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There has been a tremendous increase in jor constraints (aside from environmental 
our knowledge of human motor perfor- limitations). These are the difficulty of the 
mance over the last few decades. Our theo- task, and the skill level of the learner. A 
retical understanding of how an individual knowledge of how these two factors inter-
learns to move is sophisticated and com- act is essential if effective and efficient learn-
plex. It is difficult however to relate much ing is to occur. Both of these factors can be 
of this information in practical terms to conceptualized through the use of tools such 
physical educators, coaches, and therapists as continuums. A number of continuums 
concerned with the learning of motor skills w iH be presented here which can assist in the 
(Shumway-Cook & Woolcott, (1995). Much understanding of both task difficulty and 
of our knowledge stems from lab testing s ^\ \ i e v e l . More importantly, these continu-
which often appears to bear little relation to u m s c a n be combined to create the frame-
real-life situations. This lack of ecological w o r k o f a m o d e l f o r decision making. This 
validity has slowed the flow of information p a p e r w i U describe the development and use 
from the theorists and researchers to the o f a n interactive model of task analysis and 
practitioners. This paper is concerned with s^jj level. 
taking some small aspects of motor learn- T h e I n t r a c t i v e M o d e l for Teaching Mo-
mg theory, unifying them, and presenting t o r s k i U s ( I M T M S ) presented in Figure 1 
them in a usable fashion. The intention is c a n b e u s e d m m o t o r g k m t e a c h i s k u a _ 
not to present a recipe for teaching motor ,. . · · i · rr· · T u , . „ r r i r tions to maximize learning efficiency. The skills, but to present a framework from n f r r ¾ J C · · „ . , . · - r ^ , ^ : 

i . . ¿ , . r i _ r j x r . IMTMS is situation specific. That is, any 
which solutions can be found. If motor per- . , . , r . / 
r r i , u . *u· task can be analyzed according to its envi-
tormance research has taught us anything, . . 7 . _ 0 . „ 
it is that every individual and situation pre- ™nmental and perceptual demands. The 
sents unique challenges. By increasing our e x a m P l e i n F l S u r e 1 s h o w s f o u r s t e P s i n t h e 

ability to conceptualize the learning situa- t a s k analysis. An individual's performance 
tion we should be able to develop more flex- o n t h e s e n e s o f t a s k s l n t h e a n a l y s i s c a n s i m “ 
ible and adaptive responses to the challenge Pty b e plotted and the optimal level to be-
of teaching motor skills. The model pre- g i n instruction can then be determined, 
sented here allows a teacher, coach, or thera- Moderately high performance (50-75% suc-
pist to use readily available observations and cess rate) should allow both a reasonable 
known characteristics about a motor task rate of success and sufficient challenge for 
and to conceptualize them in a manner optimallearningtooccur(seeoptimallearn-
which allows them to make appropriate ing zone in Fig 1). The attention demands 
teaching/learning decisions. on the learner at this level will allow the in-

When developing a motor skill learning dividual to understand and incorporate in-
situation the educator is faced with two ma- structions into their performance, without 

creating an overload on attention capacity. 
John Hay and Jean Côté faculty members in the De- The following sections will describe the 
partment of Physical Education at Brock University. model in greater detail. 



Task Performance 
Excellent Poor 

Very open 

Somewhat 
T a s k open 
Demands Optimal 
(environmental) 

Somewhat 
closed 

Learning 

Very 
closed 

Low High 

High temporal and 
spatial uncertainty 

Task 
Demands 
(potential 
information) 

Low temporal and 
spatial uncertainty 

Perceptual Demands 
(% channel capacity used) 

Figure 1. The interactive model of task demands 
and skill level. 

Demands of the Task 
The initial step in designing a sound learn­

ing situation is to gain an understanding of 
the demands of the task to be taught. This re­
quires some consistent method of task analy­
sis to determine: 1) the nature of the task, and 
2) the perceptual demands of the task. 

The Nature of the Task 
Poulton (1957) proposed a means of task 

analysis which classified skills on a con­
tinuum in terms of their environmental de­
mands (Fig. 2). For example, some skills are 
performed in fixed or unchanging environ­
ments and Poulton termed these “closed” 
skills. A face-off in hockey, a foul shot in 
basketball, and tying one's shoelace typify 
closed skills. At the other end of the con­
tinuum are “open” skills. These occur in 
constantly changing environments. A quar­
terback rolling out to pass or a tennis player 
attempting to return an offensive lob are 
both performing open skills. Between these 
two extremes any task can be described as 
to its relative ‘openness’ or 'closedness'. A 
baseball batter for example, stands in essen­
tially the same position every time. How­
ever the ball's speed and location, as well as 
the strategies of the moment, will all differ 
from time to time and will alter the actual 
swing itself. The batter then is in a fairly 
closed situation although responding to a 
changing environment. 

