Kin Day 1- Neuro

What is psycho motor behaviour?
Plasticity: the ability to learn and acquire new skills
Extra fusal muscle fibres are power producing muscle fibers that help the muscles contract
· They run In parallel with eachother.

Intrafusal muscle fibers are proprioceptors
· Designed to detect stretch in a muscle
· Tells central nervous system where your body is.( ex. Feet)
Motor Learning
· A set of internal processes associated with practice or experience leading to a relatively permanent gain in performance capability
· Permanent change 
Motor Control
· An area of study dealing with the understanding of the neural, physical, cognitive,  and behvioural aspects of movement
Contributions to motor learning/control
1. Psychology
Shifren came up with an idea of short term memory system
· The brain as a computer: the serial nature and discreet information processing.
· Memory for different tasks: motor tasks versus cognitive tasks.
· Our ability to learn math for example is totally different then semantic memories(motor learning)
2. Engineering
Human engineering
· 1.  Arthur Melton: pilots can be selected based on specific individual abilities. Melton made tests to find proper people for fighting pilots.
· 2. Paul Fitts:  chosen to figure out why pilots were crashing thgere planes
· Too many air plane accidents the result of faulty human/machine interface
· Forefather of the field of ergonomics
· He found out there was incompatible spatial mapping in the landing switches
· How we process info influences our interactions with machines

3. Neuroscience
Reciprocal Innervation
· First understood by C.S. Sherrington- structure/function of neuroscience and movement
· Suppresses activity of an antagonist muscle when agonist active
· Explains phenomenon such as walking and reaching
· Final common path at the spinal cord produce muscular contraction 

