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Variable practice: a strategy 
for the optimization of skill 
learning in youth athletics 

by William Berg 

The aulhor claims that tbe field of 
motor learning has not yet been adequately 
translated inlo the practical arena, despite the 
ever-.strengthening link between coaching and 
its supporting .sciences. He summarizes 
briefly the iheories and research relevant to 
this field, and suggests some possible reasons 
for their lack of praciical application. He 
then discusses the effecis of variable practice, 
or the performance of variadons of a 
particular class of action, on bolh closed and 
open athletic skills. He concludes by 
suggesting ways in which task variation can 
be implemented into youth iraining 
programmes lo enhance long-term skill 
development. ) J 

Dr William Berg is an Assisiani Professor in 
tbe Department of Physical Education, Health 
and Spon Studies at Miami Uiuveisity, Ohio. 

1 Introducthm 

In recent years we have witnessed an 
ongoing development of the link between 
athletics coaching and its supporting sciences. 
Practitioners have often benefited from 
research in fields such as biomechanies and 
exercise physiology; this is due in part to the 
fact that a large amount of the research in 
these areas has focused on practical applica
tion. Moreover, there has been a concerted 
effon to convey to coaches research findings 
in these fields so that they can be put to use in 
practical settings. This ever-strengthening 
conneclion is no doubt responsible for many 
of the improvements which we have seen in 
athletic performance over the last two 
decades. 

However, one subdiscipline of sport sci
ence which has been conspicuously absent 
from the practical arena is that of motor 
learning. Motor learning is defined as the 
Sludy of how motor skills can be improved 
wilh practice or experience. Given this defini
tion, and the fact that it is the responsibility of 
the coach to improve athletic skills - which are 
predominantly motor skills - through iraining. 
one would think that motor learning is an 
integral part of coaching methods. Unfortun
ately, this is not thc case. 

The following article will address some 
possible reasons for the gap belween theory 
and practice in this area, and suggest various 
methods for the practical application of existing 
principles of motor learning lo athletics. 
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2 Motor skill learning - theory versus 
practice 

While it is true that the science of motor 
learning has a relatively brief history, it has 
been characterized by a considerable amount 
of research. In parlicular. two theories have 
generated a tremendous amount uf scieniific 
activity: the Closed-Loop theory (Adams, 
1971); and the Schema theory (Schmidt. 1975), 
Most of this research, however, has been of a 
iheoretical nature: that is. most of the experi
ments have been conducted solely for the 
purpose of testing the theory. 

Such sludies are generally contrived and 
laboratory based. TTieir objectives and the 
environments in which they are carried out 
have lillie relation lo the real world, and the 
extent to which resultant findings can be 
applied in a practical setting is unclear. 
Moreover, due to a lack of confidence in the 
'generalizability' of their work, many resear
chers are reluctant to recommend its applica
bility in a coaching situation. Meanwhile, 
coaches facing the challenge of improving 
athletes' skills do not have the time to wait for 
researchers to become interested in real-world 
problems (especially in those related to sport). 
or for findings from basic research to trickle 
down to the practical level. There musl be a 
concerted effori on the part of the scientific 
community to increase the amount of high-
qualitv applied research conducted in this 
field.' 

3 Enhancing the effectiveness of motor 
skill practice in youth athletics 

Discussions about periodization have been 
prevalent in the coaching literature of recenl 
years. Coaches who have embraced the princi
ples of periodization are likely to have 
increased the effeciiveness of their efforts at 
short- and long-term planning. 

However, the design of the training prog
ramme is of little use unless the programme is 
executed properly. For example, if a coach's 

4b goal in a training session is to train the ATP-

PC energy sysiem. he must be aware that very 
short runs of a high intensity will be more 
appropriate than continuous runs of long 
duration and low intensity. In the same vein, 
if the goal of the session is to encourage motor 
skill acquisition, the coach must design and 
conduct the training in such a way that this 
objective may be achieved. 

.?. I Variable practice - closed and open 
skills 

One factor known to affect the acquisition 
of a motor skill is the variability of practice. 
Variable practice is a schedule of training in 
which many variations of a parlicular type or 
class of action (for example, Ihrowing) are 
performed. The opposite of variable practice 
is constant practice, which involves only a 
single variation within a class of action. 

In many sports, variabiiily is inherent in 
the performance of a task, such as defending 
the goal in football or fielding ground balls in 
Softball. These lasks. referred lo as open 
skills, take place in relalively unpredictable 
environments and require different types of 
motor response. For example, the goalkeeper 
cannot effectively plan his movements. His 
actions must be based on immediate decisions 
made in reaciion to a given situation. His level 
of performance will depend to a great extent on 
his acquired adaptabihty: it is therefore obvious 
thai in his training he should be exposed to 
many different movemeni varialions. 

