Motor Learning
Attention

Attention:
· What is attention?
· Ability to focus on something, giving importance to different things, noticing details etc.

Alertness/ preparedness:
· Focusing attention more at the beginning of an event
· Less alert at the end of the day 

Effort:
· Notion of cognitive effort
· Stages of info processing: stimulus identification, response selection, response programming
· Certain tasks will be more demanding than others and require more attention
· Different types of process:
· Top down: controlled processing. You are consciously directing your attention to something
· Bottom up: something you are not paying attention to in the environment but it captures your attention. Ex. A big car accident that happens on another street, the bang will grab your attention and then you will then switch your focus on that
· Certain things are going to make a difference on how we allocate attention
· Can you measure attention?
· Interference paradigms
· Probe: there is less freed up space to scan the environment to process the probe and pay attention to it 
· Longer your probe reaction is to the auditory beep will tell you that the task is more demanding 
· Task is more demanding at the beginning, then it slows down but becomes more demanding at the end of the task 
· Pupil Dilation: using an eye tracker to take measurements of the eye depending on different tasks and movements 

Selective Attention:
· You can choose where we want to attend to at any given moment
· Constantly happening
· Change blindness: blind to all other changes going on around you because of your lack of attention to one area 
· Failure to detect certain environmental changes
· SOA: time between stimulus 1 and 2 (Stimulus onset asynchrony)
· If you manipulate SOA and start to reduce it, there is a drastic slowing on how you respond to the second one
· Some point there is a break where only one stimulus can be processed
· Links with the stroop effect
· Cocktail party phenomenon: you can be in the middle of a conversation with someone and if you hear your name in a different conversation, the second conversation will steal your attention
· Startle: see if and when something is prepared for a response. You have the ability to prepare for an action

Limited Capacity:
· Limitations to our attention
· You can parallel process
· We have a central pool of attention that is flexible
· Amount of available capacity with be influenced on time, people, situation etc.
· There is multiple pools of attention and each other pools are fixed
· The only time interference will occur is if multiple tasks from the same pool occur
· Summary in the slides

Divided Attention:
· Distractions
· The inability to focus on two things that involve you to see things 
· There is a delay in your response
· 
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Memory Formation Process
1. Encoding
-take in whatever info, and change it to make it easier to remembermeaningful information

2. Storage/consolidation
-placing it into long-term memory stores
		-maintenance rehearsal: repeating  (short-term memory)
		-elaborative rehearsal: relating to already known information in order to make a stronger connection

3. Retrieval
-once in long-term memory, the ability to use it when needed

4 Subsystems of Working Memory
1. Phonological Loop
	-deals with sounds, verbal information
	-phonological store  temporary storage

2. Visual-spatial Sketchpad
	-visual information. limited capacity

3. Central Executive
	-coordinated/manipulates information. used in retrieval

4. Episodic Buffer
	-Baddley
	-holds information temporarily. linked with central executive system
	-multidimensional loop. uses subsystems 1. and 2. 


Working Memory
-20-30s in duration
-capacity 7 +/- 2 items
-getting around the item limit: chunking

Long Term Memory
-stores information and experiences specific
-large capacity and duration
-ability to retrieve becomes weakened after no use

LTM
-procedure don’t think, autopilot
-semanticlearned knowledge and facts
-episodicpast experiences

-primary: information presented at the beginning
-recency: information presented at the end of a loop, or the most recent info 

Memory Formation/Enhancement
-warm-up: psychological warm-up
-meaningfulness: linking information to make more likely to remember
-mnemonic devices: managing information (chunking)

-practice context: optimal ways to practice to enhance memory
-skill characteristics: skills influence memory

-H.M. (case study) reading on amnesia, Alzheimer’s disease 

Human Factors
-how we interact with machines in the environment
-errors of omission: fails to perform a component
-errors of commission: choosing the wrong action
-most human errors are due to design

Principles for Effective Display Design
perception principles
	-avoid absolute judgments
	-redundancy gains: make sure it’s easy to understand
mental model/map principles
	-pictorial realism: looks like what it is representing
	-moving parts: match expectations
attention principles
	-minimize access cost: frequently accessed
	-proximity compatibility: grouping
memory principles
	-predictive aiding: proactive actions
	-consistency: consistent with other designs
controld
	-decision complexity: Hick’s law
	-compatibility: performance and learning are affected by compatibility