4. Physical Education
Education
Franklin M. Henry
· Examined whole body movements(gross movements) and developed experimental approaches to understanding how we “learn” to produce complex movements
Central nervous system(CNS)
· Contains brain and spinal cord
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The hierarchy
· Think of the cerebral cortex as the “big boss” it tells everyone else what to do and when to do it
· Think of the thalamus, basal ganglia, pons and cerebellum as being second in command
· The brainstem is third in command
· The spinal cord is a “slave” system to all the above
  Luigi Galvani (1737-1798)
“Animal Electricity”
· Frog experiment, noticed that frog’s hindlegs would twitch when exposed to electricity
Neuron- Building Block of the CNS
· Young children can possibly create new neurons
· Dendritic arborization( when more dendrites are located on the neuron. Linked to plasticity
Neurons and the Neuromuscular System
· A motor unit in  comprised of a single aplpha motor neuron. 
· Alpha motor neuron innervates extrafusual muscle fibers 
· Could use the term lower motor neuron disease( alpha motor neuron disease)
· Damage to their cortex equals a upper motor neuron disease
Speed of nerve conduction
· RT history
· Helmholtz (1850’s)
· ^ was interested in speed of nerve conduction
· Used isolated muscle and motor nerve of a frog
· Measured time between electrical stimulation and muscle contraction
· – estimate speed of human nerve conduction 
· – measured reaction time in response to electrical stimulus to two 
· points (e.g., foot, thigh) 
· – Nerve conduction velocity very fast (35-60 m/s) 
· – That speed is about 1/10 the speed of sound (speed of sound = 
· 1238 km/h) 
· • Diseases of the nerve
· 1. Disease of the nerve influences amplitude of nerve conduction 
· » E.g., Amyotrophic Lateral Sclerosis (ALS) or more commonly 
· referred to as Lou Gehrig’s disease (difficulty moving, alpha motor neuron depolarization does not always occur)
· » What happens when the amplitude of nerve impulse is 
· diminished? 
· 2. Disease of the myelin influences conduction speed 
· » E.g., Multiple sclerosis (MS) 
· » Destroys the myelin in patches along the CNS
· Difficulty getting info from motor neuron because scaring of the myelin sheath
Many different types of neurons
1. Motor (efferent) neurons
· Transmit motor commands DOWN the spinal cord
2. Sensory (afferent) neurons 
· Transmit signals to, and UP the spinal cord
Phrenology and modern neuroscience
· Describes that there are different parts of the brain that work with courage or justice.
· FMRI= equals function and and structure of the brain
Occipital Lobe 
· Contains our primary visual cortex(V1) and secondary
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Paledonian procedure= for parkinsons disease
· Brain has no pain receptors
Occipital lobe
Visual cortex
· V1=Orientation and spatial frequency of object
· V2=specialized neurons that help you to perceive depth(3d pic in your mind), binocular disparity cells
· Very early development is critical for development of v2.
· V3d(subscriped)=originates in v1, passes through V3d goes to a structure in the parietal cortex(pathway that controls vision and action)
· V3v(subscribed)=ships the information to the temporal lobe from V3d( visual pathway for perceptions)
· V4=works in conjunction withV1, is able to make intermediatary decisions with the size of an object(able to make identifications for simple geometric shapes)
· V5=important for movement, detects motion
· Primary visual cortex(V1) is around the size of a credit card-don’t have an even distribution of visual neurons(cortical magnification)
David Hubel
· Single cell recording of V1 in the awake cat
· Binocular cells in V1
· Blobs=colour ensembles in cynlindrical shapes
· Interblobs=orientation sensitive
· People with lesions to their primary visual cortex have cortical blindness, unable to perceive visual stimuli. (cant use vision to see objects, but can use vision for movement, meaning they can walk around perfectly fine)
Parietal Lobe
· Contains primary somtosensory cortex (S1)
· Responsible for the planning and control of movement
· Visuospatial skills
· Interface between sensory and  motor commands
· Inferior parietal lobe (IPL)= planning movement
· Superior parietal lobe=control of action (online or feedback control of action)
· When moving the SPL comes into play to aadjust your movements so your able to pick up objects for example
· Lesion to the IPL have difficulty initiating movement
· Lesion to the SPL have difficulty with controlling action (example can reach for something, but cannot grasp the object)
· Following a stroke to the right parietal lobe someone may get visual spatial neglect= high level disorder(difficulty taking info from a large scene to putting it into one image) Only can take image on the right side of picture because right lobe controls left visual field
· One way to treat neglect is use of prison goggles( shifts their visual fields so that neglect patients can see both fields for around 3 hours)
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Blindsightt: brain can see both sides however the person doesn’t think they can(consciously aware).
Argy: lesion to V1,V2,V3,V4 has no conscious awareness however he is able to reach out and grasp an object.
Anterior interparietal region and also a region called PO(parietal occipital)
· Info to grasp something used my the area called AIP.
· Transport phase of movement (PO)
Temporal Lobe
· Function in visual object recognition
· Contains primary auditory cortex
· Location of the hippocampus(memory and learning)
· Haptic(touch info) also retained within temporal lobe
· Left hemisphere: primary auditory cortex (95% of pop. Uses left hemisphere for this)
· Hippocampus: formation of new memories, formation of explicit memory(factual info)
· Damage to this would still be able to learn new motor skills using the cerebellum
Frontal Lobe
· Functions in working memory(ability to recall a memory just learned)
· Contains primary and secondary motor areas
· ‘Who we are’ 
· Phineas Gage –personality change
· Primary motor cortex(M1)
· Any movement you use M1
· Supplementary motor area(SMA)
· Pre motor area (PM) (secondary motor areas)
Brain Stem
· Role in basic attention, arousal, and consciousness. All info to and from our body passes through the brain stem on the way to or from the brain
· Known to regulate autonomic nervous system
· All info from our cortex passes through the brain stem to the spinal cord
· Can control functional movement (superior coliculus (SC))
· SC-can control a goal directed movement (an eye movement) (Secade)
Cerebellum
· Involved in the coordination of voluntary motor movement, balance and equilibrium and muscle tone.
· Cerebellum involved in implicit memories(motor memory)
· Head injury to cerebellum causes no new motor skills to be learnt. 
· Lesions to the cerebellum often lead to cerebeller taxia 
· Cerebeller taxia is a disorder that causes people to have trouble walking or have coordination
· Timing for movement and coordination (a clock)
· Studdering can be caused by a soft problem of the cerebellum
Basal Ganglia
· Group of varied origin nuclei connected to thalamus and cerebral cortex
· Play an important role in excitation of M1 neurons
· Not functioning properly will cause you to not function your primary motor cortex.
· Parkinsons disease is a basal ganglian disease(tremors)
· Difficulty initiating movements, does not allow activation of primary motor cortex.
· Moving very slow(parkinsons)
Day 5- The day Heath wasn’t Here
What is ergonomics?
· Ergonomics is a science concerned  with the ‘FIT’ between people and trheir work(in our case everyday activities/lives) it takes account 
Physical ergonomics
· Concerns biomechanics (mechanics of the body) and physiology (how the body functions)
3 parts of ergonomics: task, equipment, environment
Sherpa
1. HTA
2. Task classification 
3. Potential error
4. Consequences
5. Recovery analysis
6. 
Day 6
Basal ganglia structures
· Striatum: receives info from frontal cortex and sends out to other basal ganglia nuclei
· Globus Pallus (GP): receives info from thalamus and sends out inhibitory input (to movement related centres)
· Substantia Naiga- responsible for releasing dopamine( lost if you suffer from parkinsons)
· Subthalamic nuclei: critical for the primary excitatory neural transmitter
The direct parthway
· Red line: excitatory input
· Blue line:inhibitory input inhibiting the thalamus
· Inhibiting the thalamus leads to excitation input from the thalamus back to the cortex
· By surpressing the thalamus you can get MOVEMENT
· Parkinsons disease only get inhibitory input
· Turrets, ocd, are also related diseases to the basal ganglia
· Hemibassismus is a disease where there are ballistic rotary movements on one side of the body, very strong fatigue aspect with this because they are continuously moving
What is a stroke? 
Hemmorhagic stroke:
· Rupture of arterial wall leading to bleeding within the brain
· Blood very toxic to neurons
Ischemic stroke: 
· Blockage of artery to or within the brain
· Lack of oxygen (anoxia) leads to neuronal death
· After someones had a stroke you will have a neuronal death, essentially a hole in your brain, and just fills the area of the brain with cerebral spinal fluid
The primary motor cortex (M1)
· The final common pathways 
· 50% of the neurons for the pathways to the spinal cord originate in the M1
· Important motor structure
· Movement can be directly produced only by a very specific region of the cortex – the motor cortex (M1)
· Fritsch and hitsic (tested brain movement in dogs)
· Jackson is an important figure in neuroscience and medicine, his wife had intractable epilepsy(seizure would start in the hand and work its way up. 
· Figured there must be a systematic  way cerebral cortex is organized in the M1
· Pennfeld father of modern neuro surgery
· Before pennfeld, neurosurgeons would just cut out the part of the brain that they thought caused epilepsy, pennfeld however would probe the subjects brain to see the subjects movements or thoughts to that stimulus. This would help them fio what part of the brain the problem was in
· Pennfeld laid the roadmap of the human brain
Fast electrical Stimulation of M1
· Motor cortex elicit simple movements i.e twitch in response to mild electrical timulation 
· Pennfeld found the human homunculus
The human homunculus(Pennfeld)
· The toes are small because the amount of neurons are very small compared to the fingers, this is why we can do fine motor movements with our fingers. 
· Face has a lot of neurons to help with movements like speech
· He found a homunculus on the motor cortex, and the somatosensory cortex.
· Next picture: yellow represents the thumb
· Size is a representation of intensity of activation
· There is not a strict homunculus with the hand, the neurons intermingle with each other not bordered. 
· Neurons affiliated with effectors are intermingled
· Final common pathway to action is incorrect.
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Jorgeopolis  is a monkey neural physiologist
· The monkey grasps the centre bar (manipulandum) and moves it to a target. Using orange juice as a reward
· Jorgopolis was measuring the activation of one neuron 
· Rasterplot a simple way in depicting the activation of a single neuron over time
· Each row represents a single trial
· He found that there are certain neurons that will fire when the monkey’s make a movement in a direction
· Only when monkey moves to the left is when there are very high firing rate of neurons
· Class of M1 neurons that tune to the direction of movement
· Final common pathway is not true because of jorgeopolis’s study
· Its not true because of the tuning 
Prolonged M1 electrical stimulation
· Monkey study
· Prolonged stimulation to the M1 , monkey always brought hand back to mouth,
· Suffisticated movements maintained within M1
·  
Corticomotorneuronal activity is movement specific
· Precision grip is a very suffisticated and complex movement
· Higher in the histogram means highly active
· Different neurons in M1 are used for different movements, ex. Some neurons specialized for precision grip, neurons are SPECIALIZED.
Dysmelia
· Incomplete development
· Thalidomide was a drug used to help pregnant women with morning sickness, consequences however was that the baby was possibly born with dysmelia
· Brain image: left arm incomplete development, the 4th image shows that there is a less representation of neurons because it does not need as many neurons as usual
· People with dysmelia needs a more suffisticated.
· Plasticity is molding of the brain to allow patients with dysmelia to have less representation of neurons for that affected limb.
Rats can be kindled by sending electrical pulses to the brain. 
· Artificial epilepsy
· The motor map has been changed significantly
· Clear cut effidence is that the M1 changes significantly, after the prolonged electrical pulses.
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The human eye
Retina ganglion cells
· The retina has an asymmetry in the horizontal axis
· Much greater density of retina ganglion cells in the centre of the retina(fovea)
· Fovea has high density cells they are all packed tight together. High special resolution
· The density of ganglion cells get less and less as you move out from the centre, meaning you get less special resolution
· When something is blurry its in your peripheral
Retina
· Higher hemi retina: greater density of ganglion cells then lower hemi retina
· Info from lower visual field projects onto the upper hemi retina