Closed Open 
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• in bound pass — 
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-fast break pass 
(movement of self 

and others) 

Figure 2. Task demands: Environmental. 

This last example demonstrates the im­
portance of understanding the task's de­
mands on the learner. Open tasks obviously 
place greater attention demands on the 
learner than do closed tasks. Open skills 
have an enormous amount of environmen­
tal uncertainty or potential information 
needing to be processed by the individual. 
They are performed in a constantly chang­
ing environment, and the performer must 
modify the movements involved in the skill 
in order to meet the demands of the situa­
tion. It is doubtful, for example, that a wide 
receiver in football ever catches two passes 
in exactly the same manner, even though 
the same skill (catching) is always involved. 
The speed and location of the ball, the 
movements of oneself, opponents, and 
teammates all must be analyzed, processed, 
and responded to by the performer. This 
openness then makes the task more diffi­
cult, and the demands on the performer or 
learner much greater. A key point here is 
that the openness or closeness of the task, 
and therefore the learning situation, is 
within the control of the teacher. Almost 
any task can be made more closed and thus 
place fewer demands on the learner. Drib­
bling a soccer ball alone is more closed than 
dribbling in a one-on-one situation which is 
more closed than dribbling in a three-on-
three and so on. 

Perceptual Demands of the Task 
We can place any motor task on a con­

tinuum of low to high perceptual or atten­
tion demands. Higgins (1977) has suggested 
that tasks be analyzed in terms of their envi-



ronmental uncertainty or potential informa­
tion. He suggests that any movement has el­
ements of both spatial (location in space) and 
temporal (movement speeds) uncertainty 
(Fig. 3). Greater temporal and spatial uncer­
tainty leads to greater demands on attention 
placed upon the learner or performer. 
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Figure 3. Task demands: Perceptual. 

We can analyze the amounts of spatial and 
temporal uncertainty contained in the task 
and simply rate them as relatively high or 
low. Two key points should become appar­
ent about the importance of understanding 
the perceptual demands of the task. First, as 
in the closed to open continuum, the per­
ceptual demands of the task can be manipu­
lated and modified by the instructor. Sec­
ondly, the perceptual demands of the task 
must be viewed within the context of the 
learner's skill level. Combining these two el­
ements allows the creation of learning pro­
gressions based on both the demands of the 
task and the skill levels of the learner. The 
learning progression must reflect the capac­
ity of the learner to cope with increasing 
amounts of environmental uncertainty. 

For instance, if teaching a very low skilled 
child how to catch, the following progression 
might be developed. Using a large ball the 
teacher might slowly roll the ball to the child 
with the child sitting with their legs apart. 
Note that both spatial and temporal uncer­
tainty are reduced to a minimum here. The 
ball is large and moving slowly, the ball is con­
fined to the plane of the ground alone, the 
child is not moving, and the legs should guide 
the ball into the child's hands. As the child 
progresses the ball could then be rolled faster 

and its size decreased. Later the child could 
attempt to catch a bouncing ball while kneel­
ing perhaps, and later yet attempt to catch a 
ball swung from a pendulum while standing. 
The progress of the child would determine 
how much time was spent at each element of 
the progression and the degree of increase in 
environmental uncertainty at each step. The 
same principles hold when developing a learn­
ing progression for a high school physical edu­
cation student or a highly skilled athlete. The 
key is realizing that any task can be analyzed 
in terms of its perceptual demands and that 
those demands will differ depending on the 
skill level of the learner. 

Skill Level of the Learner 
Before learning efficiency can be maxi­

mized, a second major constraint remains to 
be analyzed; the skill level of the learner. 
Skill level and task difficulty always interact 
to affect learning and task performance. 
This is apparent in the preceding discus­
sion of perceptual demands. In this model, 
skill level is described in two ways. First is 
the very concrete measure of performance 
- is the performer successful or unsuccess­
ful. It is the actual success or failure at a task 
which will determine the route that teach­
ing decisions will take. What constitutes suc­
cess is situation specific. The outcome at 
hand could range from executing some as­
pect of a skill correctly, such as the fol-
lowthrough in a tennis serve to serving an 
ace in a game situation. Whatever the out­
come and criteria for success, the results 
provide a source of information and knowl­
edge for both the learner and the educator 
(Peddie, 1995) 

Second is the construct of attentional de­
mands and attentional capacity. Attentional 
demands, simply put, is the notion that we 
have a structurally limited capacity to pro­
cess information (Kahneman, 1973). In 
other words we can only handle so much 
sensory data (input), make so many deci­
sions about that input (perception), and gen-



erate so many responses (output) at any 
given time. Abernethy (1993) refers to at­
tention as one of the most important as­
pects of learning motor skills. 

