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What are motor skills?
They are goal-oriented or purposeful task
Performed voluntary
Require movement of part of the body such as limb, head or overall body
Need to be learnt and taught (not born with)
NOT REFLEXES
Motor skill and movement are not the same thing
Movements are behavioral characteristics of the body of combination of limbs
Movement are components of motor skills
Types of Motor Skills
Discrete
Have a determined beginning and end
Turning on a switch
Continuous
Arbitrary beginning and end
Jogging
Serial
Set of discrete skills
Playing a sequence on the piano

Motor Learning
What is it?
Schmidt & Lee define it as  “a set of internal processes associated with practice and/or experience that lead to relatively permanent change is capable skills”
Magill defines it as “ a change in the capability of a person to perform a skill that must be inferred from relatively permanent improvement of a skill based on practice and/or experience”
Many definition are out there but all include three main concepts
Gain through practice and experience 
Relatively permanent
Internal process
Difference between performance and learning

	Performance
	Learning

	Observable Behaviour
	Inferred from performance

	Temporary
	Relatively permanent

	May not be due to Practice
	Due to practice

	Influence by performance variables
	Not influenced by performance variables



Characteristics of learning a skill
Improvement
Increase in skill level
Consistency
Increase in the ability to repeat
Stability
Decrease in influence from Internal and external factors
Persistence
Detainment over long periods on time
Adaptability
Able to consistently do in different atmospheres
Measure outcomes with error scores which tell use about the subjects performance accuracy, performance bias and performance consistency
Performance accuracy measure how far from the target is and absolute value (Absolute)
| Xi-Target |/ Subjects
Performance Bias measure how far from target and include signs which often cancel each other out (Constant)
( Xi-Target )/ Subjects
Performance consistency measure how consistent you results are using the standard deviation around the constant error (Variable)
(( Xi-Mean CE)2/subjects)
Performance-learning Paradox
“A high level of performance during practice does not mean they have learnt the task”
Artificial inflation
Feel you do better than you are actually doing (Rig the results)
“A low level of performance during practice does not mean that they have not learnt the task”
Artificial Deflation
Feel poor about your practice making it too hard
Need to separate the transient and permanent effects through retention and transfer test
Retention test:
Asses the persistence 
Test after a period of no practice or rest
Typically two days after
Performed under a common variable
Transfer Test:
Asses adaptability
Occurs after period of rest or no practice
Assessing learning:
We do it to separate the performance variables and learning variables
Performance Variables
Affected for short periods of time
Temporary
Only influence when the variable is present
Learning Variables
Affects for relatively permanent time frame
Long-term
Influence persist when variable is removed
Closed Loop Theory
Emphasis on discrete skill movement
Fallow closed loop process
Closed Loop Circuit
Involves the use of feedback and error detection & correction to maintain desired goal
Works like a thermostat
Components
Comparator 
 compares feedback of desired state to feedback of actual state, error detection mechanism 
Executive 
determines the actions to be taken to maintain the desired goal state 
Effector 
carries out the desired action 
Feedback 
provides information to comparator 
Reflexes can adjust without thought from the brain
Reflex cause larger burst in EMG to hold heavier weight
Limitation
Slower because on the increase in flexibility
Can process only 6 voluntary commands per second
Consist of two states one for production of the movement and the other to evaluate the movement
Need to have two states because if you only have one then you will think you are right and perfect every time even if your not actually right
Perceptual Trace
Is what you learn through practice and training
Reference of correctness
Stored in memory
Memory Trace
Chooses the action
Modest motor program
Initiate the start of the action
How do we structure practice
Problem solving 
Errors are key to learning
Feedback after every trial
KR= Knowledge of Results
No variability in practice
Schema Theory
Emphasis on discrete motor skills
Developed to deal with the limitation of closed loop theory being memory storage
What is it?
A set of rules that define an abstract representation of Generalized Motor Programs
Help solve novelty and storage problems
Thought to have invariants and parameters
Invariants Features
Deep down structures
Stay the same no matter what
Timing of the event will change the overall time may change but the portion of each part won't
Every part of the movement will have a relative force depending on the total force used.
Double in one then need to double in another
Parameters
Surface features
Moldable
Can change certain part like speed
Overall speed will change
Size can change
Development of GMP
Initial Condition
Stuff you already know about the actions (back round info)
All known before the movement
Parameter Assigned
Modifiable feature of the action or movement that need to be added
Sensory Consequences
Intrinsic information 
How it felt, looked, etc.
Outcome of Movement
Did I succeed in the task
These four condition lead to the development of two stages
Recall Schema 
Relation between movement and the parameters
Also can create a relation with Initial conditions
Assignment of parameters
Recognition Schema
Relationship between movement outcome and sensory consequences and initial conditions
Error detection and Correction
Knowledge of results is vital among learning with high level of trials
Practice variability is essential
Errors don’t matter
Challenge Point Framework
Action Plan
Is the process of invoking a movement to occur
Has a predictive function
Allows for sensory of feedback
Feedback can be either intrinsic or extrinsic
Intrinsic to perform and normal available
Self-talk
Extrinsic to the performed and not usually available
From the outside looking in
Learning in intimately related to the information available and interpretable performance instance
Learn from cognitive results
Information is a source of challenge when available
Three Tenets
Learning can’t occur without the information
Learning will be hindered if there is not enough or too much information
There is an optimal level of information and it differs between  each skill depending on difficulty of the skill.
Nominal Task
Reflects a constant amount of difficulty based on the characteristic of the task
Regardless of who is performing the task or the conditions
Task difficulty will effect the expected performance
Determines potential
Functional Task
Refers to how challenging the task is relative to the skill level of the individual performing the task and the conditions it is under
Determines the amount of interpreted information
Reduces uncertainty
Structure of practice
Learning is dynamic so must be context practice
Need to practice in optimal zone
Goldilocks zone because she likes it just right
As skill changes, optimal level changes so difficulty must also change

