Aspects of Motor Learning and their PNF relations 

	Motor Learning Aspect


	PNF relation

	1. „Emotion / Motivation“

Increasing motivation is probably one of the most important things for enhancing motor learning (28).
….motor learning cannot be understood without considering the motivational (e.g., social-cognitive and affective) and attentional influences on behavior. (27)
Therapists might facilitate Patients Motivation through:
-> Meaningful Goal-Setting
-> Observational Practice

-> External Focus of attention
-> Only positive feedback after successful motor attempts

(reinforce successful motor attempts with positive feedback)   
> Self controlled practice


	

	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.
 
	

	3. „Action Observation“

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


	

	4. „Feedback“ (24)
It is suggested not to give feedback at any trial, rather 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.

 
	

	5. „Intrinsic vs. Extrinsic focus of attention“


Leading the patients focus away from one’s body parts or self (= internal) to  the intended movement effect to the environment (=external) enhances performance and Motor Learning.(26, 28)

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.

	

	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").


	

	7. „Shaping“

Shaping is a technique that grades the difficulty level of a task just above a patient’s activity level (20, 21, 28).

	

	
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).


	

	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.


	

	
10. „Repetition and Variability in Practice“ (1,2)

->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


	

	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 


	

	12. Three stages of Motor Learning by Fitts and Posner (6) 
Cognitive stage:


Associative stage:


Autonomous stage:
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