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Psychomotor Domain
Psycho – brain
Motor – muscles
Motor control – how its organized
How everything functions together to take in info, process and produce a meaningful movement output
Deals with neural, physical and behavioural aspects of movement
Physical – change in the environment
Behavioral – behavior changes based on outside factors
Key issues are sensory info utilization and selection of info
Motor learning – process that leads to improvement
How all the above things change in practice
Internal processes inferred, not observable
Permanent changes (difference/improvements) in capability or acquisition of skill production
Function of practice and experience
Motor development

How do we gain knowledge?
Tradition – inherited knowledge from predecessors, accepted as truth
Authority – sources of info based on success, experience or reputation
Trial and Error – early problem solving of attempting solutions and evaluating results
**Scientific Method – one things constant, a non constant variable, see what changes
objective means for collecting data and gathering info
used to describe, explain and predict
Scientist must control factors not related to variables in question

Scientific Method Process
Identify a Research Question (propose hypothesis)
Design the Study 
Determine dependent and independent variables 
Is it objective, reliable & valid? – statistics
Data Collection
Data Analysis – draw conclusion
Communication od results (journals, conference, etc)
Scientific Method
Independent variable – researcher manipulates (has control over)
Dependent variable – affected by independent variable (no control over)
Hypothesis – statement proposing tentative relationship between dependent and independent variables
Law – stable relationship between dependent and independent variable
Theory – a well substantiated explanation of some aspect of the natural world that can incorporate facts, laws, inferences, and tested hypotheses

Measurement
How do we measure motor behavior/performance?
Performance Outcome Measures – what it is about the outcome?
1. Central Tendency – what’s the average? Where do you hit most often? Measure of the location of the middle or center of a distribution
Mode – most common score
Median – middle score
Mean – average 
2. Variability – consistency, was it kind of the same spot or everywhere? Measure of how homogeneous scores are (consistency)
Range – highest vales minus lowest value
Standard Deviation – indicates spread
Subtract each value from mean, sum the square of differences, divide by number of trials and take square root
One way to measure – Error Score
Performance Accuracy 
Performance Bias
Performance Consistency
Absolute error – can tell about average performance
Constant error – tells what bias was
Variable Score – a spread of scored around your own average; standard deviation around your own mean score; 2/3 of these scores will fall within our own score
Other Outcome Measures
1. Seed of movement (RT)
faster movements or more movements in same time = more skillful
2. Magnitude of Movement (Distance)
typical in sport settings
3. Performance of Secondary Tasks (Cell phone and driving)
often used for simple tasks when other methods of measurements are not sensitive enough to determine difference 
Performance Process Measures – how you make the measure
1. Movement Kinematics – how has the way in which the path of the ball changed to get in the strike zone, we measure:
Position: moves from one point to the next
Velocity: rate of change of position – how fast your moving from one pos. to another; A-B. Corrections can be made, how the movement changes
Acceleration: rate of change of velocity, speeding up, slowing down, negative acceleration
Negative acceleration: negative rate of change of velocity, change in velocity is negative, means you are slowing down.
2. Response Time
What is happening between go and when you move? And how long does it take?
3. EMG – response is out, but it takes time till you see movement, slack of elastic, cross bridges form
monitor electrical activity of muscle 
used to monitor changes in muscles used or activity pattern, degree of control and coordination or movement efficiency 
4. Electroencephalography (EEG)
monitor electrical activity of the brain 
used to monitor changes in info processing or active cortical systems in the brain
5. Functional Magnetic Resonance Imaging (fMRI)
monitor changes in blood flow and blood oxygenation is the brain
6. Eye tracking
With non-invasive equipment we can track your “point of gaze”
Used to study gaze patterns for car interior design, traffic patterns etc.
Miniature cameras record position of eyeball relative to head
Calibrated using cornea reflection with respect to pupil position
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Human Information Processing 1
Big question: how do we figure out what is going on in the brain when a reaction to a stimulus happens?
Basic Tenets
Mental operations occur b/w reception of stimulus and production of response
Cognitive operations process information
Processing is time consuming
Stimulus characteristics, complexity of decision-making, complexity of response will affect processing
Time course for reactions
What happens b/w go and movement start?
Warning signal  “go” signal  mov’t starts mov’t ends
                  Input --human CNS info processing-- Output
Terminology
Fore period: time b/w warning and stimulus presentation
RT: time b/w go and beginning of movement
Movement Time: time b/w start and end of movement
Response Time: time b/w when stimulus is given and end of movement; includes processing and completion of movement
Fractioned RT
Even though your movement may officially begin, there are movements in your muscles before hand preparing. Something is happening in the brain before the response happens
2 components of RT
pre-motor time – time b/w presentation of stimulus and change in EMG of prime mover
time requires to develop plan of action and send info to muscles
Motor time – the time of the movement; time from change in EMG of prime mover to beginning of performers response
The mechanical processes associates with the action
“A” reaction – simple RT 200 ms
1 stimulus, 1 response
“B” reaction – choice RT 285 ms
more than 1 stimulus (response alternative); RT is longer than simple RT
vs option C – response selection takes 55 ms
“C” reaction – go/no-go RT 230 ms
simple; 2 stimuli, I response
vs, option A - stimulus identification only takes 30 ms extra
Info processing occurs in 3 stages
Stimulus identification
Receive info from senses
Identify and classify info
Extract relevant info
Response selection
Decide on plan of action
Translate b/w stimulus and response
Response programming
Organize and prepare a response
Send appropriate motor commands
** All of these happening in the pre-motor RT, 

Factors affecting stimulus identification 
Stimulus modality
What type of stimulus is it, what modality or your apparatus is being used? (Visual, auditory, tactile)
Stimulus intensity
Performers attentional focus
Factors affecting response selection
Factors related to stimulus-response translation
#S-R alternatives (choices)
S-R compatability
Practice

Explanations
Modality effect
Visual info takes longer to transduce into neural impulses than auditory
Tactile (often) must travel longer distance to the brain 
2m @ 100 m/s can add 20 ms to RT
Intersensory facilitation
Accumulator model – ie. More info is available in each sample
Stimulus can have effect on RT
Stimulus
Modality
INTENSITY
Stimulus intensity effect
As stimulus intensity increases, RT decreases
Seen across different modalities (auditory, visual, etc.)
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Factors affecting response selection
1. Choices
the number of stimulus-response (S-R) alternatives affects reaction time (RT)

