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There have been big changes in motor skill theory over the last 15 years, moving from 

one of instruction and feedback to one of focussing on movement (1). It may be taking 

some time to filter that information down through coach education or physiotherapy 

courses.  Older theories and practices often use very direct internal focused cues that may 

show an immediate improvement in practice, but have limited transfer to the sporting 

environment. In fact a recent survey of USA track and field athletes at a National 

competition, 84.6% of them said their coaches gave limb or body instructions (internal 

feedback) (11). This has a big potential impact when dealing with athletes, from young 

children to adults, and from rehabilitation settings to performance environments (2).  

Parents of athletes often feel under pressure to do the best they can for their child, and 

that often means taking them to organised sports practices. It has now become 

commonplace for 2-3 year olds to take part in “Soccer tots” or “Kung fu kids” and similar 

events. The kids go there for “discipline” or “to learn how to listen”. Is this necessary or 

beneficial for the child? What about playing outside in the park with their Mums and 

Dads and siblings? 

In the race to “keep up with the Jones’s” parents may actually be hampering their child’s 

sporting development. Whilst the parent may see a short term improvement in the child’s 

skill within that practice session, there is less likelihood of transfer to long term skill 

where it counts: in the competition itself. The kids are just getting better at the practice, 

rather than the game! 

This article shall look at the counterintuitive argument about play and mistakes being 

made in practice that lead to long term skill development and how we can apply that to 

adult settings.  It shall also look at the difference between coaching and instruction, and 

how motor skills are retained through changing the task and the environment.  

What is motor skill? 

A rugby coach once told me that “skill was technique under pressure”. An example might 

be catching a rugby ball and passing it back whilst standing still. The skill might be doing 

the same thing whilst running towards the opposing try line with a defender coming 

towards you. How many times have you seen the ball dropped or taken into contact in 

that situation? 

The difference between a skilled performer and an unskilled one is the ability to 

reproduce the action in different situations and circumstances (3). The good rugby player 

is able to pass and catch under pressure, despite being on different parts of the field, in 

wet conditions, or having multiple defenders approach. Part of this is recognising the 

situation and part of it is movement control and execution (4).  



In the 1970s most motor skill learning was divided into 2 camps: the Closed-Loop 

Theory and Schema Theory (see box out 1). They heavily influenced coach education 

programmes in the 1980s and 1990s. This led to a lot of technical manuals being 

“instruction led” such as “place your left knee over your left toe” or “keep your elbow 

touching the side of your body before you punch”. 

In this century, greater understanding of motor learning has led us to realise that a use of 

external focus of attention rather than an internal one is most effective (5). This has been 

shown in both complex tasks such as basketball free throws (concentrating on the hoop, 

rather than the wrist) and simple tasks such as a biceps curl (focussing on the bar rather 

than the muscle) (21,22). 

The underlying principle of the Dynamics Systems approach (see box out) is that an 

internal focus interferes with natural control processes. The body’s natural ability to 

organise is best facilitated by external focus.  

The more external the focus of attention, the better the movement execution and learning 

is. In fact giving instructions that focus attention on the movement leads to poorer 

performances and learning results than no instructions at all! (13). So, coaches can really 

hamper learning if they over coach or give too many instructions with incorrect cues. The 

effect of coaches’ instructions and feedback depends on how they influence the athlete’s 

focus of attention. 

Using golf as an example, the subtle difference in cue between internal and external can 

make a difference of 30 yards in a driving practice (24). The X-factor stretch is an 

important concept in trying to drive a golf ball further: the distance between hips and 

shoulders on the backswing helps create greater speed of the club head on the down 

swing (23). A study last year with novice golfers used 3 different sets of coaching cues 

and measured the X-factor stretch, ball distance and angular velocity of pelvis, shoulder 

and wrist. The cues were: 

1. “Shift weight to left foot on downswing” (Internal focus). 

2. “Push down on left side of the ground” (External focus). 

3. No cue (control group). 

The golfers were measured before the instructions were given, and then 3 days later to 

assess the retention of the practice. The external focus had a great X-factor stretch, 

greater angular velocities and most importantly hit the ball 30 yards further than the 

internal focus or control groups.  

As a coach, I am more interested in the athlete’s (golfer in this case) ability to retain 

information and apply the skill outside of the immediate practice, than how good they 

look in my practice. 

Box Out 1 A review of motor learning theory. 



Adams closed loop theory: 

Suggests that learning is formed in long term and short term. The short term memory uses 

a system of continual assessment and can be improved through feedback: knowledge of 

results (KR). The more feedback that is given in the form of results, the stronger the 

learning becomes (6). 