· When your moving in your lower field means you use your higher hemi retina, which leads to faster and more efficient movements.
An MRI image (pg46)
· One of their limbs were removed
· Investigation of their motor map. 
· Thumb and tongue
· The top right circle is their thumb and the low right square in for the tongue
· Top left circle is thumb before amputation
· Top left square is mouth
· The lose their thumb so their chin and mouth representation, grow into the area of the bran that use to control the thumb, this is called cortical plasticity
· Contemporary neuro scientists suggest that pennfield got his homunculus wrong, the head should be turned 180 degrees.
Ramischandra
· Phantom limb pain
· When he would get poked in the cheek he would feel it in his apmtutated hand as well
· This happens because the neurons of the cheek has taken over the hand portion of the body map inside the brain because they are right next to eachother on the human homunculus.
· Visual feedback  of the phantom limb can reduce phantom limb pain(using a mirror), elusery visual feedback . 
· In non epileptic patients the face should be inverted 180 degrees in the human homunculus
Monkey see monkey do Pg48
· In our frontal lobe there is a group of neurons called mirror neurons
· They support our ability to learn through observation(mirro neurons)
· The monkey would perform the same motion that the human would do using observation
Rizzolati
· As the monkey grabbed the peanut, the neurons in his brain would fire
· The same neuron is active when the monkey grabbes the bpeanut, watches someone grab the peanut, and watching the monkey grab it
People with downs syndrome are very good at learning motor skills using visual skills. 
· They are social
· The mirror nurons are over developed. 
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Blindsight= lesion to the primary visual cortex, inability to consciously be aware of something in front of them , but if there was a light that flashed then these people could point to it.
Supplementary Motor Area (SMA)
· Output to corticospinal pathway as well as M1 projections
· Projections terminate on hand and finger musculature
· Active for internally generated activities
· Sequence specific (some neurons fire only in relation to a specific movement sequence)
· Activity increases in relation to movement complexity
· SMA activity for “real” or “imagined” movements
· In monkeys, damage to SMA produces deficits in bimanual coordination
· Fine digit control, supported by neurons 
· These neurons are active for internally generated movements, when you decide to move it is internal(ex. Decision to typee)
· Specific neurons that fire only when you make a movement
· SMA lesion= difficulty with creating a sequence of movements like moving sseperate fingers at a time.
· Difficulty stringing together movements
· Active when your physically moving, when you perform motor imagery it is also active.
· Just thinking about your motor movement will improve your motor skills, because you are activating your SMA, similar frontal factors between visual and physical motor learning.
· In monkeys, when you take out a bit of its SMA, he would have troble with bimanual coordination (ex, using both hands) they cant do two separate things
· It has direct projections to the spinal cord
Premotor Area (PMA)
· Sends fewer outputs to spinal cord than SMA
· Triggered by external sensory event, and delayed action
· PMA important for visually guided movements:
· Monkeys with PMA damage are unable to avoid obstacles 
· PMA damage in monkeys elicits perseveration behaviour
· Have to be very careful with PMA patients, a lesion to the PMA, they will have difficulty avoiding objects, they will just walk into anything (people obstacles etc) unable to avoid them because the neurons that help them tell where external objects are around them are damaged
· Memory guided actions, visual input
· Single cell recordings show incrrased PMA activity 60 miliseconds after visual stimuli presentation
· Perseveration is a PMA lesion side effect, they will just keep repeating there motions. The patients don’t realize they are repeating themselves, until you tell them to stop.
· Neurons become active for external stimulus
Rasterpiots experiment
· M1 is active in both the visual and the internal movements
· PMA is only active during the visual, and barely anything for the internal.
· SMA is active during the internal, and barely during the visual
· PMA is external 
· SMA is internal
All 3 regions go to the spinal cord
However the majority (about 50%) of projections come from the M1
Also areas in the parietal cortex can project to the spinal cord
Corticol plasticity
· Use it or lose it, if you do not use areas in the brain that are used for movement, these areas will simply disappear. 
· Ex. Juggling (6 months of practice) go back to the lab after to get another brain scan (scanned prior to learning juggling) they were looking for cortical density, there was a significant increase in cortical density, then after 3 months of not juggling, they realized a significant decrease in cortical density.
Significant increase in cortical volume after 3 months of training:
· Bilateral v5/MT
· Increase in the left intraparietal sulcus(got a lot more dense)
Following six months without training cortical volume returned to baseline(so to before they learned how to juggle) (USE IT OR LOSE IT)
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The direct pathway in the Basal Ganglia
Cortex, striatum, …
Inhibitorythalamus excitatory back to the cortex, causing excitation of neurons to cause movement. In parkinson’s disease the excitatory of neurons doesn’t happen all the time. 
Cerebral Asymmetries
Left hemisphere controls right side of body and vice versa, known as contralateral control, generally the right brain has exclusive control of the left side.
· Both hemispheres are connected by the corpus collosum, which allows the two hemispheres to communicate(white matter)
· Right cerebral hemisphere :Hapic(touch information) and visual spatial information
· Left cerebral hemi: speech and language, praxis:movement(the ability to perform functional movements)
Split Brain Syndrome
Gasangia, sperry
By severeing the corpus collosum, it helps epileptic patients not be able to spread it to the other side of the brain.
· Each brain will work separately
· In the video, when a word appeared to the right, he can see and read it because its working his left hemisphere, but he can only draw things with his left hand.
· When something appears on the left side he can draw it but cant stay it.
Pierre Paul Broca
Aphasia- difficulty speaking and comprehending language( lateralized to left hemisphere)
· People with difficulty producting speech, would have a lesion in the left frontal cortex, now known as Broca’s area. 
· Broca’s Aphasia: effort and energy to produce speech, can understand language, they know what they want to say, but have difficulty saying it.
Wernicke
· Left temporal lobe was the pivotal area for language comprehension difficulties(Wernicke’s Aphasia)
· Not fluent speech, just stringing together different words. No conscious appreciation of what he Is saying, the don’t understand the question. The are not aware that they are speaking nonsense.
· 
Agraphia is the inability to write, in Broca’s aphasia it is very unlikely that the wont have trouble writing
Should be on exam forsure!(under)
Apraxia: disorder of learned, skilled purposeful movement not related muscle paralysis or comprehension deficits, learned skilled, purposeful movement
Ideational apraxia: inability to evoke the appropriate action representation from long term memory(forget to move)
Ideomotor apraxia: inability to translate the appropriate innervatory patterns into action, they cant take their knowledge  and to perform the action. 
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Lab report library stuff: 
www.lib.uwo.ca/programs/kinesiology
use the catalogue tab
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Ideational is more memory related, and ideomotor is more related to motor movement
The case of CK
· A new form of apraxia
· She can do movements you ask her too, and she can copy your movements just fine.
· Once you put something in her hand, she could not do any kinda movement, profound impairment
· Somatatosensory form of appraxia
· Somatosensory is too finely tuned, signal amplifiedmotor system doesn’t know what to do.
Apraxia usually comes following a head injury
Dispraxia
· Developmental coordinate disorder(dyspraxia disorder)
· Soft issue within their cortex, the wiring is not quite complete
· Very clear timing deficit. 
· Praxis system is not complex enough to control timing
· Happens in children, however they can grow out of it oncetheir cortex grows.
Cerebral Asymmetries in Down Syndrome
· Persons with down syndrome “perceive” speech with their right cerebral hemisphere 
· Tend to havae a smaller brain, cerebellum smaller
· Most of the population (90%) is right handed dominate (regular  people), of the 90% of people almost all of them have speech and language lateralized to their left cerebral hemisphere
· 90% of left handers, also use their left hemisphere for speech and language
· 50% of down syndrome patients are left handed.
· Probably not a good thing because that hemisphere is not optimized for speech perception
·  Most Down syndrome has their right temporal lobe activated for the perception of speech
· Everything is flipped in the brain in people with down syndrome, so things lateralized in the right hemisphere for regular people is reversed meaning the things would be lateralized in the left hemisphere.
· ^proven wrong because its only the perception of speech that is flipped.
· Just like general population, the speech aspect is controlled by the left hemisphere.
· People with down syndrome have a deficit with Verbal motor behaviours  because of the separation of the left hemisphere speech production and the right hemisphere speech perception.
· Down syndrome people tend to have a flatter corpus collosum compared to our round one
· Rostral 5th  particularly thin in down syndrome because responsible for the between hemisphere communication of verbal information
· People with down syndrome have a lot of difficulty with learning new motor skills through verbal instruction, any verbal instruction is hard to understand
· Visual instruction is picked up a lot quicker via observation
X through the spinal cord slide *
Spinal cord connections with Extrafusal muscle
· Thick fiber is extrafsal, thin intrafusal
· Info leaves spinal cord via the ventral root
· Connects to extrafusal by the alpha motor neuron
· Info from the intrafusal muscle about stretching is sent to the spinal cord via dorsal roots
· Monosynaptic
· Gamma motor neuron (fuse motor n euron) 
· ^synapses onto the intrafusal muscle fiber
· Golgi tendon organ sends info back to the spinal cord, to a interneuron in the spinal cord, then synapses onto the alpha motor neuron
· Oligosynaptic- 2 synapses
· Interneuron allows for synaptic connectivity within the same level of the spinal cord
· Propriospinal allows for between segment communication
Cerebral cortex modulates action of motor neurons in brain stem and spinal cord:corticobulbar tract
· Peramital tract is the outflow of info from brain stem into the spinal cord, allows for descending motor control, a million fibres. All motor areas of the brain use this.
· Motor neuron activity organized by cerebral cortex, 
· Corticalmotor and cortical bulbar spinal tract
· Cortical bulbar fibres come from M1 into the bulb of the brain stem
· Control facial musculature and muscles of mastification
· Upper and lower motor neurons
· Lesion to these pathways will have trouble with their facial musculature
· Specific unilateral 
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· Terminates at the brain stem
· Pg 65
· Has monosynaptic connections to alpha motor neuron
· Facial nucleus is divided into cortex 
· Sends it bilaterally
· Facial nucleus is divided 
· Left brain is controlling the right lower facial area
· Rostral is bilateral (upper facial musculature)
· Caudal is contralateral and lower facial musculature
·  Uppermotor neuron injury= paralysis to the opposite side lower facial musculature
· Both sides of the brain controls the upper facial musculature(bilateral) that’s why the tumor does not affect the pathway (contralesional)
· Bells palsy=lower motor neuron injury, tumor right on the neurons for one side of the face musculature, so one side of the face is in paralysis
Ventral Corticospinal tract
· Decomposed into two products
· Ventral corticospinal tract: -originates in M1 and sMA and PMA, vast majority originates from M1 however. 
· Descend “uncrossed
· This axon descends uncrossed(ipsilateral connection)= type of connection 
· Most of connections concerned with axial musculature (muscle in gross movement like trunk)
· Propriospinal neurons allow for communications between segments within the spinal cord
· Different motor neurons innervate different muscles. 
· Ventral desgined for communication and coordination between multiple muscle groups
Lateral Corticospinal tract
· More suffisticated
· Originate from M1 also come from SMA, PMA, and parital cortex
· 75% of fibers cross at pyramidal decussation(structure in brain stem looks like pyramids)
· Primary Monosynaptic connections(important), this is why humans are at top of food chain, synapse on a single neuron. Allows for precise independent digit control.
· Goal-directed actions
Hand slide
· Shows humans have the highest dexterity because we have more fibers going to a single alpha motor neuron
· Its essestial to have these monosynaptic connections 