Stimulus Response Alternatives
S-R alternatives
Reaction time is slowed with an increased number of choices
Number of Stimulus Responses affects Reaction Time
Fastest situation = simple RT (1S-R)
As # of s-r alternative choices increase, RT increases
Choice RT is longer than simple RT
Hick-Hyman Law (Hick’s Law)
RT increases proportionally every time the number of alternatives is doubled
Increase in RT is related to the amount of info to be processed
RT increases proportionally every time the number of alternatives is doubled
Relationship b/w choice RT and the logarithm of number of S-R pairs is linear
Each time S-R alternatives double, info processing increases proportionally
 longer 2nd stage – response selection
increase in RT is related to the amount of info to be processed
Bits 2^x
Converting S-R Alternatives to Bits
Bit of information
Amount of info required to reduce uncertainty by half 
Least amount of yes/no decisions
Bits = log2(N)
1 choice=o bits (questions)
2 choices=1 bit (questions)
4 choices=2 bits (questions)
8 choices=3 bits (questions)
you can determine out of 8 possibilities in 3 questions
Hicks’s Law: RT = a + b * Log2(N)
A = simple reaction time = intercept
B = slope = rate of increase
(N) = number of alternatives
Log2(N) = “bits” of info

2. Stimulus Response Compatibility
Degree of natural or learned correspondence b/w a stimulus and a response
Affects how easy it is to translate input to the response you need to give (output)
Ambiguous stimuli may slow processing and/or increase errors
S-R Compatibility
Compatibility effects are regarded as:
Cognitive phenomena that reflect the mental codes used to translate b/w stimuli and responses
Movement Compatibility
Relationship b/w the movement of a control and the response of system/corresponding display being controlled
Stroop effect
When irrelevant stimulus feature has an effect
Due to automatic activation of word response code
Because both the word and the color compete for processing time, the response is slowed
When both the word and colour are congruent (match), no competition occurs

Factors Affecting Response Programming
RT and movement complexity
If a motor program is prepared in advance then do movements of grater complexity take longer to prepare?
If so, then
RT should increase as movement complexity increases
Increased time required to organize more complex movements

Henry & Rogers (1954)
Studied simple RT and movement complexity
Movement conditions (finger lift, finger lift and reach and grasp ball, finger lift hit ball reversal movement press button hit ball 2)
Henry’s Statement 1
“under controlled conditions simple reaction time becomes longer when the type of movement which follows the reaction is varied from very simple to relatively complex”
“Further increase in complexity produces additional slowing, but to a lessened degree”
Henry’s Statement 2
“neuromotor coordination patterns are conceived of as stored, becoming accessible for use in controlling the act by a memory drum mechanism that requires increasing time for its operation as the motor act becomes more complex”
RT and Response Predictability
Precuing
Results
Advance info about arm, direction or extent (amplitude) reduces RT by 100-150 ms
Knowing which arm reduces RT by 150 ms
Knowing the amplitude of the movement reduces RT by 100 ms
Reduction in RT cannot be explained simply as a reduction in uncertainty
Event Predictability
How does the predictability of an event influence response preparation
Allow performer to anticipate and bias preparation process (ie. Anticipation allows info processing in advance)
Cost-benefit analysis of anticipation (slide 63)

Information Processing Summary
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Movt Complexity
Movt Predictability
#SR alternatives
SR compatibility
Stimulus modality
Stimulus intensity
Response Programming
Response Selection
Stimulus Identification

CNS & Feedback
where do these info process stages occur? Where do they come from? What do they look like?
Movement Control
Where does the info processing take place in the nervous system?
1. Stimulus Identification – where does the input come from?
2. Response Selection – how do we decide to act?
3. Response programming – how do we develop a plan?
* What happens after the plan gets to the muscles?

Input  Perceptual Mech.  Decision Mech.  Effector Mech.  Output

Perception SI          Cognition RS          Action RP

Nervous System Organization (2 sections
1. Central Nervous System: CNS  includes brain and spinal cord
2. Peripheral Nervous System: PNS
afferent nerves = sensory nerves
convey info/stimuli from body’s receptors to higher level of info processing in brain and spinal cord
efferent nerves = motor nerves
convey info from brain and spinal cord to effectors such as muscles and glands

CNS
Brainstem – lower level of control
Contains medulla oblongata, pons, midbrain & reticular formation
Cerebellum = “little brain”
Forebrain – higher level of control
Contains cerebrum & diencephalon

Spinal Cord
Communication link between brain and PNS
Dorsal and ventral horns 
Afferent fibers (sensory) enter dorsal root
Efferent fibers (motor) leave ventral root
Short distance from spinal cord, dorsal and ventral roots combine to form pair of spinal nerves, 1 on each side of cord
Spinal Cord Pathways
Sensory information travels up spinal cord in 6 ascending tracts
2 involve conscious external sensory stimuli
4 others carry sensations we are not consciously aware of
Motor info travels down spinal cord in 2 major descending tracts
Pyramidal system/corticospinal 
Extrapyramidal system

PNS
AFFERENT = SENSORY
EFFERENT = MOTOR
Somatic Division: innervates skeletal muscles, tendons and joints = voluntary movements
Automatic Division: innervates smooth muscles, glands & heart muscles = involuntary movements
Autonomic division includes sympathetic )fight/flight) component and parasympathetic component (resting/digestion)
Body Movement Control – where does the info processing take place in the nervous system?
Stimulus identification – where does the input come from?
Response selection – how do we decide to act and then select an appropriate response?
Response programming – how do we develop a plan of action and sent it to the muscles?
What happens after the plan gets to the muscle?
    
Sensory Contributions 1
Vision
exteroceptor – receptor for something in the external environment
Proprioceptor – receptor about your body, can tell you where your arm is in space, where your body is in space
Dominated when performing motor tasks
Feedback mechanism – tells you something about what you just did, you can see where your movement ended up
Feed forward function – gives you info to allow you to plan for something coming up, eg. Ball flying through air, you can use info to plan for movement you are going to make
Seeing the light
Retina
Light sensitive receptor segment of the eyes
Bombarded with rays of light from objects in visual field = optic array
Position of rays on retina and retinal image produced are unique for a specific position of the eyes and object
Cell types
Rods: extremely sensitive to amount of light
Cones: more sensitive to different wave lengths of light, allows you to see color

Vision as a Proprioceptor
Control of Balance
Moving room, when the wall was moved towards child, they fell down by over compensative because they THOUGHT they were falling backwards
Vision as an Exteroceptor
Locomotion (crowded streets, doorways, obstacles)
Environmental cues provide us with info about how we must accommodate our actions
Computation of TC (time to contact)
TCα(A/A)
A = retinal image
A = rate of expansion of retinal image occurring at time t
You can derive the calculation directly without calculating, the rate of expansion is automatic
TC may be a control variable
You may use this info in order to guide your action
You can anticipate depending on the change in value where and when the ball will arrive
Time to process info
Woodworth (1899)
Eyes open, less error, same amount of error are 200 ms as eyes closed
When you don’t have enough time you cannot process visual info, one it take 250 ms you can start to use info to help you
Initial impulse, when you go for target
Current control phase
Zelaznik et al (1983)
Found that your time to process visual info was actually faster if you knew
300 ms is needed to process visual info 
depending on predictability it may be shorter

