Psychomotor Behavior Exam Notes 

Force Production & Variability


How do we move?
The body has 656-850 muscles, about ½ the body mass 

Skeletal muscle – moves bones, voluntary, striated 
Smooth muscle  involuntary, internal actions 
Cardiac – involuntary, striated, pumps blood

Muscle fibres are made up of sarcomeres – functional unit of the muscle
· contain thick and thin filament (Myosin and actin)
· myosin slides over actin causing contraction 
· cyclical attachment and detachment of filaments 

Muscle fibres – millions, diameter from 0.05 to 0.10 mm, length 2-6cm 

Contraction of a muscle: initial length of a muscle will influence the contraction -> greatest contraction is sarcomeres are.0019-.0022 apart 

Motor unit = cell body & dendrites of a motor neuron, the multiple branches of its axon, and the muscle fibers that it innervates 

Innervation ratio is the number of muscle fibers innervated by a single motor neuron
· ratio changes with aging - # of motor units decline but fibers recruited per unit increases 
Precision contraction = 1500-3000 motor units with 8-50 fibers 
Power contraction = 600-2000 motor units with 1500 fibers 
Each fiber is activated by only one motor unit

All or none law: strength of response to a simtulus is independent of the strength of stimulus 

Athletes can contract 85% of their muscular fibers, non athletes can contract 60%

Force deficit = absolute force – max voluntary force  ** deficit is higher in untrained 

Training can change: 
· fiber diameter
· intermuscular and intramuscular coordination
· frequency of nerve impulse 
· muscle and tendon elasticity 
· energy supply to muscle 
· capillary density in muscle 
Training can not change 
· number of fibers 
· structure of fibers 

The active tension in a muscle varies with the rate 

of stimulation of the muscle nerve 

Contraction of a muscle 
A) Successive stimuli at low frequency evoke discrete and separate twitches characterized by a rapid rise in force and a slower decay 

B) If the force produced by a given twitch has not returned to baseline by the time the next is evoked, the contractile force of successive twitches increases at first, but a stable mean level is achieved after a few stimuli, resulting in a ripple of force 

C) Increasing the rate of stimulation produces a higher mean force. However, distinct ripples corresponding to individual stimuli can still be seen 

D) At high rates of stimulation individual stimuli do not 
produce discrete force fluctuations and the mean force is somewhat greater than during the unfused contraction. Note the delay before force decays back to baseline after the cessation of stimulation

slow oxidative, fast oxidative –glycolytic, fast glycolytic 

Large motor neurons supply fast twitch muscles, small supply slow 

Types of motor units: 
slow contracting, fatigue resistant (type S)
fast contracting, fatigue resistant (FR)
fast contracting, fast fatigue (FF)

Motor Unit Recruitment: smaller units are recruited first (allow control of fine movement) then larger 

De-cruitment: inactivate the largers and then the smallest motor units 
Henneman’s Size Principle:




Motor Learning

Motor learning: gaining permanent or semi-permanent motor skills & capability of responding with associated practice 

Performance: observable behavior, unstable 
Learning: not observable directly, always change in potential for performance (Stable)

Improvement, consistency, persistence and adaptability should happen to imply learning has occurred

Assessment of learning requires that temporary performance effects be separated from learning effects  time between acquisition and retention/transfer testing

Stages: pretest(baseline) adaptation (examine performance over trials) post test( comparing performance to pretest) 

Retention= persistence of learning, examines performance under the same conditions,
Transfer = adaptability of learning, examines performance in new situations
· intertask
· intrataks 
· interlimb

Pre-practice variables : motivation(goal setting), instruction(verbal & focus of attention)

Contextual Interference: CI Effect – low interference produces high acquisition performance, VS high interference produces better retention and transfer -> so if you have a blocked practice it is easier to learn the skill at that time but you will have more difficulty In retention and transfer – whereas high interference such as random practice shows better learning in the long run 

Elaboration Hypothesis: CI occurs because in random practice more tasks are present in short term memory  this allows the performer to compare and contrast tasks and gives a more distince and elaborate memory coding  blocked practice is repetitive and does not allow for this

Action Plan Hypothesis: in blocked practice action plans for tasks remain available in working memory  in random practice action plans need to be abandoned from working memory in order to allow a new action plan to be made
- action plans need to be re made every time the task changes and r	etrieved   from the long term memory 

Retroactive Inhibition Hypothesis: CI occurs because of retroactive inhibition in blocked practice  retention of the first task practiced retroactively inhibited by subsequent taks = poorer retention and transfer performance relative to random practice 

CI Intereference Considerations and Implications 
Performer characteristics and age 
· young or inexperience performers may not benefit from additional interference of random practice – start with blocked practice until they get the idea of movement and reduce variability then random practice 
Type of task 
· CI has been shown for most lab tasks but is hard to see in applied tasks because of the large variability of performance in an applied setting 
· Similar tasks (involving the same motor programming) may not benefit from CI effect 