“It is difficult to imagine that there can be 
anything more important to the learning 
and performance of sport skills than pay­
ing attention to the task at hand. Whether 
learning or performing a motor task the 
demands on attention require assessment. 
The anecdotal reports of athletes who 
have performed poorly because they were 
not quite prepared (e.g. a 100-meter 
sprinter who “missed” the gun), because 
they lost concentration (e.g. the young 
outfielder who is oblivious to a fly ball as 
they think about their last at bat), because 
they were distracted (e.g. the basketball 
player who was disturbed at the free throw 
line by crowd noise), or because they be­
came confused (e.g. the defensive player 
in football who was disoriented by the 
sheer complexity of the opposition's of­
fensive pattern) all bear testimony to the 
importance of the optimal, selective, and 
sustained allocation of attention” (p. 127). 
When the demands of learning are added 

to those of performing, the overall demands 
can become huge. Fig. 4 describes the 
amount of attention that an individual re­
quires to perform a task at different levels 
of skill. Note that in the initial stages of 
learning (unskilled) that 100% of the indi­
vidual's attention is committed to simply 
performing the skill. By the time the indi­
vidual has learned the skill well (highly 
skilled) very little attention is required to ac­
tually perform the skill. At this point sub­
stantial attention capacity remains available 
to consider aspects of performance more 
typical of open situations - strategies, tac­
tics, etc. At each level of skill the external 
demands on attention such as verbal feed­
back, the actions of other classmates, or spec­
tators all add to the total demands on atten­
tion. 
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Figure 4. Skill level and attentional demands. 

Attention helps us understand the con­
straints that the perceptual demands of the 
task place upon the performer or learner. 
In the model presented in this paper, per­
ceptual demands and attention capacity are 
interchangeable. Together they provide a 
good framework for understanding the skill 
level of the learner. If the performer has too 
much information to handle, their atten­
tion capacity will be overloaded and they 
will have difficulty in selecting and carrying 
out an appropriate response. The result will 
be poor performance and poor learning. If, 
on the other hand, the task requires rela­
tively little information, the performer will 
have capacity remaining to select an appro­
priate response or tactic. Better perfor­
mance would be expected as a result. When 
the learner is not overloaded with informa­
tion, they remain in control and should be 
able to select and evaluate responses appro­
priate to the demands of the task (Fig. 4). 
One can hypothesize an inverse relation­
ship between the percentage of attention ca­
pacity required of a performer to execute a 
motor skill and the success or failure of the 
resulting performance. Therefore, the lower 
the proportion of attention capacity that a 
task demands of the individual, the greater 
are the possibilities for success (Whiting, 
1974) both in performance and in learning. 



This is not to say that high attention de­
mands negate the possibility of success. 
Highly skilled athletes are capable of suc­
cess in demanding situations. They achieve 
this success by limiting their attention to 
those environmental cues which are relevant 
(Allard & Starkes, 1991). However, when 
learning a skill, high attention demands rela­
tive to capacity will almost certainly inter­
fere with learning. Simple teaching strate­
gies such as limiting feedback to only a single 
fundamental error needing correction can 
lower demands on attention (Schmidt, 
1995). 

In the IMTMS the inverse relationship 
between attention capacity and performance 
allows the instructor to make suitable modi­
fications to task difficulty based on the in­
dividual's performance. Performance is 
simple to grade in degrees of success or fail­
ure, keeping in mind that the criteria for 
success need to be established relative to the 
skill level of the performer. If the learner 
appears consistently unable to achieve suc­
cess, and is unable to incorporate instruc­
tions into their performance, then the in­
structor should conceptualize the difficulty 
in terms of overloaded attention capacity. 
The instructor can then analyze the task and 
determine a level of task difficulty which will 
not over-tax the attention capacity of the 
learner. The instructor is, then, creating an 
appropriate step in a learning progression, 
based on task analysis and an understand­
ing of the demands being placed on the 
learner's attention capacity. This decision 
making pathway, within the framework of 
this model, allows an instructor to develop 
suitable learning progressions for any indi­
vidual. 