Two Cortical Visual Systems
Milner and Goodale: “Where?” ACTION
Possibly immune to the effects of visual illusions
It is thought to ignore context, and process only the action target
Milner and Goodale: “What?” PERCEPTUON
Thought to be responsible for many illusion effects
Processes the target and its context


Ventral: conscious perception of object identification (shape, size, colour, lightness, relative location)
Dorsal: unconscious action towards objects (how to interact with object)

What happens if a System is Damaged?
Optic ataxia – brain damage occurring to the parietal lobe/Dorsal System
Patients can describe the object but reaching movements are inaccurate
Visual Agnosia – brain damage occurring to the temporal lobe/Ventral system
Patients can pick up the object but cannot recognize or describe it
visual info is really important for linking perception to action
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Visual illusions – perception is affected by illusion by the actual grasp is not

Receptor
Receptors are specialized cells or sub cellular structures that change their properties in response to specific stimuli
Function is to make information of particular stimuli available to other neurons within CNS

Sources of Afferent (Sensory) Info
Exteroceptors
Provide info regarding objects in environment (vision, hearing)
Transduce info from environment
Interoceptors
Provide info regarding state of internal organs (not used much in motor control)
Transduce info within body
Proprioceptors
Provide info regarding the body’s movement
Transduce info about relative configuration of the body segments

Proprioceptors
1. Vestibular system
located in inner ear
provide info about movement of head
1. Otolith organs 
utricle and saccule
detect linear acceleration
the utricle lies horizontally in the ear, and detects motion in the horizontal plane
the saccule is oriented vertically, so detects motion in the sagittal plane (up down, for back)
hair cells are polarized (ie. Deflection in 1 direction increases firing rate and deflection in the other decreases firing rate)
2. Semicircular canals
detect angular acceleration (eg. Rotation)
these hair cells are also polarized
2. Joint Receptors
located within the joint capsule
signal extreme ranges of motion and protect the joint from injury 
includes: ruffini endings (position), pacinian corpuscles (pressure)
3. Cutaneous receptors
located in the skin
provide info about: light or heavy pressure/touch, vibration, pain
4. Muscle receptors
located in muscles
provide info about length and tension of muscle
involved in voluntary and reflexive control
protect muscle from damage
includes: muscle spindles, golgi tendon organs (GTO’s) = encapsulated structures found in skeletal muscle
Spindles are fusiform shaped, arranged in parallel with extrafusal muscle fibres, innervated by both afferent and efferent nerves
GTO’s are found at the junction between a group of muscle fibres and the tendon (eg in series with extrafusal fibres), innervated by a single afferent axon

Muscle Spindles
Spindle (football) shaped receptors oriented in parallel with muscle fibres
Sensitive to changes in length of muscle fibre
Also sensitive to velocity of stretch
When stretched, the sensory neuron sends info to spinal cord to excite motor neurons
Leads to muscle contraction (stretch reflex)
Basic Function
Stretch of spindle fibres deform the sensory endings
Increased activity of sensory neuron
Slackening of spindle fibres 
Decreased activity of sensory neuron
Golgi Tendon Organs (GTO)
Receptors found at muscle tendon junction
Sensitive to active tension in muscle
When activated, sensory neuron sends info to spinal cord to inhibit motor neurons
Leads to muscle relaxation and decrease in muscle tension 
Basic function
Active tension on the tendon organ deforms capsule and sensory nerve ending –> increases activity of sensory neuron

What happens to the sensory information
Cortex 
On the outside, folded surface that increases the surface of the brain
Occipital lobe – sensory area for visual input – primary visual
Temporal lobe – sensory area for auditory and olfactory input – primary auditory
Parietal lobe – somatosensory information involving temp, pressure, touch, pain – primary somatosensory cortex

Response intention
Frontal lobe of cerebrum and limbic system form intention to act 
Limbic system also involved in learning, memory and emotional behaviour, which can all affect actions
Response programming
Premotor areas “staging” area where motor functions are organized
Premotor cortex, cingulate motor area, supplementary motor area
Cerebral motor cortex
Primary motor cortex
Final organization and execution of skilled actions 
Somatotopically organized
Response programming/execution
Motor functions are initially organized in pre motor areas and then the primary motor cortex 
Other areas add movement parameters to specify movement (amount of total force, time, muscles used)
Program of commands sent out as a “package”
Sent down descending tracts through brainstem and spinal cord – pyramidial tracts if voluntary
Out ventral horns of pinal cord – come “spinal turning”
Output
Travels via efferent (motor) neurons in muscles to produce movement/action
Via descending corticospinal tracts
If there is enough time, feedback is used to make corrections to the output
Reflex Pathways – lowest level feedback
The inhibitory interneuron mediates reciprocal innervation in stretch reflex circuits
Closed loop control systems
Involved use of feedback ad error detection and correction to maintain desired goal – operates like a room thermostat
Comparator – compared 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 info for executive to relate to comparator
Closed loop model
Executive of model = 3 stage info processing model
Comparator = cerebellum – compares to desired state & provides error info
Effector = motor program, out spinal cord to muscles
Feedback = done in effector by proprioception and after output by exteroception
[image: ]

Reflexive Closed Loop Control
In consideration closed loop control, we deal with conscious corrections via info processing (3 stages) consider where incorrect response was programmed
However reflexive closed loop systems do NOT require attention and are performed non-conciously
One way to examine is via EMG in response to a unexpected load
Closed loop mechanics
M1 response 
Occurs very rapidly after load
Very limited feedback
No higher centers involved
Via muscle spindle stretch
M2 response
Occurs just after m1 response
Longer duration, higher EMG burst
Some higher centers involved – muscle spindle processed
Not voluntary but come modification can occur
M3 response
Voluntary, reaction-time response
Brings limb back to position
Flexible and adaptable – may involve other muscles
Triggered response (TR)
Dewhurst argued there was a 4th response b/w M2 and M3
Thought to be in-between a voluntary and reflexive respnse
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Monosynaptic reflex circuit
single synapse reflex circuit
Crossed Extensor Reflex

