
Vision and the Brain
8:45-10:15



Why does/should neuroanatomy matter to 
the TVI, O&M, OT, PT, SLP…?
• How many people serve a child with a metabolic disorder affecting brain 

development?
• How many people serve a child with a genetic condition affecting brain 

development and functioning?
• How many people serve a child with a brain injury?

• How many can identify where that brain injury is, what functions that area 
processes, what network that areas is part of, and what associated functions are 
part of that network?

• Brain structure is intimately tied to brain function, which governs behavior

• Knowledge is power. The more knowledge we have, the better we can 
understand and serve the individuals with visual dysfunctions secondary to 
brain injury on your caseloads



Brain Basics 

https://sites.duke.edu/fasd/chapter-3-effects-of-prenatal-exposure-to-alcohol-on-brain-development-
and-post-natal-function/normal-brain-development/



Fundamental Building Blocks of the Nervous 
System
• Nervous system controls the body’s response to internal and external 

stimuli.
• Consists of the brain, spinal cord, nerves, and ganglia
• Comprised of 2 main classes of cells: Neurons and Glia

• Neurons: Cells that carry and process information via a combination 
of electrical and chemical signals
• Glia: Support cells that outnumber neurons 10:1



Fundamental Building Blocks of the Nervous 
System: Neurons
• 3 Main parts of a neuron: 
• Dendritic tree: receives input 
• Cell body: contains nucleus and sustains cell functioning
• Axon: carries information across long or short distances to other neurons

• Classes of neurons: 
• Sensory neurons: bring information into the central nervous system (CNS)
• Interneurons: information within the CNS
• Motor neurons: send information from brain and spinal cord to the muscles

PICTURE OF NEURON



Fundamental Building Blocks of the Nervous 
System: Glia
• Less is known about glia, but they play a critical role in CNS 

functioning
• Influence communication between neurons by modulating the 

chemical milieu surrounding them
• Play a role in refining connections between neurons
• During development, glia help with neuronal migration, making sure 

that the neurons get to their final position within the brain
• Following damage, they remove dead neurons and provide structural 

support
• Critical to maintaining the blood brain barrier (BBB)

PICTURE OF GLIA



Terminology/Brain Geography

• Anterior, posterior, rostral, caudal, dorsal, ventral, medial, lateral

• Coronal, axial, sagittal

• Contralateral, ipsilateral

• Unilateral, bilateral

• Proximal, distal



Major Subdivisions of the CNS

• (Have figure of the major divisions and animate them)

• CNS vs PNS (central vs. peripheral nervous system)
• Ventricles and cerebrospinal fluid (CSF) – helps cushion the brain, support metabolic/nutrient needs, etc.

1. spinal cord: sensory neurons relay information to the brain (dorsal portion) and motor commands sent to muscles (ventral portion)
2. medulla: control of basic functions (reflexes, respiration, heart rate, etc.), contains most cell bodies of the 12 cranial nerves (sensory and motor 
control of the head and neck), where motor pathways cross to contralateral side, reticular activating system (RAS) - important for overall arousal and 
attention, sleep/wake cycles
3. cerebellum: fluidity/precision of movement and regulation of muscle tone and motor guidance (punch drunk syndrome)

4. pons: connective bridge between brain and cerebellum, brain and cranial nerves. Important for some eye movements and vestibular functions 
(e.g. balance). Site of superior olive (auditory localization of sounds)
5. midbrain: orienting by sound and sight. Inferior colliculus (auditory) and superior colliculus (visual) orienting. IC and SC: relay stations for auditory 
and visual information – perceive and orient to large moving objects in the periphery
6. hypothalamus and thalamus (diencephalon): Hypothalamus – control behaviour to maintain homeostasis/equilibrium (e.g. warmth, hunger, thirst, 
etc.). Thalamus – major sensory relay centre for information going to and from the cortex (gateway to the cortex) through a series of very specific 
connections.
7. Cerebral cortex: exterior grey matter playing a primary role in many functions. Divided into two hemispheres, bumps (gyrus) and valleys (sulcus) 
cover the surface of the brain, allowing more surface area to fit inside the skull. Same basic gyral pattern (central/Rolandic fissure, sylvian/lateral 
fissure, longitudinal fissure), with individual differences. Frontal, Temporal, Parietal, Occipital lobes.

