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Objectives:

ÅDefinitions .

ÅVisual Paths through Brain .
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pretectal path; SC path

ÅRequirements from Experience .

Å

Å



Your smart phone has some resolution of pixels

(smallest increments of width and height) 



In Star Wars, R2D2's hologram message from 

Leia had some resolution of voxels (smallest 

increments of width, height, and depth) 



Reality vs simulation. By: Mopic. 

https://Dreamstime.com. Paid 

use.

The physical world is not voxelated (except to 

extent of Heisenberg uncertainty principle); 

the perceptual world is voxelated , but still so 

high resolution as to be unnoticeable. 

Example: Minecraft is a very voxelated game



physical world pixels

Pixels

physical world

voxels
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Perceptual Pixels & Voxels

The perceptual world is a term used to describe the 

brain's representation of the physical world. It 

includes a 3D reconstruction or model of the 

surrounding environment, which is drawn projecting 

onto the avatar's eyes in a 2D perspective image. If 

the depth is inaccurately perceived, it can result in a 

misplacement of objects within the 3D model.



Pixels Perceptual

Voxels Physical

We can (for utility) divide the physical world into pixels and voxels, 

and often do (for use in technology). The perceptual world can only 

display a certain level of resolution. As such, we can explore its limits.



Visual Pathways and Optic 

nerve anatomy. By: Designua . 

https://Dreamstime.com. Paid use.

Cortical path (displayed below), pretectal path (accommodation, pupil size), superior colliculus
path (saccade direction/amount), suprachiasmatic nucleus path (circadian rhythms).



.

1.The primary visual pathway is responsible for processing and interpreting visual information, 
ultimately leading to conscious sight and perception of color, shape, location, and motion.
2.Visual information from the retina is transmitted through the optic nerve to the lateral geniculate 
nucleus (LGN) in the thalamus.
3.The LGN acts as a relay station, processing and organizing visual information before sending it to 
the primary visual cortex (V1) located in the occipital lobe.
4.The primary visual cortex processes basic visual features, and then sends the information to 
higher-order visual areas for more complex processing and integration.
5.This intricate neural network allows us to perceive, interpret, and react to the visual world around 
us, resulting in the conscious experience of sight.

1. Primary Visual Path: 
Conscious Sight Perception



.

1.The pretectal pathway is responsible for regulating lens accommodation (focusing) and pupil 
constriction in response to changes in light intensity and viewing distance.
2.Visual information from the retina is transmitted to the pretectal nucleus in the midbrain, which 
processes light intensity and depth information.
3.For lens accommodation, the pretectal nucleus sends signals to the Edinger-Westphal nucleus, 
which in turn stimulates the ciliary muscles to adjust the shape of the lens for optimal focus.
4.For pupil constriction, the pretectal nucleus communicates with the Edinger-Westphal nucleus to 
control the sphincter pupillae muscles, resulting in pupillary constriction under bright light 
conditions.
5.This pathway ensures that we can maintain clear vision and protect our eyes from excessive light 
exposure by dynamically adjusting the lens and pupil size.

2. Pretectal Path: 
Lens Accommodation (Focus); Pupil Constriction
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1. The superior colliculus pathway coordinates saccadic eye movements and head direction 
adjustments to quickly change our focus between different points in the visual field.

2. The retina captures visual information and sends signals to the superior colliculus in the 
midbrain, which plays a crucial role in coordinating these movements.

3. The superior colliculus integrates visual, auditory, and somatosensory information to determine 
the target, direction, and magnitude of saccadic eye movements and head adjustments.

4. It then sends signals to other brainstem nuclei, such as the paramedian pontine reticular 
formation (PPRF) and the rostral interstitial nucleus of the medial longitudinal fasciculus (riMLF), 
as well as the cerebellum to control eye and neck muscles.

5. This pathway ensures rapid, precise adjustments in eye position and head orientation, enabling 
us to efficiently process and react to the visual environment.

3. Superior Colliculus Pathway: 
Saccadic Eye Movements and Head Direction
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The pathway from the eye to the brain region that regulates sleep at lower light levels involves specialized 
photosensitive retinal ganglion cells (pRGCs) containing the photopigment melanopsin. These cells are 
responsible for non-image forming visual functions, such as circadian rhythm regulation and the pupillary light 
reflex.