Although the actual attention capacity of 
an individual may not be changeable, a 
teacher or instructor can assist a learner by 
developing tasks that are within the indi­
vidual's capabilities and by limiting extrane­
ous demands on attention. The demands on 
attention can be controlled somewhat by the 

educator. For example, highlighting rel­
evant cues and limiting external distractions, 
both lessen attentional demands. In order to 
do this, however, the instructor must be able 
to analyze a task in light of the demands that 
the task itself places on attention capacity. 
Open or perceptually loaded skills require 
more attention as the learner is faced with 
the need to make numerous decisions. 
Closed tasks, by definition, possess little de­
cision making beyond the selection of the 
response and, therefore, demand relatively 
little attention beyond that required to per­
form the task itself. It should be noted how­
ever, that even closed tasks can involve a 
great amount of attention if the task in­
volves numerous or a complex series of 
movements. For example, a forward twist­
ing one-and-a-half salto vault requires sub­
stantial attention if being learned as a whole 
even though it is a closed skill. Serial skills 
of this nature however are not often at­
tempted until a fairly high level of skill has 
been attained. Even then, in order to limit 
the demands on attention this type of skill 
might best be learned in a series of parts 
(McKinney, 1985). 

Designing An Effective Learning 
Progression 

Figure 5 provides an example of how the 
model can be employed in a very practical 
way, both to develop a learning progression 
and to accurately place a learner within that 
progression. The skill being taught is bas­
ketball dribbling, and four stations have 
been developed where pairs of students can 
test their capabilities. The stations move 
from a very closed situation (dribbling alone 
with one hand while standing for 30 sec­
onds without moving the feet or losing con­
trol of the ball) to a very open situation (drib­
bling against a partner the length of the 
court and back without losing control of the 
ball or stopping). Between these two ex­
tremes lie a somewhat closed and a some­
what open station. These stations have been 
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Figure 5. Two learners of different skills 
evaluated using the interactive model of tasks 
demands and skill level. 

developed through a very rudimentary task 
analysis. By simply plotting the student's 
performance against the task, the instruc­
tor can quickly estimate the perceptual de­
mands that the task is placing upon the per­
former. Performer 'A' is relatively high-
skilled compared to performer 'B'. In this 
situation, 'A' should begin practising drib­
bling tasks that are somewhat open, while 
'B' should be working on dribbling in a very 
closed manner, probably even more closed 
than the simplest situation in this progres­
sion. The instructor should be providing 
learning information that is appropriate for 
the individual's skill level, being mindful of 
the additional loads that instructions will 
place on the learner's attention capacity. 
Long lists of instruction alone challenge the 
capacity of young children (Pangrazi and 
Dauer, 1995). Lowering the perceptual de­
mands of the task to an appropriate level 
will enable the learner to make effective use 
of feedback regarding their performance. 

With this information the instructor 
should be able to estimate the level of skill 
where the individual requires instruction 
and practice - based on a knowledge of the 
demands of the task and the capabilities of 
the individual. The challenge for the teacher 
is to find that point where the task is suffi­
ciently demanding, while still providing 

plenty of opportunity for success. The op­
timal learning zone is described in the model 
as between 50-75% success. 

It should be apparent that any movement 
task, and any level of skill, from sports to ac­
tivities involved in everyday living, can be 
encompassed by this model. The IMTMS 
places no constraints on the method or style 
of teaching or instruction. It simply pro­
vides a consistent framework for selecting 
an appropriate level of task difficulty in re­
lation to an individual's capabilities. The 
model is limited in that it is designed for in­
dividualized instruction, and requires a 
thoughtful task analysis for each skill being 
learned. However, any task need only be 
analyzed once, and once analyzed could be 
used many times to vary difficulty for dif­
fering levels of skill. Once the basic de­
mands of the task are established the rela­
tive effect of those demands on learners of 
varying levels of skill can be considered. 

The IMTMS allows for the consistent and 
thoughtful development of motor skill 
learning situations. Its use should help maxi­
mize learning efficiency and improve teach­
ing skill. It is not a recipe for success how­
ever, as the capabilities of the instructor in 
analyzing tasks, developing suitable progres­
sions, and recognizing and responding to 
the needs of the learner remain as critical 
requisites. This model can assist the teacher 
by providing a framework in which both the 
learner and the learning situation can be 
conceptualized and dealt with in a logical 
and consistent manner. 
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