Lecture 5 – October 5

LAST WEEK
· If we have dopamine in the system we have less inhibition in the thalamus and get more movement out
· Inability to turn on the direct and turn off the indirect 
· Hypokinetic disorder, loss of voluntary movement  Parkinson’s disease
· PD is a more rapid loss of neurons, symptoms appear after about 80% of neurons die off
· Also occurs as we age
· Various treatment  L-Dopa, Surgical Interventions, Exercise, Deep Brain Stimulation 
· Somatosensory Cortex
· Muscle spindles 
· As the muscle contracts fibers change length, causes a reaction that changes the firing on the neurons, information is carried to spinal cord, signal we get is proportional to the length of the muscle
· Constant background firing of the muscle 
· Get information related to the velocity of the muscle stretch as well as information about changes in the length 
· Four representation is the body, information doesn't just go anywhere, goes to a specific location, larger representation where we have a high density of receptors 
· Proportional to the number of receptors in that area
· Movements as defined by open-loop and closed-loop control
· If you lose proprioception you can STILL move but less accuracy, can't hold a constant force etc. 
· Blocking paradigm, GL performing same task will plan movement in an open loop fashion, cannot turn off the muscle activation  regardless of how far the target is
· Still plans the triphasic muscle pattern 




OBJECTIVES OF LECTURE
· The visual pathways 
· From receptors to (i) perception and (ii) action
· Evidence of multiple visual pathways 
· Animal models
· Patients: DB, DF, RV
· ‘Typical subjects”
· Which pathway is used when?
· What do the pathways do?

OUTLINE: PART 1
· Vision and action
· Perception and action
· Two visual systems
1. Midbrain cortical systems
· Blind sight
2. Cortical systems I
· Lesion studies
3. Cortical systems II
· Visual agnosia
· Optic ataxia

The Visual System 
· Multiple visual pathways, information go to brain stem, cortex and between the groups
· First step, how do we localize an object?
· Majority of time we use vision, visually dominant 
· Cerebral cortex has a lot to do with processing of vision

Image
· A lot of the brains job is processing visual information 

The Eye
· For the visual system receptors are in our eyes
· Specifically in the back of the eye, along the RETINA (layer of receptors)
· Refereed to as PHOTORECEPTORS, turn on by light
· Not evenly distributed, most receptors at the FOVEA
· All of those receptors have a receptor field, only process visual information in certain point within visual field 
· Always used to process information in the greatest detail 
· Surrounding the eye we have the CORNEA, transparent layer that provides protection
· Light passes through there and goes through PUPIL
· Pupil is surrounded by the IRIS (eye color)
· Iris is controlled by muscle, iris either contracts or dilates and creates illusion that pupil is changing size
· Gets bigger or smaller and lets more light through or less light through
· Light hits the LENS where its then refracted and goes to the back of the eye
· Hits the retina and activates photo receptors 

The Retina 
· Consists of 3 layers
· Back most part of the eye is where the photoreceptors are
· Referred to as RODS or CONES
· Light turns them on, and they pass information on to sensory neurons 
· Neurons are in the second layer which are then activated by neurons in the third layer retina 
· Those neurons form the optic nerve, run together to form OPTIC NERVE
· Optic nerve then exits the back of the eye, break in the retina
· Kind of like BLIND SPOT, no receptors in that specific location

The Retina: Receptors Location
· Majority of receptors are located at the FOVIA
· Mostly CONES 
· RODS are mostly in the PERIPHERY
· We have more rods than cones 

The Retina
· Respond to different wavelengths of light
· Cones give us our color vision
· 3 different types, some that turn on in blue light, red light and green light
· Gives rise to an image that’s in color
· Rods do not let us see in much detail
· We use them at night 

The Retina: Receptors
· Cones have a lower sensitivity to light, need more to turn on
· Rods give us some kind of vision for objects in periphery
· Rods system doesn't give us detail, very sensitivity to light
· Cones do not respond at night

