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Aspects of Motor learning – detailed additional material
I. Definitions

1) Motor learning can be defined as the study and understanding of the acquisition and/or modification of movement (18). This definition can be used for both, the acquisition and the reacquisition of movement after central lesions.
2) Motor learning emerges from a complex of perception/cognition/action processes (18).

3) Motor learning can be described as the search for a task solution that emerges from an interaction of the individual with the task and the environment (14).
4) Learning, defined as a relatively permanent change, has been distinguished from performance, defined as a temporary change in motor behavior seen during practice sessions. This led to the notion, that learning could not be evaluated during practice, but rather during specific retention or transfer tests (16).


II. Practical application of Motor learning research - Aspects of motor learning (Table 1)


III. Lab questions and answers (Table 1)
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	Table 1. Practical application of Motor Learning & Lab questions and answers

	ML aspect
	PNF Relation
	Lab questions and answers

	1.Emotion / Motivation

Increasing motivation is probably one of the most important things for enhancing motor learning (29).
….motor learning cannot be understood without considering the motivational (e.g., social-cognitive and affective) and attentional influences on behavior. (28)
Therapists might facilitate Patients Motivation through:
-> Meaningful Goal-Setting
-> Observational Practice

-> External Focus of attention
-> Only positive feedback 
     after successful motor attemps
-> Self controlled practice  (28)

	1) Therapists „Positive Approach“ implies positive experience after motor attempts. 

2) This enhances the patients expectations for further success and thus facilitates motor learning 

3) The ICF oriented functional approach helps to set meaningful goals and thus resources are facilitated. 

4) As „Add-On-Aspects“ for visual stimulation observational practice as well as working with external focus of attention before and during facilitation is recommended. (for example  using objects, recognizable goals etc.)

5) Self controlled practice can be provided after facilitation, when the patient repeats enhanced activities. Individuals should be able offered to choose those exercises out of a PNF-program which are most important or meaningful for them.

6) Options in therapy strengthen the patients‘ autonomy and thus facilitate  motor learning 
	1) Describe the hypothetic effects of this principle regarding 

· Meaningful goal-setting

· Observational practice

· External focus of attention

· Self- controlled practice

2) Meaningful goals create an intrinsic motivation which is very supportive to the learning process.

3) Observational practice activates the mirror neuron system and so facilitates the neuronal circuits needed for the intended movement.

4) External focus of attention: If the learners attention is directed to the intended movement effect ( and away from one’s own body parts) performance and learning are enhanced.

5) Self controlled practise supports the learners autonomy and reduces stress which supports the learning process. 



	2.Cognition as a premise for learning(15, 19, 12)

->Pre-practice instruction  by verbal stimulus should also include theoretical 
   components how to perform a movement. 
->This can be close to mental practice approach. 
   Asking the patient to recall the movement components cognitively.


	1) Verbal stimuli, especially the preparation command matches this information. Recall of a movement is a goal with Rhythmic Initiation and Replication.

2) Creating an active pause we may ask the patient to imagine what was exercised before. Just few components, only the main ones of the exercise, should be mentally practised.

3) Example sit to stand: main components are position of feet, upright leaning forward with “nose over toes”, push off
	1) Which PNF techniques are addressing the “recall of movement components”?
· Recall of a movement is a goal with Rhythm. Initiation and Replication.

	3.Action Observation

->Nearly the same motor neurons are activated in three different conditions: 
  Observation, Imagination or Execution of a movement (4, 5, 7).

	1) A meaningful pre-practice instruction is to show the movement to the patient several times while the patient is asked should to attentionally watch it before PNF training.

2) In group therapy give time to watch other participants.

3) A video about the target movement sequence can be a homeprogram or is useful for low level patients.
	1) What is the effect of watching a movement?

· By watching a movement nearly the same motor neurons are activated as if the movement is really performed. Thus the motor neuron circuits are prepared for the intended movement. 

2) How can you create an “action oberservation” situation?
· You could show the movement to the patient several times before he or she actually moves. In group therapy give time to watch other participants.

· A video about the target movement sequence can be a homeprogram (do it on  patients‘ mobile phones)  or is useful for low level patients.

	4.Feedback(24)

It is suggested not to give feedback at any trial, rather than let the patient 
evaluate his/her performance on his/her own.

->This has an impact on further brain areas responsible for problem solving 
   strategies as a kind of self-controlled practice!

->Thus the development of error detection capabilities needed at the time of 
   retention and transfer gets promoted.


According to some research only comments on successful trials – bad trials should be ignored. This convinces the learner of performing well and thus  facilitates learning. (28)
	1) Knowledge of Results  is covered for example by the technique Replication.
2) Knowledge of Performance is covered for example by the technique Rhythmic Initiation.
3) With these two “hands-off” techniques therapist and patient are able to verify and examine once own the outcome of practicing.
	1) What is suggested on time, content and amount of feedback?
· Feedback should be given carefully and not after every trial.
· To promote patients autonomy it is useful to let the patient evaluate his/her performance on his/her own. 
· In order to support the learners motivation it is wise to comment mainly on the good performances and to ignore bad trials.