1.Light enters the eye and is detected by the melanopsin-containing pRGCsin the retina.
2.The pRGCstransmit light information via their axons in the retinohypothalamictract (RHT).
3.The RHT projects to the suprachiasmatic nucleus (SCN) in the hypothalamus, which is the primary circadian 
pacemaker in mammals.
4.The SCN processes the light information and sends signals to other regions of the brain, such as the pineal 
gland.
5.The pineal gland, in response to these signals, regulates the production and release of the hormone melatonin, 
which plays a critical role in sleep regulation.

At lower light levels, the melanopsin-containing pRGCsare less active, leading to reduced signaling to the SCN. As 
a result, melatonin production increases, promoting sleepiness and helping to regulate the sleep-wake cycle.

4. Suprachiasmatic Nucleus Path (Circadian Rhythms)



NEI-medialibrary -7079116.png. This image is 

licensed as U.S. Government Works. 

https://medialibrary.nei.nih.gov/search?

keywords=eye%20anatomy#/media/3544



Retina structure. By: Designua.

https://Dreamstime.com. Paid 

use.



NEI-medialibrary -2812060.jpg, This image 

is licensed as U.S. Government Works.

https://medialibrary.nei.nih.gov/search?ke

ywords=eye%20anatomy&items_per_page

=20&page=1#/media/3715

First Stages of 

Visual Processing

The process of visual processing begins when light 

enters the eye and is focused onto the retina by the 

cornea and lens. The rods and cones in the retina then 

respond to the light by producing electrical signals, 

which are transmitted to the other cells in the retina.

The next stage of processing involves bipolar cells, which 

get input from the rods and cones and pass this 

information on to the ganglion cells. The ganglion cells 

then send their output through the optic nerve, which 

carries the electrical signals to the brain for processing.

In addition, the retina also contains several other types 

of cells that play important roles in visual processing, 

including horizontal cells and amacrine cells. These cells 

help to refine and modulate the electrical signals 

generated by the photoreceptor cells, and enhance the 

ability of the visual system to detect and process 

different aspects of the visual world.



Images by Brad 

Caldwell



Visual pathway medical vector 

illustration diagram. By: VectorMine. 

https://Dreamstime.com. Paid use.

Pupillary light reflex PLR or 

photopupillary reflex. By: 

ViktoriiaKasyanyuk. 

https://Dreamstime.com. 

Paid use.



Lateral Geniculate Nucleus Layers

https://psychology.fandom.com/

wiki/Koniocellular_cells

CC BY-SA license

ÅThe parvocellular layer is primarily responsible for processing 

information about color, fine detail, and spatial frequency. This 

layer receives input from the "midget" retinal ganglion cells, 

which have small receptive fields and are specialized for 

processing high -resolution visual information.

ÅThe magnocellular layer is primarily responsible for processing 

information about motion, spatial orientation, and depth. This 

layer receives input from the "parasol" retinal ganglion cells, 

which have larger receptive fields and are specialized for 

processing low -resolution visual information.

ÅThe koniocellular layer (in between) is the smallest and least 

well understood of the three layers. It is thought to play a role 

in processing color and other visual features, but its precise 

functions are still not fully understood.



Lateral

Geniculate

Nucleus

This work is licensed under a 

Creative Commons Attribution 

3.0 Unported License .

BrainInfo (1991 -present), 

National Primate Research 

Center, University of 

Washington, 

http://www.braininfo.org.

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/


The visual projection pathway. 

By: Alila07. https://Dreamstime.com. Paid use.

Left visual field goes to right hemisphere and 

vice versa.

Functions of the four paths from the eyes:

ÅPretectal path : Pupillary constriction (to 

bright light); lens accommodation (near 

focus). Involuntary and unconscious .

ÅSuperior colliculus path : Reflexively turn 

head to (dangerous) visual stimuli. 

Involuntary and unconscious .

ÅSuprachiasmatic nucleus path : Circadian 

rhythms.

ÅVisual cortex path : Eventually leads to 

conscious perception of visual field. FEF 

for voluntary movement of eyes. SEF to 

maintain gaze when turning head.
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