8. subcortical structures: basal ganglia (motor control) and limbic system (emotions). Basal Ganglia damage often leads to involuntary movements 
(tremors, twisting of limbs, extra movements, etc). Limbic system (including amygdala and hippocampus) involved with responses to salient 
emotional information, memory, action selection, motivation, etc.



CEREBELLUM

OCCIPTAL LOBE

PARIETAL LOBEFRONTAL LOBE

CINGULATE

THALAMUS

FRONTAL LOBE PARIETAL LOBE

OCCIPITAL LOBE

TEMPORAL LOBE

CEREBELLUM

OCCIPITAL LOBE – Responsible for vision processing

TEMPORAL LOBE – Responsible for auditory processing, object identification, ventral visual stream

PARIETAL LOBE – Multimodal integration area, dorsal visual stream

FRONTAL LOBE – Higher order cognitive functions, i.e. executive function, decision making, attention, eye 
movements, etc.

THALAMUS – Important relay station and modulation/feedback area

CINGULATE – Part of limbic system, i.e. emotion formation and processing, learning, memory, etc.

CEREBELLUM – Coordination, balance, refinement of motor control

Precentral gyrus – primary motor cortex

Postcentral gyrus – primary sensory cortex

Pericalcarine gyrus – primary visual cortex



Precentral gyrus – primary motor cortex
Postcentral gyrus – primary sensory cortexPericalcarine gyrus – primary visual cortex

Wernicke’s area – interpretation, comprehension of language

Broca’s area – speech/language production

Primary auditory cortex



Neurons

• Transfer information through a combination of electrical and 
chemical signals
• Electrical signals are in the form of action potentials
• Chemical signals occur via neurotransmitters
• An axon can have many branches, connecting to (synapsing with) as 

many as 1,000 other neurons.



How neurons communicate: Action Potentials

• Electrical signals are in the form of action potentials
• Change in voltage within the neuron when the cell “fires”

• Self-propagating
• Strength remains consistent across distances
• All-or-nothing response

• The action potential once started near the cell body (axon hillock) is carried 
along the length of the axon to the terminal bouton, where the electrical 
signal gets transformed to a chemical signal.

• The strength of signal comes from the rate of firing

ACTION POTENTIAL FIGURE



Neurotransmitters

• Chemical signals occur via neurotransmitters, which are in synaptic 
vesicles and are released at the terminal bouton. 
• These are released from the presynaptic neuron and received by 

special receptors on the postsynaptic neuron. This causes a chain 
reaction inside the receiving neuron, and the chemical signal is 
transformed back into an electrical signal.
• Types of neurotransmitters:
• GABA, ACh, dopamine, serotonin, etc.

TERMINAL BOUTON FIGURES



Myelin

• Increases speed at which electrical signals propagate down the axon

• Myelin is a fatty sheath that surrounds and insulates the axon

• The more myelin, the faster the signal can go

• Usually for the long distance axons, as many short axons remain unmyelinated

• Impaired myelination can significantly impact and disrupt neural processing and 
the formation of neural networks

• Produced by a specific class of glia known as oligodendrocytes

• Gaps between the myelinated sections are called “nodes of Ranvier”

• Signal ”jumps” across the nodes and keep the signal constant in size as it travels 
down the axon

• The fat in myelin is what gives white matter its characteristic pale 
appearance

• A large group of axons is called a fibre tract or fasciculus (e.g. corpus 
callosum)

MYELIN SHEATH, SALTATORY 

CONDUCTION FIGURE

https://kids.frontiersin.org/article/10.3389/frym.2018.00020



Closer Look at the Cortices and Their 
Functions
• Primary Cortices

• Motor Cortex: different body parts are controlled by specific regions along the motor strip 
according to the Motor Homunculus

• Somatosensory Cortex: Proprioception, pressure, pain, tactile stimulation information is received 
from various body parts along the cortex according to the Somatosensory Homunculus

• Auditory Cortex: Tonotopic organization. 
• Olfactory bulb: receptors in nasal mucosa and axons travel to the olfactory bulb
• Gustation: Taste buds are the receptors and the information is sent to the limbic system and to the 

insula
• Visual Cortex: first region of the cortex to process visual information. Retinotopic organization. 