	5.Intrinsic vs. Extrinsic focus of attention

Leading the patients focus away from one’s body parts or self (= internal) and to  the intended movement effect to the environment (=external) enhances performance and Motor Learning.(27, 29)

An external focus of attention speeds the learning process so that a higher skill level is achieved sooner. Moreover it is more efficient that means for example the amount of muscle activity or the need of oxyen is less. (26;28)

	1) The therapeutic consequence out of this research is integrated in our basic principles by using the
· visual Stimulus (giving a goal in space within the environment, demonstrating the movement,  watching a movement video…) 
· verbal stimulus („step on this chair, reach for this object…“)

	1) Which focus enhances ML more?
The extrinsic focus of attention enhances ML.
Describe an example using an external focus within an pnf treatment sequence.

· Working in prone on ellbows for stability with the technique stabilizing reversals you could ask the patient to estimate the distance between his sternum and the base of support. During the stabilizing exercise he or she should not allow this distance to change. 

· Focusing the distance to the base of support draws away from patient‘s body (internal) and towards the environment( external).

	6.Rhythmic Cueing(22, 23, 25)

->External Rhythm causes tripping ("priming") and synchronization of muscle activity.

->An external clock is specified during a movement sequence to be practiced, or movement beginning and end are marked with the rhythm ("rhythmic cueing").


	1) We have some techniques which are characterized through rhythmic movements with additional rhythmic (verbal) cueing, such as:
Rhythmic Initiation, Dynamic Reversals
(Rhythmic Stabilization and stabilizing Reversals)

2) As a basic principle PNF Pattern or activities are typically facilitated with verbal/auditory stimuli, this can be done rhythmically to enhance priming and synchronization of muscle activity


	1) What is the effect of rhythmic cueing on the muscle activity and how can we use it with PNF?
· Rhythm triggers movement and leads to a synchronisation of muscle activity.
· The techniques Rhythmic Initiation and Dynamic Reversals are characterized through rhythmic movements with additional rhythmic (verbal) cueing.
· The basic principle verbal/auditory stimulus may be applied rhythmically to enhance priming and synchronization of muscle activity.

	7.Shaping

Shaping is a technique that grades the difficulty level of a task just above a patient’s capacity level (20, 21, 29).


	1) Working with PNF it is important to grade the difficulty of the task / the complexity of the motor pattern constantly to patients actual activity level.

2) This goes nicely with our PNF philosophy of activating and mobilizing reserves. 

3) When working with PNF it is important to grade the difficulty of the task / the complexity of the motor pattern constantly to patients’ actual activity level. 

4) You want to mobilize the reserves and work just very slightly above a patient’s capacity level.


	„What is the best technique to perform shaping?“

· Replication 

	8.Active Participation

Transfer from perception to action (PAT) is well documented, for instance in the form of observational learning.

Action-perception transfer (APT) is compatible with several learning theories and has been predicted within the framework of common coding of perceptual and motor events.

Experiments by the authors provide evidence that transfer between perception and action is bi-directional.

Transfer from perception to action and, more importantly, from action to perception was found (8).


	1) PNF provides both, perception for action (PAT) through the application of the Basic principles (sensory input) and action for perception (APT) by facilitating motor activity in varying positions with different gravity effects and goal oriented ADL context. 

2) PNF is an active treatment concept:  “….. active participation is a necessity for the development of best strength, coordination and endurance“ (10).

3) PNF technique replication: The action to hold a certain position is use to improve body awareness – this is an example for APT.


	1) Describe the bi-directional way of motor improvement- PAT and APT:
· PAT means from perception to action: If you show the patient the intended movement before he or she exercises (observational learning) you use the way from perception to action.
· APT means an action perception transfer which implies performing an activity. 
· For example climbing stairs influences preception.
PNF provides both, perception for action (PAT) through the application of the basic principles (sensory input) and action for perception (APT) by facilitating motor activity in varying positions with different gravity effects and goal oriented ADL context.

	9.Practice conditions (17, 24, 11)

-> Massed versus distributed practice

-> Constant versus variable practice

-> Random versus blocked practice

-> Whole versus part practice

-> Mental practice:  combined with physical practice shows superior results compared to either of these interventions seperately.

-> Guidance versus discovery learning

In general all the mentioned practice conditions come to one result: Guidance, blocked-order, constant excercise, part-task training and massed training are effective in a short-term time mask, but have less retention effect compared to distributed, variable, random, whole-task, discovery practice conditions.

Transfer/retention is best when the training situation is as close to the real daily life situation as possible.


	1) Following the principles of ML as part of  the philosophy, PNF treatment approaches do cover the required practice conditions according to the patients needs. From facilitation to participation.