Closed Loop Control (Feedback systems)
Input  output, then it feedbacks 
Correct of maintain desired goal
Executive
Comparator: cerebellum
Effector: motor program
Refer to diagram
Reflective Closed Loop Control
M1 response
Occurs rapidly after load; limited feedback; no higher center involved; via muscle spindle stretch
M2 response
Occurs after M1; longer duration, higher EMG burst; some higher centers involved; not voluntary
M3
Voluntary, RT response; brings limbs back to position; flexible & adaptable 
Triggered response
4th response b/w M2 and M3; in between a voluntary and reflexive response (eg. Wine glass effect)
Limitations of Closed Loop Control
Feedback and info processing of closed loop systems allow for flexibility of movement control
However this flexibility makes control very slow, especially in response programming stage
3-5 compensations per second due to limitations to processing speed
system cannot make quick changes to errors since feedback is relatively slow
system cannot explain quick, discrete skills made when feedback cannot be used
Open Loop Control
One way to examine open loop control is to interrupt the flow of sensory info
For proprioceptors this can be done temporarily via a nerve block or local anesthetic
This can be done permanently via deafferentation = dorsal, afferent roots are cut, removing sensations from the periphery
Conclusion
Proprioceptive feedback is not essential for movement
Without proprioception, performance usually decreases
however if proprioception is available it is likely used to fine tune and correct movements
if feedback is not essential, we must have an open loop control system
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Central Contributions to Motor Control
Motor Program: a pre-structured set of neural commands. Organized in advance, that allow the entire movement sequence to be carried out
Produces movement with a minimal role sensory info
Movement is carried out open looped until enough time has passed
Do motor programs exist
Support: 
1) movements can be produces in the absence of feedback eg. Deafferentation or fast movements (boxing jab)
2) reaction time increases with the complexity of movements – a more complex program takes longer to program
3) stopping a response requires sufficient time prior to response initiation
4) muscle activation patterns indicate that responses are executed as a unit 
central means your brain causes burst (1st antagonist)

Muscle Activation Patterns
Triphasic muscle activation pattern 
Antagonist pattern 
Burst amplitude and timing influenced by movement extent and velocity
Second antagonist burst (AG2)
Influenced by strategy
Evidence for preplanned movements
1st agonist burst
central origin
antagonist burst 
mixed central and peripheral origin
can present without feedback
can also be influences by feedback
2nd agonist burst
central and peripheral origin
Wadman et al. (1979)
Motor program is sent to the muscles via an open loop operation
Commands for movement organized in advance and executed as a unit
Carried out open loop until enough time for feedback processing has passed
Similar EMG for normal and blocked movements for first 100 ms, even though limb does not move if blocked
Problems with Motor Programs – how many motor programs do we have?
Degrees of freedom – how are all the independent states of the various muscles and joints all controlled at the same time
Novelty – how do we know how to program new movements
Storage – where are al the motor programs stored
Solution: Generalized Motor Program (GMP) 
A generalized motor program is proposed as a construct that allows a central representation for a class of movements
GMP – motor program for a class for family of actions rather than specific actions
Action class – a set of different actions with a common but unique set of features
Allow performer to adapt the generalized program to produce pattern variations to meet the needs of the situation or environment
Helps solve storage and novelty problems
What might a motor program specify
Muscle recruited, onset and offset of muscle contractions, details of timing, force of contractions
Thought to have invariants and parameters
Invariants – deep structures (components that remain constant)
1. Order of elements – order of events is fixed
2. Phasing/Relative Timing – relative timing of events is invariant and remains constant, relative timing involves ratio or proportion of each component to the total time
if relative timing is the same = same GMP
if relative timing is different = different GMP
3. Relative Force – amount of force produced by muscles remains in constant proportion from movement to movement
Parameters – surface features (input specifications for the GMP that define how it is executed)
1. Absolute duration – overall speed a which program is executed can change
2. Absolute force – overall force produced by muscles can change
3. Effectors – muscles used can change, same GMP can be executed by different muscles, motor equivalence = different effectors can be used to achieve the same goal
Summary of Motor Programs
Motor program theory assumes all aspects of movement planning and execution are done in the CNS via “programs” which are stored in memory 
Although we have not been able to prove motor programs exist there is research to support their existence
GMPs solves some of the storage and new movement problems associated with programs
Conclusions
Simple RT was facilitated by Startle
Choice RT was not facilitated by startle 
Prepared movement is triggered by startle
 No prep = no triggering
startle may interfere with ongoing cortical processes
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Do Motor Programs exist?
Support for motor Programs:
1. Movements can be produced in the absence of feedback
Eg. Deafferentation or fast movements (boxing jab)
2. Reaction time increases with the complexity of movements
Startle and motor Programs:
GMP
GMP’s are thought to have invariants and parameters
Invariants- “deep structures”
Components that remain constant – ( “signature” of the program )
Fundamental features of the GMP that do not change from one execution to the next

Principles of Movement Fitts’ Law
Principles of simple Movement 
When examining voluntary, goal directed, feednack based movements, there appears to be a relationship between speed and accuracy of movement
If more accuracy is required, speed must decrease
Known as the “speed accuracy trade off”
This relationship has been mathematically described by researcher Paul Fitts (1954)
Movement time and accuracy are optimized according to a logarithmic relationship specified by fitts’ Law.
What is index of difficulty
Provides a measure of the difficulty of the movement, based on relation between movement amplitude and target width
ID = Log2[2A/W]
units: Bits
if movement amplitude is doubled, ID increases by 1
if target width is doubled, ID decreases by 1 
as ID increases, more info is required to be processed so MT increases
Fitts’ Law Summary
Fitts’ Law
Describes logarithmic relation between movement time and accuracy demands of movement
Movements requiring greater accuracy take longer to complete
Longer movement times allow processing time to detect errors and make corrections

**What is the relation between speed and accuracy when making voluntary goal directed , open loop movements?**
Movement speed and error vary according to linear relation
What About Open Loop Movements?
Linear speed accuracy trade off
Fitts’ paradigm used optimization of MT and accuracy and manipulated id of movement
Other researcher have examined situations where MT is constrained and target is constant – single ,rapid aiming movement
Movements must be performed in a certain time and measured spread/inconsistency of movements = effective target width or VE (W)
What about open loop movements?
Recall that fitts’ methodology
Requires optimization of movemtn time and accuracy
Manipulates the target distance and size
What about open loop movemtns?
Constrained MT methodology
Requires matching of a goal movement time
Keep target size constant
Measure effective target width (We)
Variable error(standard deviation)
W(e) = a+b(A/MT)

Speed accuracy relations
Fitts’ law
Logarithmic relation – movemtns under closed lop control
Linear trade off
Linear relation – preprogrammed movements under open loop control
Why is the one relationship linear and the other logarithmic?
May be due to open vs closed loop o requiring accuracy vs requiring MT