Damage to this region results in difficulty perceiving light-dark contrast, visual field disorders
• Association Cortices

• Frontal Lobe: primary motor, premotor, and prefrontal regions (motor, motor planning, and higher 
order functions like executive function, emotional processing, decision making, etc.)

• Parietal Lobe: integrates information from multiple sensory modalities, integrates sensory 
information with memories, integrates information about one’s internal state with the external 
sensory world.

• Temporal Lobe: regions specialized for: memory, visual item recognition, auditory processing, and 
emotion.



Major White Matter Tracts

• Corpus Callosum: connects hemispheres
• Optic Radiations: visual information from thalamus to V1
• Inferior Fronto-Occipital Fasciculus: occipital to frontal, sensory information
• Arcuate Fasciculus: temporal to frontal: language
• Uncinate Fasciculus: frontal to anterior temporal: emotion and language
• Inferior Longitudinal Fasciculus: parietal/occipital to temporal: object 

recognition and language processing
• Superior Longitudinal Fasciculus: frontal to parietal: attention and executive 

control
• Vertical Occipital Fasciculus: occipital to parietal: spatial processing and 

attention



Vasculature and Blood Supply

• If know the territory the blood vessel goes to, can understand where and localize the areas of the 
brain that may be involved

• 2 major blood supplies to the brain
• Vertebral system

• Up through cervical vertebra and enters through foramen magnum into cranial vault
• Supplies the posterior fossa (cerebellum, brainstem (medulla, pons, midbrain, cranial nerves)
• Posterior Cerebral Artery

• Supplies inferior surface of temporal lobe (formation of new memories) and another brain supplies parietal-occipital areas (vision)
• Internal carotid arteries

• Up through the base of the skull and enters through the cavernous sinus, sitting beside the optic chiasm
• Anterior Cerebral Artery

• Supplies medial surface of brain, superior to corpus callosum, and ventral surface of frontal lobe (executive function, motor lower limb)
• Middle Cerebral Artery

• Supplies lateral surface of hemisphere - frontal (motor, speech production) and parietal (sensory,  comprehension of speech)

• Watershed Zone
• End vessels have the lowest amount of oxygen and blood flow and are vulnerable to anoxia
• Between middle and anterior branches, occipital and middle cerebral artery (less involved because 

posterior artery also supplies)



Neurodevelopmental Timeline

Lobe

Gestational age (weeks)

Sulci/fissures Gyri
Occipital 10–27 Calcarine fissure; parieto-

occipital and lateral; 
occipital sulci

Superior and inferior 
occipital gyri; lingual 
gyrus cuneus; occipito-
temporal gyrus

Parietal 10–26 Parieto-occipital fissure; 
interparietal sulcus; 
interhemispheric fissure; 
Rolandic and postrolandic 
sulci

Superior, middle, inferior 
parietal lobules; angular 
and supramarginal gyrus; 
cingulate and 
postrolandic gyri

Temporal 14–30 Sylvian fissure; superior, 
middle and inferior 
temporal sulci

Superior, middle, inferior 
temporal gyrus; fusiform 
gyrus; parahippocampal 
gyrus

Frontal 10–28 Superior and inferior 
frontal sulcus; cingulate 
sulcus; olfactory sulcus

Superior, middle, anterior 
gyri;
insula; cingulate gyrus

Zihl and Dutton, Modified after Chi et al. (1977)



Methods for Studying the Brain



Neuroscience Methods

• The concept that the brain was linked to mental functions dates back to Roman times and a physician named Galen. He 
noticed that gladiators who sustained injury to the head or brain did not retain their power of thought, whereas those 
with injury to other parts of the body did.

• Lesion studies assume that damage to a particular brain region results in impairment in specific mental functions 
(localization of function). Allows for cause and effect.
• Some famous examples: 

• 1860s, Paul Broca had a patient nicknamed “Tan” who had difficulty with speech output due to brain damage, while he had intact language understanding. At 
autopsy, damage to a specific frontal area was observed

• Phineas Gage
• WWI and WWII veterans sustaining head wounds with localized lesions
• Milner colleagues and patient HM

• Limitations of the lesion method:
• Individual cases rather than larger groups
• Can only observe the absence or impairment of function without that area
• May underestimate the importance of a brain region – individual may develop compensator strategies, reorganization of function, etc.