1. Lateral corticospinal tract connects (i.e synapses) with a motorneuoron
2. Ventral corticospinal tract connects to propriospinal neurons, which ultimately synapse with motorneuorons – proprriospinal neurons allow coordination between multiple motorneurons (can either go up or down the spinal cord,communication between segments)
Ablation study( what happens when there is a lesion to the lateral corticospinal tract)
· Impairment on lateral corticospinal tract – involves the digits associated with the hand 
· Impairs the fine coordination of individual finger fingers
· Persons with stroke often have difficulty performing daily living activities such as buttoning shirt- they can only make a fist when manipulating objects
Important terms
1. Innervation- the distribution of nerves to apart of the body, connection of a neuron to another neuron
2. Innervations ratio- the number of muscle fibers innervations by a single alpha motorneurons; can very from a few to over a thousand,  (eye musculature has a low innervations ratio because the movements have to be precise, whereas the quads have a high innervations ratio because not so precise movements are needed.
3. Extrafusal fibers-
4. Intrafusal fibers- 
Motor  neurons and motor units
· Alpha motor neurons= a neuron innervating power-producing, extrafusal muscle fiber
· Alpha motor neuron have a higher conduction velocity then gamma motor neuron which means alpha motor neurons are much larger tghen gamma
· Motor unit= alpha motor neuron and all the muscles it innervates; a unit of force production in skeletal muscles
Motor unit is a single alpha motor neuron
Motor unit pool= a bunch of alpha motor neurons and all the extrafusal muscle fibers that the alpha motor neurons innervate
Fusi-motor neurons
· Gamma- motor neurons= small neurons innervating intrafusal fibers and changing sensitivity of muscle response to dynamic stretch. (stretch equals space)
· Intrafual fibers oriented in parallel with extrafusal fibers
· Polar connections between intrafusal and extrafusal fibers 
Lab articles
http://ac.els-cdn.com/0166432885900737/1-s2.0-0166432885900737-main.pdf?_tid=46a58588-7570-11e2-9d83-00000aab0f6c&acdnat=1360713765_27a249b9469f819545d6008df2ac4a40
http://www.ncbi.nlm.nih.gov/pubmed/16251265
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A concussion happens when the brain inside the head bangs against the inside of the skull because the brains in fluid.
Neuropsychological tests evaluate how fast and how accurate you are at doing something
ERP measures of cognitive processing
1. Event- related potentials (ERPs) are averaged electrical brain responses to time-locked stimuli. 
· EEG is used to measure electrical activation of the cortex, measures neuronal activation.
2. N2pc=ERP component related to the focusing of visuospatial attention
3. P300= measure of stimulus classification processing speed
Secondary impact syndrome, is what happens after multiple concussions.
· A concussion can affect visuospatial attention, could be a reason why people get multiple concussions, another thought is that a first concussin can affect your classification process speed. 
De Beaumont
· Athletes with no concussion, a single concussion, and multiple concussion were the experiment patients
· All of the tests were the same, no group differed in the performance on the impact battery test
· They had to classify a target, then find the opening on the square, then have to press the v key. (participants in one of the studies, using ERPs)
· Found that the speed of decision making did not differ across the three groups- their behaviours are the same
· N2pc did not differ amongst the 3 groups- no difference in speed of visuospatial attention between 3 groups
· However the P3(thick line, large amplitude)= non concuss group- line in middle=single concussion-line at the bottom=multiple concussion
· Amplitude of p300 decreased as a function of the frequency of concussins- this represents the very first study to show that there is a difference in the neurophysiological and neuropsycholigical 
· Neurons don’t fire as quick and efficiently as a long term effect to the multiple concussion patients.
· Equivcalent neuropsychological test profiles of non-concussed, concussed, and multiple concussed athletes
· No difference in N2pc in non-concussed, concussed and multiple concussed athletes
· Suppressed P300 activity in multi concussion athletes
· The specificity of the long term effect of concussion provides a framework to pinpoint the cognitive system impaired in multiple concussion
· Locate cortical regions effected by concussions
Motor unit types
1. Fast twitch, fatigable (FF) (fast motor Unit)(usain bolt)
· Characterized by highest conduction velocity (200 m/s)
· Large fiber diameter
· Innervate fast twitch muscle fibers
2. Fast twitch, fatigue resisitant (FR)(800 metre runner)
· Characterized by medium conduction velocity (60 m/s)
· Medium fiber diameter
· Innervate fast and/or slow twitch muscle fibers
3. Slow twitch, fatigue resistant (SR) (slow motor unit)(marathoner)
· Characterized by slow conduction velocity (4o m/s)
· Small fiber diameter
· Innervate slow twitch muscle fibers
Motor Unit and muscle Fiber Types in Athletes
1. Sprinter: 80% fast and 20% slow motor units
2. Marathoner: 20% fast and 80%slow motor units
· Dark red stuff= slow twitch b/c a lot of oxygen 
· White stuff=fasttwitch
3. Average person: 50% fast motor units and 50% slow motor units
4. Couch potato: 60% fast and 40% slow motor units
5. Spinal injury: 96% fast and 4% slow motor units
Can training alter moyor unit and muscle fiber types?
· Result of neuroplasticity
· - can train one’s brain to alter motor unit composition with extensive training
· Individuals 70 yrs and older- they can still move, slow twitch, used to slow movements, it is bad because it is at a cost of letting their fast motor units, they lose postural abilty(consequence of losing fast twitch muscle fibers)
Dave Koceja

· Found the with wobble board training
· 6 weeks with using this can improve their balance and increase ration of fast twitch muscle fibers
Pro saccades and anti saccades

Prosaccade: when you look at an object, or stimulus. Direct spatial overlap between stimulus and response and they are stimulus driven. The stimulus triggers the response, and they are often reflexive (very fast to do)
Take around 180 milliseconds to initiate, more importantly the reaction time to a pro saccade

Anti saccades: looking near symmetrical to a stimulus, provide us with a measure of top- down inhibitory control. May have a reaction of 300 milliseconds (longer to initiate) the increased re action time directly ties to response suppression and vector transformation.  Window into understanding inhibitory control, they also use the same corticol and sub cortial visual networks which are usually in the frontal cortex. Yet, the neurons in these shared areas are much more active for an anti saccade task than a pro saccade task., the increased activation durinf anti saccade is realted to response suppression. (brain needs to work harder to tell you not to look at the stimulus) extensive activation in the lateral intra parietal cortex this response has be shown to be tied to vector inversion. Window into why certain people hav problems with inhibitory processes (sczophremia patients have almost no ability to ont pro saccade, it is hard for them to produce an anti saccade because their frontal lobe is not functioning optimally.