**So where does error come from when executing a voluntary goal directed movement ?**

Explanations of speed accuracy trade off
Why do more accurate movemtns take longer to complete?
MT represets the time required to process information and achieve the movement goal
Longer MT allows processing time to detect errors and make corrections
How do we control these movements?
1. Impulse variability theories
Impulse variability hypothesis
force variability principles for a fast aiming movement(MT less than 1 RT).
a) forces produce movements
b) forces are preprogrammed
c)if force is incorrect it will deviate from its intended path and position
d) variability in force produces variability in movements
2. Iterative correction theories
Source of movement error
Force variability
If I asked to reproduce a particular level of muscle force over a number of attempts, how consistent will a performer be?
What is the relation between force levels and the variability ( inconsistency) of force production?
Variability in force in forc production increases (consistency decreases) with increasing required force
At near-maximal force levels, force variability begins to decrease again
1. Impulse Variability Summary
variability of action can be caused by inconsistency of programmed movement
longer movements will have more variability because more force is required in the initial portion 
variability in force production increases with increasing required force, up to about 70% max force
overall impulse-variability theory explains rapid, open movements well but not those requiring feedback
Iterative Correction Theories
2 phases to the movement
phase 1: open loop phase
spatial accuracy is dependent on the distance covered in this part of the movement
phase 2: Feedback Phase
a) assess error size and direction 
b) based on error, issue another open loop phase 
this movement would have an error proportional to the much smaller distance
c) and so on… 
How this explains Fitts’ Law
1. Movement therefore, is based on rapid alternation between open loop processes and closed loop corrective processes
2. In Fitt’s Law, average MT is thought to be based upon the number of corrective processes required in order to achieve the target
eg. Larger scale movements have more error in the initial loop movement
The Fitt’s data fit the 2-phase model quite well if you assume 190 ms visual feedback time and the error is limited to <15% of the distance of each correction
Criticism of 2-phase theory
1. Speed of processing feedback in Phase 2 (visual processing takes time)
2. Can we make more than 2 distinct serially processed responses (corrections), each less than 200 ms?
3. Kinematic records show subjects can take 1 rapid adjustment during such a task
fails to show that adjustments take place every 190 ms
2. Two –Phase Movement Theories 
Phase 1 = open loop program executed
Phase 2 = feedback phase to assess error size and direction and issue a new open loop program to correct
If correct movement, no correction required
If there is an undershoot or overshoot of the target, then secondary sub movement is executed to correct
Each subsequent correction will have a smaller error as close to the target – more corrections results in longer movement time (interitive corrections, and optimized sub movement theory)

Fitt’s Law
Talks about speed-accuracy trade-off – relationship between how fast you make the movement and how accurate you are
You can figure out your movement time, movement amplitude and target width
Amplitude: distance b/w center of targets
Lag base 2 is number of bits which is info processing, more info you proc higher the movement time, 
Amount of info proc was related to the ratio of amplitude and width – index of difficulty
As ratio goes up, ID goes up
The more fb you have to involve, the more time it takes, proc more info, make more corrections
MT = a+ b x Logbase2 (@a/W)
You need processing time to be accurate, you end up having a problem with being accurate

Iterative Correction Theories
You go through a loop over and over,
The open loop phase has its accuracy depended on how far the target is
Feedback phase – assesses error size and direction
The more you have the longer it will take
Criticism of 2-phase theory
If you have an error at one point, try and correct, you see another error, you have to let first fix finish
Lots of corrections drag out movement time

Midterm
15 t/f
30mc
5 SA that look like slide or graph
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Definition: limited capacity to engage in multiple cognitive and motor activities simultaneously; selective attention to specific
Can engage in multiple activities but there is a limit to the amount of things that we can attend to at once
Selective attention to specific environmental context features we perform motor skills (attend to relevant info to motor skill)
Inattention blindness: looked but failed to see 
Occurs when you attend to other cues and fail to see something (ex: hitting  a cyclist because you do are looking for an address)

Definition 2:
Attention linked to consciousness
Conscious vs unconscious processing
Can use information and not even know you are using it 
Ad industry found that subliminal advertising affects decisions more than conscious ones
Attention as effort
Something you have to work at to give attention
As capacity or resource

Interference as a measure of Attention

Perform Task B alone
Perform Task A alone




Perform Task A&B simultaneously



When you try to do 2 tasks at the same time there is interference with the different tasks and it takes you longer to do them
Primary task: tapping
Secondary task: counting
Argued that both tasks are competing for attention
If one task is really easy to do then you can do both at same time easily because one doesn’t take up much processing
Structural Interference:
Physical or neurological structures are the source of the decrement in performance
Ex: can look in 2 places at once
Capacity interference

Theories:
Filter/ bottleneck
Attention seen as one single resource that is fixed in capacity
Ex: you can do two tasks that take 40% of attention but you can’t do two that take 60%
When you exceed fixed capacity is when interference occurs
Different theories for when filter occurs
Occurs in stimulus identification stage
There is a filter that comes before that but only one identification gets through system
response selection stage 
filter out responses that are not needed and choose only one response
response programming stage 
You process multiple stimuli and responses but once you execute program there is only one response being executed

**Evidence against filter theories:**
Cocktail party phenomenon
Can be talking to someone but you can pick out a response that is relevant to you
Means there is no filter before or else you wouldn’t process your name
Stroop affect
Processing about word and colour at the same time

Central-resource capacity theories
Attention seen as one single resource that can change in capacity
You can do task A and B in one situation but you can’t do it in another
Ex: if you are put under pressure it affects how much attentional capacity you have cause you are focusing on something else
Kahneman’s attention theory
Most notable of central-resources capacity theories
One central reservoir of resources for which all activities compete
Mental resources needed to carry out activity
Central pool of resources has a flexible capacity influenced by: personal, task, and situational characteristics
Ex: arousal level 
Is personal because everyone has different levels, different situations can change arousal levels, certain tasks demand more attention
Even though you are really focused on something, there are things that automatically draw our attention (ex: loud noise)

Multiple Resource
Attention seen as multiple resources, each resource fixed in capacity
Ex: you can count backwards and tap your finger and no interference because they use different resources
Wickens’ (1976)
Several attention pools
Each has fixed limited resources
each resource pool is specific to a component of performing skill 
Input and output modalities 
(vision, limbs, speech)
You can’t do two tasks that exceed 100% capacity that have the same modality
Ex: rub belly, tap head are both of limb
Stages of info processing:
Perception, memory, encoding, response
Codes of processing info
Verbal codes, spatial codes

Application of Attention Theory:
Interference occurs when attention for resources exceed available capacity of resources (central or multiple)
Structural interference can occur
Capacity interference can occur
Consider driving and using a cell phone (hand held and hands free)
What might change the available capacity? (Kahneman)
Experience level of the driver
Sudden changes in environment
Level of arousal, conversation
Traffic, known roads or unknown area
What resource pools are used? (Wicken’s)
Visual input for texting and road
Limb output
Perception
Memory
Spatial coding 
Verbal coding
At what level is there interference between these two tasks?

Current policy in Ontario for driving and cell phone use? 
Does it meet with the attention analysis we did?
Factors considered 
Driving environment 
Driver
 Nature of conversation  
Data on driving and cell phone use: 
Brown, Tickner  & Simmons (1969)
Gap judgements while on hand free telephone (simulaiton) 
13% increase in judgment error 
 Strayer and Johnson (2001) 
Simulated traffic signals missed tow times more when engaged on the phone then not 
Reaction time was slower  
No differences between hand-held or hands free  
Is the distraction of the cell phone greater than other distractions while driving? 
Strayer and Johnson: missed traffic signals and RT effects were effected more with cell phone use then listening to radio or audi-book  -
McEvoy, Stevenson and Woodward (2007) -
Accident risk odds rose to 1.6 with single passenger.  
Accident risk rose to 2.2 with more passengers 
Accident risk odds rose to 4.1 with cell phone use 
So were politicians using all the data in their decision-making on hands free cell phone use.    