QUESTION TO ANSWER
What is Motor Learning?
What are the Classification of motor Skills?
What is the Performance Learning Paradox?
What are the performance variables?
How do we infer learning?
What is Schema Theory?
What is Closed Loop Theory?
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What is attention?
It is the limited capacity to engage in  multiple congnitive and motor activities simultaneously
Selective attention to specific environmental context features when we perform motor skill
Attention can be linked in two different ways
Conscious 
Unconscious
Attention requires effort
Attention as a capacity or a resource
Interference
Structural Interference
Physical or neurological
Limbs, eyes can’t look in two different directions at once
Capacity Interference
Talking on the phone and driving at the same time
Selective Attention
Selective attention can be:
Intentional
purposely choose to attend to one source of information while avoiding other sources
Incidental
An involuntary capture of attention typically from some external stimuli
Competition for attention
 Inattention blindness
Find the gorilla video
Change Blindness
Phone conversation
Focus of Attention
Based on instructions provided 
Internal Focus 
Attention directed to one’s own body
External Focus
Attention from an outward view (watching yourself)
Wulf et Al
Ski simulator
Internal focus on outer foot
External focus on wheels rolling under platform
Stabilometer
Internal focus on feet
External focus on markers
Golf Pitch
Internal Focus on arm swing
External focus on club swin
Constrained Action Hypothesis
Trying to consciously control one’s movements constrains motor skill
Interferes with automatic process
Focusing on movement effect allows for it to self-organize better
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Capacity to Remember
Four key aspects
Encoding
Transform information into a form that can be store
Make it personal
Storage
Process of placing information into Long-term memory
Rehearsal
Process that facilitates the transfer of information from working memory to long-term memory
Retrival
The search through long-term memory for information to achieve a goal or do a task

Two component model

Working memory
Active in all situations needing temporary use of storage
Last 20 to 30sec
Can remember 7 ±2 things at once
Some people can remember more
Way around this is by grouping such as phone numbers groups of numbers making it only 3 things to remember
Phonological Loop
Verbal information
Visuospatial sketchpad
Visual detect of spatial area and information
Central Executive
Coordinated information working memory
Retrieves information from long-term memory
Long-term memory
Stores information and experiences
General knowledge
Specific to events
Large capacity and duration
Procedural knowledge
Is working through other neural systems
Cerebellar structures 
Procedural Memory
Remember the how to
Declarative Knowledge
Uses temporal and hippocampal structures
Semantic memory
Knowledge and fact memory
Episodic Memory
Memory based on personal events experienced
Difference between procedural and declarative
We can sometimes have declarative knowledge of a skill but not be able to do the skill
 and vice-versa --> we can do the skill  but not able to verbalize how to do it
Amnesia
Anterograde Amnesia
Inability to create new memories after event
Partial or complete inability  but LTM prior to event
Retrograde Amnesia
Loss of access to the event or information learn before the event 
Often temporally graded
Strategies to enhance memory
Warm-up
A few minutes of revised of previous information before the task
Von Restorff Effect
Exaggrate
Deliberately make it stand out the weirder the better
Meaningfulness
More meaning, means stronger relationship, which means remembered easier
Skill characteristic
Continuous skills deteriorate much less than discrete/serial skills
Learning Context
Feedback
Order of skill/presentation
Variability
Instructions
Stages of Learning
Cognitive Stage
Focus on cognitively oriented problems
Understanding the task and it’s demands
Lots of big or large errors
Performance varies
May be aware they are doing something wrong but do not know what to do to fix it
Associative Stage
Has an idea of the task and goal
Few errors in general made
Few large or gross errors
Performance is becoming consistent
An ability to detect and correct some errors
Autonomous Stage
Stage is only reached by few
The skill becomes automatic
Performance is consistent
Can detect and correct errors
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There are two types of feedback
Inherent feedback (Intrinsic)
Tactile, Proprioceptors, auditory, etc
Natural available
Augmented Feedback (Extrinsic)
Comes from an outside source such as coach
Supplements the intrinsic
Knowledge of Performance
Movement characteristics
Technique based
Knowledge of Results
Movement outcome relative to the goal
How close to the goal or target
How can we schedule KR?
Temporal location
American sign language and Proactive vs reactive
Relative and absolute frequency
Giving feedback not every time, but maybe after every other
Absolute is more important to benefit learning
Guidance Hypothesis: 
The closer you are to 100 percent can have a negative effect, Can act like a crutch and you lead on it too much causing you to ignore the intrinsic feedback, Doesn't allow for stable performance because you are always try to change with each trial, Lower sometimes helps negate these problems
Summary of KR
Self-control
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Allow the learner to decide when they want the feedback