On the other hand, many track and field 
evenis involve stereotyped movements that 
take place in relatively predictable circumst
ances. These are closed skills. The discus 
thrower and the 100m hurdler can plan their 
responses in advance. They can be confident 
that the task constraints will not change dra
matically during their performance: neither 
the circle nor the sector will alter during the 
course of the discus throw, and the height and 
number of barriers will remain the same dur
ing the hurdles race. Common sense might 
therefore dictate that to achieve optimal 
learning these closed skills should be trained 
withoul variation in form, ensuring that the 
response is stereotyped to the greatest possi
ble extent. 



However, research into motor skill 
acquisition has demonstrated that closed as 
well as open skills can benefil from training 
sequences in which the learner performs his 
task under a variety of movement conditions 
(see Catalano and Kleiner. 1984; McCracken 
and Stelmach. 1977; Shapiro and Schmidt. 
1982; Wrisberg and Ragsdale, 1979; Wulf and 
Schmidt. 1988). 

During the research experiments, task 
conditions were deliberately varied and the 
resulting effect on bolh learning and perform
ance was observed. This distinction between 
learning and performance is an important 
one: learning may be defined as thc extent to 
which one's improvements in performance 
resulting from practice or experience are rela
lively permanent. If a change in performance 
is not lasting, the performer cannol be said to 
have learned. Research has shown that vari
able practice often produces poorer levels of 
performance than does constant practice; 
interestingly, though, variable practice has been 
demonstrated to produce greater learning. 

On the surface this may appear to be 
counter-intuitive, challenging the axiom of 
manv coaches that to optimize performance is 
to optimize learning. Unfortunately, the rela
tionship between the two variables is not 
straightforward. It appears that there are 
times when optimal motor skill learning 
results from using a practice sequence that 
produces less than optimal performance, it is 
obviously importanl that those charged with 
designing and implementing training prog
rammes grasp this concept. 

3.2 Children and motor learning skills 
Research into motor learning has also 

shown that the effect of variable practice is 
dependeni on the characteristics of the learner. 
The benefits of variable practice on children's 
motor skill learning seems to be especially 
strong (Shapiro and Schmidt. 1982), Using a 
simple task. Kerr and Booth (1977) conducted 
a study into variable practice performed by 
children of seven and nine years. 36 children 
were randomly assigned either to a "specific
ity" group or to a 'variable* group. Each group 
was eiven six blocks of four trials In the first 

four blocks of trials, the specificity group 
practised throwing miniature beanbags to a 
floor target three feel away, with their eyes 
closed. The variable group performed the 
same task, but they were given two blocks of 
trials using a target located two feel away, and 
two using a target located four feet away. For 
both groups, the final two blocks of trials used 
only the three-feet target. In addilion. the 
children were not allowed to view the results 
of their throws until after the end of the first 
block of four trials. 

The children's performances were then 
analysed in terms of throwing error on the 
final two blocks of trials (i.e. where both 
groups used the three-feet target). The results 
showed that the performance of group that 
experienced variability was characierized both 
by fewer errors and greater consistency than 
that of specificity group. This suggests that the 
variable group had developed a more precise 
representation of the task requirements, 
despile the fact that they had never specifi
cally practised the criterion task (three-feet 
target). In other words, practice that approxi
mated the criterion task proved more effective 
than that which aclually used it. 

Similarly, prominent theorists in sport 
training (Bompa. 1983; Matveyev. 1981) 
recommend that children should develop a 
broad motor basis in order to ensure optimal 
adult motor function. Harre (1982) goes so far 
as to place the onus of ultimate athletic per
formance on the development of a large mea
sure of versatility in childhood. It is also 
suggested that the foundation of athletic per
formance is laid for the beginner through 
variability of experience, and expanded and 
stabilized in the advanced learner. While 
these theorists provide lillie empirical suppon 
for these arguments, the breadth of experien
tial evidence contributing to this consensus is 
compelling and should not be ignored. 

As has already been staled, the alternative 
to variable practice is constant or specific 
practice. Some hold the view that in order to 
achieve specific goals one must learn specific 
actions (Schmidt. 1991). Certainly there is some 
truth in this, as coaches are commonly encour
aged to siructure training so that activities 



reproduce or closely resemble actions that will 
be performed during competiiion. However. 
the notion of specificity seems to appK more 
to adult learners than to children and youth. 
The ability of a young learner (for example, 
less than 15 years old) to produce a class of 
actions is not strongly lied to the particular 
versions which he or she has practised 
(Schmidt. 1991). 

Research suggests that young athletes 
ought to be encouraged to explore and experi
ence a number of different ways to perform a 
skill. For instance, rather than praciising only 
specific jumping movemenis. young athletes 
might be asked to perform a variety of jump
ing tasks, none of which may exactly resemble 
actions carried out during the Long Jump or 
the High Jump. They will however serve to 
develop the adaptability required for the per
formance of open skills. More importantly, 
however, this type of variable practice will 
provide voung athletes with a foundation that 
will serve them well when they go on lo 
acquire and refine skills in specific evenis. 
Increasing the variability of practice for youth 
also serves an ancillary purpose; that of main
taining interest in the sport through thc reduc
tion of boredom. 