Task Variation Learning
· learning one task and realizing it under various conditions (throwing a ball different distances)
· practice can be constant or variable 
Constant practice = one variation of a task in one session
Variable practice = several variations of a type of movement in one session 


Variable practice had higher absolute error in acquisition but had lower in immediate and delayed transfer tests 

Feedback: sensory info that happened after the result of a movement 
· necessary for learning to occur 
· most important variable in learning 
· may improve, hinder or have no effect 

Intrinsic Feedback: sensory info that happens when an individual performs a movement 
· exteroception: sources outside the persons body (vision, hearing)
· proprioception: sources within a persons body (muscle length, limbs)
Extrinsic Feedback:
· also known as augmented feedback (KP or KR)
· is always in addition to intrinsic feedback 
· KR: after the action- did the performer get desired outcome
· KP: quality of action performed  more descriptive, prescriptive, error based or correct-based 

Scheduling practice
The more cognitively demancing practice is, the more one will learn during practice
· model’s skill level 
· practice conditions arranged when learning multiple tasks
· how extrinsic feedback is provided
Benedits may not be observed immediately after – retention/transfer


Stability and Posture Control

Posture: position of the body and parts with respect to each other, the environment & gravity 

Postural orientation: relative positioning of the body  sensory systems 

Postural equilibrium: coordination of the sensorimotor strategies to stabilize the body’s center of mass 
· static equilibrium: maintain desired position and orientations 
· dynamic equilibrium: maintain the intended movement 

Functions of the posture system: 
· maintain balance in the presence of gravity (over BOS)
· stabilize the support portions of the body when other parts are moving: generate responses that anticipate movements, be adaptive\

Base of Support (BOS): area of body in contact with the ground
Center of Mass (COM): point where the mass is evenly distributed 
Center of Gravity(COG): projection of COM on the ground 

Stability balance: body’s resitance to losing it’s static or dynamic equilibrium
COM should always be over BOS to maintain balance 

Maintaining Balance: 
· Larger the base of support the more stable the posture will be 
· The lower your COM is the more stable your posture is 
· More stable if the line of the COG is closer to the middle of the BOS

Center of Pressure (COP): point of application of the vertical ground reaction force exerted on the feet 

Assessing stability and balance 
· measures 
· COP displacement in X & Y 
· Sway area frequency and amplitude 
· SD of COP

Multisensory control of posture: one way to assess/test the different systems and their weighting in stance control is to vary the level and reliability of different sensory outputs
· proprioceptive has the most influence 

Responses to displacement
· postural strategy: high level plan formulated by CNS that maintains postural orientation 
· muscle synergy (acting together)
· pattern of activation of muscles too fast to be voluntary (100-120 ms after a disturbance) 
· postural boundaries  when different strategies are used; may depend on the perceived stability boundaries of the individual might change with aging

Postural control with aging

-7th leading cause of death in ppl over 75  33% over 65 will experience a fall (women more frequently than men) 

Stability changes with aging
· more sway durng quiet stance  greater COP movement especially with less vision
· changes in postural strategies during perturbed stance  slower onset of ankle dorsiflexors in response to platform movemets (backward sway) stiffen joints so they tend to use hip strategy more than ankle 
Falls in the elderly
· changes in musculoskeletal system  muscle mass, strength and ROM 
· changes in sensory systems  proprioception & vision 
· Psychosocial factors  depressed/anxious.living alone/ fear of falling 


Proprioception/kinesthesia and aging 

Declines in aging: fundamental aspect of aging process  neurophysiological mechanisms
· peripheral changes 
· receptors decrease in size, number & sensitivity
· nerve damage
· central changes 
· memory, ability to transfer b/w hemispheres, attention 

Fear of falling in the elderly 
· larger COP sway than those who do not fear falling 
· study by examining what evokes balance in young & healthy ppl 


Anticipatory Reactions

· Anticipatory Postural Adjustments: the brain predicts postural consequences of the planned movement and acts to prevent loss of balance 
· Ex if you have to pull on a rope, your body makes the adjustments for the movement of your arm 
· 
Anticipatory motor actions in the case of a sideways leg raise: hip & shoulder move 600ms before the ankle starts to raise 

Anticipatory responses to postural disturbance (lifting a weight from a subjects arm) depend on voluntary movement 

Left: active unloading 
Right Passive unloading
Anticipatory Control 
· if you are told what weight you are lifting, you can anticipate that weight and prepare the pressure and grip for being able to lift it 

Functions of the posture system: maintain balance, stabilize when other parts are moving (through anticipatory response), being adaptive 

