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Hypothalamus
Situated under the thalamus, as its name 
implies (“hypo” means “under”), the 
sugar-cube-sized hypothalamus has many 
important functions, including temperature 
control and basic behavioral drives

Pituitary gland
“Master gland” of hormonal or 
endocrine system hangs by a stalk 
from hypothalamus above 

Cerebellum
Responsible 
for balance 

and posture

Neck 
vertebra

Spinal cord

Thalamus
Processes and sends  
on sensory information  
to higher brain areas

Pons
“Crossroads” area 
consisting mainly of  
nerve fibers

Corpus callosum
Main link between left and right cerebral 
hemispheres is a highway of more than 
200 million nerve fibers

Medulla
Regulates vital functions 
such as heartbeat and 
respiration

SLICED DOWN THE MIDDLE
A medial sagittal section (a cut through the 
brain from front to rear, exactly in the middle 
or center line between the eyes) shows the 
sliced corpus callosum and brainstem.  
The left cerebral hemisphere and thalamus 
are off-center, so they remain unsectioned.

Superior sagittal sinus
Around the brain’s midline is 
a shallow groove containing 
blood, which is part of the 
venous return to heart

Dura mater and arachnoid
The outer two meninges are the tough,  
strong dura mater attached to the inside  
of the skull, and the blood-rich arachnoid

Subarachnoid space
This gap between the 
arachnoid and pia 
mater is filled  
with cushioning 
cerebrospinal fluid

Pia mater
Innermost meninx

Specific names are given to various sections or slices of the brain, which show 
different views of the internal parts. For example, a sagittal section that is not 
medial (down the middle), misses the corpus callosum and cuts down through  
a cerebral hemisphere to reveal its intricate pattern of surface folds and grooves.
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THE BRAIN HIERARCHY
The brain’s major parts can be classi!ed or categorized in several ways. 
In all of these systems, the dominant part is the cerebrum, the large 
pinky-gray wrinkled structure that forms more than three-quarters  
of the brain’s total volume. The cerebrum is divided into left and 
right hemispheres, which are linked by a “bridge” of nerve !bers, the 
corpus callosum. The cerebrum, which includes the hippocampus and 
amygdala, is also known as the telencephalon. Together with the parts 

it wraps around—the thalamus, hypothalamus, and associated parts, 
collectively known as the diencephalon—it comprises the major brain 
“division” known as the forebrain (prosencephalon). Below the 
forebrain is the midbrain (mesencephalon), a small division that 
includes groups of nerve-cell bodies known as nuclei, such as the 
basal ganglia. Below the midbrain is the hindbrain (rhombencephalon), 
with the pons as its uppermost part, and beneath it the cerebellum 
and the medulla, which tapers to merge with the spinal cord.
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THE BRAIN HAS A COMPLEX AND MANY-LAYERED ANATOMY. PEELING BACK THE DOMINANT CEREBRAL 
HEMISPHERES REVEALS A FURTHER SET OF STRUCTURES WITHIN. SOME ARE DISCRETE MASSES, SUCH AS  
THE CEREBELLUM AND THALAMUS, WHILE OTHERS ARE ZONES OF NERVE FIBERS OR NERVE CELLS WITHIN 
LARGER STRUCTURES, DISCERNIBLE ONLY BY MICROSCOPIC EXAMINATION.

BRAIN STRUCTURES

Caudate  
nucleus

Putamen

Corpus 
callosum

Amygdala

Cerebellum Hippocampus

Right 
hemisphere

EXPLODED HEAD
A whole head “exploded” sideways reveals the main brain 
regions or divisions. The central brainstem stands up like  
a fist on an arm, and the cerebrum wraps over and around 
it, dominating it both physically and mentally. The next 
largest structure after the cerebrum is the cerebellum  
at the lower rear, comprising about ten percent of the 
brain’s total volume. In common with standard anatomical 
terminology, right and left refer to the owner rather than 
the viewer. So here the right hemisphere of the cerebrum 
is on the left of the picture.
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brainstem 
basic survival and  

automatic functions

midbrain 
emotion, motivation, 
navigation, memory

cortex 
conscious perception, 

decision making, control,  
language and thought









Vision
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Retinal
ganglion cell 

Photoreceptors contributing to 
ganglion cell receptive field 

Center-surround structure of  
ganglion cell receptive field 

Horizontal, bipolar 
and amacrine cells 

On area
(center)

Off area
(surround)

Receptive field 
near the fovea

Receptive field
in the periphery 

A  Receptive fields on the retina

B  Receptive field of a retinal ganglion cell

Light

Figure 21–8 Receptive fields of retinal ganglion cells in rela-
tion to photoreceptors.
A. The number of photoreceptors contributing to the receptive 
field of a retinal ganglion cell varies depending on the loca-
tion of the receptive field on the retina. A cell near the fovea 
receives input from fewer receptors covering a smaller area, 

whereas a cell farther from the fovea receives input from many 
more receptors covering a larger area (see Figure 21–10).
B. Light passes through nerve cell layers to reach the photore-
ceptors at the back of the retina. Signals from the photorecep-
tors are then transmitted by neurons in the outer and inner 
nuclear layers to a retinal ganglion cell.

fields for retinal ganglion cells that monitor portions 
of the fovea subtend approximately 0.1°, whereas 
those in the visual periphery can be a couple of orders 
of magnitude larger.

The amount of cortex dedicated to a degree of 
visual space changes with eccentricity. More area of 
cortex is dedicated to the central part of the visual 
field, where the receptive fields are smallest and 
the visual system has the greatest spatial resolution 
(Figure 21–10C).

Receptive-field properties change from relay to 
relay along a visual pathway. By determining these 
properties, one can assay the function of each relay 
nucleus and how visual information is progressively 

analyzed by the brain. For example, the change in 
receptive-field structure that occurs between the LGN 
and cerebral cortex reveals an important mechanism 
in the brain’s analysis of visual form. The key prop-
erty of the form pathway is selectivity for the orienta-
tion of contours in the visual field. This is an emergent 
property of signal processing in primary 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 LGN have concentric center-surround receptive 
fields, those in the cortex, although equally sensitive 
to contrast, also analyze contours. David Hubel and 
Torsten Wiesel discovered this characteristic in 1958 



light" and that of the small cells was 
registering colors; his basic insight, that 
the anatomic subdivisions had function­
al implications, has assumed increasing 
importance in recent years. 