	CONES
	RODS

	In the fovea
	In the periphery

	3 types of cones
	1 type of rod

	Day vision  lower sensitivity of light
	Night vision  very sensitive to light

	Central fovea sees in detail and in color
	Periphery sees only in black and white and with poor resolution




Projections of the visual fields
· You get a whole array of visual information from one eye
· Information from the left visual field goes to retina in the left eye but on the right side of it and ALSO to the right eye
· Visual information in the right visual field goes into the left side of both eyes
· Reverse top bottom as well for visual information going to the back of the eye 
· OPTIC CHIASM  place where information crosses, only information that's carries done Nasal hemi-retina (things closest to nose)
· All information from left visual field is in right side and vice versa
· 90% of retinal projections go to lateral geniculate nucleus
· CONTRALATERAL PROCESSING
· Information goes to 1 of 3 locations 
· Thalamus, from there it travels in the primary visual cortex 
· Brain stem, mid-brain, 
· Supercolliculus OR
· Pre-tectum 
· CORTICAL PATHWAY or MID-BRAIN PATHWAY

Cortical (geniculo-straite) pathway 
· Reversed in terms of left and right and ALSO upside down 
· Right primary visual cortex/left primary visual cortex 

Midbrain (tectal) pathway 

Retinotopy (RETINAL MAPPING)
· Specific case of topographic organization
· Superior colliculus and lateral geniculate nucleus use retinotopy
· The mapping of visual input from the retina to neurons  
· Similar to a key board screen
· Retinotopic map
· Each part of the retina is represented 
· If a certain photoreceptor is turned on it goes to a certain location in the retinotopic map
· Depends on how much information we want to pick up
· Huge amount of area given to visual information in the center
· Not so much area for periphery 

Function of Vision 
· Use vision for perception and action
· Identify what an object is and also so we can plan a movement to that object 
· Visual Perception (Perception)
· Involved with recognition and identification of objects and events and their relations
· Visual-Motor control (Action)
· Involved with control of movement 

2 Visual Systems
· Does the brain have a unitary visual system to serve visual perception and action?
· Do we form a conscious perception and then plan an action  unitary visual system 
· Does the brain have separate systems to serve perception and action?
· Do we process information is one pathway for perception and another for action 

2 visual Systems – history 

SCHNEIDER (1969)
Proposal
· We have 2 different pathways that give rise to different functions 
· Cortical System 
· Conscious perception
· Enables organism to identify a stimulus
· Referred to as the WHAT SYSTEM
· Midbrain System 
· Enables organism to localize objects and orient them in space
· Referred to as the WHERE SYSTEM
· Based on phenomena of blind sight 

Blindsight 
· The condition in which an individual can respond to a visual stimulus without consciously perceiving it
· Seeing what you don’t see
· Cortical blindness  damage to the visual cortex
· MONKEYS EXAMPLE
· Removed primary visual cortex
· Looked out how they functioned in a visual environment 
· Didn't behave as if they are blind but rather saw objects to a certain extent
· Had some visual representation even though no information was entering primary visual cortex
· Avoided obstacles
· Grasped objects
· Grasped a moving object 
· Suggested that it’s the mid-brain that was giving rise to localization of objects
· CASE: PATIENT D.B
· Removed right primary visual cortex (aka striate cortex)
· Cannot see objects from left visual field 
· Had D.B close one eye and presented objects in different areas of visual field
· He could not see anything in left visual field 
· Asked him to point to where he PERCEIVED the object to be
· Does not matter if the object was in BLIND visual field or SIGHTED FIELD, patient was able to localize object somewhat 
· Visual information is still coming in somehow
· Idea is it’s coming to mid-brain structure and passed to higher motor areas that allows you to make a point response 
· Suggests that information is mediated by different pathways (subcortical visual pathways to extra striate visual cortex

