Lecture 1 – September 4

OBJECTIVES OF THE LECTURE
· What does the study of motor control entail? 
· Why is the study of motor control important? 
· What is the degrees of freedom problem?
· Be able to discuss the different stages of RT/movement task
· What factors influence RT? How do they influence RT?
· What factors influence movement execution?

OUTLINE
· Introduction to motor control
· Degrees of freedom problem
· Principles of motor behavior
· Movement preparation
· Movement execution

INTRODUCTION TO MOTOR CONTROL

Human Motor Control
· Interested in how the brain controls movement
· The processes involved 
· Video = Charlie Rose: Charlie Rose Brain Series 
· How the brain uses information to interact with the outside world
· Motor system is devoted to movement, plan, coordinate and execute movement
· From beating of heart to throwing 
· Brain and nervous system
· Motor system is very complex, carries out mostly without conscious instruction
· Most of our physical abilities are learned through practice 
· Examining stroke and ALS
· Sensory system creates an internal representation and the motor system mimics it
· Plasticity of the motor system is extraordinary, improves continually
· Automatic behavior is taken for granted and only noticed when it stops functioning (injuries, disease)
· Citation of appropriate movements and inhibition of inappropriate movements 
· Significance of the brain  Daniel Wolpert 
· Produce adaptable and complex movement
· Only way to effect the world around us is by moving
· Cognition is only useful to drive action 
· Example is trees
· Another example, animal digests it’s brain once it implants itself in rock
· Robots cannot achieve the same movements as humans
· Compare robots programed to play chess versus a robot picking up an object
· Cutting edge research on robot movement versus cutting edge performance of a 5 year old in a cup stacking competition 
· Movements can be simple or complex
· Parkinson’s disease = damage to the basal ganglia 

Task
· Localize the object
· Some sensation coming from external world that will drive the action
· Visual information coming, decide the action plan
· Once you have the action plan you have to get that information from the brain to the muscle
· Need feedback, is the movement correct?
· Sensory receptors, information is carried back to nervous system
· Correct force? Acceleration? Do I need to modify?
· These movements are learned

How do we control our movements? 
· Need sensory information, info used to control movements
· Also use previously learned information from different environments 
· Many different ways to do the same action

DEGREES OF FREEDOM PROBLEM

Degrees of Freedom Problem
· How are movements selected to achieve particular tasks when, as is almost always the case, infinitely many movement can achieve those tasks?
· The number of ways a system can independently vary
· Idea is that there are an infinite number of ways of getting a task done mean that there is redundancy in the system, not just one way of doing an action
· Example is the reaching task
· We have many muscles and joints therefore we can culminate in many different fashions
· What can vary? In order from least to greatest
· Posture
· Muscles
· Receptors 
· Neurons (signaling unit of CNS)
· Limitations also, such as anatomical constraints 
· Degrees of freedom is a good thing because it provides many options for performing a task
· This in turns allows us to act according to conditions in the environment
· Example, switching a light on when hands are full
· Motor control scientists use term degrees of freedom “problem” because generating a movement typically involves going from a many possible degrees of freedom to just a few that characterize the movement/task 
PRINCIPLES OF MOTOR PREPARATION

Movement Preparation
· Reaction time interval
· Respond to a stimulus
· Processes that occur between detecting the stimulus and responding 
· Go signal to initiating 
· Things that may effect the reaction time
· Intensity of the stimulus 
· Modality of the stimulus, different sensory receptors for different sensory information and the path is determined by which receptor is being used
· Dominant hand versus weaker hand (still debate)
· Complexity of the stimulus, one stimulus versus two stimuli (HICKS’S LAW  reaction time increases based on the number of stimuli)
· [bookmark: _GoBack]Stimulus response compatibility
· Learning
· Age, many different reasons why you slow down as you age

Hicks’s
· Reaction time increases as the number of stimulus-response alternatives increases
· Increases proportionally as S-R alternatives double 
· More information to process and more decisions to make 

S-R Compatibility
· Certain mapping and if you effect that mapping it effects how quickly we interact 
· Spatial mappings  Mapping as congruent or incongruent (incompatible)
· Measure reaction time, most often incongruent mapping produces slower reaction time 

Response Complexity 
· Henry & Rogers
· RT = go signal until finger is left
· Result shows the reaction time increases the more complex the task even though action for time the reaction time interval remains the same

Movement Execution
· Time between when the movement starts and when the movement ends 
· Factors that slow down movement execution
· Speed-accuracy trade-off (if you want to be more accurate generally you can’t be as fast)  Fits law
· Experience with our environment 
· Movement parameters
· End-state comfort effect
· Motor equivalence, write name with right hand then with left hand. Will see a general pattern of movement even if using different effectors

Speed-accuracy trade-off
· Make the target more or less difficult (manipulate amplitude, width etc.)
· Movement time is directly related to how difficult the movement
· Another experiment
· The faster the movement the less accurate and variable it is

Movement parameters
· A small movement won’t produce the same velocity as a short movement
· The longer the movement the grater the velocity and acceleration 
· Usually we move straight to an object, straightest path, most efficient, less demanding, use less energy

End-state comfort effect
· Make uncomfortable start posture to end up with final more comfortable posture
· When planning movement we take into account the initial movement and final movement 

Motor Equivalence
· General pattern, can generate very similar movements even when using different muscle effectors 
· Idea that we have a general movement program that gives general plan, abstract property of the movement, generalized movement program
· Let other areas work out the details for how the movement will actually be carried out, lower areas of the brain
· Allows brain to possibly solve degrees of freedom problem 



OBJECTIVES OF THE LECTURE
· What different techniques can we use to study motor control?
· What are the benefits and limitations of these techniques?
· What factors would influence the technique that you would use in an experiment?
· How do these different techniques fit together?