Neurologists at the time found that 
lesions anywhere along the pathway 
connecting the retina with VI created a 
field of absolute blindness, the extent 

VISUAL CORTEX V4 

RETINA 

OPTIC 
NERVE 

LATERAL 
GENICULATE 

NUCLEUS 

and position of which corresponded 
precisely with the size and location of 
the lesion in VI. That observation led 
Henschen to conceive of area VI as the 
"cortical retina"-the place where "see­
ing" occurred. 

Moreover, the German psychiatrist 
Paul Emil Flechsig of Leipzig Universi­
ty had shown during the late 19th cen-
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ANATOMIC AND FUNCTIONAL DM­
SIONS within the visual system are the 
physical foundation for vision. Most 
connections between the retina and the 
visual cortex at the back of the brain 
pass through the lateral geniculate nu­
cleus. In cross section, this subcortical 
structure has six cell layers: two in the 
magnocellular pathway (M) and four in 
the parvocellular pathway (P). 

tury that certain regions of the brain, 
among them VI, had a mature appear­
ance at birth, whereas others, including 
the cortical regions surrounding VI, 
continued to develop, as though their 
maturation depended on the acquisi­
tion of experience. For Flechsig and 
most other neurologists, this observa­
tion implied that VI was "the enter-

VISUAL CORTEX of the macaque monkey has been studied in 
detail. A cross section through the brain (left) at the level indi-

cated (right) shows part of the primary visual cortex (VI) and 
some of the other visual areas in the pre striate cortex (V2-V5). 

70 SCIENTIFIC AMERICAN September 1992 
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A  Cortical visual areas in humans
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B  Visual pathways in the macaque monkey  
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Dorsal
pathway

A  Visual processing

Parietal
cortex

Inferotemporal 
cortex

Lateral 
geniculate
nucleus

Pulvinar

Thalamic nuclei:

SC

Ventral
pathway

Primary 
visual 
cortex

Pretectum

B  Pupillary reflex and accommodation

Accommodation
Pupillary 
reflex

Ciliary 
ganglion

 C  Eye movement (horizontal)

PPRF

Caudate 
nucleus

Posterior 
parietal 
cortex 

Primary 
visual 
cortex

Substantia 
nigra

LGN

FEF

Abducens
nerve

SC

Abducens 
nucleus 

Accessory 
oculomotor 
nucleus Figure 21–6 Pathways for visual processing, pupillary reflex 

and accommodation, and control of eye position.
A. Visual processing. The eye sends information first to tha-
lamic nuclei, including the lateral geniculate nucleus and pulvi-
nar, and from there to cortical areas. Cortical projections go 
forward from the primary visual cortex to areas in the parietal 
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. (Abbreviation: SC, superior colliculus).
B. Pupillary reflex and accommodation. Light signals are relayed 
through the midbrain pretectum, to preganglionic parasympa-
thetic neurons in the accessory oculomotor (Edinger-Westphal) 
nucleus, and out through the parasympathetic outflow of the 
oculomotor nerve to the ciliary ganglion. Postganglionic neu-
rons innervate the smooth muscle of the pupillary sphincter, as 
well as the muscles controlling the lens.
C. Eye movement. Information from the retina is sent to the 
superior colliculus (SC) directly along the optic nerve and indi-
rectly through the geniculostriate pathway to cortical areas 
(primary visual cortex, posterior parietal cortex, and frontal eye 
fields) 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. (Abbreviations: FEF, 
frontal eye field; LGN, lateral geniculate nucleus; PPRF, para-
median pontine reticular formation.)

anatomical criteria. The criteria included the size, 
shape, and packing density of neurons in the cortical 
layers and the thickness and density of myelin. The 
functionally distinct cortical areas we have considered 
heretofore correspond only loosely to Brodmann’s 
classification. The primary visual cortex (V1) is identi-
cal to Brodmann’s area 17. In the extrastriate cortex, 
the secondary visual area (V2) corresponds to area 18. 
Beyond that, however, area 19 contains several func-
tionally distinct areas that generally cannot be defined 
by anatomical criteria.

The number of functionally discrete areas of 
visual cortex varies between species. Macaque 
monkeys have more than 30 areas. Although not 
all visual areas in humans have yet been identified, 
the number is likely to be at least as great as in the 
macaque. If one includes oculomotor areas and pre-
frontal areas contributing 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 21–7). Based on pathway tracing studies in 
monkeys, we now appreciate that these areas are 
organized in functional streams (Figure 21–7B).

The visual areas of cortex can be differentiated by 
the functional properties of their neurons. Studies of 
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Flat Map of the Macaque Brain, from Felleman, D. J. and Van Essen, D. C. (1991) Cerebral Cortex 1:1-47.



C shows areas in human visual cortex, as described in the 
text. Consensus is highest in lower-tier (generally, left-
most) areas; such areas tend to be evolutionarily more 
conserved, and the retinotopy is more easily resolved.  
“Neuroimaging Weighs In: Humans Meet Macaques in 
“Primate” Visual Cortex”



Flat map of the human brain
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Figure 21–14 Parallel processing in visual pathways.  The 
ventral stream is primarily concerned with object identification, 
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 interconnection 
between them even in the primary visual cortex. (Abbreviations: 
LGN, lateral geniculate nucleus; MT, middle temporal area.) 
(Retinal ganglion cell images courtesy of Dennis Dacey,  
reproduced with permission.)

magnocellular layers project to layer IVCα and 6, 
while the koniocellular neurons project to layer 1 and 
to the cytochrome oxidase blobs in layers 2 and 3. 
From there, a sequence of interlaminar connections, 
mediated by the excitatory spiny stellate neurons, 
processes visual information over a stereotyped set of 
connections (Figure 21–15).

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 unified 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. Superficial-layer 
cells are responsible for connections to higher-order areas 
of cortex. Layer V pyramidal neurons project to the supe-
rior colliculus and pons in the brain stem. Layer VI cells 
are responsible for feedback projections, both to the thala-
mus and to lower-order cortical areas.