UNGERLEIDER & MISHKIN (1982)
Proposal
· 2 visual system
· What System
· Allows perception of qualities and features of objects
· Processing in the inferior-temporal cortex
· Involved in conscious perception of objects
· Where System
· Allows perception of spatial location and relations of objects
· Processing in the posterior parietal cortex 
· Involved in localizing objects 
· Both in the brain but areas were different 
· If you trace the neurons you can see these 2 different pathways 
· Inferior temporal cortex  What object is
· Posterior parietal cortex  Where object is 
· Information is going at the same time, simultaneously

Object discrimination/Landmark discrimination
· Monkeys had to identity object (perceptual task) = object discrimination 
· Then perform localization task = landmark discrimination 
· Took one group of monkeys and created a lesion in the INFERIOR TEMPORAL CORTEX
· When performing the perceptual task, they could not reliably pick up triangle but they could do the landmark discrimination task, use special cues
· Other group had lesion to POSTERIOR PARIETAL CORTEX  had reverse deficit 
· Showed impairment in spatial discrimination
· This provides support for the WHAT and WHERE system 
· Both models are based on stimulus input not based on motor output at all, stimulus features
· Focus on visual perceptions but not vision for action

Milner & Goodale (1995)
Proposal
· They believe the WHERE SYSTEM also controls HOW
· 2 visual systems
· Dorsal and ventral cortical streams
· What System
· Consists of the ventral (inferior temporal) stream
· Visual processing for formation of perceptual and cognitive representations
· What is the purpose of cognition and conscious perception
· How System
· Consists of the dorsal (parietal temporal) stream
· Visual processing for the online control of goal-directed actions
· What is the purpose of visually-guided action
· Guides our actions
· Do I want to identify it or do I want to move to it
· U&M placed emphasis on analysis of visual input
· M&G placed emphasis on purpose of visual input 

CASE: PATIENT D.F
· Suffered from carbon monoxide poisoning 
· Visual form agnosia  sees without shape 
· Vision without shape
· Cannot recognize the form of an object, no size information
· Shows deficit for orientation
· Impaired form, shape and size discrimination
· For example when asked to identify a screw with a cap, patient could not do it
· Still processes color and texture information 
· Patient was asked to copy models
· Her drawings did not look anything like the model
· When asked to draw an apple from memory she drew it perfectly
· Could not recognize the previous drawings she created from memory when asked to identify it later that day
· When asked to pick up a pencil she opened her hand in proportion to the size of it 
· She was changing the orientation of her hand and scaling her hand to the size of the object 
· Shows that she is still able to perform skilled actions that require information about size, shape and orientation 
· What is she doing with this visual information?
· Study 1
· PERCEPTION CONDITION
· Perceptual task  She had to identify which card would properly fit in the angle orientation of the slot
· Could not perceptually report how to get the paper in 
· ACTION CONDITION 
· Posting Task  She had to physically place the card through the slot 
· Could get the paper through the slot 
· Study 2
· Had her reach for objects that are different sizes/widths
· Perceptual estimate  When asked which one was bigger or smaller she could not tell you
· Action estimate  When asked to grasp the object she scaled her hand to fit each object according to it’s size
· She has no perception that they are different sizes but can successfully perform the skilled action
· Cerebral damage to ventral stream
· Interrupts visual processing required for perception and recognition
· Preserved areas are associated with dorsal stream 
· Supports dual-processing model
· Preserved dorsal system is allowing her to preserve visual action plan
· Shows that we don’t need this conscious perception, don't need to perceive
· In order to survive you need to know how to act, this is what dorsal stream allows 

CASE: PATIENT R.V
· Developed condition after strokes 
· Optic ataxia 
· Acts almost as if he is blind 
· He identify an object but cannot stop it if it’s moving for example
· Can copy an image for you somewhat but not well
· PERCEPTION CONDITION
· Can distinguish the correct orientation for posting
· ACTION CONDITION
· Cannot perform the action to put the object through the slot
· Perceptual estimate  Can provide great perceptual estimation of object size
· Action estimate  Cannot scale hand to size of object
· Damage to the dorsal stream, posterior parietal cortex 
· Can’t interact with object
· He can tell you what the object is, where the object is and attributes but cannot GUIDE his movement 
· Have this double dissociation 
· We use visual information to interact with objects as well 