Psychological Refractory Period: 
Evidence for single channel processing 
Double stimulation paradigm.
 With 50 ms interval between S1 and S2
Time for S1-R1=RT1=160ms  
Time for S2-R2=RT2=258ms   
Effect of the length of the SOA (Stimulus onset asynchrony) ( time between S1 and S2) 
If you are too long (250 ms)  before you are presented with the second stimulus you are going to get no advantage 
If you are presented too soon then you get a response grouping the person response with both at the same time. 
The optimal timing might be between 50-150 ms  
Moderating variables in PRP 
Effects of practice 
Stimulus 1 and response choices 
Stimulus-response compatibility
Greenwald and Shulman (1973) (SLIDE)
Stimulus 1 words: left vs right 
Stimulus 1 arrows:  
Implication for attention theory 
Revised single-channel view 
A single channel likely exisits 
Not stimulus identification
Response selection/programming stages 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Attention continued – November 3rd
Focus of Attention
Internal vs external focus of attention
Internal: focus on how movement is being executed or on sensory consequences of movement
External: focus on the expected outcome of the movement or on an object in the environment
Which focus would be better for learning?
Research will compare a novice and an expert
Study by Perkins-Ceccato, Passmore, & Lee (2003)
Pitch shot in golf
Accuracy measure
How close can they get the golf ball to the hole?
They are given instructions that make then focus internally or externally
	Focus/Skill level
	Internal (asking ind. To focus on speed they are coming in while hitting ball)
	External (think about where you want the ball to land)

	Low (novice)
	Low-Internal
	Low-external

	High (expert)
	High-Internal
	High-external


GRAPH
High skill group shows less variable error overall
Which group of novice does better: internal or external
Internal focus does a lot better
Which group of Expert does better: internal or external
External focus
Therefore, internal focus is better for learning, but as you proceed through development of skill, external focus becomes better

Gray (2004)
Novice and expert golf putters
Perform putting task
Full (single task only) vs divided attention (doing a secondary task) conditions
How does secondary task influence what you are doing?
The Probe technique 
Presented at different times
Probe presented at beginning, just as backswing started
Probe presented in middle, during down swing
Probe presented at the end, at the follow through
They had to decided if tone was high or low frequency
They also had to think about what they were doing during the putt when they heard the tone
There was novice and expert
Expert group: does better overall
Novice is more negatively affected by the dual task then skill focused
Expert is more negatively affected by skill-focused
The reason these athletes choke is they revert to the beginning level and think about the movement, whereas they should keep it automatic.  Therefore, they “choke”.
Its better to be closer to the hole
The beginning of the movement requires more attention during the beginning (backswing) than during or after movement
Summary
internal focus is better for early skill learning
external is better for later learning
internal may cause reversion to consciously controlled processing of moment-interfering with automatic processes that result in better skill performance
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Review of last class
application of the attention theory
driving
PRP 
Double stimulation paradigm
S2-R2= 130 ms
BUT if preceded by a S1-R1 pairing-delay in R2
Importance of SOA between S1 and S2
Too fast
Too slow
Optimal
Delay can be influenced by many factors
If you have a lot of practice you may not get the same reaction
How compatible is the reaction to the stimulus?
Number of possible responses – greater effect in the PRP – longer reaction time
Reinforces single channel views

Memory
Definition
A capacity to remember
Capability that permits organisms to benefit from their past experiences
4 key terms
encoding – transformation of information to be stored in memory
rehearsal – processed used to transform information
storage – transformed information is placed in memory
retrieval – information from stored memory is accessed and used to perform task
2 component model by Baddeley (1986, 1995) – SLIDE
Working Memory
A place where info is stored for a shirt time and a functionally active structure
Processes information for movement performance, prepares info for storage, solves movement problems
For storage need to consider
Duration – length of time info stays without rehearsal
20-30s
capacity – how much info can be stored
7 +/- 2 items
chunking of items is possible to create more than 7 ind. movements
Functions
Phonological Loop
Verbal information
Cross back sep etc
Visuospatial sketchpad
Visually detected spatial information
Central executive
Gets info from long term memory
Coordinates info in working memory
Long term memory
Difference: idea that we have huge capacity and duration that can last a long time
Holds info and experiences
Large capacity and duration
Very abstract coding
3 memory subsystems
procedural memory – how to do things ex how to execute movement
semantic memory – remembering facts and general knowledge ex remembering about offside
episodic memory – specific past experiences ex knowing player is slow based on previous experience with them
Knowledge bases
Procedural knowledge (show me)
Procedural memory
Declarative knowledge (specific facts and knowledge)
Semantic memory
Episodic memory
We can sometimes have declarative knowledge of skill but not know how to do it – knowing your suppose to snowboard vertical but go down hill horizontal
And vice-versa can do the skill but not be able to verbalize how one is doing it
Reveiw
Memory: encode, rehearse, store, retrieve info
FTB
Capacity limits of working is sevent +/- 2
The duration od limits of working is 20-30
The fact that I can remember offside rule in hockey is an example of sematic memory system
Memory Cont’d
Assessing Memory – what they do in school
Explicit – consciously call something to mind 
Recall
FTB, SA, Essay
Recognition
MC, matching, T/F
Implicit – unconsciously display knowledge 
Memory is inferred through performance
Flag football - 
Memory word list
Book
Giant
Olive
Cry
White
Look
Recency Effect: remember things at the beginning and less as the words become less recent
Teaching someone a sequence: good to break it up do they remember each part when put into a whole
The Case of H.M.
Epilepsy was so bad he couldn’t function at all
For treatment the part of the brain firing is removed
The part removed was medial part of the temporal lobes, hippocampus, and amygdala
Due to this he became an extreme amnesia
Anterograde amnesia (H.M.) – new info that comes into system is not remembered
Retrograde amnesia – cannot remember anything from his previous life, but can remember new information
Performance on various tests
Facts from date pre surgery – YES (somantic/episodic)
Facts from dates post surgery – NO 
Performance on motor skills previously learned – YES (procedural memory)
Performance on motor skills newly learned – YES
You wouldn’t anticipate this, procedural memory. He wouldn’t remember being in room again, but each time the task would get better. They say they don’t remember, but can generate correct answer
H.m. provides data for what parts of brain are important for the rehearsal process
Consolidation process for declarative info (semantic and episodic memory0 uses the temporal and hippocampal structures
Procedural knowledge/memory is working through another neural system … cerebellar structure
Factors Influencing Memory
Skill Characteristics
Continuous skills deteriorate much less than discrete/serial skills
Concrete - Hard to say where a skill starts and ends because the pattern keeps repeating (walking)
Discrete – definite start and end (cartwheel) 
Serial skill – number of discrete skills put together (number of gymnastic moves, gear shift in a car)
Individuals keel continuous motor skills better than discrete skills
Learning Environment
Order of skill presentation (contextual interference)
Variability
Instructions
The Learner
Use of memory aids and verbal rehearsal, cognitive level, etc.
Last Class
Assessing Memory
Explicit and Implicit Tests
Evidence for different memory systems
Case of HM
Gymnastic judging bases
Factors influencing memory
Warming up
Von Restorff effect 
Meaningfulness
Cerebellum – procedural memory
Medulla and temporal – 
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The Learning Process
changes across stages of learning
improvement
beginner  skilled
different kinds of curves
proportional rate of increase (linear)
rapid change (+ acc)
learn quickly, then plateau (- acc)
power law of practice, most common for a learner
difficulty at beginning, they get it, then plateau
Movement Coordination
Control over degrees of freedom
What are the degrees of freedom (DoF)?
Independent states that must be controlled to do the movement
The degrees of freedom problem
Consider the human body
Why does everyone touch their nose with index finger?
Typically, when we look at beginners, they will freeze the degree of freedom.  Later stages unfreeze the degrees of freedom. You are learning when you free up
Muscles used
Muscles used changes while coordination patterns are developed
Beg.
Inappropriate muscle use 
More muscles are used
Incorrect timing of activation
Later stages
More appropriate muscle used
Min. number of muscles for successful movement
Correct timing of activation
ENERGY COST
ECONOMY OF MOVEMENT (EFFICIENT/INEFFICIENT USE OF ENERGY)
BEGINNER
LARGE AMOUNTS OF ENERGY
INEFFICIENT ENERGY USE
LATER STAGES
MIN. ENERGY EXPENDITURE
EFFICIENT USE OF ENERGY 
**Physiological energy – oxygen used
**Mechanical energy – work rate/metabolic rate
Visual selective attention
What we look at changes as we practice a skill 
Beg. 
Many things
Inappropriate environmental cues
Late selection
Later stages
Less things
Appropriate environmental cues
Earlier selection
Open skill movements: happening in an ever changing environment
Conclusions
Conscious attention demands
Conscious attention the learner directs to performance
Beg
Large amount of conscious attention
Later stages
No conscious attention (automatically)
Error detection and correction
Identifying and correcting ones own errors
Beg
Have difficulty detecting and correcting errors
Later stages
Capability to detect, modify, correct errors
Models of Stages of learning
1) Fitts and Posner’s (1967); Anderson (1995)
stage learning model
2) Adam’s (1971) and Gentile’s (1972) 
2 stage model