Neurons in different layers have distinctive receptive-
field properties. Neurons in the superficial layer of V1 
have small receptive fields, whereas neurons in deeper 
layers have large ones. The superficial-layer neurons are 
specialized for high-resolution pattern recognition. Neu-
rons in the deeper layers, such as those in layer V that are 
selective for the direction of movement, are specialized 
for the tracking of objects in space.
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Seeing with Brain Maps 

10.20 Ocularity stripes (left) 
Reconstruction of layer 4C ocular dominance columns over 
area 17 (V1) of the right occipital lobe made from a series 
of reduced silver sections. Alternate columns receive input 
principally from left and right eyes. Note the relative constancy 
of column widths suggesting left and right eyes project to equal 
areas of V1 . Redrawn courtesy of the Nobel Foundation from 
Hubel (1981). 

sible to d raw a smooth curve between them such 
that every column along that curve has roughly the 
same orienration preference. Any regions in which 
orienration preference remains constant is called an 
iso-orienration domai n (iso means "same"). 

Second, two singulariti es joined by such a curve 
usually have topological indexes wi th differenr 
signs. 

O nce again, it turns out that this empirical 
observation corresponds to a theorem, known as 
the sign principle. The sign principle states that 
nearby singularities must have topological indices 

R L R L R L R 

10.21 Ice cube model of the striate cortex 
Redrawn courtesy of the Nobel Foundation from Hubel 
(1981). 

with opposite signs, as shown in 10.19. Tal and 
Schwartz showed that the sign principle could be 
applied to orientation maps. 

The sign principle originates, not in the world 
of human fi ngerprinrs, but in the wo rld of the 
physics (random optical wave fields) where it was 
proved in 1994. 

Packing Ocularity 

A more recenr image of oculari ty stripes confirms 
the findings of Hubel and W iesel shown in 10.20. 
Oculari ty represents another parameter to be 

L R 

10.22 Relation between maps 
of orientation and ocularity 
Black curves show boundaries of 
ocularity stripes, whereas each 
thin colored curve shows location 
of cells with the same preferred 
orientation, and curves con-
verge at orientation singularities. 
Notice how each iso-orientation 
curve tends to cross an ocularity 
boundary at about 90 degrees, 
and that singularities are near 
the centers of ocularity stripes. 
R = right eye dominant; L = left 
eye dominant. Adapted with 
permiSSion from Hubener et al. 
(1997) . 

243 
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Figure 21–13 A cortical computational module.  
A chunk of cortical tissue roughly 1 mm square 
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, which would be repeated 
hundreds of times to cover the visual field. 
(Adapted from Hubel 1988.)

For every visual attribute to be analyzed at each 
position in the visual field, 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 fields is gradual, whereas the cycling 
of columns occurs more rapidly. Any given position in 
the visual field can therefore be analyzed adequately 
in terms of the orientation of contours, the color and 
direction of movement of objects, and stereoscopic 
depth by a single computational module. The small 
segment of visual cortex that comprises such a module 
represents all possible values of all the columnar sys-
tems (Figure 21–13).

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 fibers that process different submodalities such 
as form, color, and movement, continuing the neural 
processing strategy started in the retina.

Many areas of visual cortex reflect this arrange-
ment; for example, functionally specific cells in V1 
communicate with cells of the same specificity in V2. 
These pathways are not absolutely segregated, how-
ever, for there is some mixing of information between 
different visual attributes (Figure 21–14).

Blobs

Orientation
columns

Orientation
preference

Left eye Right eye

Ocular 
dominance 
columns:

Columnar organization confers several advantages. 
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 particular sen-
sory attributes. This efficient connectivity economizes 
on the use of brain volume and maximizes processing 
speed. The clustering of neurons into functional groups, 
as in the columns of the cortex, allows the brain to mini-
mize the number of neurons required for analyzing 
different attributes. If all neurons were tuned for every 
attribute, the resultant combinatorial explosion would 
require a prohibitive number of neurons.

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 
comprising both excitatory and inhibitory neurons.

The principal input to the primary visual cortex 
comes from three parallel pathways that originate 
in the parvocellular, magnocellular, and the blue/
yellow channels of koniocellular layers of the LGN 
(see Figure 21–12). Neurons in the parvocellular lay-
ers project to cortical layers IVCβ and 6, those in the 
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10.10 Orientation map in visual cortex (V2) 
Surface of part of the V2 viewed from above. Here, the ori-
entation of lines drawn on the cortical surface indicates the 
orientation to which that cortical region is most sensitive. 
Courtesy Swindale, Matsubara and Cynader (1987). 

of drawing orientation is shown in 10.11. Here, 
each preferred orientation is represented by a single 
color. Using color to represent orientation makes 
the spatial layout of orientation very obvious. 

The main characteristic of the orientation map 
is that the representation of orientation varies 

10.12 Three-dimensional parameter space 
A line on a plane is defined by three parameters, two for 
its position (x,y) and one for its orientation (e, pronounced 
theta). In order to represent every orientation at every po-
sition we require a three-dimensional parameter space in 
which position is defined by two position parameters (x, y) 
and orientation is represented by a third (depth) parame-
ter. Any line on the plane with position (x,Y) and orientation 
e corresponds to a single point with coordinates (x, y, e) in 
the 3D parameter space. This is NOT the way the striate 
cortex represents orientation. 

b A real pinwheel. 
Courtesy Ken 
Bloomquist. 

10.11 Orientation map in the 
striate cortex 
a Cortex surface viewed from 
above and using the color cod-
ing scheme shown on the right 
for orientation . The singularities 
form the centers of patterns that 
have come to be known as pin-
wheels. The circles enclose two 
singularities with opposite signs 
(circle = positive sign , square = 
negative sign). With permission 
from Blasdel (1992). 

smoothly from place to place across the cortical 
surface, but there are occasional "jumps" or discon-
tinuities, where the representation of orientation 
changes abruptly. In the context of brain maps, 
discontinuities are also called singularities, and we 
will use both terms interchangeably here. Note that 
the map is conti nuous with respect to retinal posi-
tion (except for the split between hemispheres de-
scribed earlier). However, the map is discontinuous 
with respect to orientation which is why pinwheel 
patterns, 10.11, emerge in the orientation map. 
These discontinuities in orientation occur as a side 
effect of trying to solve the packing problem. 

The Packing Problem 
In order to make sense of the visual world we need 
to be able to see every orientation irrespective of 
where it is located on the retina. This means that 
we need to be able to represent every possible 
orientation for every retinal location. In theory, 
this could be achieved by representing different 
orientations at different "vertical" depths within 
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1. Division of visual hemifields 

2. Up-down inversion 

3. Complete and continuous 

4. Cortical magnification 

5. Radical discontinuity at the 
median 
“the cut in the cortical 
representation places the regions 
of the scene on either side of the 
cut farthest apart in the brain!”
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TWR data, the phase of the response is represented as a color-coded overlay on anatomical 
data (Figure 2). It is important to note that these types of TWR stimuli are not only excellent 
for measuring cortical VFMs, but that they only produce activity in regions that are 
retinotopically-organized.  