REMEMBER  Dorsal and ventral streams work independently AND we have motor control in the absence of visual perception 




OUTLINE: PART 2
· Vision and action
· Two visual systems
· Perception and action dissociations
· Fast movement corrections 
· Visual illusions 
· The influence of a delay

Eye movements 
· We process information in the Fovia a lot more 
· Ballistic movements, open loop, cannot be modified, can be initiated voluntarily or reflexively 

Saccades
· A rapid movement of the eye between fixation points
· Rapid, ballistic movement eye movement
· Can be initiated voluntarily reflexively
· Asked to look at someone, eye movement tracked 
· Most times you don't notice your eyes are moving even though they move often

Space constancy 
· You don't realize you are making rapid eye movement
· Also don't consciously know what is happening when your making those rapid eye movements 
· If we are moving our eyes and an object is moving as well we don't notice
· Gives rise to space/constancy
· Allows us to distinguish when our eyes have moved in relation to an object (stationary)
· If object moves slightly during eye movement you don't consciously know object has moved 

Saccades
· Object is at a certain position and jumps to a different position 
· Our eyes follow
· Initial saccade falls a bit short of object
· Corrective saccade

Eye-hand coordination 
· Eye moves first followed by hand
· Starts and ends first 
· Second part of experiment
· Target in home position and moves to periphery but this time just a little big more
· The corrective eye movement takes into account the changing position of the eye
· Consciously we do not know the object has changed position, eyes correct but what about our hand given we have no conscious correction
· Hand goes to that new position, takes into account that little jump, smooth velocity profile
· A continuously single movement, we are somehow able to update the movement even though we aren’t consciously aware of the change

Fast ‘unconscious’ corrections 
· We see a shift that is proportional to the target jump
· Indicates that your hand has updated to the new target position 
· Dissociation between our conscious perception and what the action system is doing 

TMS
· Same reaching paradigm with targets that change position but used TMS while hand was moving 
· Over posterior parietal cortex, left side because people reached with right hand
· People updated their hands to new position
· With TMS, 4 of 5 people did not update their hand movement in response to changed target position 
· [bookmark: _GoBack]Unconscious movement corrections are mediated by ventral stream 
· Did the same paradigm but now they had subjects reaching with the LEFT HAND 
· Still this same updating of trajectories 

Fast ‘automatic’ corrections 
· Subjects were consciously aware that the target jumped 
· One group was told that id target happens to jump you stop the movement 
· Their hand still went to the target 
· Means dorsal stream does so unconsciously and automatically 
· Natural tendency is to move towards target 
· Dorsal stream is doing something independent from the ventral stream 
· Without conscious control and influence from intention 

ILLUSIONS
· A misrepresentation or misperception of what’s out in the environment
· What happens to our action system when out perception system is faulty
· Ebbinghaus Illusion 

Illusory size distortions
· Motor system does not fall to the illusion 
· Proper scaling according to the size of the object despite the visual illusion 

The influence of a Delay
· The object on the right remains the same
· The object on the left changes size
· Slight manipulation, when vision was available 
· Grey box = vision available 
· Image available during reaction time interval 
· Next trial they showed the object before but removed during the movement 
· Either object is there when your planning movement or its removed
· A score of 0 means you reached for them the same way, same grasping illusion, did not fall for illusion
· Positive score indicates that you fell for the illusion 
· If we have the visual display during the movement the illusion has no effect
· Dorsal stream functions in REAL time, needs the information to be present
· No memory in dorsal stream
· Ventral stream hold memory
· RV would benefit from creating a situation where they don’t have to use dorsal stream

Experiment 
· Either delayed presentation of object
· Or show object once and never bring it back
· Don’t have the same scaling as A
· All over the place for B
· For C we see the scaling again 
· Dorsal stream functions in real time, if the object is there system will use dorsal stream
· If a situation allows for patient to perform task using ventral stream they are successful 
· DF performance however breaks down with memory-guided action



Within the somatosensory cortex: we process information related to muscle length 
 