• Animal Models allow for better control over experimental variables than human studies (in many cases)
• Single cell recordings
• Studies on neuronal connectivity with tracers
• Limitations:

• Not necessarily the same across species
• Difficult to measure behavioural correlates

• Neuroimaging



Neuroimaging: What tools exist?

• Structure:
• Ultrasound
• X-ray
• Computed tomography (CT)
• Magnetic Resonance Imaging (MRI)

• Function:
• Positron Emission Tomography (PET) and Single Photon Emission Tomography (SPECT)
• Functional Magnetic Resonance Imaging (fMRI)
• Electroencephalography (EEG)
• Magnetic encephalography (MEG)
• Near Infrared Spectroscopy (NIRS)

• Targeted molecules:
• Relaxometry and Myelin Water Fraction
• Magnetic Resonance Spectroscopy (MRS)
• PET and SPECT



Important things to keep in mind with 
neuroimaging techniques

l Signal-to-Noise Ratio
l Signal from the tissue of interest compared to signal from random noise

l Tissue Contrast
l How well different tissues can be differentiated 

l Spatial Resolution
l How well two points in space can be discriminated

l Temporal Resolution
l How well two points in time can be discriminated

• What are the different trade-offs between different modalities?



Neuroimaging Methods: Brain Structure
• Computer (Assisted) Tomography (CT/CAT)

• 3-dimensional X-ray
• Brightness corresponds density of tissue to x-rays

i.e. bone = bright; soft tissue = shades of gray
l Magnetic Resonance Imaging

l Can manipulate the pulse sequence to be better tuned to 
different aspects of the tissue

http://www.physicscentral.com/explore/action/scans.cfm

http://www.magnet.fsu.edu/education/tutorials/magnetacademy/mri/fullarticle.htmlYi-Cheng Zhu et al. Stroke. 2011;42:1140-1145

T1-weightedT2-weighted FLAIR Proton Density



Magnetic Resonance Imaging

http://www.mridoc.com/physics/ http://web2.uwindsor.ca/courses/physics/high_schools/2006/Medical_Imaging/mriphysics1.html



Neuroimaging Methods: White Matter

• History – Dissection
• Diffusion Imaging



Modified from video by the Laboratory of Neuro Imaging, 
University of Southern California rostral

caudal
anterior

posterior

rightleft

Diffusion Tractography: White Matter 
Pathways



DTIDSI

image by Van 
Wedeen

Fernandex-Miranda et al., Neurosurgery 71:430–453, 2012

Not all diffusion MRI is created equal
Diffusion Weighted Imaging (DWI) & Diffusion Tensor Imaging (DTI)

High Angular Resolution Diffusion Imaging (HARDI)

Diffusion Spectrum Imaging (DSI)

Diffusion Kurtosis Imaging (DKI)



• Structural neuroimaging deals with visualizing 
structure (e.g. shows contrast between different 
tissues: cerebrospinal fluid, grey matter, white 
matter, etc.).

• Functional neuroimaging deals with measuring 
brain function (neural activity) associated with 
performance on a particular mental/behavioral task 
(directly or indirectly).



Neuroimaging Methods: Brain Function

• 1890: Charles Smart Roy & Charles Scott Sherrington suggest link 
between brain circulation and metabolism
• 1870/80s: Angelo Mosso established the conceptual basis of non-

invasive functional neuroimaging techniques
• Plethysmograph could measure cerebral blood flow variations in 

patients with skull defects

Brain 2014: 137; 621–633

• Human circulation balance enabled 
change in circulation to be measured in 
subjects with intact skulls
• Critical variables relevant to modern 

neuroimaging identified: 
• Signal to noise ratio, appropriate experimental 

paradigm, need for simultaneous recording of 
different physiological parameters, control for 
confounding variables (head motion, breathing, 
etc.) 



Neuroimaging Methods: Brain Function

http://dx.doi.org/10.1016/j.tibtech.2010.08.002



Indirect measure of brain function based on activity-
dependent changes in regional blood flow

The BOLD (Blood Oxygenation Level Dependent) contrast 
measures inhomogeneities in the magnetic field due to 
changes in the level of oxygen in the blood.