 
Figure 2. TWR Measurements. Traveling wave stimuli typically consist of a set of high contrast 
checkerboard patterns that move smoothly and periodically through a range of eccentricities (ring) or 
polar angles (wedge). The inflated cortical surface (inset) is labeled as follows: CC, corpus callosum; 
POS, parietal-occipital sulcus; CaS, calcarine sulcus. An expanded view of this surface near calcarine 
sulcus is overlaid with a color map showing the response phase at each location for polar angle (A) and 
eccentricity experiments (B) (see the colored legend insets). The stimuli covered the central 16° radius of 
visual space. The solid white lines indicate the boundaries of visual area V1 in the calcarine sulcus. For 
clarity, the colored visual responses are only overlaid on locations near the calcarine sulcus, and only 
voxels with a powerful response at a coherence ≥ 0.25 are colored.  

The design of TWR presents all eccentricities or polar angles at a given frequency per scan 
(typically 6-8 cycles per scan), which allows the use of a Fourier analysis. TWR only 
considers activity that is at this signal frequency, excluding low-frequency physiological 
noise, among other things. The statistical threshold for cortical activity arising from the 
TWR stimulus is commonly determined by coherence, which is equal to the amplitude of the 
BOLD signal modulation at the frequency of stimulus presentation (e.g., 6 stimulus cycles 
per scan), divided by the square root of the power over all other frequencies except the first 
and second harmonic (e.g., 12 and 18 cycles per scan). These harmonic frequencies 
commonly can be considered signal in such analyses, but we often take a conservative 
approach and simply exclude their values from the calculation of coherence. Including these 
frequencies as noise would lead to an artificially high average for the noise frequencies in 



In addition, Swisher et al. (2007) showed that these maps
could be identified using sensory stimulation without a sac-
cadic or attentional manipulation. Moreover, they describe
two visual field maps anterior to IPS-2, which they labeled
IPS-3 and IPS-4. It seems likely that IPS-3 corresponds
to the map called the putative homolog of monkey LIP by
Sereno et al. (Hagler et al., 2007; Sereno et al., 2001).
Lateral Maps: LO-1, LO-2, and hMT
LO-1, LO-2. Responses to traveling-wave stimuli in lateral
occipital (LO) cortex, a region extending laterally and ante-
riorly from dorsal V3, differ substantially from responses in
primary visual cortex. We attribute this to a difference in
receptive field size (about 53) between neurons in V1
and LO cortex (Dumoulin and Wandell, 2007). Conven-
tional traveling-wave methods are not well-suited to un-
covering visual field maps under these conditions, and
several early measurements using the traveling-wave
method reported no compelling retinotopy (Grill-Spector
et al., 1998; Malach et al., 1995; Tootell and Hadjikhani,
2001).

The naming conventions associated with LO cortex
have undergone several transformations. Investigators
measuring object and face recognition first observed
modulations that spanned lateral occipital and ventral oc-
cipital-temporal cortex. They named the entire function-
ally defined zone as the lateral occipital complex (LOC),
with additional functional subdivisions (Grill-Spector
et al., 1999; Grill-Spector and Malach, 2004; Malach
et al., 1995). In search for a map to match a proposed ven-
tral V4 quarterfield map, Tootell and Hadjikhani (2001) call
this region ‘‘anterior to V3A, posterior to MT+, and supe-
rior to ventral V4’’ the V4d-topo (for ‘‘dorsal V4 topologue’’)
to represent the likely anatomical region where they ex-
pected to find a human V4 map homologous to macaque
dorsal V4. Across this region, they measured crude retino-
topic eccentricity responses and proposed dividing LO
into two regions representing the central (LOc) and periph-
eral (LOp) visual field. Subsequently, Tyler et al. (2005)
measured a lower field representation in the region be-
tween V3A, V3d, and hMT+ which they called dorsolateral
occipital (DLO).

Recent compelling reports now identify two clear hemi-
field maps adjacent to the central representation of V3 on
the lateral occipital surface (Figure 6; see also Figure 5)
(Larsson and Heeger, 2006; Swisher et al., 2007). These
maps represent the contralateral visual hemifield, and
they have a foveal representation that is confluent with
that of V1, V2, V3, and hV4. The angle representation in
LO-1 is the mirror of V3, and that in LO-2 is the mirror of
LO-1. In both cases, the representation at the boundary
is at the upper (V3/LO-1) or lower (LO-1/LO-2) vertical me-
ridian. The visual field eccentricity representations in LO-1
and LO-2 are parallel. Currently, it is not clear whether
there is a gap between the relatively anterior map (LO-2)
and hMT+.

The notation LO-X seems appropriate for visual field
maps in lateral occipital cortex, as it is consistent with
the nomenclature for the ventral (VO-X) and dorsal (IPS-

X) maps, and homology to macaque areas is unclear
(Larsson and Heeger, 2006; Swisher et al., 2007; Wandell
et al., 2005). Based on retinotopic responses seen in our
data and that from other laboratories, we suspect that
over time the entire LOC and other regions on the ventral
and lateral surface will be subdivided into visual field
maps. Should this occur, the LO Complex may be further
subdivided into visual field maps. We propose that these
be identified as either LO-X or VO-X, according to their
anatomical location.

hMT+. The human homolog of macaque MT (also re-
ferred to as V5) is found within a highly motion-sensitive
region on the border between lateral occipital and tempo-
ral cortex (Dumoulin et al., 2000; Tootell et al., 1995; Wat-
son et al., 1993). The functional definition of this region
probably includes several visual field maps in addition to
hMT (e.g., MST). To acknowledge the imprecision in the
identification, the region defined by motion responsivity
is referred to as hMT+ (DeYoe et al., 1996).