OUTLINE 
· Behavioral paradigms
· Neurophysiology 
· Electroencephalography (EEG)
· Magnetoencephalography (MEG)
· Functional Magnetic Resonance Image (fMRI)
· Positron Emission Tomography (PET)
· Single-Unit Recordings (monkey)
· Patient populations
· Transcranial Magnetic Stimulation (TMS)

BEHAVIORAL PARADIGMS 

Behavioral paradigms
· Begin with a model
· Information processing framework 
· Stages the occur before carrying out a movement: sensation, perception, decision making, decisions execution
· Other factors that influence how quickly you initiate plus executing action 
· Memory
· Attention

3-stage model
· Some assumptions about each stage 
· Stimulus identification
· Take the information coming from different sensory signal
· Make a decision about what you want to do with the sensory information 
· Response selection 
· Response programming 

Information processing 
· Takes time, doing anything to manipulate should influence our reaction time
· This is what the model predicts 
· Stimulus intensity corresponds to stimulus identification
· The number of choice corresponds and stimulus-response compatibility correspond to response selection 
· Response complexity corresponds to response programming 
· All provide evidence that the brain processing information in accordance with this model (otherwise reaction time will not change)

NEUROPHYSIOLOGY

Techniques 
· Electroencephalography (EEG)
· Recording the electrical activity of the brain 
· Magnetoencephalography (MEG)
· Functional Magnetic Resonance Imagine  (fMRI)
· Positron Emission Resonance Imagine (PET)
· Single-Unit Recordings (Monkey)

CNS Signaling Unit: Neuron
· Input components
· Transmits information
· Does this through the movement of ions
· Charge creates current

EEG
· Measure electrical potentials 
· The movement of ions is recorded (the electric current in the brain)
· Recorded with electrodes placed on the scalp
· Placing of electrodes are not random
· Placed over different lobes of the brain
· Not necessary but usually done, placed within an average place
· Each lobe has a letter and number
· Not very strong signal, other cells interfere because of the many layers in between 
· Many neurons can contribute the signal means that the spatial resolution is not that great (knowing exactly which neurons and where the activity is coming from)
· Temporal resolution is good however/ can read activity every millisecond if necessary 
· Frequencies vary, more spikes in a given period of time the more awake/excited you are
· Amplitude of the activity also vary, less activity shows larger slow amplitudes 
· Can also look for parts of the brain that aren’t working properly 
· Where do we first see differences from resting state
· Average across similar times (go signal etc.)
· Over 1000 trials 
· Some electrical activity as it relates to a given event 
· EVENT RELATED POTENTIALS 
· The cost is relatively cheap and easy to record
· Signals smear and aren’t that clean, only brain cortex area 

MEG
· Similar to EEG
· Records the magnetic field induced by electric current 
· A lot more expensive 
· Lots of sensors spread out, recorded over time 
· Similar temporal resolution to EEG
· Better spatial resolution than EEG
· Clean signals 
· Sensors only measure fields exiting brain 
· Usually coupled with a MRI to map areas that are involved 

fMRI
· MRI studies brain anatomy
· Functional MRI studies brain function
· Machine has a magnetic component (have to ensure no metal)
· Essentially a very strong magnet measuring changes in the oxygen levels in the blood
· If an area in the brain is active it’s gong to need oxygen 
· You can measure changes in oxygen levels in areas of the brain 
· Takes a while for blood to move and accumulate
· You have to keep this in mind when measuring
· Temporal resolution is very poor as a result 
· Very good spatial resolution 
· Very expensive but more common than MEG
· Provides analysis of what areas are activated 
· Combined with MEG sometimes to be temporal resolution 

PET
· Doesn’t measure neural activity directly but where there is a build up of solution 
· Tract position of photons/the moment of the blood
· Mapping the location of photons and the levels that they are in different places 

Single-Unit Recordings in Monkeys
· Recording activity in a single neuron 
· Undergo surgery and implant an electrode, use needle in the scalp to interact with it
· Can hear the neuron firing
· Can get an idea of when the neuron has activity 
· Very expensive way to do research
· Also takes a long time, have to train the monkey to do the task
· Can take a year to train the animal to do a given task

Patient Populations 
· Parkinson’s disease = damage to basal ganglia
· Problems initiating movement therefore that means basal ganglia is involved in initiating movement
· Limitations in using Patient Populations 
· Other factors that influence the results 
· Injuries may not be localized 
· Sample number
· Brain plasticity 
· Ability to do task or ethics to do the task 

Transcranial Magnetic Stimulation (TMS)
· Have a coil placed over certain area of the brain 
· Electrical current sent through it
· Associated magnetic field that passes through the skull and changes the firing of the neurons underneath
· Can either activate them more (stimulate) or decrease the activity 
· That creates a virtual lesion (for example knock out parietal region)
· This means you can get healthy volunteers and simulate what a stroke victim might experience
· Not measuring neural activity 
· Looking at causation  if a take out this area of activate this area what does this mean in terms of movement 
· This technique works
· Not invasive, manipulating neural activity not changing it
· Temporary, although can change the activity
· Can be uncomfortable
· Also they’re can be some spread of activation and suppression as well 
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