4 The implementation of variable 
practice in youth athletics 

How then can practice variability be 
implemented in youth athletics so as to 
enhance skill learning? The most obvious 
strategy for the enhancement of practice 
variability is to encourage young athletes to 
participate in many different events, both 
within a class of movements (for example 
running, jumping or throwing) and between 
classes. Since there is no evidence that vari
able practice is detrimental to motor learning, 
and plenty of evidence to suggest that it is 
beneficial, it is simply unnecessary for a coach 
to restrict thc range of participation of a youth 
in track and field. 

A second and more difficult melhod is to 
design training sessions which involve varia-

4f̂  bility. To help practitioners begin to address 

this problem. Schmidt (1991) has made some 
general recommendaiions. three of which are 
summarized below; 
• When athleles learn a parlicular class of 

movemenis. such as jumping, vary practice 
along some dimension which allows them 
to experience a wide range of movement 
forms within that class. For example, when 
teaching young athletes to hurdle, vary the 
nature of practice along dimensions such 
as speed, height of the hurdle, lead leg. 
etc. In shon. allow athleles to experience 
all possible variations of the hurdling 
aclion. 

• Design variable practice experiences to 
include the range of variations which athle
tes might experience in competiiion. For 
example, when teaching young athletes a 
visual baton exchange, include training 
that encompas.ses a wide range of situa
tions and movement requirements. Prac
tising a visual baton exchange solely under 
constant conditions will not prepare athle
les to perform this skill in the novel situa
tions often encouniered in competiiion. 

• To enhance the effect of variable practice, 
randomize the order in which skills are 
practised. Instead of doing three 15-
minule sessions, rotate frequently between 
lasks. Randomized practice is known to be 
beneficial for motor skill learning. For 
more on random practice and its effect on 
learning, see Goode and Magill (1987). 
Shea and Morgan (1979). and Wrisberg 
and Liu (1991). 

5 Examples of variable practice in the 
training programme - the Shot Put 

Taking the Shot Put as an example, the 
coach wishing to implement event-specific 
variable practice into the iraining programme 
could do some or all of the following: 
• Vary the completeness of the throw (use 

sianding throws, half ihrows. full throws); 
• vary the characteristics of the implement 

(use shots of different weights and sizes 
ordiffereni implements, for example tennis 
balls, sofiballs). or use no implement at all; 



vary the surface from the which the throw 
is made (ihrow from grass, concrete, tar
tan or sand); 
vary the arm used to throw the implement: 
vary the distance the implement is thrown 
(for example set up target lines at submaxi-
nuil disiances and ask the athlele to aim for 
these); 
vary the direction and distance the imple
ment is thrown; 
vary the trajectory of the throw (set up 
hoops at differeni heights and distances 
and ask the athletes to throw the imple
ment through the hoop); 
vary the number of throws taken in a 
practice session; 
vary Ihe competitive nature of the practice 
session (use games or aclual intrasquad 
competitions; 
vary the audience observing the practice 
session; 
vary the climatic conditions under which 
the practice is conducted; 
vary the practice site; 
vary the extent to which physical practice 
is used (in other words, use mental as wel! 
as physical practice). 

6 Conclusion 

There are a number of ways in which 
coaches can enhance practice variability for 
voung athletes in a specific event, while at the 
same time maintaining the general character
istic pattern of the criterion performance. This 

is not to suggest that coaches should overuse 
variable practice to the point where iheir 
charges become confused about what the cri
terion task aclually entails, They will, after 
all. eventually have to produce opiimal event 
performance within the rule-based constraints 
that govern the sport. However, a carefully 
structured progression of practice opportuni
ties that include variability may result in 
superior skill learning. 

The arguments put forward during the 
course of ihis article may constitute for some a 
departure from curreni notions of sport skills 
teaching, many of which emphasize specific
ity. Certainly, eariy specialization in sport by 
young athletes seems to have hecome more 
prevalent in recent years. It is not clear that 
this Irend is in thc best interest of youihs" 
long-term skill development. Youth coaches 
who measure success by the extent to which 
thev can produce immediate results will find 
variable practice to be unrewarding. However, 
coaches who are motivated by the extent to 
which they can produce relatively permaneni 
changes in behaviour, and the extent to which 
Ihev can foster long-term participatiiin. may 
find variable practice to be an effective 
strategy for helping them achieve their goals. 
One of the goals of youth sport, youth track 
and field included, ought to be the develop
ment of adults who are competent in the area 
of motor skills. While achieving this objective 
may come at the expense of immediate and 
dramatic performance gains at the youth 
level, research suggests that by exposing 
youngsters to task variation, skill learning can 
be enhanced. 
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