The initial definition of MT was based on a visual field
map (Allman and Kaas, 1971). Hence, there is a strong
presumption that one should be able to identify a specific
human MT map. Several attempts have been made to
subdivide the region hMT+ using visual field maps and
other functional measurements. There is a particular focus
on separating hMT from an adjacent area identified in
monkey, MST (Beauchamp et al., 2007; Dukelow et al.,
2001; Goossens et al., 2006; Huk et al., 2002; Smith
et al., 2006). Huk et al. (2002) reported the existence of a vi-
sual field map within the region hMT+, and they proposed
that this visual field map is hMT. The small size of the MT
visual field map and the variability of map position across
individuals have made this region difficult to study. While
the presence of at least one visual field map is certain,
multiple small maps are likely to exist in this region. The lit-
erature contains several images that show suggestive
maps in the hMT+ region, and we suspect that with

Figure 6. Visual Field Maps Illustrated on a Computationally
Flattened Cortical Representation
Adapted from Figure 1 in Larsson and Heeger (2006). A flattened rep-
resentation of cortex illustrates the spatial relationship between maps
near the occipital pole in the left hemisphere. The maps show the
angular (left) and eccentricity (right) maps averaged across 15 hemi-
spheres. In the left column, color indicates polar angle (inset legend).
In the right column, color indicates eccentricity between 0! and 6!

(inset legend).
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more than one map is essential for a particular visual func-
tion and that each individual map participates in multiple
functions. Characterizing the responses within specific vi-
sual field maps is an essential task in understanding the
cortical organization of visual functions.

Second, the visual field map provides useful information
about the likely perceptual function of a specific cortical
region. For example, field maps define the amount of cor-
tical surface area allocated as a function of visual field ec-
centricity, a measure commonly called cortical magnifica-
tion (Daniel and Whitteridge, 1961) (see Figure 1B). Some
cortical visual field maps are principally devoted to pro-
cessing foveal information, others less so (Dougherty
et al., 2003; Ejima et al., 2003; Engel et al., 1997; Pitzalis
et al., 2006; Sereno et al., 1995). Such differences in cor-
tical magnification may correlate with differences in per-
ceptual processing requirements (Malach et al., 2002).

Third, quantitative measurements of these maps can be
used for detailed analyses of visual system pathologies
(Barnes et al., 2001; Baseler et al., 1999, 2002; Morland
et al., 2001; Sunness et al., 2004; Victor et al., 2000). Visual
field map changes can be used to track cortical reorgani-
zation following retinal or cortical injury (plasticity). Fur-
ther, if we are to identify cortical changes underlying visual
dysfunction and perceptual deficits, we need to have

baseline measurements of features such as visual field
map size and organization.

Fourth, quantitative measurements are a good basis for
interspecies comparisons (Van Essen, 2002, 2003). There
is a wealth of literature from primate measurements from
which it is useful to draw information for human studies,
but an understanding of the homology across the species
is necessary. If we are to identify homologous regions
securely, it is best to have quantitative measurements
from both species. We discuss questions of homology in
more detail in the section Monkey and Human Visual Field
Maps.

Finally, visual field maps provide a useful way to com-
pare or combine responses of individual observers or
groups of observers. Without knowledge of the functional
maps, functional responses can be compared only by
identifying common anatomical landmarks. But the human
brain’s anatomical structure is highly varied, and methods
for placing a brain within a stereotaxic coordinate system,
such as Talairach (Talairach and Tournoux, 1988) or MNI
space (Collins et al., 1994), rarely provide spatial certainty
within half a centimeter (Di Russo et al., 2002; Iaria and
Petrides, 2007; Thompson et al., 1996). Furthermore,
alignment of gross anatomical features will not necessarily
align cytoarchitectonic (Rademacher et al., 1993) or func-
tional regions (Dumoulin et al., 2000). Identifying a re-
gion-of-interest (ROI) using a functional measurement,
such as a map, provides much better support for the as-
sumption that one is measuring comparable regions
across individuals. There is an interesting debate about
the value of ROI measurements and the optimal implemen-
tation of localizer scans (Friston et al., 2006; Saxe et al.,
2006). This debate focuses on stimulus-specific ROIs de-
fined by thresholding signal amplitudes elicited by viewing
particular stimuli, such as fusiform face area (Kanwisher
et al., 1997) and lateral occipital complex (Malach et al.,
1995). However, unlike these stimulus-specific ROIs, the
value of visual field maps for identifying common regions
in different observers is acknowledged by both sides. In-
deed, identification of visual field maps is a prerequisite
for many neuroimaging studies of human visual cortex.

Measuring Visual Field Maps
Visual field maps are defined with respect to the fixation
point. Stimuli to the right of fixation are in the right visual
field, stimuli above fixation are in the upper field, and so
forth. Because the visual field shifts with the eye position
but is fixed with respect to the retina, visual field maps
are also called retinotopic maps.
Traveling-Wave Method
Visual field maps measure the stimulus location that
causes the largest response at each cortical position (Fig-
ure 3). Many laboratories use the traveling-wave method
(also called phase-encoded retinotopic mapping) (Engel
et al., 1994) with ring and wedge stimuli to measure visual
field maps (DeYoe et al., 1996; Dumoulin et al., 2003; En-
gel et al., 1997; Sereno et al., 1995; Wandell et al., 2005;
Warnking et al., 2002). In this method, a fixating observer

Figure 2. Visual Field Maps in Human Visual Cortex
The positions of sixteen maps are shown on an inflated rendering of the
cortical surface of a right hemisphere. Although this organization is
generally accepted, certain aspects are still debated. Most of the vi-
sual field maps are based on measurements of one subject (V1/2/3,
hV4, VO-1/2, LO-1/2, IPS-0); others are added based on descriptions
in the literature (IPS-1/2/3/4, hMT). Fovea and upper/lower visual fields
are indicated by the ‘‘o’’, ‘‘+’’, and ‘‘!’’ symbols, respectively. The pos-
terior visual maps in and around calcarine are labeled V for visual and
a number, e.g., V1, V2, V3, V3A, following the naming of homologs in
macaque monkey. To be conservative about potential homology
between these maps and maps in nonhuman primates, we use a con-
servative labeling scheme. Maps in lateral occipital are numbered as
LO-x, maps in ventral occipital are numbered as VO-x, and maps in
the intraparietal sulcus are numbered IPS-x.
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more than one map is essential for a particular visual func-
tion and that each individual map participates in multiple
functions. Characterizing the responses within specific vi-
sual field maps is an essential task in understanding the
cortical organization of visual functions.