2)   With low level patients (with cognitive, strength and/or coordination problems) all guidance, blocked- order or part task etc. practice is suitable to begin with in order to facilitate motor control . 

3) Whereas advanced patients may be trained in distributed, random, discovery etc. practice conditions.


	1) Which consequences for treatment planing can be derived from the knowledge about practise conditions?
· Depending on the capacity of the patient, guidance, blocked- order or part task etc. practice is suitable to begin with. This is useful for low level patients with may-be cognitive, strength or coordination problems, to facilitate motor control at all. Whereas advanced patients may be trained in distributed, random, discovery etc. practice conditions. 
· Transfer/retention is best when the training situation is as close to the real daily life situation as possible

	10.Repetition and Variability in Practice

->Volitional motor sequences will ultimately have to be practiced thousands of times in order to store a new motor program that is relatively fast, automatic, co-ordinated, effortless, functional and generalizable

->Cognitive operations such as problem solving activities subserve the learning of motor skills


	1) Homework such as self controlled repetitions of PNF enhanced activities are most important to reach the amount of repetitions needed to really learn a new skill.

2) Problem solving activities take place during variable task-practice: important is to „shape“ the difficulty of the request adequately.

3) Example for repetition without repetition: Stanceleg activity in halfkneeling, halfstanding, gait, at stairs. Same muscle chain is active with different influence of gravity, thus high impact on coordination.


	1) Give an example how you can provide repetition without repetition:

· If you aim for swing leg activity you could practise in supine or sidelying, do rolling from supine to the side, even do mass flexion activity, work in quadruped and end with high stepping or facilitating the swing leg at the stairs. 



	11.Task oriented practice/approach (18, 13, 14)

A task oriented approach to intervention focuses on: 
-> Resolving or prevention of  impairments
-> Developing effectiv task/activity-specific strategies
-> Adapting goaloriented tasks to changing environmental conditions, thus maximizing participation and minimizing disablement


	1) The patient defines his/her wish in solving an impaired ADL task. This is the ultimative guideline for a PNF intervention. The goal of therapy should be recognizable/understandable for the patient. PNF therapy takes place in a most possible real ADL context. Using the ICF based IPNFA evaluation form, first interest is given to the patients wish, which ranges mostly on activity level, seldom on participation level, almost never at bodystructure-function level. PNF provides therapeutic tools to intervene at all levels of the ICF.

2) Example: Hold Relax to mobilize hip extension, one leg standing to facilitate hipextensors, highstep to improve exaggerted hip motion and endurance, in specific context like hurdling


	1) How can you make sure to work “task oriented” with the patient?
This approach is based on the hypothesis that movement is organized around a behavioral goal and is constraint by the environment. Therefore you should work on activity level practising an action (ADL, transfer, lokomotion)  which is meaningful to the patient. 

2) Which levels of the ICF (bs/bf; a or p) can be influenced by PNF?
Explain using an example: 
PNF provides therapeutic tools to intervene at all levels oft he ICF. 
Assuming a patient which difficulties in climbing stairs: On body structure/function level you could use leg patterns and techniques in different positions to improve range of motion and strength of hip, knee or foot.
Practising at the stairs going up meets activity level. Applying facilitation for example at the swing leg combines bodyfunction and activity level at the same time. There is no fixed line between activity and participation – practising climbing stairs in different situations and combined with dual or multiple task prepares the transition to participation level.

	12.Three stages of motor learning

Fitts and Posner (6) describe three stages of motor learning:

-> Cognitive stage
-> Associative stage
-> Autonomous or Automatic stage

Detailed explanations

· Cognitive stage: Learner copes with understanding the nature of the task and gathering information about the task. He or she is developing strategies useful to carry out the task. This demands a high degree of cognitive activity such as attention and concentration. 
Support by therapist.
· Associative stage: Learner has selected the best strategy and begins to refine the skill. Transition to other similar tasks makes sense.
· Autonomous stage: Skill becomes more automatic, a low degree of attention is required for performance. The learner can begin to spread attention to other aspects of skill in general for example scanning the environment for obstacles. Double task makes sense.

	The earlier the stage of motor learning, the more attention and PNF facilitation is need. In later stages you should train task oriented with therapists hands off.


	1) Describe the stages of ML by Fitts & Posner!

· Cognitive stage: Learner copes with understanding the nature of the task and he or she is completely concentrating on the task. Dual or multitask is not possible.

· Associative stage: Learner has found the best way to handle the task. Variation of the task and transfer to similar tasks makes sense.

· Autonomous stage: Managing the task becomes more and more automatic. The learner can begin to spread attention to other aspects of skill in general for example scanning the environment for obstacles. Double task makes sense.

2) Regarding “hands-on” vs. “hands-off” approaches, how do you apply the different stages in treatment? 
The earlier the stage of motor learning, the more attention and PNF facilitation is need. In later stages you should train task oriented with therapists hands off.
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