Learning Performance Distinctions

Motor skills:
· Motor skills involve the use of head, hands and trunk
· You need body parts to achieve a motor skill 
· Classification of motor skills: 
· Gross: walking hoping, jumping
· Mixed: gold shot, shooting an arrow
· Fine: typing buttoning a shirt
· Gross motor skills mature over time
· Specifity of where actions being and end:
· Continuous: walking
· Serial: playing on a piano, typing a sentence
· Discrete: throwing a dart, hitting a piano keys 
· Stability of the environment
· Open: unpredictable environment- catching a butterfly
· Mixed: skills that require both - driving, carrying a glass of water
· Closed: predictable environment- brushing your teeth
· Classification of motor skills:
· Outcome dominated: techniques contributes BUT outcome is emphasized
· Process dominated: outcome contributes BUT process is assessed
· Process defined: process defines performance


Measuring motor performances:
· Performance outcome measure: 
· Reaction time, movement time, amount of errors (more seen in research labs)
· Performance production measures:
· Displacement, velocity, acceleration, joint angle (more every day uses)
· 1D error measures:
· Absolute error: accuracy measure  unsigned deviation
· Constant error: accuracy measure  signed deviation
· Variable error: consistency
· 2D error measures:
· Radial error (RE): accuracy measure  2D equivalent of AE 
· Root mean squared error: accuracy measure  thing equivalent of AE
· Tells us the amount of error between the produced and the target performance curves for a specific amount of time 

Performance Characteristics of Learning:
· Creates learning curves
· Generally see negative acceleration graphs
· See fast games at the beginning and then they slow down near the end
· The more time you spend on something, the more you will improve
· Consistency: the more you practice the more you will be consistent 
· Stability: with practice you less susceptible to error which makes your motor skill stable
· Persistence: make sure improvements are going to stick long-term
· Adaptability: take a skill you learned in practice and adapt to the context

Learning Performance Distinction:
· Performance: is observable, temporary, may not be due to practice, influenced by performance variables
· Learning: inferred from performance, relatively permanent, due to practice, not influenced by performance variables
· Motor learning: looking at internal processes going on in the brain as a result from practice and experiences over a period of time 
· Practice variables are divided into:
· Performance variables: something that changes temporarily, effects on performance are not long lasting
· Learning variable: something that lasts, a lasting change that is permanent and persists 

Research methods:
· Research design is the most important thing that comes with running an experiment 

Motor Learning experiments:
· Two key factors: retention and transfer tests in experiments to get any info about learning
· Encoding: translates info into something more meaningful to help improve performance
· Consolidation stage: stabilizing will hopefully occur
· Retrieval: accessing stored info
· Flexibility: how easily you can access this info 

Stages of Learning

Stages of learning:
· Typical learning curve is negative decelerating 
· We improve and plateau and that's why there are different stages of learning

Fitz and Posner:
· Three stages of learning
· Cognitive: attention demanding period. Task demands and how to achieve them. Performance is erratic, not persistent, lots of big errors, and leaner is aware of making mistakes but they do not know how to fix it. They are not at a point of being an independent learner yet. Coaching is more hands-on; cue them to aspects of movement and environment. 
· Associative: have an idea of what is being asked in terms of task. More of a refinement stage, fundamental parameters, which allows you to divert attention to reforming the actual movement. Performance is going to vary from trail to trail and will move downwards as it becomes more persistent, make fewer errors, errors will not be as large as those in the cognitive stage, and we are able to identify errors but cannot exactly correct all of them just yet. 
· Autonomous: not everyone will make it to this stage. If you do, it is an automatic stage; we don't have to pay attention to every skill that must be performed. The motor skill runs through the motor program execution happens automatically. 
·  Experts are much better at detecting and correcting errors
· Errors don’t happen too often for them
· Their performance is very persistent from day to day, and trial to trial
· Biggest limitation is that you cant truly identify how long it takes for people to move through stages, and it is also hard to identify what stage a person might be in

Characteristics of a Performer:
· Rate of improvement: negatively accelerating curve. Ties back to the law of practice. As you practice you will get better. Earlier on is the most potential for gains, where are later on you reach a performance plateau. 
· Movement coordination: problems we have is that how does the motor system go about controlling our motor abilities? Another problem is that there are too many tasks where you actually want to freeze degrees of freedom to enhance performance (Dart player)
· Muscles used: in all muscles groups, novice players use muscles much longer than experts. Experts have much more use of their muscles, they don't use their muscles for as long or need to use them as much 
· Tension: tension demands go down (we are all in the autonomous stage for walking- we don't have to think of every movement involved in walking). 
· Ability to correct errors: interpret info to correct errors during practice
· Visual Selective Attention: see in depth later