Second, the visual field map provides useful information
about the likely perceptual function of a specific cortical
region. For example, field maps define the amount of cor-
tical surface area allocated as a function of visual field ec-
centricity, a measure commonly called cortical magnifica-
tion (Daniel and Whitteridge, 1961) (see Figure 1B). Some
cortical visual field maps are principally devoted to pro-
cessing foveal information, others less so (Dougherty
et al., 2003; Ejima et al., 2003; Engel et al., 1997; Pitzalis
et al., 2006; Sereno et al., 1995). Such differences in cor-
tical magnification may correlate with differences in per-
ceptual processing requirements (Malach et al., 2002).

Third, quantitative measurements of these maps can be
used for detailed analyses of visual system pathologies
(Barnes et al., 2001; Baseler et al., 1999, 2002; Morland
et al., 2001; Sunness et al., 2004; Victor et al., 2000). Visual
field map changes can be used to track cortical reorgani-
zation following retinal or cortical injury (plasticity). Fur-
ther, if we are to identify cortical changes underlying visual
dysfunction and perceptual deficits, we need to have

baseline measurements of features such as visual field
map size and organization.

Fourth, quantitative measurements are a good basis for
interspecies comparisons (Van Essen, 2002, 2003). There
is a wealth of literature from primate measurements from
which it is useful to draw information for human studies,
but an understanding of the homology across the species
is necessary. If we are to identify homologous regions
securely, it is best to have quantitative measurements
from both species. We discuss questions of homology in
more detail in the section Monkey and Human Visual Field
Maps.

Finally, visual field maps provide a useful way to com-
pare or combine responses of individual observers or
groups of observers. Without knowledge of the functional
maps, functional responses can be compared only by
identifying common anatomical landmarks. But the human
brain’s anatomical structure is highly varied, and methods
for placing a brain within a stereotaxic coordinate system,
such as Talairach (Talairach and Tournoux, 1988) or MNI
space (Collins et al., 1994), rarely provide spatial certainty
within half a centimeter (Di Russo et al., 2002; Iaria and
Petrides, 2007; Thompson et al., 1996). Furthermore,
alignment of gross anatomical features will not necessarily
align cytoarchitectonic (Rademacher et al., 1993) or func-
tional regions (Dumoulin et al., 2000). Identifying a re-
gion-of-interest (ROI) using a functional measurement,
such as a map, provides much better support for the as-
sumption that one is measuring comparable regions
across individuals. There is an interesting debate about
the value of ROI measurements and the optimal implemen-
tation of localizer scans (Friston et al., 2006; Saxe et al.,
2006). This debate focuses on stimulus-specific ROIs de-
fined by thresholding signal amplitudes elicited by viewing
particular stimuli, such as fusiform face area (Kanwisher
et al., 1997) and lateral occipital complex (Malach et al.,
1995). However, unlike these stimulus-specific ROIs, the
value of visual field maps for identifying common regions
in different observers is acknowledged by both sides. In-
deed, identification of visual field maps is a prerequisite
for many neuroimaging studies of human visual cortex.

Measuring Visual Field Maps
Visual field maps are defined with respect to the fixation
point. Stimuli to the right of fixation are in the right visual
field, stimuli above fixation are in the upper field, and so
forth. Because the visual field shifts with the eye position
but is fixed with respect to the retina, visual field maps
are also called retinotopic maps.
Traveling-Wave Method
Visual field maps measure the stimulus location that
causes the largest response at each cortical position (Fig-
ure 3). Many laboratories use the traveling-wave method
(also called phase-encoded retinotopic mapping) (Engel
et al., 1994) with ring and wedge stimuli to measure visual
field maps (DeYoe et al., 1996; Dumoulin et al., 2003; En-
gel et al., 1997; Sereno et al., 1995; Wandell et al., 2005;
Warnking et al., 2002). In this method, a fixating observer

Figure 2. Visual Field Maps in Human Visual Cortex
The positions of sixteen maps are shown on an inflated rendering of the
cortical surface of a right hemisphere. Although this organization is
generally accepted, certain aspects are still debated. Most of the vi-
sual field maps are based on measurements of one subject (V1/2/3,
hV4, VO-1/2, LO-1/2, IPS-0); others are added based on descriptions
in the literature (IPS-1/2/3/4, hMT). Fovea and upper/lower visual fields
are indicated by the ‘‘o’’, ‘‘+’’, and ‘‘!’’ symbols, respectively. The pos-
terior visual maps in and around calcarine are labeled V for visual and
a number, e.g., V1, V2, V3, V3A, following the naming of homologs in
macaque monkey. To be conservative about potential homology
between these maps and maps in nonhuman primates, we use a con-
servative labeling scheme. Maps in lateral occipital are numbered as
LO-x, maps in ventral occipital are numbered as VO-x, and maps in
the intraparietal sulcus are numbered IPS-x.
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Human Visual Field Maps
Posterior-Medial Maps: V1, V2, and V3
The traveling-wave fMRI measurements clearly reveal
three human hemifield maps near the calcarine sulcus in
the occipital lobe (DeYoe et al., 1996; Engel et al., 1997;
Sereno et al., 1995; Figure 4). Primary visual cortex (V1),
which receives direct input from the retinogeniculate path-
way, occupies calcarine cortex and represents a hemifield
of visual space. Two additional maps (V2, V3) occupy
a strip of cortex, roughly 1–3 cm wide, which encircles
V1. V2 and V3 both contain discontinuous hemifield
maps, which are divided along the horizontal meridian.
This discontinuity creates two quarterfield maps in V2
and V3, each of which has one long edge representing
the horizontal meridian and a second representing the ver-
tical meridian.

The eccentricity representations for these three areas
run in register. The eccentricity map begins at the large
foveal representation on the ventral-lateral surface near
the occipital pole, and increasingly peripheral stimuli are
represented at increasingly anterior positions along the
medial surface. In addition to the parallel eccentricity
maps, the vertical meridian representations of V1/V2 are
adjacent to one another, as are the horizontal meridian
representations of V2/V3.

Apart from the overall scale (macaque V1 is about half
the size of human V1) the angular and eccentricity maps
in these three maps are quite similar in the two species.
Common features include the large confluent foveal repre-
sentation, the concentric, unified organization of the ec-
centricity maps across the three areas, and the separation
of the V2 and V3 maps into quarterfield representations
surrounding V1. In both species there is more cortical sur-
face area allocated to the central than peripheral visual
field representation. Complete quantitative formulae de-
fining the relationship between visual field and cortical
surface have been developed and analyzed (Balasubra-

manian et al., 2002; Schira et al., 2007; Schwartz, 1977).
The relationship between cortical position and eccentric-
ity is approximated by a simple exponential function
(Dougherty et al., 2003; Engel et al., 1997; Qiu et al., 2006).