To make this successful you have to:
1. Inhibit the normal reflexive pro saccade: response suppression
2. Vector inversion: process where you have to do a 180 degree spatial transformation of the targets location

MCI: mild cognitive impairment
· Usually older
· Forgetfulness
· Mild cognitive deficits
· People with MCI may get alzeihmers in the future
· Those with MCI perform the anti saccade test very poorly
· Thus we can see that they have an inhibitory control problem

Task switching paradigm: AABB paradigm (A= prosaccade and B= anti saccade) the cost of switching from a pro saccade to an anti saccade, or the cost from switching from a anti saccade to a pro saccade. We are measuring reaction time there is no cost when switching from a pro saccade to an anti saccade, yet when you switch from an anti saccade to a pro saccade there is an increased reaction time is the task switch prosaccade. This cost is called Unidirectinoal pro saccade switch cost. Why we think this happens is because the response suppression leads to a residual inhibition of ocular motor networks (after you do an antisaccade the neuron don’t want to do anything after that because they are suppressed) thus when you switch from anti saccade to a pro saccade it is slower.

The SNARC Effect
· Spatial neumerical association of response codes
· Mental number line
· Most people show it in an ascending left to right order
· It is shown that those with people who represent it differently are more creative, and increased visuo spatial skills
· When you flash 1 and 2 in the left side you had shorter reaction times and movement times than when you flashed 8 and 9 in the same visual space
· [bookmark: _GoBack]Yet when you flash 8 and 9 in the right visual space they have shorter reaction and movement time than when you flash 1 and 2 in the right visual space.
· When we move we have this mental number line, thus when you het a number that is the same with the numberline it affects the speed and reaction time of your responses


Th henneman Principle (size principle)

· Recruitment of muscle fibres and muscle units
· Happens when you have to increase force requirements
· Low force contraction: all force is produced by slowest motor unit
· If contraction increases larger motor neurons start to fire, the fast twitch fatigue resistant ones fire
· At the highest levels of force the largest motor units are recruited, the fast twitch fatigueable ones fire
· How different motor unit types are recruited based on the increase of force

Synesthesia: the 5 senses are mixed up
Ex. Taste a touch or hear colors
Affects 1% of worlds population
Perceptual condition, blending of senses
Increased wiring between brain
Wiring is already there but there is a balance between excitation and balance thus the communication doesn’t happen, but in synesthesia this wiring isn’t there thus the those brain parts aren’t connected
Day 15
The Scientific Method Topic #3
· If your in a gun fight and you draw first, the top down decision you make uses a lot of cortocol networks.
· Top down decisions are slow because it uses a whole host of cortical activities.
· Individual that sees someone pull out their gun, it is a stimulus driven response (reflex, just happens)- use very basic circuitry(mediated subcortically) which means they don’t have to go through the entire cortical circuitry, so it is very fast
· As a result the person in a gun fight that draws second should win.
Scientific method
-goals of science
-empiricism(verification by observation
-  untimately in the scientific method the goal is to test hypotheses.
Research Methods
· Experiment
Independent variable: is a manipulated variable
· Variable that is manipulated by the experimenter
· Observe effects of independent variable on dependent variable
Dependent variable: is a measured variable
· Variable that is measured
· Change in dependent variable is assumed to be a result of change in independent variable
Research Studies
· Experiment:
· What are the independent variable?
· What is thedependent variable?
· How do the variables relate to the concepts of interest?
· What are the (expected) results?
· What are the interpretations/conclusions?
Classifying and Identifying Motor Skills( Topic #4)
Taxonomy- a way to make a classification(identify)
Used in clinical studies
· Don’t want to show someone new motor skills if they are not ready (closed head injury) , you must classify the movements first
Task Organization
Discrete Skill: that’s organized such that the action is usually brief and has a well-defined beginning and end(golf swing)
Serial Skill: 
· A type of skill characterized by serial discrete actions connected together in a sequence
· Often the order of the actions is critical to performance success
· They will do a task in an inappropriate order
Continuous skill:
· A skill that unfolds without a recognizable beginning or end, in an ongoing and often repetitive fashion(swimming)
Motor and Cognitive Elements
Motor Skill: 
· Primary determinant of movement success in the quality of the movement
Cognitive Skill:
· Primary determinant of success is the quality of the performer’s decision making
· Learning a new skill as a child is a cognitive skill
· Children have reduced cognitive ability
Level of Environmental Predictability
A. Open skill: skill performed in an unpredictable or in motion environment, requiring individuals to adopt their movement in response to the dynamic properties of their environment
B. Closed skill: skill performed in an environment that is predictable or stationary and that allows individuals to plan their movements in advance
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Reaction Time: RT
· Measures the speed at which u can detect a stimulus.
· Response program
Reaction Time
· The space between the go and movement is called the reaction time
· The space between movement start and movement ends is called movement time
· Reaction time + movement time= total response time
· Forperiod is the space between warning signal and go signal, you vary the foreperiod in good reaction time experiments to get a pure measure of reaction time( if you do this they will not know when the go signal is)
Reaction time tests
· Simple: one stimulus, one response(pure measureme, each linked to separate response (3stimuli, linked to different response and different fingernt of stimulus identification)
· Choice: multiple stimuli
· Little cognitive action
· Have to identify a stimulus is there, then have to make a cognitive decision on what “stimulus is shown, then identify what response is appropriate
· We are stimulus driven creatures, our motor system wants to make some kind of response, but inhibiting a stimulus uses top down.
· Discriminate: (go no go paradigm)
Reaction Time
1. Premotor RT: 
· Period of time between onset of stimulus and beginning of muscle activity
· Measured with EMG
· Measures time-frame required to receive and process  info
· Measures processing time in CNS, so how long you take to choose an object
2. Motor RT:
· Reflects an electromechanical delay
· Period of time between onset of muscle activity and observable movement
· Time lag in muscle needed to overcome inertia of limb
Components of Reaction Time and Fractionation of Reaction Time
· The red line: EMG activation
· No movement until after motor time, during motor time the energy is just building up.
· Alzheimer’s disease: have trouble with processing information, so they would have much longer premotor RT’s then the normal patient
· Herniated Disk:  Going to take a lot more time in motor time to get all the energy to bbegin the movement
· Premotor time=80%
· Motor time= 20%
Putting PT to practice
· Mike peters at the University of Guelph practiced reaction time every day for 10 years, he would react in 199msec
· He proved that runners anticipate the gun going off. It is not possible to have a reaction time of 113 msec.
· Biologically not possible, IAAF not pure measure of reaction time, however there is resistance of athletes
Movement Time
· How long does it take to make a response.
Describing the Movement
B Movement Kinematics
1. Displacement
· Spatial position of effector (i.e arm) during movement
2. Velocity
· Rate of change of an objects position (i.e. arm) with respect to time
3. Acceleration
· Change in velocity of an object (i.e arm) during movement
Kinematics of a reaching Movement
· Somebody pointing
· Displacement in humans limbs is not linear(we like to move in a slightly curved manner)
· This is so you can get a good visual image of the object
· We tend to move in a curved linear fashion
· It is slightly positively skewed( the right hand side of the graph is a bit longer then the left)
· In order to make a smooth movement, there should be a bell shape movement(graph bell shape)
· When we move, our initial movement is ballistic, happens fast(programmed fast), ballistic movement cannot be regulated by feedback response. 
· After the peek is when we can use feedback because movement is not ballistic
· Feedback provides processing time, which means slightly longer after peek velocity then before peek velocity
· Peek of the graph is the amplitude. The farther you move the higher your peek velocity will be. (perception)
· The peek acceleration, also moves to the distance you move.  Acceleration should be smooth, so you know the CNS is intact. 
Opyo-electric Devices and Reproduction of Human movement

Patient MR has lesion is left parital lobe, he has a severe type of apraxia
· 3d rendering of his arm movements while slicing a bagel (20 passes)
· Linear movement (downward position), arm moves all over the place
· Wrist and elbow velocity is measured, they should be close numbers because they are intact together. 
· MR’s wrist and elbow velocity is all over the place. No correlation
· It is a timing problem between multiple affectors. He is moving his affectors independently and not in a coordinated fashion
· He was sent to physio where the kinematics info was given to the physiotherapist, they designed tests for him to correct his movements.  
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· We have neurons in our primary visual cortex, that attempt to find the edge of an object….this is why illusions occur. (blurry heart illusion)
· The higher the resolution, the greater ability to find an edge
3.Measuring CNS Activity
a. Electromyography
- electrical activity associated with muscle contraction
- provides info regarding the temporal and intensity characteristics of the movements
-  this is reciprocal inhibition 

Tonic Activation
· What EMG looks like if you electrically stimulate the muscle.  (synchronist)
Phasic Activation
· Decide to contract your muscle
· What EMG looks like for voluntary contraction(Asynchronist)
They two graphs look different because…
· When you tonically activate a muscle, all that input arrives in the muscle at the same time, and all contracting happens at the same time (synchronized)
· When u voluntarily contract a muscle, they will contract at different times, they will not overlap, (asynchronist) 

Clasp knife rigidity
· Is a clinical sign of upper motor neuron injury. 
· The physiotherapist will put a limb into flexion position(hard at the start then it will just snap)
Pg 114
· Gun shot wound to the head
· To the right cortex
· In the graph you see a lack of  reciprocal inhibition, something called co contraction, he needs to learn a new pattern of reciprocal inhibition( get cocontraction out of the way)
Focus on for the test
Trans cranial magnetic stimulus
· Technique used to create virtual lesions in the lab
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EEG and MEG
· Both techniuques measure fast electrical-chemical processing In brain, detect when axon is fired, when neuron activated
· Both measure brain activity by millisecond level, exceptional temporal resolution
· Greater the colour grater activation
· Limitation associated with both is that they have very poor spatial resolution 
· Darker colour is deactivation
· Figure=auditory task
· If timing Is important use MEG and EEG(poor spatial resolution)