Observation learning is the process of learning through watching a model perform the behaviour then repeating it
After watch the football game going out in the backyard and replicating it
Theoretical Approach to Observations
Social Cognitive Theory
Bandura (1986)
Triadic reciprocal relationship between a person, a behavior and the environment 
Self-Efficacy theory
Bandura (1997)
You can do it if you believe you can but you also need the skill level
Four processes govern observation: 
1. Attention
Attend to relevant cues 
2. Retention
Retain information in memory 
Cognitive representation (error detection) 
3. Production 
Perform behaviour through cognitive representation 
4. Motivation
Desire to learn and execute modeled behaviour
Influencing Factors
Certain variables influence the effectiveness of observation
Model characteristics  
Skill level (skilled versus unskilled)  
Model-viewing similarity (skill level, age, gender, race, ethnicity, handedness)  
Status (teacher, parent) 
Self-talk accompanying modeling 
KR + modeling (strategy) 
Frequency/control 
Angle of viewing 
Speed 
Timing (before, during, after)

REVIEW SLIDES ON OBSERVATION
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Random vs blocked practice
Random practice
It is exactly what its says it is, it is random
Abccbabcbabcbbca
Blocked Practice 
Practice is chunked 
AAABBBCCCAAABBBCCC
Shea and Morgan
Knock down barrier task
Emphasize on speed
3 different movement patterns
Concluded that blocked gave a better performance
After further testing because she and Morgan didn’t include a retention test
Lead to proof that blocked leads to better acquisition and while random leads to better retention
In terms of learning the random practice is more beneficial than blocked practice
Practice in random or block, but then only tested in a random schedule, some researchers argue block group is at a disadvantage because they haven't practiced the randomness
Block test might be better for acquisition but not for learning
Lee and Magill
Focused remembering the timing requirement
Knockdown barrier task 
3 sequences with unique MT goals
Blue = 900 ms 
Green = 1,050 ms 
Red = 1,200 ms
Lin et al. (2008) 
 3 different arm tasks each with a unique goal movement pattern 
Blocked or random practice
Suprathreshold single-pulse TMS during each intertrial interval to modulate information processing activities(i.e., elaborative processes or reconstruction processes)
Elaborate Hypothesis
Random practice forces more elaborate processes
Action Plan Recognition
Forgetting helps remember
Random practice forces action plan recognition
A set of many math question at the end if you restart you will have to go through the computation again not just remembering the answer
Action plan A is created for Task A but will no  longer be useful for next task (say Task B) 
Metacognition
“Thinking about thinking” “What we know about what we know”
We know that the amount of CI has a paradoxical effect on practice and learning
Similar to learning paradox
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It is the coordination of two limbs
Same or different spatial and/or temporal characteristics
We like to move in stable state (i.e., low amounts of variability
If stability is lost due to some degree of increase variability, a change must occur
Info processing Perspectives
Cerebellum
Error monitoring and online correction of spatial-temporal relationship between limbs
Supplementary Motor Area (SMA)
Codes for two or more effectors
Temporal sequence involved with efectors
Premotor Cortex
Highly interconnected to SMA
Involved in integration both limbs into one sequence of appropriate muscle contraction
Involve in suppression of mirror movements
Corpus Callosum
Facilitates crosstalk 
Can cause interference
No problem for people without this part of the brain
Lesion
Callostomy
Dynamic Pattern Theory
Constant search for stability among the limbs
Variability triggers such as speed
Self-organized system
System-environment interaction
Move in most efficient way
Below level of conscious control
In-phase
Symmetrical
Homologous
Anti-phase
Asymmetrical
Non-homologous
Patterns resist disease and aging for the most part 
Transition of phases
Anti-phase to in-phase
Non-effortful transition
Going from being opposite to the same
In-phase to Anti-phase
Effortful transition
Almeida et Al
Parkensions Disease patients versus healthy people
Anit-phase to In-phase
Fairly similar time to switch although PD was slightly slower
15% of PD froze 
In-phase to Anti-phase
Took PD patients much longer
53.9% of PD froze
Wishart et al
Focused on does age effect transition time
Similar at slow speeds
Older became more varied as speed increased
[bookmark: _WNSectionTitle_7][bookmark: _WNTabType_6]Bimanual Coordination	2012-11-05 1:21 PM
Effortful processing is required to maintain anti-phase patterns at high frequencies --> lead to performance decrements