There are differing views regarding V3. For example, in
macaque, Van Essen and colleagues observed anatomi-
cal differences between the dorsal and ventral quarterfield
representations surrounding V2. They proposed dividing
V3 into two distinct areas, naming the dorsal map V3
and the ventral map VP (Burkhalter et al., 1986), and these
terms are used sometimes to identify the dorsal and ven-
tral strips of human V3 (e.g., Pitzalis et al., 2006). Recent
anatomical measurements in macaque suggest that the
connectivity is similar between macaque V3 and VP, sup-
porting the idea that these two quarterfield maps are part
of a single functional entity (Lyon and Kaas, 2002; Wandell
et al., 2005; Zeki, 2003). Human fMRI measurements do
not offer any definitive support for the hypothesis that
the dorsal and ventral maps are fundamentally different;
hence, the human maps are most commonly called V3-
dorsal and V3-ventral (V3d and V3v).
Dorsal Maps: V3A, V3B, V6, and IPS-X
Several research groups confirm the existence of a collec-
tion of visual field maps in dorsal cortex, extending from
the anterior portion of V3 into the intraparietal sulcus
(IPS) (Figure 5). The map directly adjacent to V3 has
many similarities to macaque V3A and is given the same
name. A map sharing a confluent fovea with V3A, and
now called V3B, was also observed by many groups.
More recently, several smaller (400–700 mm2) maps
have been identified from the posterior portion of the IPS

Figure 4. V1, V2, and V3 Visual Field Maps
Visual field maps are measured in the right hemisphere of a single sub-
ject using expanding ring and rotating wedge stimuli. The color overlay
indicates the eccentricity (left) or angle (right) that produces the most
powerful response at each cortical location. The stimuli covered the
central 20 degrees radius. For clarity, only responses near the medial
occipital cortex are shown. The stimulus-driven responses shown in
this paper are substantially above statistical threshold (p < 0.001, un-
corrected). Other details as in Figure 3.

Figure 5. Visual Field Maps on the Dorsal and Lateral Surface
of the Human Brain
Adapted from Figure 1 in Swisher et al. (2007) Angular mapping with
a rotating wedge stimulus produces modulation of the BOLD signal
in a substantial portion of posterior cerebral cortex. The images
show the right hemisphere of a single subject. (A) The reconstructed
pial surface is shown from posterior lateral (top left), posterior medial
(bottom left), and posterior dorsal (right) views. In these views, the cor-
tex is folded as in the normal anatomical state. (B) The value of inflation
for visualization is illustrated; notice that the data within the sulci that
are occluded in the previous images become visible, and it is much
easier to appreciate the reversals in the angular representation that
are an important indicator of the boundary between visual field maps
(solid and dashed lines). The stimuli covered the central 12 degrees
radius.
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Human Visual Field Maps
Posterior-Medial Maps: V1, V2, and V3
The traveling-wave fMRI measurements clearly reveal
three human hemifield maps near the calcarine sulcus in
the occipital lobe (DeYoe et al., 1996; Engel et al., 1997;
Sereno et al., 1995; Figure 4). Primary visual cortex (V1),
which receives direct input from the retinogeniculate path-
way, occupies calcarine cortex and represents a hemifield
of visual space. Two additional maps (V2, V3) occupy
a strip of cortex, roughly 1–3 cm wide, which encircles
V1. V2 and V3 both contain discontinuous hemifield
maps, which are divided along the horizontal meridian.
This discontinuity creates two quarterfield maps in V2
and V3, each of which has one long edge representing
the horizontal meridian and a second representing the ver-
tical meridian.

The eccentricity representations for these three areas
run in register. The eccentricity map begins at the large
foveal representation on the ventral-lateral surface near
the occipital pole, and increasingly peripheral stimuli are
represented at increasingly anterior positions along the
medial surface. In addition to the parallel eccentricity
maps, the vertical meridian representations of V1/V2 are
adjacent to one another, as are the horizontal meridian
representations of V2/V3.

Apart from the overall scale (macaque V1 is about half
the size of human V1) the angular and eccentricity maps
in these three maps are quite similar in the two species.
Common features include the large confluent foveal repre-
sentation, the concentric, unified organization of the ec-
centricity maps across the three areas, and the separation
of the V2 and V3 maps into quarterfield representations
surrounding V1. In both species there is more cortical sur-
face area allocated to the central than peripheral visual
field representation. Complete quantitative formulae de-
fining the relationship between visual field and cortical
surface have been developed and analyzed (Balasubra-

manian et al., 2002; Schira et al., 2007; Schwartz, 1977).
The relationship between cortical position and eccentric-
ity is approximated by a simple exponential function
(Dougherty et al., 2003; Engel et al., 1997; Qiu et al., 2006).

There are differing views regarding V3. For example, in
macaque, Van Essen and colleagues observed anatomi-
cal differences between the dorsal and ventral quarterfield
representations surrounding V2. They proposed dividing
V3 into two distinct areas, naming the dorsal map V3
and the ventral map VP (Burkhalter et al., 1986), and these
terms are used sometimes to identify the dorsal and ven-
tral strips of human V3 (e.g., Pitzalis et al., 2006). Recent
anatomical measurements in macaque suggest that the
connectivity is similar between macaque V3 and VP, sup-
porting the idea that these two quarterfield maps are part
of a single functional entity (Lyon and Kaas, 2002; Wandell
et al., 2005; Zeki, 2003). Human fMRI measurements do
not offer any definitive support for the hypothesis that
the dorsal and ventral maps are fundamentally different;
hence, the human maps are most commonly called V3-
dorsal and V3-ventral (V3d and V3v).
Dorsal Maps: V3A, V3B, V6, and IPS-X
Several research groups confirm the existence of a collec-
tion of visual field maps in dorsal cortex, extending from
the anterior portion of V3 into the intraparietal sulcus
(IPS) (Figure 5). The map directly adjacent to V3 has
many similarities to macaque V3A and is given the same
name. A map sharing a confluent fovea with V3A, and
now called V3B, was also observed by many groups.
More recently, several smaller (400–700 mm2) maps
have been identified from the posterior portion of the IPS

Figure 4. V1, V2, and V3 Visual Field Maps
Visual field maps are measured in the right hemisphere of a single sub-
ject using expanding ring and rotating wedge stimuli. The color overlay
indicates the eccentricity (left) or angle (right) that produces the most
powerful response at each cortical location. The stimuli covered the
central 20 degrees radius. For clarity, only responses near the medial
occipital cortex are shown. The stimulus-driven responses shown in
this paper are substantially above statistical threshold (p < 0.001, un-
corrected). Other details as in Figure 3.