MRI
· Provides structural scan. 
FMRI
· Provides a scan of function and structure(great spatial resolution)
· Has very poor temporal resolution
· May see picture of cortext every 5-10 seconds
Measures of brain activity
· Tapping finger, FMRU shows where the activation is on the brain.
PET(positron…)
· Must have radioactive electrode into your blood stream. Then picked up on the scanner, when It gets to the brain
Brain scan slide
· Guy on left is 60 year old
· Guy on right same age with alzzheimer’s 
30 years ago people used to die in MRI machines, because metal objects would be sucked into machinre
rTMS
· Allows you to directly manipulate activation within the cortex
· RTMS: repetitive trans-cranial magnetic stimulation
· TMS: technique where put A coil over someones head, can send single pulse into cortex, cause random activation associated with trhe neurons that the pulse is gonna contact with, causes virtual lesion, can cause patient to have a stroke in specific area
· Can see what parts of brain are responsible for specific motor task
· rTMS- used to treat people who have severe depression
· when singing it activated the right cerebral cortex, when talking activates broca’s area
Fadiga et al. (1998)
· TMS corticospinal activity with high temporal sensitivity
· Excitation/inhibition in the corticospinal tract at the moment of simulation
· Compine TMS with EMG to measure muscle activation 
· EPs of muscle assessed to examine the ‘release’ of action
· Motor evoked potentials( EMG)
· Had to imagine themselves move as it gets smaller (motor imagery tasks)
· A and B: visual imagery of an expanding and shrinking bar respectively
· C and D: motor imagery of forarm extension and flexion respectively
· E: MEPs in the two experimental conditions
· Even though no movement occurs, there were EMPs send to the bicep flexion muscle, when the patient thought of doing a movemement. Motor imagery and physical practice (imagine doing movement) use the same structures in the brain
· Can get better at a task if you imagine it
rTMS(repetitive trasncranial …
· rTMS in M1 to a patient who had congenital blindness(couldn’t see from stroke)
· LP felt pins and needles in fingers, (brighter the colour more activation)
· LP had most parastetia activation
· LP=brail reader, because blind, tactile activation in the finger tips is increased
· Neural plasticity, because blind, his brain has increased haptic touch, in order for him to work is way around without using eyes
122
· This individual has stroke to left hemisphere- imbalance b/w how much control left and right hemi have over CNS
· Unaffected hemisphere has increased control, more influence
· Turn down unaffected hemisphere activity, to bring the two hemispheres back to equilibrium.
· Or…you could turn up the activity in the affected hemisphere
124
· 1 hertz rTMS through their unaffected hemisphere, 1 hz per second
· And another group got 5 hertz 
125
· Only focus on bottom graph (keyboard tapping)
· 2 groups that got rTMS activation, outperforming each sham patient at each checkpoint(sham equals regular person)
· This is the process that is used for stroke patients to improve their motor recovery
· Allows for equilibrium between hemispheres
· rTMS treatment: 5 hertz for 5 mins
· 

Start of Final- Day 19
· The author of the article chose 5 football teams, and measures how many head hits per game happened.
· No concussion happened, but many head hits
· They measured protein level in the blood(S100B)
· Ac umulaes  in the blood which causes trauma in the brain-blood barrier. 
· Individuals with high protein saturation showed structural changes via diffusion tensor imagery
· Highest concussion rate is in women’s soccer from heading the ball
· DTI: diffusion tensor imaging= brain structure(provides a level of 
· Reduces axonal connections after injury
· Deterioration of cortical structure
A person developed a thinking cap.
Information Processing
· Anti behaviourism approach
3 stage model of information processing
· Stimulus identification response selectionresponse programming
· We process information similar to a computer
· Stage of info processing are Serial and discreet fashion
Stimulus Identidfication Stage
1. Stimulus Detection
· Sensory info attained from external sources is detected and transformed into neurological signals
· Neurological signals are mapped onto a meaningful event
· E.g, this baseball is approaching my face at a high rate of speed.
2. Pattern Recognition
· Extracting patterns of features from environmental stimuli for use in latter stages of info processing
· Can be a natural or trained phenomenon
· Training patter recognition can optimize performance in temporally demanding sports and occupations
Training for pattern recognition can enhance game day or on field decisions and performance
Pg. 131
Chase and simon were interested in memory patterns in these 3 groups
· Quick presentation of chess pieces(3 seconds)
· Then they had to remember where all the pieces were, and place them all back
· Professionals were at the ceiling maximum of recognition after 4 trials. 
· Better memory in chess masters.
· Chess masters actually performed worse then the other 2 groups. 
· Why are certain individuals so much better at something then others, (lebron james)
· Because…they have dedicated 10 000 hours of practice to their specific domain
· Deliberate practice, not very fun, but essential to be the best
A study that involves medical students, and physicians
· Showed them xrays of the ankle, asked to make a diagnoses
· One group 4 theoretical students, the other group radiologist with a lot of experience
· The mediacl students didn’t do a very good job at making a good diagnosis
· The radiologist always made the accurate diagnosis( because more experience)
· Image would go up and know right away
· If you go to the ER with a broken ankle, you want it to be looked at by a radiologist with experience.
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Dependent variable will be how many counts they make(lab)
· If someone messes up the counts, consider it an error
· Results section just mention the facts(precise)
· Next Monday at 430
Pg 132
Starks
· Was interested in if there was any asymmetry(does birth month have anything to do with expertise?)
· Took hockey players and checked their month of birth
· Expertise increases from bottom to top
· N=sample size
· Q=quortials
· Individuals primarily in the first quortial are over represented in elite athletic leagues, been found in almost every single sport
· A kid who was born in january is significantly older then kids born in December, therefore more mature, and therefore will have more attention on them, better coached, and higher self efficacy
Response Selection
· Serial and discrete stages
· Once stimulation is identified, the appropriate action must be selected
· Spatial or cognitive ability  
Stimulus Response Alternatives
· Theres an increase in reaction time when there is more choices
Hick’s Law
· Doubling the amount of choices=increase in reaction time (150ms)
· A linear increase in reaction time can increase bits of information
· Allows us to predict behaviour
· Log to the base of 2 provides us with a measure of how much information is processed(bits of info)
Information “Bit”
· 1 bit of info is reducing uncertainty by half 
· Lower left square you used 2 bits of information
· Right square used 3 bits of info
· Slope is the change in reaction time associated with a 1 unit decrease
· Slope is aged specific
· Older adults have a much steeper slope
· Older adults take longer to process info correctly
· 
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Hardware theory: structural deteriation causes adults to not be able to react as fast as young.
Software Theory: older adults selectively move slower (decide to move slower) the reason is because they always want to be correct.
· Most reaearchers would say that it’s a combination of both
· The more practiced you are at a task the more shallow the slope(gonna process info quicker)
· Highly influenced by the effector 
· Eyes have shallower slope then hands(20 ms)
· Hands have shallower slope then feet (70ms)
Spatial compatibility
· Picking up an iron thinking it was his phone
· First brought of my paul Fitts
· Interested in stimulus and response compatibility
· Experiment where he found that there was a longer reaction time in trial B(pg 139)
· Longer reaction time when there is a lack of spatial compatibility
· Fitt’s students went into a nuclear plant and fixed all the panels so that theyhad spatial combatibility
· Spatial compatibility allows us to make fast and correct decisions
Stroop Effect(word colour compatibility)
· Incompatibility mapping between word meaning and a printed word colour increased RT and errors
When theres a lack of compatibility….
· Dorsal lateral prefrontal cortex must be involved
· Top down cognitive control(when you need to think of something cognitive)
· A lot of processing power, but takes a lot of time to use this spot of the cortex
Response Programming Stage
· Following response selection the action must be translated into appropiriate muscular signals to achieve task goals
· Henry and Rogers had participants in 3 conditions
· Result, reaction time increased in complexitity. Faster from 1-3.
· The higher the complexity, you make a movement plan ahead of time, so they know what they are doing.
· Motor program= a package of motor commands that tells us how to move.
· Reaction time increased with task complexity
ATTENTION
· Focalization and ,limitation of information processing resources(Schmidt and wrisberg)
· Both are kinesiologists, they say you have to be aware of something to attend to it. 
· Inattention blindness(video where you have TO COUNT BASKETBALL THROWS WHILE GORILLA PASSES)
· Change blindness(video where cornfield shortened), if its an unexpected thing in the environment we attend to that stimulus,  excited neurons within our superior colliculus, involuntarily put your eyes on that stimulus(nervous system hardwired to do that) sometimes do not attend to a sudden change, only have so much attention.(reflexive response)
· Students are brought in to remember 25 words, 25 words were paired with an electrical stimulus(adversive stimulus) 
·  galmanic skin response(GSR)=provides measure of skin conductiveness,( creepy crawlys on your skin)
· The 25 words that had the electrical stimulus the second time, the students showed a high GSR.
· He provedthat attention and consciousness is not tied together(nissen)
Attention as a single Resource(pg 146)
· Not a lot of attention required to drive on the 401
· Phone rings, your talking on the phone your able to still pay attention
· However if there was traffic and you answered your phone there is a higher attentional need, therefore you go over your attentional demand(possible car crash occurs)
· Environments are a factor to your attentional demand while driving (passengers) 
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Broadbent proposed the early model of information processing
· Bottleneck at the stimulus identification stage
· 1 channel of information is processed
· The limitation in attention happens before the identification stage
· You can only process 1 channel of info at a time(Broadbent)
· At some level however you must be processing more than one level of information(hear your name across the room and switch your attention to them
· You can attend to many information stimulus however you can only act on 1 channel
Psychological Refractory Period
· Attentional control to use- the “fake” in sports(Barry Saunders (RB))
· Close temporal proximity
· Stimulus 1 comes on, then stimulus 2 comes on 75ms later
· The second response was significantly lengthened by 100 ms
· Stimulus 1 can get through
· Stimulus 2 has to wait around  for the individual to fully process stimulus 1, there is a delay
· There is a critical time where you can elicit this state of psychological refractory
Important Terms
· Know them
Attention as a multiple Resource
· Separate pools of attention
· No interference will occur between activities as long as they don’t share attentional pools
· Badly-british researcher(Stanford university) he is driving along the highway, turns the football game on the radio(new to football) he got into an accident 
· Resource A= drive car
· Resource B=  listening to the football game
· Both resources are spatial..
· So two different pools are mixed causing him to not be able to focus on 1 resource, in this case it was driving 
1. Pool for spatial activites(resource A)
2. Pool for cognitive activities(resource B)
3. Pool for motor activites(resource C)
Neural Correlates of Focuses versus Lapsed Attention
· Local versus global decision about a stimulus
· Global decision=all the little “s” makes up the big S
· Local decision= focus on individual sstimuli (single, small S)
· Local and global didn’t match each other(incongruent situation) ex. A bunch of little “E” make up a big S
· Why you have to make a classification on incongruent situation, you make mistakes because you focus more on global rather then local. (people make action slips in classification, right IFG was not active during action slip)
· When people made these mistakes, their was no activation in the right IFG
· Right IFG 
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Decision is congruent or noncongruent(local, global)