Two Main Brain Circuits:
· Cortico-cerebello-thalamo-cortical loop: initial stage
· Cortico-basal ganglia- thalamo-cortical loop: later stages
· Between the two is the key different of the cerebellar component and then the basal ganglia
· Basal ganglia is responsible for the execution of tasks
· Through the process of practice, we are moving towards a sub-cortico storage of the basal ganglia and related structures

Idea of Practice:
· Idea that practice makes perfect
· Although learning does not all have to do with practice
· Sleep is a big part of the learning process
· Changes will happen although you need sleep for your body to recover and remember everything a person has learned 

Theoretical Perspectives

Closed Loop Theory:
· Jack Adams (1971)
· Discrete skills: slow movements was what he looked at mainly (linear tasks)
· Closed loop control: control process- it allows us to control movements that aren’t planned in advance. It allows us to re-adjust. 
· Consists of two memory states: one to produce the action and one to evaluate it. 
· Its important to have 2 different memory states because if you have one producing and evaluating, you will always be right
· Perceptual trace: what you develop and learn with practice. Training involved in practicing a motor skill. Stored in memory, reference of correctness and evaluates. As you increase the number of exposures in a task you’ll be able to find the perceptual trace. There is going to be a peak where you are very good at evaluating your actions. 
· Memory trace: what is going to be choosing the action. Modest motor program. Initiates selected action. Tries to describe our motor control systems
· Recommendations: motor learning is a problem-solving process, the repetitions is going to be your attempt to solve problems, trying to develop memory and perceptive traits
· You don't want to make any error that’s why feedback is needed after every trial. If you made a mistake it would harm the integrity of the trait. Should stick to practicing one thing only in a session 


Schema Theory:
· Discrete skill emphasis
· Developed to address the limitations of Adam’s closed loop theory
· Storage problem
· Unable to account for open-loop control process
· Cant get intrinsic feedback for trail right away, could only get feedback after the trail
· Retained strong aspects of closed-loop theory
· Schema: is a visual representation you make up in your head 
· It's a set of rules that defines abstract memory representations
· The schema is the generalized motor program
· Its going to be fixing the storage problem
· Allows the performer to adapt to new situations because it's a general program, and to produce pattern variations to meet the needs of a situation 
· It has invariant features: things that don't change (eg. Relative timing) and parameter: features that we can modify (eg. Absolute timing) 
· Initial conditions: info about your surrounds, that can influence how you perform an action 
· Parameters assigned: response specifications. Assigning parameters. Modifiable features needed/added
· Expected/ Sensory consequences: intrinsic info (proprioceptive info). Inherent feedback sources
· Outcome: intrinsic and extrinsic info (augmented feedback) 
· Relationship and interaction of these four sources of info are going to be used to construct the two states of schemas:
· Recall schema will produce and choose the action. Assigned parameters, movement production, and recognition schema evaluates movement has the same conditions; outcome movement, sensory consequences and initial condition. 
· Recommendations: motor learning is also a problem-solving process, recall schema assigns parameters and error detection and correction is better
· Knowledge of results  is critical to learning and is needed after a high amount of trials
· Practice variability is essential
· Errors are not detrimental  
· Feedback after every trial is not that beneficial

Challenge Point Framework:
· Recognized there are two key components in the learning process:
· Action plan: choosing and initiating actions, has a predictive function. Intent is to result in a specific movement configuration
· Allows for the anticipation of feedback and sensation (sensory consequences)
· Feedback: intrinsic and normally available, extrinsic is not normally always there 
· Learning is intimately related to the info available and interpretable in a performance instance
· Learning results from challenging the cognitive process (info processing abilities) of the performer 
· Info is the source of challenge and when available, there is potential to learn form it 
· Three tenets:
· Learning cant occur in the absence of info
· Learning will be hindered in the presence of too much or too little info
· There is an optimal amount of info for learning to occur which differs as a function of the skill level of the individual and difficulty of the to-be-learned task 
· Nominal task difficult:
· Reflects a constant amount of task difficulty based on the characteristics of the task
· Regardless of who is performing it and the conditions under which it is performed
· Functional task difficulty:
· Refers to how challenging the task is relative to the skill level of the individual performing the task and conditions under which it is being practice and the environment 
· Task difficulty and information
· Would affect expected performance. Determines the potential info available 
· Functional difficulty determines the amount of interpretable info. Must reduce uncertainty 
· Want to be in an optimal challenge zone
· Recommendations: learning is a dynamic process and things will change as a learner goes along. There needs to be an optimal challenge zone. As the skill increases or decreases practice must change to suit the situation. Performance-learning paradox is evident 
· Does not specify the skill or classification (doesn't say if skill is discrete or closed) 
· 


