsistent responses, and left-right
movement (Text-fig. 8B) gave no responses. Discharges of highest fre-
quency were evoked by relatively slow rates of downward movement
(about 5-10 sec to cross the entire field); rapid movement in either direc-
tion gave only very weak responses.

Despite its unusual features this cell exhibited several properties typical
of complex units, particularly the lack of summation (except in a hori-
zontal sense), and the wide area over which the dark bar was effective.
One may think of the field as having a counterpart in simple fields of type
D, Text-fig. 2. In such fields a dark bar would evoke discharges, but only
if it fell within the inhibitory region. Moreover, downward movement of
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types of cells. In the following examples, four types of complex fields will
be illustrated. The numbers observed of each type are given in Table 2.

TABLE 2. Complex cortical receptive fields
Text-fig.

(a)
(b)
(c)
(d)

Activated by slit-non-uniform field
Activated by slit-uniform field
Activated by edge
Activated by dark bar
Total number ofcomplex fields

3
4
5-6
7-8

No. of cells
11
39
14
6

70

The cell of Text-fig. 3 failed to respond to round spots of light, whether
small or large. By trial and error with many shapes of stimulus it was
discovered that the cell's firing could be influenced by a horizontally
oriented slit J' wide and 30 long. Provided the slit was horizontal its exact
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Text-fig. 3. Responses of a cell with a complex receptive field to stimulation of
the left (contralateral) eye. Receptive field located in area centralis. The diagrams
to the left of each record indicate the position of a horizontal rectangular light
stimulus with respect to the receptive field, marked by a cross. In each record the
upper line indicates when the stimulus is on. A-E, stimulus i x 30, F-G, stimulus
1j x 3° (40 is equivalent to 1 mm on the cat retina). For background illumination
and stimulus intensity see Methods. Cell was activated in the same way from right
eye, but less vigorously (ocalar-dominance group 2, see Part II). An electrolytic
lesion made while recording from this cell was found near the border of layers 5
and 6, in the apical segment of the post-lateral gyrus. Positive deflexions upward;
duration of each stimulus 1 sec.
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the bar would also evoke brisker discharges than upward, provided the
upper flanking region were stronger than the lower one.

In describing simple fields it has already been noted that moving stimuli
were often more effective than stationary ones. This was also true of cells
with complex fields. Depending on the cell, slits, edges, or dark bars were
most effective. As with simple fields, orientation of a stimulus was always
critical, responses varied with rate of movement, and directional asym-
metries of the type seen in Text-fig. 8 were common. Onlv once have we
seen activation of a cell for one direction of movement and suppression of
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Text-fig. 8. Same cell as in Text-fig. 7. Movement of black rectangle j x 60 back
and forth across the receptive field: A, horizontally oriented (parallel to receptive-
field axis); B, vertically oriented. Time required to move across the field, 5 sec.
Time, 1 sec.

maintained firing for the opposite direction. In their responses to move-
ment, cellswith complex fields differed from their simple counterparts chiefly
in responding with sustained firing over substantial regions, usually the
entire receptive field, instead of over a very narrow boundary separating
excitatory and inhibitory regions.

Receptive-field dimensions
Over-all field dimensions were measured for 119 cells. A cell was included

only if its field was mapped completely, and if it was situated in the area of
central vision (see p. 135). Fields varied greatly in size from one cell to the
next, even for cells recorded in a single penetration (see Text-fig. 15). In
Text-fig. 9 the distribution of cells according to field area is given separately
for simple and complex fields. The histogram illustrates the variation in size,
and shows that on the average complex fields were larger than simple ones.
Widths of the narrow subdivisions of simple fields (the centres of types

C, D and E or the flanks of type F, Text-fig. 2) also varied greatly: the
smallest were 10-15 minutes of arc, which is roughly the diameter of the
smalest field centres we have found for geniculate cells. For some cels
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What do the primary visual 
cortex (area V1) and area V2 do?