Long reaction time when patient had to identify noncongruent 
· When people have shorter the right IFG was not active
· IFG: stimulus triggered orientation of attention
· Short reaction time: Anterior cingulated cortex as well as middle frontal girus
· All 3 structures work together as a network for the prevention of action slips
· The anterior cingulated cortex responsible for conflict resolution and conflict monitor
· MFG: maintains task relevant goals in working memory
· Global congruent stimuli are processed faster than local congruent or any other condition
· MFG: reminds you what your gonna do
· ACC: helps you create a correct response
· They all work in conjunction to prevent action slip
· The right IFG was sending signals to the visual cortex (viceman), so that it can be on guard for any stimulus 
· Backward production, visual cortex is a basic sensory structure, projections so from anterior to posterior, telling it how to operate
· (167)
Attentional Capacity and Instruction(164)
· Leavitt is an expert in motor learning
· Study that decided what young hockey player skills to learn first
· They had players skate from blue line to blue line(with 4 conditions(on slide)
· Send one is a distracter task
· 3rd is a secondary task. 
· Distracter task takes away some attention from the primary task
· Longer the time, not as good performance
· For 6 and 8 year olds, there is a reliable difference between all 4 conditions
· Time increased as task complexity increased
· 10 year olds and up all pretty much the same time difference
· Resulting that skating is always the primary task in hockey
· When older skating is almost second nature, so not all attention is needed. Therefore they can integrate secondary tasks(stickhandling)
Coordination and Attention(166)
· Flexion and extension of your fingers when it speeds up they get into a groove(inphase)
· Antiphase coordination pattern
· Antiphase 180 degrees out of phase. 
· We can adopt two different cortical structure
· As speed increases cortical structures cannot keep up.
· Moving at low frequencies you can use independent temporal structure
· High frequencies you need to use both temporal structure
· Some people can surpress information between the two hemispheres
· If you don’t have a corpus collosum you have no difficulty performing high frequency movements
Gamma-V experiment
· Very difficult task
· When this happens both things that there drawing should look the same
· Demonstrates adopting a common spatial structure
· Our attention system Likes a common spatial structure
· Limited spatial temporal attention
Memory
· A psychologist only appreciate memories for factual information
· People with cerebellar lesion have difficulty with learning motor skills
· Short term memory(Clyde had a 30 second memory)
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Prozotagnosia
· Can not identify faces
· Human faces only, can identify chimps faces
Mr. T
· Bilateral stroke patient( temporal lobe(fusiform face area(FFR)))
· Has prozotagnozia because of the stroke
· Never regain the ability to recognize faces
· The occupational therapist will help Mr T notice the gates per person
· Humans have evolved and dedicated specialized this visual processing
MEMORY 
· How we store and process information(169)
· The capacity of individuals to retain and utilize information in various ways for various periods of time
· Interchangeable
Short Term Sensory Store
· Brief duration
· Large capacity
· Veridical (precise memory of the image we just saw)
· Pre-categorical(memory system where you have no conscious awareness of the information in the system(cant catergorize)). 
· George Sperling*(important in history in understanding memory systems), quick flash on matrix of letters, then he would ask what the patients saw. (0% recall accuracy)
· Partial report technique: flash of the matrix, then same time as the flash there will be be a high/med/low tone, then they must recall the ppart when the high tone was activated (sperling)
· Using the partial report technique,  (4x4=perfect accuracy) when the tone was presented there was 100% recall accuracy. Sperling shows that participants can access info quickly from there short term sensory store(there is a delay between seeing the stimulus and tone)
· The STSS can reliably maintain information for 150ms. 
· 300ms is how long the memory will stay in the sTss  
· STSS very large capacity
· When they get the cue, patients are able to identify the stimulus very quickly
· (173) spatial accuracy using the circle, 0% accuracy
· The circle just erases the STSS because the corcle takes the place of the stimulus that was supposed to be remembered
· New snapshot of visual world
· This study is related to the veridical nature
· (174) given a cue very quickly after or before the stimulation, the accuracy of this task was 0% (very odd) because the stss cannot catergorize stimuli(cant make a difference between letters and numbers)
Short Term Memory (STM)
· Buffer between STSS and long-term memory(consolidate information and rehearse, essential memory system)
· Brief duration, not as brief as the STSS however
· Limited capacity(7 +/- 2 bits of information)(George miller)
· Categorical (conscious and semantic memory system, you know where your gonna put the info)
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Daniel Kish
· Participates in studies at this university
· Echo notation
· Eyes removed
· Shows neuro plasticity
· Clicks his mouth
Memory and Attention are strongly intertwined
· Paying attention can be seen as holding in memeory
· Attention is reuired for rehearsal
· The longer an item is attended to(held in memory), the higher the chance it will be remembered later
· Consolidated= its been shipped off to long term memory system
· Rehearsal is important in maintaining info in short term
Brown-Peterson Task
· Try to remember three letters, e.g, xjc
· When given a number, start counting backward in 3s
· When you write text appears, write down the letters you remember
· This has to be done at least several times to obtain the effect
· The results typically show very low memory performance
· The reason is that rehearsal of the letters is prevented by the counting task 
· Unrehearsed info and reliably persist in short term memory for about 3 seconds
· More trials they did, the worse the recall accuracy
· When patients had to recall 3 numbers(4th trial) the accuracy shot back up to nearly 100%
· This is because of the release of proactive interference== previous stuff inhibits your ability to learn new info
Proactive vs retroactive interference
Proactive: the forgetting of currently learned material prodeuced by interference from previously learned material
Retroactive: process in which an event learned during a retention interval leads to forgetting of a previously learned event
Sleep and Memory Consolidation
· Sleep prevents forgetting and makes memories resistant to pro active and retroactive interference
· Especially if sleep closely follows learning 
· Sleep allows for hippocampus-neocortical dialogue and information transfer
· With sleep hippocampus and neocortex synchronize their activity
· Sleep prevents forgetting, in particular it prevents forgetting because sleep allows you to be persitant, if you go to sleep right after studied it shows better recall. Synchronization of hippocampus temporal lobe, when they have similar activation patterns(temporal lobe has to talk to hippocampus) facilitates greater recall accuracy
· State dependent memory: the state your in while studying, is the state you will remember what you just learned the best(write exams in same state you studied it)
· Robert Kurr
Variability apraxis 
· Practicing on a golf range
· Blocked performance: if you practice same shot for 50 trials
· Random performance: mix up your shots for 50 trials
· Performance will get better as trials increase in blocked
· Random will have some improvement but not as much blocked
· 24 hour retention test: random shows very strong learning retention so they will perform better after 24 hours then the blocked performance(much better long term consolidation)
· Hint: variable apraxis leads to long term memory benefit, block practice atransit short term
Sleep and Memory Types
· Slow-wave sleep (SWS) predominates the first half of the sleep cycle
· Random eye movement(REM) sleep predominates the second half of trhe sleep cycle
· SWS important for consolidating explicit memories (i.e studying for physics exam)(atleast 8 hours)
· REM sleep important for consolidating implicit memories (i.e studying for practical exam)(tape something for exam) (motor memory) (can just take a nap)
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Clive Wearing
· Great musician
· Damage to the left and right temporal lobe (hypocampus)
· Responsible for severe memory impairment and problems causing him to repeat himself, intellect is intact. Momemt to moment consciousness
· Each time Deborah walks in, he feels like he hasn’t seen her in ages
· Started as a terrible headache then a fever, then forgot his daughters name
· Music to clive is something he will never forget
· He starts convulsing after the music stops playing
· 1984 this occurred
· 10-30 second memory
· His memory impairment affects the hypocampus, he cannot consolidate  explicit long term memories.
· Bilateral lesions, but much more damage to his left frontal lobe(anger)
· Musical ability is mostly intact, because right cerebral hemisphere is intact(this is where music is lateralized)
*Memory guided movementsu*
· (181)
· First condition is a visual condition(left figure)
· Brief delay 0 milisecond delay 
· Open condition: As soon as they move their finger, they lose vision of environment
· As soon as tone goes off they lose vision of the environment (brief)
· Preview period in other conditions, lose environment for 500 or 2000 ms before told to move.
· Panel on the right: variable error
· Open condition is the most accurate
· Vision for action is completely different then visual memory for an implicit skill(movement)
· There is no memory for vision that is as accurate as having vision during movement
· Short term memory for explicit(memory of a trigram) skills are different then implicit(movement)
(182)
-  proprioceptor information
- robotic arm that guides a participants arm to a target, cued to make a response right away or after a delay
- proprioceptor info stored in memory is lively there for 2 seconds or 2000 miliseconds

Visual info decays very quickly and provides an unstable representation of targer location
· Location of response mediated via extrinsic coordinates
Proprioceptive information dacays more slowly
· Location of response mediated via intrinsic corrdinates
· Reliable 2000 ms
· Remember body based coordinate as a function of time
Forgetting
· Ebbinghaus= interested in how much people forget after learning a new motor skill
· Cigar rolling
· He found that savings= how much information is remembered, x axis= retention interval
· He found that 20 minutes later people only have about 60 % recall accuracy
· Very dramatic loss in the first 20 minutes
· Plateau in recall accuracy from 2 days to 30 days, you don’t lose that much
· Best way to structure environment is to come in many times a day and go over the information learned that day
· Forgetting curve for motor tasks
More forgetting
· There is currently no theory that explains why we forget
· We can never forget something
· Forgetting is just a retrieval problem, the info is always there.(Harry Barrick’s permastore)
20 words thing
· Primacy effect is if you remember the first 3 words
· Recency effect is if you remember the last 3 words
· Robust primacy effect, robust recency effect
· The words in trhe middle tend to not be remembered as well
· Short term memory all about rehearsal
· Serial recall curve is why we remember the primacy effect (rehearsal)
· Very good with assessing people with concussions, they tend not to demonstrate a primacy effect
· They don’t perform the primacy effect because they feel light headed 