Figure 5. Visual Field Maps on the Dorsal and Lateral Surface
of the Human Brain
Adapted from Figure 1 in Swisher et al. (2007) Angular mapping with
a rotating wedge stimulus produces modulation of the BOLD signal
in a substantial portion of posterior cerebral cortex. The images
show the right hemisphere of a single subject. (A) The reconstructed
pial surface is shown from posterior lateral (top left), posterior medial
(bottom left), and posterior dorsal (right) views. In these views, the cor-
tex is folded as in the normal anatomical state. (B) The value of inflation
for visualization is illustrated; notice that the data within the sulci that
are occluded in the previous images become visible, and it is much
easier to appreciate the reversals in the angular representation that
are an important indicator of the boundary between visual field maps
(solid and dashed lines). The stimuli covered the central 12 degrees
radius.
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significantly in size across individuals. While V1 is always positioned along the calcarine 
sulcus in normal individuals, an increase in V1 size will necessarily shift the locations of V2 
and V3 with respect to the specific underlying anatomy.  

3.2. Visual field maps in ventral occipitotemporal cortex  

Beyond V3v, the organization of VFMs in human cortex no longer follows that of macaque. 
This divergence should not be surprising given that the two species diverged from a 
common ancestor approximately 25 million years ago [47]. While the fourth visual area of  

 
Figure 7. Comparison of Human and Macaque Monkey Occipital Cortex. (A) 3D renderings of human 
(top) and macaque monkey (bottom) cortex are shown for a single right hemisphere. Cortical sheet is 
rendered at the white-gray boundary to allow visualization into the sulci. Hemispheres are scaled to 
relatively match in size. Scale bar is 1 cm. (B) Cartoon representations of flattened sections of cortex are 
centered on the occipital pole and show eccentricity gradients of human (top) and macaque (bottom) for 
visual field maps (VFMs) in posterior occipital cortex. Black lines denote boundaries between VFMs. Each 
color represents the location in visual space that best drives this region of cortex (see color legend inset for 
left visual field eccentricity). (C) Cartoon representations now show polar angle gradients of human (top) 
and macaque (bottom) for VFMs in posterior occipital cortex. Each color represents the location in visual 
space that best drives this region of cortex (see color legend inset for left visual field polar angle). Arrows 
(center) depict the approximate anatomical orientation for the cartoon representations in (B) and (C).  
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knowledge, with the one exception, to show anything but the polar angle responses in the 
published data (main or supplemental).  

 
Figure 11. The Current State of Contiguous Visual Field Maps in Occipital, Parietal, and Temporal Lobes 
of Human Cortex. The figure depicts a cartoon overview of hemifield representations of visual field maps 
(VFMs) in a single right hemisphere if the cortical sheet of that hemisphere were removed from its usual 
position and laid flat. The center of the blue region is centered on the occipital pole, while the purple region 
is in parietal cortex, the red and yellow regions are on the ventral surface of the occipital and temporal lobes, 
and the green region is on the lateral surface of the temporal lobe. Each color except purple represents a 
likely or confirmed ‘clover leaf’ cluster of VFMs. Solid black lines indicate the borders between ‘clover leaf’ 
clusters and dotted lines indicate the borders between hemifield representations within clusters. In the 
purple region, the organization is much less clear, particularly for maps outlined in dotted rather than 
solid black lines (IPS-1, IPS-2, IPS-3, IPS-4, IPS-5, SPL1, and V6A). See main text for more details. 
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specialization is also a feature of the 
human visual cortex. The PET studies 
reveal another interesting feature: under 
both conditions of stimulation, area Vl 
(and probably the adjoining area V2) 
also showed marked increases in re­
gional cerebral blood flow. As in the 
monkeys, these regions, too, must be 
distributing signals to different areas 
of the prestriate cortex. 

The key to the distribution system in 
these areas lies in their structural and 
functional organization. Area VI is un­
usually rich in cell layers, yet it reveals 
an even richer architecture if one ex­
amines it with a staining technique first 
applied by Margaret Wong-Riley of the 
Medical College of Wisconsin in Milwau­
kee. The organelles known as mitochon­
dria contain a metabolic enzyme called 
cytochrome oxidase that makes energy 
available to a cell. By staining a region 
of the brain for that enzyme, research-

INTERBLOB REGION 

V1 

ers can identify which cells have the 
greatest metabolic activity. 

When so stained, the metabolic archi­
tecture of Vl is characterized by col­
umns of cells that extend from the cor­
tical surface to the underlying nerve 
tissue called white matter. If viewed in 
sections cut parallel to the cortical sur­
face, these columns appear as heavily 
stained blobs or puffs, separated from 
one another by more lightly stained 
interblob regions. At Harvard Medical 
School, Margaret Livingstone and David 
H. Hubel found that wavelength-selec­
tive cells are concentrated in the blobs 
of Vl, whereas form-selective cells are 
concentrated in the interblobs. 

The columns are especially promi­
nent in the second and third layers of 
VI, which receive input from the par­
vocellular layers of the lateral genicu­
late nucleus. The cells in those parts of 
the lateral geniculate nucleus respond 
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V4 
COLOR AND FORM-WITH-COLOR 

in a strong, sustained way to visual 
stimuli, and many of them are con­
cerned with color. 

A distinct set of structures can be 
seen in layer 4B of VI, which receives 
input from the magnocellular layers of 
the lateral geniculate nucleus, whose 
cells respond transiently to stimuli and 
are mostly indifferent to color. Layer 
4B projects to areas V5 and V3. The 
cells in layer 4B that connect with V5 
are clustered into small patches that 
are isolated by cells connected to other 
visual areas. In short, the organization 
of layer 4B in Vl suggests that certain 
parts of it are specialized for motion 
perception and are segregated from re­
gions that handle other attributes. 

Like VI, area V2 has a special meta­
bolic architecture. In the case of V2, 
however, that architecture takes the 
shape of thick stripes and thin stripes 
separated from one another by more 
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