Adaptable Postural Adjustments: influence by the body part that provides the contact with the environment  evokes response depends on the muscle that provides the best option 

Learning postural adjustments: gastroc helps maintain balance when platform slides backwards to decrease body sway and keep the COM over the BOS 
· learn to anticipate sway and make counter movements 
Learning Postural

Postural adjustments are both preparatory and ongoing ( occur before movement and throughout)

Anticipatory Postural Adjustments Experiment
	-active unloading: person moving the weight up and down
-anticipatory reaction, the biceps contract so the position of the hand does not move
- in passive, someone is moving the weight in your hand, you have no predictive control and the position of the arm is going to change.
** you have to actively take part if you aim for postural control 


Voluntary movements improve with practice – learn to anticipate and correct for internal events and environmental obstacles that perturb the body

Functons of the Motor System 

FEEDBACK or REACTIVE CONTROL  monitoring sensory signals and using this info to make movement adjustments 

Anticipatory/Predictive Control  using the same sensory sources to detect imminent perturbations and inititate proactive strategies based on experience  

Catching a ball requires feedforward and feedback control: anticipatory responses before the impact of the ball, consist of co-activation of bicepts and tricep muscles 
Anticipatory responses can modify feedback mechanisms so that get desired motor output 

The anticipatory responses before the impact of the ball come from biceps and triceps  learn to predict the time of contact 

Anticipatory Control  essential for rapid actions, depends on the ability of the nervous system to predict the consequences of the sensory events 

Control of Synchronous Movements 

Reactive task: react to the auditory “go” signal as quickly as possible by lifting your heel and finger at the same time 

Projective: lift heel and finger at the same time with no signal 

Premotor time: represents central processing time – info processing activity involved in preparation 

Motor time: represents muscular processes – initial contractile activity requires to overcome inertia 

Control of Synchronous Movements 

Reactice Task: central motor commands activate at the same time: reaction to stimulus 
· pre motor times are similar (hand may be a bit earlier)
· movement onset times differ (hand moces first) 
Predictive = asynchrony between hand and foot is going to be around zero bc they will move around the same time 

Reactive = hand will move first then the foot, because of the length of the signal and the size of the limb. 

Predictive = Premotor time for the foot will be shorter than the hand, because the signal is sent quicker to the foot and therefore must start to prepare itself quicker. 

Reactive condition = premotor is the same, so the time lifting finger and hand wont be the same 

Comparing ipsilateral and contralateral:
Predictive = contralateral type of task can be more variable – but not really much of a difference  


What You Should Know 

Anticipatory Responses

How are feedback and feed forward related?

Feedback is a series of sensory adjustments given to correct a motor skill there are intrinsic, extrinsic, proprioceptive and exteroceptive and augmented feedback KP and KR , feedforward is the anticipatory response before the movement occurs 

Discuss anticipatory motor control strategies?

Contact time does not really influence ancitipatory repsonses because it doesn’t matter what height the ball is dropped from, in order to catch it the biceps and triceps respond to the same anticipatory signals to prepare for contact 
If they are wrong and you notice it before hand, feed forward signals may correct it, your visual intrinsic feedback or KP may circulate and have you correct the movement before it is too late because anticipatory strategies ARE adaptable. 

How are limb movements coordinated?

Limb movememnts are coordinated depending on pathways and mass of limbs, when you have to react to a stimulus it will take the limb that’s larger and further away longer to respond because the signal takes longer to go out than the closer, for predictive it should be the same because the movement will be anticipated.

  Force Production and Variability

Anatomy of a muscle

Contains actin and myosin filaments that slide over each other, sarcomeres are the functional unit of a muscle, muscle fibers are .05-.10 in diameter and 2-6 cm in length 

How does a muscle generate force 

contraction – eccentric contracting and elongating/ not shortening (pushing against a wall) concentric is contracting and shortening (curling a bicep) isotonic same tension change in length, isometric  same length, change in tension 
Factors that influence force production areee

What is a motor unit

The cell body and all of its dendrites that innervate the muscle fibres, there are slow- fatigue resistant, fast fatigue resistant and fast to fatigue – they are recruited as needed, smallest motor units first to largest 

The innervation ratio refers to the number of muscle fibers that are recruited per motor unit which varies depending on the size of the muscle 

What factors influence impulse variabikity, how are impulse force and temporal variability related?

Postural Control

QUESTIONS TO ASK SOMEONE

· how does cognitive effort influence motor learning
· impulse variability
· what strategies are evoked to maintain posture control 
· what factors influence force production 
· retroactive inhibition 




MT = a +b log (2A)/W 

[bookmark: _GoBack]log(2A/W) = ID 
MT = movement time 
A= amplitude 
W= width 
a = MT if your hitting the same spot repeatedly 
b = slope 
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