Day 27(get someones notes)
Long Term Memory (LTM)
· Items practiced or rehearsed access LTM
· Has a limitless capacity
· Composed of three subsystem
1. Procedural Memory
· Stores knowleddge of how to do a skill or activity
· We know “how to do” something, but not able to verbally describe it well (swimming)
· Implicit memories tend to be mediated at a level of the cerebellum
· Top down memories
2. Semantic Memory
· General knowledge 
HM is the most popular case study ever in science
· He had a bike accident where he hit his head on the pavement
· He then suffered from epilepsy
· Bilateral temporal lobes as well as the hippocampal structure attached to it- had these structures removed bilaterally
· Found that he had a very serious case of anterograde amnesia-could no longer form long term memories
· Had a very difficult time forming explicit memories
· He could not remember that his parents passed away, so everyday he would find out his parents were dead
· Had HM trace something reflected off a mirror over course of couple days
· Individuals with cerebellum lesions, have no difficulty with somantic(explicit) memory but extreme difficulty learning new procedural memories, don’t demonstrate a learning benefit on practice 
· Study of HM combined with study of individuals referred to as a double dissociation(is important in improving 
· (HM)Had him comeback two weeks later, he had no idea he performed the taskb the first time, however his performance demonstrated he had retained procedural knowledge on how to perform this motor skill, he learned a new procedural memory
· He was able to work on an assembly line because it’s a motor skill
Paul Fitt’s model of learning procedural tasks
· Used by coachs
First stage: Cognitive stage
· High level activity, cognitively mediated
· Attentional demanding 
· Movements lack synchronization and appear choppy and deliberate
· Numerous errors, typically gross in nature
· Lacks capability to determine cause of errors or correct them
· Dealing with implicit task but explicit in nature
Second stage: assosciative stage
· More consistent
· Decreases attentional demands 
· Fewer errors, less gross errors
· Better at detecting cause of errors
· Begin to develop appropriate error correction strategies
· Cerebellur activity in this stage, involved in cortical and subcortical
Third stage: autonomous stage
· Highest level of proficiency
· Not all learners will reach this stage
· Attention reallocated to strategic decision-making
· Consistent 
· Confident
· Make few errors and and can generally detect and correct those errors that do occur
· When youre learning new motor skill, not procedural until you get to this stage is when you are dealing with implicit memories(e.g as 
Closed-loop motor control
· Sensory feedback closed loop control is sensory movement where you control your movement
· Proprioception
· Vestibular system 
· Mechanoreceptors
· Vision
In a closed loop and you initiate a movement and you notice your making an error, you will make a correction using sensory feedback
· Closed loop or feedback motor control are interchangeable 
· Efferent and Afferent pathways work together 
Vision: Identifying and interacting with objects
· Primate visual system
· The first pathway is vision that works with perception
· Stimulus goes through retina(photoreceptors) then to a structure called the thalamus(LGN=lateral geniculate nucleus) then to the V1 then V1 to the inferior temporal cortex(proception is terminated here) 
· Pathway from thalamus(LGN) to the V1 is called geniculo striate pathway
· Ventral visual pathway( the pathway that supports perceptual judgements) is the pathway from  V1 to the inferior temporal cortex
· From V1 to Posterior parietal cortex is the dorsal visual pathway(supports vision for action)
· Basic visual pathway with previous genereations of humans= extrageniculate pathway( bypasses the geniculo sriate pathway)
· The stimulus will go from retina to superior colliculus 
· Unexpected visual pathway is the extrageniculate pathway
· Pulvinar to the extrageniculate pathway is very short so fast visual pathway
The human eye
1. Cornea: transparent part of the front of the eye; provides optical power by refracting light
2. Iris: coloured part of the eye; controls light levels similar to a camera aperture
3. Pupil: opening in the centre of the eye; directly determines light level entering the eye(is actually clear just seems black because light is absorbed but not reflected
4. Lens: focus light onto the retina
5. Cilliary muscle: allow the lens to shape; permits focus of near and far images
6. Retina: photoreceptive layer at back of the eye;converts light into electrical energy
7. Fovea: centre part of retina; highest concentration of cones
8. Optic nerve: transmits electrical impulses from the retina to the brain
9. Optic disk: point of “connection” between retina and optic nerve
Cannot see anything on your optic disk
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Retinal Cells
· Composed of neurons(cone cell pin shapped so there can be a high concentration of cones)
1. Rods: 
· Achromatic
· Equally dispersed about retina
· Low spatial resolution
· Respond to low light levels
· Provides night vision
· If you try to read something in peripherals, it is blurry because they have very poor visual accuity
2. Cones:
· Chromatic 
· Largely located in the centre of the retina (so-caled central vision(fovea))
· High spatial resolution
· Do not operate in low light levels
Older adults that fall usually happen when they wake up at night, because tghey don’t turn on the lights, there for the cone cells were not working. Turning the lights on helps 80% improvement
People have different cone mosaics, therefore they perceive colour differently
Colour blindness more popular in males, you can also have blindness for only one colour
Frank had a stroke as a result of the stroke he got acquired colour blindness(achromotoxia) 
· The only deficit he had was he could not perceive different colours
· But nothing wrong with his eyes(congenital blindness)
· He only lost ability in his brain to perceive colours
· After stroke he lost 120lbs
· He would perceive picking up a black apple for example
Binocular vision
Our visual worlds we can see 210 degrees of visual field, 140 degrees in binocular(both eyes can see)
1. Binocular Rivalry
· Phenomenon in which a visual perception alternates between the different images presented to the eyes
· Very small differences between the two eyes yield stereopsis
2. Stereopsis
· Disparity of images from the two eyes allow the estimation of depth
· Without steropsis depth estimation is severly impaired
· Remember “magic eye”: it is an example of an autostereogram
Those who lose an eye(inoculated)
· Have a hard time with perceiving depth 
· People that lose an eye use…Motion parallax is a deliberate strategy(shift head back and forth) deriving depth of an object
Depending on what eye is dominate at a certain time, you will perceive the necker’s cube differently.
· Most people(90-95%) are right eye dominant
· Usually if your right handed you have right eye dominant
· Some people also don’t have a dominant eye
People who have strong ocular dominace use steropsis more
How were gonna use the vision info decides what part of the brain we will use
· Duplex model or visual control
Pg 206
· U use a relative comparison(compare one thing to another)with vision for perception, allocentric frame of reference, they are not precise(they are relative judgements)
· Vision for action: dorsal visual pathway is the pathway for vision for action, absolutely metricly precise. Egocentric frame of referenc(compare an object relative to yourself) 
Dorsal Stream
· From primary visual cortex to the posterior parietal cortex: stream of visual processing for action
Ventral stream
· From primary visual cortex to inferotemporal cortex: stream of visual processing for perception
Heath’s primary research type^
· Late 1980’s with patient DF(Dee Fletcher)
· Lived in a rural area
· Everything in the house ran on propane
· One day a coupling from the propane tank broke and carbonmonoxide took over the house, and made Dee pass out
· Everyone thought she was blind
· She was moved to Britain hospital where she noticed she could spot the little hairs on strawberries
· She was actually not blind
· They found out she had visual agnosia 
· Can not identify the difference between different objects
· She was able to use her hands to grasp the strawberries however, even though she has no idea what she is grabbing. She can use her vision to control an action
· Because her parietal cortex was not damamged she still used vision for action
Perceptual and action condition(pg 211)
· They present DF with this experiment, she could not do it
· The experiment is that thgey have to put something in a slot, the slot can be rotated
· Lesion to ventral visual pathway, she can use vision for action (so dorsal visual pathway)
Pg 212
DF’s brain 
· The lateral occipital cortex(bilateral lesions to the these) 
· Linkage between a clinical population and a non clinical population
· Vision to make perceptual judgement(if impaired they have object agnosia)
AT
· Stroke to the posterior parietal cortex(dorsal stream) severe case of optic ataxia
· No difficulty recognizing different shapes or colours
· Extreme difficulty with reaching out and interacting with objects
· Impaired use of vision for action
· Bilateral lesions to her 
· Anne right peripheral field is impaired, she cant grasp a pencil in that field
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Visual agnosia
· Video of a guy that suffered this from  a car accident
· Inability to make a connection between the info coming in 
· Much more of a severe impact in daily life
· Optic ataxia patients can still drive, they can accommodate much better then someone with visual agnosia
· People with optic ataxia, the dorsal visual pathway always wants new visual information, in case the brain needs that info to use it for actions
· By closing your eyes it stops the new visual pathway, so then the ventral visual pathway kicks in, and now uses what the patients remember to help them control their movement. (can put a spoon in bowl because they remember where the bowl is. 
· Lesion to the Posterior parietal cortex
· Dorsal only works when there is visual input(eyes open), however ventral is always working(memory of image)
·  DF’s movement is extrememly impaired if she closes her eyes, profound difficulty doing memory guided actions
Double step paradigm(216)
· How we can use visual info for unexpected dynamic movements
· As you move the target will move
· The target will move and your move is called Secadic suppression 
· Eye makes secadic suppression
· Eye moving so fast, not stable, so cant see anything
· The patients cannot perceive where the target has jumped, because it has changed
· You don’t see the target jump but you move to the area where it has jumped to. Extra-geniculate pathway is used here
· Automatic pilot if your movement is guided by your posterior parietal cortex
· Causes your hand to go to the new visual stimulus
· People with optic ataxia, cannot target change in stimulus, they will always point to the old stimulus 
Pg 218(adding stuff)
· The ventral visual pathway, it operates offline and its based on knowledge, doesn’t need to info to operate, relative visual info, we can rely on this to support memory guided movements
· The dorsal visual pathway, precise information, absolute visual information and egocentric frames of reference, it does not support memory guided movements because it operates in real time
Cortical Blindness
· Scan left primary visual cortex with lesion
· This individual cannot take info from right visual field, they cant identify that there is anything is that field
· They are able to point at object, 
· Action blindsight 
· Pulse the V1, you get a visual stimulus, you ask the patient to point to the stimulus, give them as much magnetic power as possible. It is painful so technique not used anymore
· Masking paradigm is used now, what patients see is an array of a variety of circles, they are asked to point to the circles
· The red dots stay on for another 320 ms, it masks the target, causes people to not be aware of the size of the target
· Disrupts the ventral pathway
· In the control condition when they had to say the size of the circles, 100% accuracy
· When masking condition was 50% accuracy, now we know they guessed, 
· Movement time increased as a function of decreases object size
· The bigger the circle the less amount of movement time, this occurred for both conditions
· No perceptual awareness of the size of the object
· This shows that the posterior parital cortex, does not need to be aware to act correctly, this study shows evidence of blindsight
· The PPC operates below a level of conscious awareness*
Allocentric VS Egocentric frames of vsual information
· When you compare one thing relative to another thing
· You can trick the visual pathways, by seeing a convex object when really it is a concave one
· The ponso illusion(train tracks) illusion of size. The motor system will not be tricked, whether they are grabbing box A and box B, the dorsal visual pathway only uses the precise size of the object to be grasped, trick perceptions not actions
· They are using there ventral pathway, when they thinkthey are different sizes
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Dorsal stream regulates the use of vision for reaching and picking up stationary objects; however, how do we intercept(catch) a moving object
David Lee(british movement scientist)
· He was watching birds diving in the water to catch sardines
· Lee was interested in how they could dive in the water
· Optic Tau theory
Optic Tau theory
· Looming object
· When an approaching object will arrive
· the retinal angle causes a shadow on the back of your retina
· as the ball gets closer to you the angle will reach a finite value, get bigger
· when Tau angle reaches zero it tells performing that they are about to make contacxt with the object
· It allows you to know when to close your glove, when to move away
· Theoretical approach
· Works only for objects working in a straight line
· Only works when the object is moving at a constant velocity
Time required to process Visual Feedback
· Classic experiment
· Zelasnik
· Simple pointing task at various distances
· As soon as they raised there hand the light was turned off so they had to do the task without vision
· With vision you have more accuracy responses
· When they started mving in the 75 ms, it goes so fast that vision doesn’t play a role this is why it is the same between both controls
· Somewhere between 75, 225 is where the threshold is. 
· Dynamic objects is 75 or less, because extra geniculate pathway allows for visual info to get to the brain very quickly
Pg 230
· Baseball
· The mound is 60 feet 6 inches away
· 460 ms is how fast the ball will cross the plate
· Definite advantage for a batter if they can swing the bat very fast
· If you have a slow swing it will only give u 130 ms to elect to swing
· A fast swing gets 150 ms to decide to swing or not, process more info and better decision
· The more time someone gets to process info the better the response will be
· Do not train someone to slow down your bat speed
· When participants swung really hard it was straight and efficient opposed to swinging softly
Vision and whole-body actions
· Classic study(1980s)
· 3 sided room 
· Point on the wall that participants had to fixate on
· Stand on a platform
· The room is on wheels so the room can be moved back and forth
· When the front wall was moved slowly, the participant had no idea it was moving
· When the wall moved back the participant leaned forward, if it moved toward them they moved back
· The kids would fall back on their butts or forwards on there face when the wall moved
· This study demonstrates that the vision system have a constant relationship with your head and the fixation point
· It is trying to maintain that relationship by leaning forward and backwards
· For a whole body movement vision is continuously used to modify a whole body movement
Vestibular system
· Is a sensory system in your inner ear
· Three fluid-filled half circles termed semicircular canals(horizontal, vertical, Z axis)
· Provide information about the position of head relative to the rest of the body
· Sensitive to each directional plane
· Inside the canals are cilia which bend
· If you spin around the fluid in one structure will move, then sensory output to the brain will say that your moving in a particular direction
· Horizontal canal detects rotation of head around vertical axis(spinning), specificall detect angular acceleration
· Anterior and posterior canals detect rotation in the sagittal plane (nodding) and in the frontal plane(completing a somersault)
· They do not detect linear 
· Otolith organs detect changes in gravity and acceleration
· 1. Utricle detects changes in horizontal movements, therefore linear acceleration(walking) essentially keep the head up with the body (important for eye movements)
· 2. Saccule detect changes in vertical movement and linear acceleration (sensation of being in a plane) important for posture
· All about the bending of cilia cells
· Video of a vestibular deficit(kitten born with it)falls over because she has no balance
· The role of vestibular system in mediating eye movements, VOR 
· Your head moves in one firection, your vestibular tells u your moving in that direction, then tells your ocular system(eyes) to move in the opposite direction(vestibular ocular reflex)
Caloric Stimulation
· Very cold cup of water 
· The water is put in his ear
· The water chills the vestibular system( the eyes move back and forth ftrying to focus on one point)(mythagmus)
· Alcohol disrupts barrier communication, it prevents the cilia from working
· Gravity of alcohol and its influence on vestibular system is the reason why you spin in a dark room when drunk
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Muscle spindles
· Cigar-shaped structure connected in parallel with muscle fibers
· Innervated by gamma motorneurons
· Probide information about stretch of the muscle
· Intrafusal 
· Two types: type Ia( and typeII
· Provide system with info about limb position
· No such thing aas muscle memory, there is no way they can store info
Type Ia
· Really sensitive to rapid(dynamic)stretch of the muscle (i.e when the agonist first begins contraction, then the antagonist is gonna be stretched(there for the antagonist will provide the info not the actual muscle being contracted))
· They are velocity dependent, the speed of movement also activates these muscle spindles
Type II
· Really thin
· Sustain contraction of agonist muscle
· `static stretch of muscle
These are activated by strectching of the muscle
The sudden start of activation, there is a high level of activation
When the limb is at a new position the type II will be very active
Monosynaptic stretch reflex(240)
· Provides a strike to your patella tendon,
· Patellar tap
· More like 20 ms
·  In the video the girl had an asymmetry only her right leg was responsive to the patellar tab test
· The girl had a stroke and due to the stroke she suffers Hyperreflexia=exaggerated response 
· Upper motor neuron, damage
· Its not actually a monosynaptic stretch reflex, a bunch of axons and fibers are descending from above and affects the alpha motor neuron
· Hyporeflexia= lower motor neuron injury, very small amplitude of monosynaptic stretch reflex
241
A weight is dropped onto a hand
· The bicep is stretched, which causes the alpha motor neuron to activate, so that the bicep can then contract to bring the arm back up to starting point
Muscle spindles and voluntary control
· Experimented muscles in postural control
· Particularly just the bottom limbs muscle
· Activates posterior muscles(gastrocnemius, hamstrings) when the platform is pushed back
· The most proximal muscle gets the info first, then distal,
· However during postural control, it is distal to proximal
· Ankle strategy-controlling posture based on activation from the ankle upwards
· When platform pushed forward it’s the anterior muscles activated
· This all happens at the level of the spinal cord, the cortex doesn’t really need to get involved
·  Hip strategy, when a gymnast loses posture on a balance beam, they will use the hip strategy to regain balance, it is a very slow strategy, older adult usually use this which is not good because to slow
Golgi Tendon Organ
· Located in junction between muscle and tendon
· Provide information about tension (force) in the muscle
· Prevents overstretch and rupture by inhibiting motorneuron
· Their sensory info is a little different then muscle spindles
· Synapses on an interneuron
· Inhibitory interneuron tells the muscle to stop activating if its providing to much force
· Oligosynaptic
· All about the contracting nature of the muscle
X through 244
Open- loop motor control
· Hannah was put on a 
· Once the movement starts you don’t need sensory info 
· Hardwired into spinal cord
Evidence from human studies
· Treadmill therapy may permit recovery of some function
· Training is extensive
· Body weight is fully supported
· Anti-gravity muscle remain in state of complete paralysis
· Improves living, prevents atrophy of these muscles
· Incomplete 
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Open- loop control
· Throughout a movement you do not use 
· Dorsal roots of chimapnzees were severed, which means they can no longer get somatosensory or proprioception sensory info.(Sherrington)
· The monkey that got this done had it done on his left brain, which measn he couldn’t use his left side
· This prevents movement
· Strong advocate of closed-loop motor control
· He should have severed both dorsal roots to get more accurate results
Rothwell
· Peripheral neuropathy
· Individuals can program actions without sensory input
· People with diabetes suffer from neuropathy, they get numbness in extremities
· Jay can still button his shirt up even if vision is impaired(eyes closed), this study shows that vision is not always needed for motor control. 
· This demonstrates open-loop control, ballistic movements
Mesencephalic(midbrain) cat supported on a treadmill
· Rhythmic and stereotype movements(walking)
· We must have suffisticaated neurons in our spinal cords
· They cut the midbrain of a cat, which prevented any efferent and afferent messages from brain to spinal cord. 
· The cat was put on a treadmill
· They made it slow moving, at first the cats paws were dragging, but eventually the cat started walking, even when he had to go from walking to running it happens eventiually, this shows that all this happened at the level of the spinal cord, we have central pattern generators in our spinal cord. It’s a series of 4 neurons. 
· The cat still gets sensory input to the spinal cord to the central pattern generators
· The 4 neurons work like they activate eachother. One becomes excited at a time
· When the treadmill stops so does this central pattern generators.
Evidence from human studies
· Notes are on slide
Central Control of Rapid Goal-Directed movements( he really likes this study)
· Notes also on slide
· Ballistic action: example, golf swing, sit to stand
· Wadman had participants hold a lever, they had to move the lever around the track, they used 
· The primary agonist burst was the triceps
· He found that one the primary agonist burst is over, you can see the antagonist burst. You get th
· Basic motor command is generated in brain and sent down spinal cord
Motor programs
· Notes on slides
· People can still get sensory feedback
Why have motor programs?
Eliminates the degress of freedom
· Degrees of freedom relate to the number of way we can combine muscle and joint activity for movement
· E.G, consider the number of ways you can pick up a pencil
· Central nervous system may adopt motor programs to limit the degrees of freedom problem.
· The central nervous system must decide how to do a movement
The role of Sensory info in motor programs
a. Initial position
· The initial position of the effector Is integrated into the implementation of the motor program
b. Sensory info during and following movement completion
· Feedback from peripheral structures is sent to the central executive to monitor the motor program for errors
· Movement is not modified, simply molitored for “correctness”
· Detected errors can serve to correct and modify subsequent motor programs
· The sensory info is particularly important for people learning  a new motor skill because they can evaluate that the motor program they selected was a god motor program
· The biggest problem is novelty, how does someone produce a new task if they haven’t done it before. At some level they bring in sensory info to produce an action
Problems with motor program theory
1. Storage problem:
· How many motor programs do we have?
· You would need a motor program for every single action
2. Novelty problem: 
· how do we produce new movements without a motor program?
· E.g how are we able to perform a somersault for the first time
Generalized motor programs
· Notes are on slide
· A motor program can be adapted depending on certain response or movement parameters, this gets rid of the novelty problem because it produces a new action
· There are certain motor programs that are invariant, 3 invariant parameters. 
Invariant Features GMP
a. Order of events
· The order of muscle firing(eg. Triceps, biceps, triceps)
b. Phasing
· Temporal structuring of contractions are invariant
· E.g, in a discrete aiming movement the proportional time for agonist or antagonist activity relative to total movement time is constant
c. Relative force
· Amount of force generated by any two muscles remain in constant proportion from movement to movement
· E.g, in bernsteins handwriting experiment the “t” in motor is usually twice as high as “O” in motor 