Feedback

Feedback
· Intrinsic feedback: knowledge of results, knowledge of performance. 
· Performance knowledge: You need someone to provide you with feedback so you know what you did wrong. AKA augmented feedback- characteristics that lead to an outcome. Ex. When you are doing rehab you can re-tell patient about how their joints are moving/improving. 
· Knowledge of results is the feedback of the movement. How close or how far off you are from achieving a goal.  
· Inherit feedback: visual, auditory, tactile, proprioception
· Augmented feedback: look at movement feedback and it is the most important for the idea of feedback. Knowledge of results is what is being looked at the most in terms of research 
· You need to recognize performance and learning data 
· Salmoni et al: Guidance hypothesis says that all the things we thought we knew about feedback was only based on performance data and not learning data. It said to focus on retention and all that. If you are providing a lot of feedback, it has a crutch like effect on the learner where they become dependent on the feedback and then they cant do anything on their own. Ignores intrinsic feedback. Knowledge of results can be both a performance and a learning variable. 
· A paradigm shift in motor learning:  the importance of assessing the merits of and feedback schedule on retention and or transfer scores. No knowledge of results trails was considered vital to the learning process. No feedback will be good for learning because: when you perform in a real life setting, theres no one who is paying attention to you to give you advice. You need to be able to see and acknowledge your own feedback. We need to become independent learners and see our mistakes and interpret them and fix them. 
· Performance based feedback (bandwidth KR): create a tolerance zone based on error. If your performance falls within the error tolerance zone you don't give feedback to the person, if you fall out of the bandwidth you are getting qualitative feedback. Tolerance zone worked better for performance. 
· Faded KR: systematically reducing number of feedback trails are practice goes along. Argument: stages of learning are impacted. Early on in practice often more feedback is beneficial to develop cognitively. But as you start to increase performance, the next thing is to be able to interpret own performance and this is when KR is no longer relevant. 
· Summary KR: manipulate the summary length, therefore you perform trials and then get feedback at the end of all trials, delayed feedback. Allows us to experience no KR trails when we are performing. Guidance hypothesis will predict that there must be an optimal summary length. This is problematic because if you delay feedback you may not remember what you did wrong on trial 4 out of 80 trials. 
· Feedback principles depend on nature of the task
· Trials delay KR: choosing a delay amount, but will not get 100% feedback with the delay. No issues with working memory, because the delay is not so long. 
· Summary: lots of ways to schedule feedback. It is recommended that reducing frequency of feedback is going to be valuable to performance. Goal is to create independent learners. 

Guadagnoli & Kohl:
· Looked at the role of error estimation based on roles of feedback
· Giving the learner instructions to become more actively involved in the practice section
· Idea of cognitive effort
· Force production task
· Group with the least amount of error is the group with the summary KR 
· Actively engaging the learner brought out all the negative sides of the hypothesis
· People need feedback after they make an error


Scheduling Feedback:
· Newer way of giving feedback
· Predictions are based on research where person has defined feedback schedule
· Still trying to create independent learners
· Allow the learner to control their feedback
· Start asking learner if they wanted feedback on the trail
· Schedule of paring a self-controlled participant with one who isn’t but without the choice (Yoked condition) they get feedback randomly 
· Summary group is better than a yoke group based on performance 
· Patterson & Carter: wanting to learn multiple skills in a condition, and being able to control feedback
· KR strategies: why do people want feedback? They said because they thought they had a good trail and wanted to confirm. There is a methodological limitation of studies in KR preferences/strategies: you only remember what you did at the beginning or end of practice. 
· If control is given to participant they learn and perform better

Special Populations:
· Self-controlled participants systematically reduce feedback over practice
· Different for people with diseases like parkinson’s 
· PD patients have a compromised proprioceptive feedback system
· [bookmark: _GoBack]Difficulty with timing and controlling movements
· Difficulty with integrating sensory and motor info
· Need to take into consideration the population
· Task complexity and age: bimanual coordination, we don't need to practice these things. Through practice we need to learn to overcome intrinsic anti and in phase movements. 
· Older adults need more guidance when performing a new task, whereas young adults who are healthy can learn tasks with either type of feedback 
· The relationship between learning and feedback is complicated
· What may be effective for one population may not be the same for another
· Depending on the individual simple and complex tasks may be scheduled different 
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