Ericsson defines an expert as “The successful end result of an individual’s prolonged efforts to improve performance through breaking motivational and external barriers”
An expert is someone that has completed 10,000 hours or 10 years of deliberate practice
Differences between an expert and a novice
Pattern recognition 
Memory 
Tactical skills 
Problem solving and planning of strategies 
Anticipatory skills
Visual search strategies 
Perception and decision making
Simon and Chase
Studied expert-novice relationship through chess
Found that experts could remember 16 pieces while novice could only remember 4
Concluded that “Experts rely on past game experiences (i.e., domain-specific pattern repertoire) that they have accumulated over the years”
McPherson
Asked people to talk about what they were feeling after every pitch in a baseball simulator
Novice had very general, non-specific and focused on the batter
Expert had comments mostly related to the pitcher and how you adapt for each pitch depending on the count
Williams et al
Studied the difference between experts and novice and the way they reacted with visual stimulation
Noticed difference in anticipation and visual search strategies to determine where the pass would be going 
Measured response time and response accuracy
Experts decision were made before the ball was kicked while novices waited until afterwards
Experts also focused less on the player than the novices
Conclude that the use of advance soccer knowledge helps with ability to make quick effective decisions along with recognized pattern of players
Vickers
Similar to William except focused on vision on action paradigm
Studying the eyes while the action is occur appose to watching it on a screen
Quiet Eye
Fixation of gaze on a specific location or object for a given amount of time JUST PRIOR to the movement initiation
Key characteristic
Directed to a critical location or object
Stable fixation of the performer's gaze
Onset occurs just before the first movement
Duration increases with skill level
Experts
3 scans to the hole
Fixation = golf ball
Little to no eye movement during putt
Little to no occipital activity during quiet eye period
Novices
15 scans to the hole
Fixation = putter
Eyes move while putting
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High occipital lobe activity-motor system is never calm

A human factor is the way a human interacts with their environment
Human Error
Most common human factor is human error
Depend on the goal of the operator and the system
Most human error are from design flaws
Two classification of human errors
Errors of Omission
Forget to perform the activity or a step
Error of Commission
Incorrect action is performed
Can be influenced by:
Speed (too fast or slow)
Sequence error (wrong order)
Quantitative/qualitative error (movement form)
Human-Machine System
System is a fundamental concept of human factors that can be made up of humans or machines
Has a purposeful goal and is directed towards it
Machine can be anything such as a pen
Types of Systems
Manual
Controlled and powered by the human
Hammer
Mechanical 
Power provided by a machine but controlled by human
Nail gun
Automatic
Very little human interaction, usually only need to hit start and stop
Itunes Genius Playlists
Prinicipal of Effective Display Design
Perceptual Principales
Avoid absolute judgment
Don't make user have to rely on the basis on a single sensory such as colour, size, etc.
Redundancy gain
Present a variable in m]more than one way will make it more likely to be understood correctly
Mental mode
Pictorial Realism
A display should look like the variable it represents
Moving Parts
Moving elements should match the user's mental model or expectations
Spatially and directionally
Attention Principles
Minimize information access cost
Time vs. effort
frequently accessed vs. less frequently
Proximity Compatibility
Divided attention is often necessary for task completion
Integration of multiple sources based on mental proximity - organizational grouping
Memory Principles
Predictive aiding
Eliminate cognitive demanding aspects
Consistency
Old habits transfer easily - LTM triggering actions
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Working memory:
Phonological loop
Visuospatial sketchpad
Central Executive


Long-term memory:                           Procedural memory                           Semantic memory
Episodic memory
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