Deoxygenated blood is paramagnetic
distorts the surrounding magnetic field

à signal loss

Functional magnetic resonance imaging



BOLD signal

neural activity è blood flow è oxyhemoglobin è T2* è MR signal 

Blood Oxygen Level Dependent signal 

time
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Source: Jorge Jovicich



Functional task/state comparisons and 
statistical analyses 

statistical comparisons

active

rest

- statistical images are generated that identify activated brain structures (i.e. associated) with 
the performance of a given task performed.

rest rest

Time

……

task task

vs.



MRI vs. functional MRI
MRI fMRI

one image
high resolution

(1 mm)

many images
(e.g., every 2 sec for 5 mins)

low resolution
(~3 mm)

…

fMRI has come to dominate the brain mapping field due to its low invasiveness, lack of radiation 
exposure, and relatively wide availability. 

structure function



Neuroimaging: Limitations

• Can be difficult to determine causality
• Limited spatial and/or temporal resolution
• Cost
• Time
• Access



The Visual System

http://mikeclaffey.com/psyc170/notes/notes-vision.html

https://www.frontiersin.org/articles/10.3389/fncom.2014.00084/full



Development of the Vision
Age Functions/capacities
Birth Blinks (rapid closing and opening of the eye lids) Slow pupil responses to day light

Very limited accommodation
Visual acuity ~ 20/150
Responses to light, motion, and colour
Oculomotor scanning of the visual environment in ~ 5–10 % of waking time
Oculomotor scanning and searching movements for e.g. Light stimuli or contours within a radius of about 45°

M 1–2 Threshold for light detection decreases, visual acuity increases
Oculomotor scanning and searching eye movements within a radius of 60–90°
Increase in precision of smooth pursuit eye movements
Incipient binocular vision starting at about 6 weeks

M 2–4 Increase in accommodation power
Conjugate eye movements in all directions
Eyelids close when stimuli (e.g. hand movements) appear suddenly before the eyes Oculomotor scanning of the 
visual environment in ~ 30–40 % of waking time 
Oculomotor scanning and searching eye movements within a radius of 180°
Baby observes his own hand(s) when manipulating objects
Baby shows defense reactions for objects approaching in collision course

M 4–6 Visual acuity increases further
Binocular vision is established
Visual identification/recognition of particular objects and faces/persons possible

M 6–12 Visual acuity is 20/100
Baby avoids visual depth Zihl and Dutton, Modified after Reinis and Goldman (1980)

M month of life



The Visual System

• Retina
• Photoreceptors
• Ganglion Cells
• Receptive Fields
• Center-Surround



Visual Processing: Retina to V1

• Tectopulvinar Pathway
• Geniculostriate Pathway
• LGN
• Parvocellular: sensitive to colour, high contrast, high spatial frequency, low 

temporal frequency
• Magnocellular: insensitive to colour, low luminance, low spatial frequency, 

high temporal frequence
• V1
• Receptive Fields
• Hypercolumns
• Blindspot



Visual Processing: Colour

• Colour is coded at several levels in the visual system
• Cones in the retina
• Parvocellular layers of the LGN
• Striate, extrastriate (V2, V3), V4, and anterior regions

• Humans have a 3-cone system, whereby each cone type is most sensitive to a certain range of 
wavelengths of light
• Short (S cones): blue, fewest, absent in fovea
• Medium (M cones): green, equally distributed with L cones
• Long (L cones): red, equally distributed with M cones

• V1: colour blobs (contrast and size invariant, not orientation specific)

• V2: colour processed in interstripes

• V4: hue that is unaffected by luminance and not limited to colours along cardinal colour axes (e.g. 
red-gree, blue-yellow), as seen in V1
• Center-surround interactions produce encoding of perceived colour, rather than physical colour
• First representation of perceive colour

• In humans: 2 regions sensitive to colour information: V4 – retinotopically organized (Bartels and 
Zeki, 2000) and V4alpha (not retinotopically organized)



Visual Processing: Form

• Orientation selectivity in V1
• Retinal and geniculate cells respond to all orientations, but many cells in V1 are orientation specific 

(video of Hubel and Weisel cat experiment)

• Input to layer 4C Beta of V1 mainly from parvocellular layers of LGN with additional 
magnocellular input
• interblobs (orientation selective)

• V2: form processed in thin stripes
• Sensitive to orientation of edges as defined by illusory contours or texture
• Starting pout of contour-based object representation

• V4: combines multiple spatially-adjacent, orientation responses from V1 and V2 to 
encode angles and curvatures
• Selection for kinetic contours
• Subset of neurons are directionally selective – object representations in V4 can include motion 

features, colour, and shape

• Inferior Temporal Cortex:
• Specialized areas for representations and recognition of object, complex shapes, body parts, etc.
• Position and size invariant
• Invariant to luminance, texture, and relative motion



Ventral Stream Anatomy

• Processes form and colour
information integrating the 
information into 
intermediate and full object 
representations, 
culminating with object 
recognition

Trends Cogn Sci. 2013 Jan; 17(1): 26–49.