Limitations of this theory include the fact that it doesn’t account for fast moving skills as 

well (no time to know results) and that there was no account for why improvements were 

made in new tasks despite errors being made in practice. 

Schmidt’s schema theory: 

Based on the idea of Generalised Motor Programmes (GMP) that share various co-

ordination and timing of limb movements such as walking, jogging and running. Whilst 

each of the 3 patterns can vary in speed and stride, a new pattern (schema) is required to 

move from one to the other. Athletes learn new skills by recalling a schema similar to the 

task. 

It proposed the idea of errors in practice and the use of randomised practice being 

necessary to facilitate skill development (7).  

One main limitation of this theory is that it fails to account for completely new tasks 

being undertaken with no link to an existing schema. It also requires athletes to be told 

about the need to make errors in practice, as in many team situations they will “play safe” 

in order to get selected.  

Dynamic systems approach: 

Here the interaction between human being and environment is emphasised, with less 

focus on the internal neurophysiological processes. The body adapts in different ways to 

changes in the environment and tasks and skilled behaviour is achieved (8,9). An 

example would be changing the running surface from grass to tarmac to sand whilst 

trying to maintain the same speed. The foot/ankle complex will have to adapt to the 

simple change quite significantly moving from a reactive spring type run to a more 

muscular action by generating more force on the softer surfaces than the tarmac. 

Whilst a simple change can be made externally, a very complex or radical change in 

behaviours can result: this is known as self-organisation (10). Rather than think of one 

part of the body being in charge of learning, dynamic systems approach looks at the sum 

of all the parts acting together. 

A key tenet of this theory is the presence of attractor states: these are stable points of 

reference in the movement system. This leads to consistent movement patterns. Variation 

occurs between different attractor regions and allows flexibility of response. When a new 

restraint occurs (slippery ball, different playing surface) a combination of stable 



technique and flexible response occurs. Over time the attractor state changes and adapts 

more readily to the new constraint. A kick is still a kick (attractor state), but the skill of 

the supporting leg in maintaining balance is changed. 

End Box Out. 

The rehabilitation setting 

I have been working closely with physiotherapists in rehabilitation settings and it is 

interesting to see the verbal cues they use with athletes compared to mine. I try and set a 

task for the athlete to solve, such as “get your shorts to touch the chair” when coaching 

the squat. Almost every time, the physio will interject with an internal cue such as 

“squeeze glutes” or “lift your head up”.  In a survey of stroke rehabilitation practices 95% 

of physios used feedback that related to the patient’s body movements: internal cues (12). 

So why is this common practice? Part of it may be the way anatomy and physiology is 

taught in a reductionist fashion: unfortunately the body works as a whole! It could be that 

an initial direct instruction gets an immediate result and a sense of satisfaction for 

clinician and patient alike. It could be that in initial stages of treatment, tasks are unable 

to be completed due to pain and the physio uses internal cues and then sticks with that 

throughout the rehabilitation.   

However, if you focus on the muscles then that becomes the goal of the session, rather 

than the movement itself. Initial stages of treatment which are therapist led and are 

passive in nature may cause problems later on as the patient zones out and lets the 

therapist do all the work. They are receiving treatment, rather than actively rehabilitating.  

We are interested in the transfer outside of the clinic room. No one steps onto the football 

pitch hoping to “engage their transversus abdominus” “retract their scapulae” and 

contract their “vastus medialis”; they just want to kick the football! Saying that working 

on a muscle in one situation transfers outside to another is simply incorrect. Core stability 

training being a prime example where balance exercises on unstable objects have had 

zero transfer to actual sporting movements (14,15,16).  

According to Eyal Lederman a Senior Lecturer in Manual and Physical Therapies at 

UCL, “The task determines the muscle’s activation pattern, and not the other way 

round.” (17). It is important to know that muscles work in very complex synergies and 

these synergies change for every different task. So, like coaches, physiotherapists should 

be looking to set tasks for the patient to solve.  

One of the most important parts of rehabilitation is to help the athlete regain confidence. 

Immediately after an injury the athletes suffers from a loss of power: this can be due to 

fear of re-injury and from protection mechanisms designed to safeguard the individual 

from further harm (18,19). The body slows movements down, restricts the range of 

movement and produces less force. This is done within the joints and also from the 

Central Nervous System (CNS). 



We therefore have to gradually increase range and speed of movement and produce more 

force. Active rehabilitation affects the CNS and the muscular system and motor control. 

Even with a shorter range of movement, motor pattern is being remembered and 

developed: the athlete will have forgotten how to move, so we need to get them to 

remember as soon as possible (20). 

Sessions should be designed so that the athlete has to solve problems themselves; with 

minimum guidance from the coach/ therapist.  Any guidance that may be necessary at the 

beginning should be withdrawn as soon as possible. 