Anderson’s 3 stage Model
1) cognitive Stage
focus is on cognitively oriented problems
What do I do? How do I do that?
You made lots of errors, cant detect and correct yourself, will be inconsistent in movement, you will need someone to tell you error and how to correct
Role of coach/therapist is very high in this stage
2) Fixation Stage
basic motor pattern is determined
Refining “how” aspect
Able to associate environmental cues with movements required for the goal
Less errors, more consistent
Can begin to detect large errors and self-correct
you know what to do, refine how to do it, you can change obvious errors, but you still have difficulty identifying subtle details of movement
Coach still present, but not as involved
3) Autonomous Stage
Cognitive activity requires for skill execution is VERY limited
Without conscious effort (automatic)
Cognitive processes can be directed elsewhere
Limited errors, high consistency
Ability to detect and adjust all errors
Coach is pretty much non-existent, they are normally working with strategic aspects at this level or psychological aspect. Skill execution is known.
Explaining how Learning Happens
Theoretical perspectives
Motor program theories (discrete skill emphasis)
Adam’s closed loop theory
Schmidt’s Schema theory 
Dynamical system theories (continuous skill emphasis)
Bernstein’s perspective
Haken-Kelso-Bunz (HKB) model 
Self-organization 
Schmidt’s Schema Theory (SST)
Schema = set of results that defines an abstract memory representation
In SST the schema is the Generalized Motor Program (GMP)
Re-examining GMP from lecture 8
Generalized Motor Program
Allow performer to adapt the generalized program to produce pattern variations to meet the needs of the situation or environment
SLIDE
GMP’s thought to have invariants and parameters
Invariants “deep structures”
Components that remain constants – relative timing, relative space
Fundamental features of the GMP that do not change from one execution to the next
Parameters – “surface features”
The modifiable features of a GMP
Input specifications….

Schmidt’s
When practicing 4 things will stay in working memory, then if he continues he will form a rule in his permanent memory
Four Sources of Info
1. Initial conditions: info about context before movement is made (wind etc.)
2. Parameters assigned: what absolute force/duration (etc) was given to the movement
3. Sensory consequences: intrinsic information received from doing movement (how the club is in his hand, balance while swinging, contact with ball)
Outcome: intrinsic and extrinsic information received about movement
**Pull together all 4 sources, abstract it out, it gets consolidates and put into long term memory**

Review of last class
developing the GMP
4 sources of info
initial conditions
parameters
sensory consequences
movement outcome
all gets stored, general motor program
· recall Schema
· builds a relationship among 3 of 4 things
· assigns parameters
· relationship among outcome; parameters; initial conditions
· recognition schema
· relationship among outcome; sensory consequences; initial conditions
· during slow movements, after ballistic movements
· prediction of Schmidt’s schema theory: Variable Practice

Blocked vs. Random Practice
· Does this apply to changes in movement patters
· Shea and Morgan (1979)
· Knockdown barrier task
· Three different movement patterns (A,B,C)
· Board with barriers, you are knocking down barriers with a patter, in a specific temporal restraint given? spatially? Reaction time and movement time are measures

· 2 different groups
· same number of practice trials per pattern 
· different schedule
· random – BAACBCACBBACAABCACBA
· Clocked – All A trials done, then B, then C
· Results 
· Conclusion from acquisition data
· Average what happens the first 9 trials
· Which acquisition trial is better? Blocked practice is better
Other Practice Schedules
· Could a “middle ground” schedule benefit both performance and learning?
· Example: AAABBBCCCBBBAAACCC
· Why might this schedule be better than one that is completely random
· Can get long term learning benefits without acquisition difficulties
· Constant switching from one task to another may be impractical 
· Studies support that this schedule is also effective
· Another effective schedule is a serial schedule; ABCABCABCABC

Accounting for the CI effect
· Shea and Morgan (1979)
· Elaboration hypothesis
· Random practice forces more elaborative processing 
· Information from movement can stay in working memory
· Central executive can be involved with comparing and contrasting movement patterns
· Verbal report data
· Larger number of mental representations

Forgetting enhances memory because we do this action plan reconstruction from one trial to the next
Neither one theory rises above the other

Both accounts may work: others have been proposed
Common theme: cognitive effort
When you have people more cognitively engaged, they tend to learn it better