Object Recognition

• Cells along the ventral stream fire to increasingly complex and specific stimuli. Receptive fields become correspondingly 
larger, which enables objects to be identified regardless of its size or location in space

• Two main theories for how individual cells in the ventral stream code for objects
• Sparse coding: a small specific group of cells responds to the presence of a particular given object in our perception (e.g. Jennifer Aniston 

cell, grandmother cell)
• Population coding: the pattern of activity of a large group of cells codes for individual objects (e.g. pattern of activity across cells differs 

based on object)
• More resilient to injury or damage

• Likely that both systems are used, rather an either extreme, with populations cells in somewhat localized regions being 
more tuned to types/categories of stimuli (e.g. tools, houses, animals, etc.)

• Form-cue invariance: recognize objects under various conditions
• Perceptual constancy: recognize objects from different angles, sizes, lighting, etc.
• Many areas involved with object recognition, forming a complex network of feed-forward and feed-back projections

• FFA – fusiform face area
• PPA – parahippocampal place area
• EBA – extrastriate body area
• VWFA – visual word form area

• LOC involved with perceptual constancy and form-cue invariance, shapes > textures, size and location independent, line 
drawings = photographs, not selective for particular category
• Invariance for viewpoint develops between 5-10 years of age, while size invariance develops earlier



Object Recognition

• Impairments in object identification/recognition are known as 
agnosia
• Apperceptive: difficulty forming a mental impression, such that the data 

cannot be put together to allow the person to perceive a meaningful whole
• Associated with diffuse occipital damage

• Associative: perceptual knowledge cannot be linked to stored knowledge
• Can perform copying tasks, but are slow and do a point-by-point comparison, rather 

than perceiving an entire form
• Often best at recognizing real object, then photographs, and worst with line drawings
• Errors are often related to visually similar items (e.g. baseball bat called a paddle)
• Associated with more localized damage to bilateral occipitotemporal border



Face Recognition

• Network of brain areas particularly sensitive to faces 
compared to other types of stimuli
• Main area is the fusiform face area (FFA), although a network 

of other areas is also involved
• OFA – occipital face area – earlier stages of perceptual face 

processing (e.g. parts of face)
• FFA – later stages, e.g. configuration of parts into a whole face
• STS – superior temporal sulcus – changeable aspects of face 

(e.g. gaze, expression, lip movement, etc.) – social significance
• Right anterior fusiform – identifying specific faces

• Face processing involves many brain regions and sub-
processes. In prosopagnosia, some face processes may be 
intact

• Is it a face? Old/young? Male/female? Emotion being 
expressed?

• Whole face versus parts of face
• Encoding of the face to memory or retrieval from memory 

stores?

Regions of interest identified with fMRI using the contrast faces>objects in 
a representative participant thresholded at q<.05.

Fiber tracks connecting mFus to other ROIs in a representative 
participant.a, Expanded right-hemisphere ROIs rendered in 3D space 
with a high-resolution T1 anatomical co-registered to the diffusion data in 
the background. b, Fiber tracks connecting bi-lateral mFus to hemisphere 
respective ROIs shown from above. c,Fiber tracks connecting mFus-R to 
other ROIs with streamlines colored to correspond to the target 
ROI. d, The same fiber tracks as in c colored to indicate local directional 
information.•https://doi.org/10.1371/journal.pone.0061611



Dorsal Stream Anatomy

• Specialized for motion and spatial processing
• Involves connections from visual cortex to multisensory areas in the 

posterior parietal cortex and frontal lobe
• Supports spatial working memory, visually guided actions, spatial navigation, 

motion perception, etc.
• Cells are not very sensitive to form or colour



Simultaneous Object Perception

• Visual system is able to perceive multiple objects at the same time
• When patients have damage to the posterior parieto-occipital lobes, 

this ability may be impaired, resulting in simultanagnosia
• Simultanagnosia – the restriction of visual attention such that the 

individual is only aware of one object at a time



Motion Perception

• Magnocellular cells in the retina and LGN provide input to motion processing areas of dorsal stream
• Sensitive to low luminance, lower spatial, and higher temporal frequencies
• Not sensitive to colour
• Project to layer 4Calpa in V1