An example when rehabilitating a knee would be: 

Scenario A (internal focus): get the athlete to do 5 single leg squats “keep hips stable and 

your knee over your big toe as you squat down, keep your chest up and look forward”.  

Scenario B (external focus): get the athlete to stand on one leg and then “push the tennis 

ball as far forward as you can with your other shoe, then as far back as you can and as far 

to the side as you can.” 

Both scenarios are trying to achieve the same thing: a stable and strong knee with good 

range of motion. Scenario B uses an external focus allowing the athlete’s body to solve 

the problem itself, rather than in Scenario A the physio telling the athlete what to do. In 

order to push that tennis ball further with the good leg, the other leg has to bend, balance 

and control. 

Contextual Interference and Play 

One of the ways that retention of the skill can be improved beyond the practice session is 

the introduction of contextual interference. This is where the creativity of the coach 

comes into play. Rather than have an isolated block of practice focussing on one task 

“until we get it right” the coach sets up small practice variations that challenge the 

learner.  

This is usually done in 2 ways: 

1. Variation within a movement task: practicing a basketball free throw from 

different positions around the D. This has quite a significant practice effect, but 

lower retention and transfer to other tasks. 

2. Variation between movement tasks: Practicing a basketball free throw, then doing 

some lay ups or passing, before returning to the free throw again. This has a 

smaller practice effect but better learning effect in terms of retention and transfer. 

These are two simple examples, as the athlete progresses from novice to beginner more 

constraints can be placed on the task. Continuing the basketball analogy, the free throws 

could be practiced when fresh for beginners and after a tough scrimmaging session for 



experienced players. Or, the throws could be practiced after a repeat shuttle run, and at 

random points during the practice session with no notice: much like the game itself!  

This has to be done as part of an overall plan; systematically increasing the degree of 

contextual interference is beneficial for learning sport skills (25). If contextual 

interference is done too much, too soon with beginner athletes they will get frustrated at 

the lack of progress and could quit.  A low contextual interference promotes performance 

during training, but a high contextual interference promotes both retention and learning. 

So far, the emphasis has been on coaching and learning, but another proven way of 

learning is through play. 50 years ago children were playing outside, inventing their own 

games, because they had to. Now, organised activities are the norm in sports, with ever 

younger age groups being put in “academies”. But, this may be a step backwards. 

Children who participate in a single organised sport without opportunity to play are more 

likely to suffer from injuries, burnout and potential to dropout altogether (26).  

Retrospective analysis of elite performers has shown that deliberate play is an important 

component of their development (27). The simple tasks that kids set up and organise, 

such as trying to “kick the can over the gate” is a classic example of implicit learning 

using an external feedback cue.  No one is telling the children which part of the foot to 

use, or the angle of the knee which is optimal, or which muscles to use. Instead, the child 

is only thinking about moving that can (and maybe trying to beat their friends). This type 

of task has been shown to have a long term resistance to pressure in competitive 

situations (28). 

As adults we can probably learn from this. In one study of elite Australian football 

players, it was found that time spent in both organised practice and deliberate play was 

significantly greater for the exceptional decision makers than for the poor decision 

makers (29). This greater time was an accumulation of all invasion type games, rather 

than just football. 

 If we play a variety of sports, in informal and formal settings, we shall be improving our 

motor skills and decision making. As coaches, we need to move from “instructions” to 

suggestions and scenario setting. Whilst it may look like we are “doing something” by 

giving lots of internally focussed technical cues, it may actually be interfering with the 

athlete’s learning. The challenge is to reinvent those long practiced cues and turn them 

into explicit learning cues. 

Take home messages 

• Whilst you may seem immediate improvement in a technique in practice through 

instruction and feedback, there is little transfer outside of that environment. 

• Using external focus cues and changing the task and the environment may mean a 

less “perfect practice” in the short term, but there is a greater long term 

improvement in sporting ability. 



• Whilst it is hard to quantify results of “play” it is important to realise that games 

skills and decision making are likely to be enhanced by deliberate play: include 

some of this in your own schedule. 

• Variety of training is important for motor learning and also injury prevention. 

• When rehabilitating from injury, think movements and tasks, rather than a 

specific muscle action. 

 

 Jargon buster 

• Motor skill: a learned sequence of movements, that is smooth and efficient. 

• Practice: organised activity with the principle focus on skill development and 

performance enhancement. 

• Deliberate Play: activities for enjoyment, often adapted from existing games. i.e. 

stick cricket, or 5 vs 5 soccer with a frisbee.  

• Contextual Interference: practicing different tasks within a session and with 

different constraints, compared to doing one single task repeatedly. 
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