Self control of practice schedule
· Learner gets to choose when they want to switch from one task to another
· Different practice schedules chosen
· Blocked
· Random
· Mini blocks of trials
· Regardless of schedule chosen, individuals learn skills better when they self-control scheduling of skills
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[bookmark: _GoBack]Exam 2: Motor learning content only
T/F, MC, FTB, 4 pairs of questions (choose 1 from the pair)
IRA attention, understanding attention transfer and performance curve, practice conditions
FTB 2 per lecture (8 lectures)
SA – 2 q on attention, memory, learning process, practice conditions
About a paragraph to answer question in complete sentences
In the chapter, there are un talked about concepts – not going to be questioned on, use what covered in lecture, whatever text supports lecture content
Will give context of study and you have to show understanding of the results, interpretation, understanding
Knowledge and application for MC.T/F
2 questions per IRA

Practice Conditions
observational learning/modeling
learning a skill by observing that skill being performed
demonstration used to convey information about how to perform a skill
Bandura’s (197,1986)
Bandura’s SCT (slide)
CMT
4 sub-processes
attention 
attends to and extracts information 
retention
retained in memory (cognitive representation)
motor/behavioral 
Practice Conditions (ch11)                                                                                                                       

Developing GMP:
Initial conditions
Parameters (from information above)
Sensory consequences
Outcome conditions
= general motor program for memory
Recall schema: (3 of the 4 ^)
Responsible for assigning the parameters
Relationship among outcome; parameters; initial conditions
Recognition schema:
Relationship among outcome; sensory consequences; initial conditions
Used during slow movements, and after ballistic movements
Predictions of Schmidt’s schema theory: variable practice 
Link: recognitions schema closed loop
Have enough rules to work with even if you have not done it in that specific location before 

Blocked practice
Repeat same movement pattern/parameter assignment for large block of trials 
Random practice
Continual changing of movement pattern/parameter assignment throughout trials
Shoenfelt et al
Groups with random practice did better

Blocked vs. randomized practice
Apply to change in movement patterns?
Shea and Morgan (First ones to study in context of movement) 
Knockdown barrier task
Three different movement patterns (a, b, c)
Two different groups 
Same number of practice trials per pattern
Different schedule: 
random BAACBCAB
I.E. not practice each pattern more than two times in a row
Blocked…all a trials done then b then c
Look if they are knocking down in a temporal and spatial way
Use RT and MT as measures
Argument: different motor program with different pattern used
Results: conclusions from data
Average out what happens after the first nine trials
Blocked practice is better for acquisition 
Random practice is better for retention/learning 
Ten minute break vs.  brought in 10 days later 
Called the contextual interference effect: blocked practice yields better acquisition but random practice is better for learning
B-R condition
Handwriting (H, A, Y) in blocked and random conditions…
Transfer test: takes something they’ve been working with and change it in a slight and novel way—to write word hay 
Results: random conditions resulted in faster writing in the kids 

Other practice schedules
Could a middle ground schedule benefit both performance and learning
Example: AAABBCCCBBBAAACCC
Why might this schedule be better than one that is completely random
Can get long term learning benefits without acquisition difficulties
Constant switching from one task to another may be impractical 
Studies support that this schedule is also effective
Another effective schedule is a serial schedule; ABCABCABC

Accounting for the CI effect: 
Shea and Morgan 
Elaboration hypothesis
i.e. class: go on autopilot during the trials—not helping learning, more problem solving with learning a new thing each time
random practice forces more elaborative processing 
information from movement can stay in working memory
central executive can be involved with comparing contrasting movement patterns 
random practice creates elaborate practice
verbal report data 
larger number of mental representations 
between task comparisons made twice as often 
Lee and Magill
 reconstruction view
Solve this problem: (8+1) x (9-3)…x2
Forgetting enhances remembering  (Jacoby)
Action plan reconstruction
Both account may work; others have been proposed
Common theme: cognitive effort
More cognitively engaged, will learn better even if it doesn’t look like it at the beginning 

Self-control of practice schedule
Learner gets to choose when they want to switch from one task to another
Different practice schedules chosen
Blocked 
Random
Mini blocks of trials
Regardless of schedule chosen, individual learn skills better when they self-control scheduling of skills 

Practice Conditions: Observational learning: 

Observational learning (OL)/Modeling
Learning a skill by observing that skill being performed 

Bandura’s SCT

CMT  PERSON
Four sub processes
Attention
Attends to and extracts information
Retention
Retained in memory (cognitive rep.)
Motor behaviour reproduction
Production through cognitive rep.
Motivation
Desire to execute the skill observed
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Practice Conditions: Observational Learning 
Review…
Contextual interference (ci)
Random (high CI) vs. blocked schedule (low ci) for different GMPs	
CI effect: blocked produces better acquisition but random produces better learning
Accounting for CI effect
Elaboration hypothesis
Action plan reconstruction: reason we learn better, between time we do task and do it again we forget problem solving we do for that task and not have an action plan in our memory, so we have to do all of this over. Forgetting helps with the action plan reconstruction
Cognitive effort

Observational learning/modeling
Bandura’s SCT
Social perspective (i.e. aggression in children etc.)
Movements by observing
Person component:
Four sub processes
Attention: attend to and extract relevant info
Retention: retained in memory (cognitive representation)/rehearsal processes are important for this 
Motor behaviour reproduction: use cognitive rep to detect errors for later correction
Motivation: desire to execute skill observed 
Framework for the Use of Observation
Moderator variables
Observer characteristics
Stage of learning: observation use through video feedback
Beginner: would need to be directed to relevant information and provided with correction 
Beneficial if you direct them to what they should look for and some transitional key to look for on the video for the next time they produce the motor mvt/error correction and detection cues
Skilled: knows where to look and how to use information correct (will not work for a beginner)
Task characteristics
Complexity: Observation use through feedback: (Influence of slow motion use)
May be able to detect errors easier this way
Low complexity task: underhand toss—interfered with learning for those who saw the video (only novices in this study) 
High complexity tasks (ballet jump sequence)—enhanced learning 
Context and function
Where can it be used? 
Sport training/rehabilitation/competitive performance (i.e. not just skill acquisition but also for performance enhancement)
Why using observation? Functions of OL
skill
strategy
performance state (i.e. to make themselves calmer, more ready)
saw so and so using an ipod before the game so I started to do the same etc. 
before crating observation interventions—consider these four factors; observer, task, where, why (function) 
types may differ according to the above variables
what is observed
scully/newell:
 Early in learning: relative motion info. (invariant characteristics) 
point light display (PLD)
Later in learning: 
Dynamic features of the movement (parameter learning)
Beginners will not dig into parameter learning’s
Does it matter if it is a live model/video model/PLD? Differences in info?
PLD not always effective: when compared with other models
No difference for live vs. video vs. animated 
Who is observed
Skilled—elite/expert
Unskilled model—often peer also learning skill
Which of these is better?
Novice learners—can gain from both (unskilled—only if they heard the correction that the person had to do/feedback) 
Expert learning—only skilled 
Self as a model
Self-observation
Self-model 
Characteristics
Attainable outcomes
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