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Figure 11.2 Central projections of reti-
nal ganglion cells. Ganglion cell axons
terminate in the lateral geniculate
nucleus of the thalamus, the superior
colliculus, the pretectum, and the hypo-
thalamus. For clarity, only the crossing
axons of the right eye are shown (view
is looking up at the inferior surface of
the brain).

ganglion (see Chapter 19). Neurons in the ciliary ganglion innervate the con-
strictor muscle in the iris, which decreases the diameter of the pupil when
activated. Shining light in the eye thus leads to an increase in the activity of
pretectal neurons, which stimulates the Edinger-Westphal neurons and the
ciliary ganglion neurons they innervate, thus constricting the pupil.

In addition to its normal role in regulating the amount of light that enters
the eye, the pupillary reflex provides an important diagnostic tool that
allows the physician to test the integrity of the visual sensory apparatus, the
motor outflow to the pupillary muscles, and the central pathways that medi-
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Figure 11.3 The circuitry responsible
for the pupillary light reflex. This path-
way includes bilateral projections from
the retina to the pretectum and projec-
tions from the pretectum to the
Edinger-Westphal nucleus. Neurons in
the Edinger-Westphal nucleus termi-
nate in the ciliary ganglion, and neu-
rons in the ciliary ganglion innervate
the pupillary constrictor muscles.
Notice that the afferent axons activate
both Edinger-Westphal nuclei via the
neurons in the pretectum.
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1. Images are formed on the 
retina thanks to the refraction
of the cornea and lens

2. Light is transduced into
electrical signals in the retina 
whose out put are retinal
ganglion cells

3. AP of ganglion cells relay info 
to the thalamus (geniculate
nucleus) via the optic nerve

4. The optical radiation conveys
info from the thalamus to the 
primary visual cortex (visual
representation - perception)
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Projections of Retinal ganglion cells:
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Each LGN receives afferents from the 2 hemiretinas
Receiving stimuli from the same contralateral half of the 
visual field

Afferents originating from the 2 eyes are segregated

6 layers
In frame retinotipic maps

Circular receptive fields
center surround on-off

Selectivity for luminance
increases /decreases

Binocular zone
of the right hemiretina
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Lateral geniculate nucleus (Thalamus)

Primary visual cortex
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Box C
Optical Imaging of Functional Domains in the Visual Cortex
The recent availability of optical imaging
techniques has made it possible to visu-
alize how response properties, such as
the selectivity for edge orientation or
ocular dominance, are mapped across
the cortical surface. These methods gen-
erally rely on intrinsic signals (changes
in the amount of light reflected from the
cortical surface) that correlate with levels
of neural activity. Such signals are
thought to arise at least in part from local
changes in the ratio of oxyhemoglobin
and deoxyhemoglobin that accompany
such activity, more active areas having a
higher deoxyhemoglobin/oxyhemoglo-
bin ratio (see also Box A in Chapter 1).
This change can be detected when the
cortical surface is illuminated with red
light (605–700 nm). Under these condi-
tions, active cortical regions absorb more
light than less active ones. With the use
of a sensitive video camera, and averag-
ing over a number of trials (the changes
are small, 1 or 2 parts per thousand), it is
possible to visualize these differences
and use them to map cortical patterns of
activity (Figure A).

This approach has now been success-
fully applied to both striate and extrastri-

ate areas in both experimental animals
and human patients undergoing neuro-
surgery. The results emphasize that maps
of stimulus features are a general princi-
ple of cortical organization. For example,
orientation preference is mapped in a con-
tinuous fashion such that adjacent posi-
tions on the cortical surface tend to have
only slightly shifted orientation prefer-
ences. However, there are points where
continuity breaks down. Around these
points, orientation preference is repre-
sented in a radial pattern resembling a
pinwheel, covering the whole 180° of pos-
sible orientation values (Figure B).

This powerful technique can also be
used to determine how maps for differ-
ent stimulus properties are arranged rel-
ative to one another, and to detect addi-
tional maps such as that for direction of
motion. A comparison of ocular domi-
nance bands and orientation preference
maps, for example, shows that pinwheel
centers are generally located in the center
of ocular dominance bands, and that the
iso-orientation contours that emanate
from the pinwheel centers run orthogo-
nal to the borders of ocular dominance
bands (Figure C). An orderly relation-

ship between maps of orientation selec-
tivity and direction selectivity has also
been demonstrated. These systematic
relationships between the functional
maps that coexist within primary visual
cortex are thought to ensure that all com-
binations of stimulus features (orienta-
tion, direction, ocular dominance, and
spatial frequency) are analyzed for all
regions of visual space.
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Kcells:
Some forms of spatial and temporal
integrations? Also inputs from superior
colliculus

M cells: large receptive fields, include cones but insensitive to colors
> Magnocellular layers – motion perception
P cells: small receptive fields, only cones (sensititive to colors) 
> Parvocellular layers –
high resolution vision (shape, size, color)
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Primary visual cortex (V1)

Still some degree of segregations of signals cominig from the two eyes
Binocular receptive fields
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Topographic (retinotopic) representation of the visual field in the primary visual cortex



The fovea correspnds to 50% of the cortical area
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D Hubel T Wiesel
Nobel laureate, 1981
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Neurons of the primary visual cortex: simple cells

•Receptive fields bigger than those of ganglion cells and thalamic neurons
•Receptive fields are not circular patches, but elongated
•On and off regions



•Poor response to light patches/punctiform light stimuli
• Response to  a light bars with a defined orientation
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Sensitivity to:

Position (in the visual field)
Orientation

Elongated Receptive fields of simple cortical cells

Receptive fields of simple cortical cells
ConcentricReceptive fields of GC and GN
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Complex cells

• receptive fields bigger than those of simple cells

• no “on” and“off” regions: no relevance of specific positional info

• each cell is responsive to a specific orientation of the objects

• cells integrate information from simple cells

• silhuette of objects, analysis of shapes
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Bipolar cells, Ganglion cells, thalamic cells

Simple cells

Complex cells
Silhuette/shape
Inner part & background do not elicit
responses



Hierarchical organization of the visual pathway

Each receptive field is the the sum of others, more simple in 
size and features. At distinct sites from each neuron type a 
more sophisticated level of information is extracted.

From contrast points of on/off center GC and GN, we move to 
line in simple cortical cells, and to more elaborated shapes in 
complex cells. In parallel, positional information becomes less
relevant, while shapes are reconstructed as an abstract
representation. Moreover, M and P systems are maintained in 
V1.

On top of such process, in higher visual areas specific types
of neurons repsond to very complex stimuli such as faces.









Columnar Organization in V1:

• Ocular dominance columns

• Orientation columns

BLOB: areas where color is elaborated



•Ocular dominance columns
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V1, visuotopic representation Hypercolumn:
1 mm2 cortex
Area devoted
to the analysis
of the input 
from a defined
retinal area



Eacha area of the retina: 1 hypercolumn:
Dominance columns+ all orientations













Superior colliculus (Mesencephalon)

Head and eye movements

Sensory maps
‘in frame’

Motor map

vision

touch

hearing
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