• V1 complex cells are sensitive to motion of oriented moving edges, bars, or gratings (Hubel and Wiesel, 1968; Hubel et al., 1978; Andelson and 
Bergen, 1985)
• Show direction selectivity (Orban et al., 1986; Movshon and Newsome, 1996)
• Early speed selectivity (Orban et al., 1986; Priebe et al., 2006)
• V1 cells respond only to the local motion in complex patterns (Movshon and Newsome, 1996)

• Motion from Layer 4B in V1 project to thick stripes in V2 (Hubel and Livingstone, 1987; Levitt et al., 1994)
• Thick stripes are second largest input to MT (DeYoe and Van Essen, 1985; Shipp and Zeki, 1985; Born and Bradley, 2005)

• MT: receives input from thick stripes of V1, V1, thalamus, and superior colliculus
• Sensitive to: direction (Maunsell and Van Essen, 1983; Albright, 1984; Lagae et al., 1993)

• Speed (Maunsell and Van Essen, 1983; Lagae et al., 1993; Perrone and Thiele, 2001; Priebe et al., 2003; Brooks et al., 2011)
• Spatial frequency (Priebe et al., 2003; Brooks et al., 2011)

• Increased receptive field size and cell characteristics enable processing of both local and global 2D motion (Pack and Born, 2011; Adelson and Movshon, 
1982; Rodman and Albright, 1989; Britten et al., 1992; Snowden et al., 1992)

• Allows MT to integrate motion within the same object and separate motion from multiple moving objects
• Not colour selective

• MST: Implicated in processing complex 3D and self-motion
• Computation of velocity signals of object trajectories, maintenance of pursuit eye movements, optic flow, computation of heading/direction of self-

motion 

• Posterior Parietal Cortex: more complicated optic flow and self-motion, e.g. motion of objects while the viewer is also moving



Spatial Processing and Navigation

• Representation of object location in 3-dimensions with reference to eyes, 
body, or external reference point
• Trajectory as moving through space
• Important for accurate reach, grasp, movement through space, etc.

• Left-right spatial coding disrupted by lesions to occipito-parietal boundary
• Depth perception – not directly provided by the retinotopic map, but is 

computed in part by binocular disparity and motion parallax
• Frames of reference: Allocentric vs. egocentric
• Multiple areas involved with spatial navigation:

• PPA – parahippocampal place area – recognizing landmarks for navigation
• Retrosplenial cortex – codes for space in multiple reference frames, memory 

retrieval regarding location in the environment
• Medial temporal lobe – hippocampal place cells code for location within an 

environment; grid cells in entorhinal cortex respond to several spatial locations in 
a grid-like pattern



Dorsal Stream Dysfunction

• Optic Ataxia
• Simultanagnosia
• Left-right flips



Local vs Global Visual Processing

• Gestalt processing develops 
after 10 months
• Children younger than 6 prefer 

local visual information
• Around 6 years of age, this 

switches to a preference for 
global visual information

Brain pathways for global–local visual processing. ( a ) Normal hierarchy bottom-up pathways 
from the eye to the dorsal and ventral visual processing streams. SC superior colliculus 
(midbrain), pulv the pulvinar (posterior thalamus), LGB (lateral geniculate body), V1 visual 
area 1 (striate cortex). PPC posterior parietal cortex. ( b ) Reversed hierarchy pathways 
reaching first PPC for global processing (based on large receptive fields (RF) of neurons for 
coarse analysis), which guides subsequently local processing in the ventral route (based on 
smaller receptive fields  of neurons for fine analysis) (Zihl and Dutton, Modified after 
Hochstein and Ahissar 2002 )



Something to think about during the break

• How might brain injury, damage, dysfunction impact brain 
development?
• How might the alterations in brain development influence visual 

processing?



Resources

• https://neurologicexam.med.utah.edu/adult
/html/brain-dissections.html#01
• https://www.youtube.com/channel/UC-
_JaCxgqtv-4ugFhpPYkZg


