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Self-controlled practice enhances motor learning:
implications for physiotherapy

Gabriele Wulf ∗

Department of Kinesiology, University of Nevada, Las Vegas, 4505 Maryland Parkway, Las Vegas, NV 89154-3034, USA

bstract

Studies examining the effects of self-controlled (learner-controlled) practice on motor skill learning are reviewed. The findings show that
llowing learners to control the delivery of feedback, use of physical assistive devices, or the presentation of movement demonstrations
an enhance learning compared with external control of these factors. Possible reasons for the learning benefits of self-controlled practice
re discussed. In particular, self-control seems to enhance the learner’s motivation, which, in turn, results in deeper information processing
nd ultimately improves retention and transfer. Implications of these findings for physiotherapy are outlined. For example, feedback or
emonstrations of the goal movement might be more effective if patients had some control over its frequency and time of delivery. Furthermore,

iving patients the opportunity to decide when and how often they use an assistive device might speed up the recovery process. However,
atient studies are still lacking and more research is needed to examine the extent to which the findings reported here can be generalised to
arious patient populations.

2006 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.

onstrati

c
a
i
i
w
a
A
i
p
r
s
p
w
s

eywords: Motor learning; Self-control; Feedback; Assistive devices; Dem

In most training situations that involve the learning of
otor skills, the instructor determines the details of the train-

ng protocol. This is similar in physiotherapy, where the
herapist prescribes, for example, the exercises that he or she
ants the patient to perform, the order of different exercises,

nd the number of sets and repetitions for each. The physio-
herapist also provides feedback to the patient about correct
r incorrect parts of the movement, and may give demonstra-
ions of the goal movement pattern. Thus, while the therapist
ontrols almost all aspects of the therapeutic intervention, the
atient assumes a relatively passive role. This is understand-
ble given the typically vast differences in the competency
evels of therapists and patients.

However, a number of studies have shown that the effec-
iveness of motor skill learning can be enhanced considerably
f the learner is given at least some control over the prac-

ice conditions. That is, training protocols that grant the
earner at least some degree of self-control generally result
n more effective learning than training protocols that are
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ompletely prescribed. The goal of this article is to provide
n overview of some of these findings, and to outline the
mplications that these results have for physiotherapy. Specif-
cally, the focus will be on studies that examined self-control
ith respect to the delivery of feedback, the use of physical

ssistance devices, and demonstrations of the goal movement.
lthough studies involving patient populations are still lack-

ng, the relative robustness of the benefits of self-controlled
ractice suggest that the effects may be generalisable to a
elatively wide range of populations. The incorporation of
elf-controlled training into physiotherapy practice has the
otential to reduce the time and costs of interventions. In this
ay, the impact of a relatively simple change in the organi-

ation of training could be substantial.

xperimental findings
eedback

The first studies to examine the effects of self-controlled
eedback schedules on motor learning were conducted by

hed by Elsevier Ltd. All rights reserved.
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anelle et al. [1,2]. In one of those studies, young, healthy
olunteers practiced throwing a ball at a target with their
on-dominant arm [1]. One group of learners (‘self-control’)
as allowed to decide when they wanted to receive feedback

egarding movement form. If requested, the experimenter
ould provide 1 of 10 feedback statements that was most

ppropriate, based on the participant’s performance in the
revious trials. Each participant in the self-control group
as yoked to one participant in another group, the so-called

yoked group’, such that the yoked counterpart received feed-
ack (about his or her own performance) in the same trials
n which the respective self-control learner had requested
eedback (e.g. Trials 1, 3, 4, 7, etc.). The purpose of such

yoking procedure, which is typically used in studies on
elf-controlled practice, is to control for the amount and
cheduling of feedback (or whatever factor is controlled by
he learner). As, on average, the frequency and timing of
eedback are identical in the self-control and yoked groups,
ny group differences that emerge on retention or transfer
ests can be attributed to the fact that one group had con-
rol over a certain variable while the other group did not.
n the study by Janelle et al. [1], self-control participants
emonstrated more effective learning of the movement form
han yoked participants. In a retention test without feedback,
hich was performed 4 days after the practice phase, the self-

ontrol group’s average form scores were about 15% higher
han those of the yoked group. In addition, their throwing
ccuracy was enhanced. Thus, although the frequency and
cheduling of feedback was identical under both conditions,
iving learners the opportunity to decide for themselves when
hey wanted to receive feedback was more beneficial than the
xternally controlled (yoked) feedback schedule.

Other studies have found learning advantages of self-
ontrolled feedback for sequential timing tasks [3,4]. For
xample, Chiviacowsky and Wulf [4] used a task that required
articipants to press four keys (2, 4, 8 and 6) on the
umerical keypad of a computer keyboard in a prescribed
emporal sequence. The goal movement times for each of
he three movement segments (between keys) were 200,
00 and 300 milliseconds. Feedback consisted of the actual
ovement times, as well as the goal movement times, for

ach movement segment. When the production to novel
oal movement times (300, 600 and 450 milliseconds) was
equired in a transfer test, the self-controlled feedback group
gain outperformed the yoked group. The average deviations
rom the goal movement time were 197.8 milliseconds [stan-
ard deviation (S.D.) 115.9] for the self-control group and
10.9 milliseconds (S.D. 142.9) for the yoked group. This
nding demonstrates that self-controlled feedback cannot
nly enhance the retention of motor skills, but can also trans-
er to novel variations of the skill.

An interesting aspect of Chiviacowsky and Wulf’s study

4] was a questionnaire designed to find out when self-control
earners decided to request (or not to request) feedback, and
hen yoked learners would have preferred to receive feed-
ack. The findings revealed that both groups of participants

o
t
r
e
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referred feedback after they thought they had a ‘good’ trial.
ut of 15 self-control participants, 10 indicated that they

sked for feedback predominantly after good trials, while
nly 4 said that they had asked for feedback mainly after
oor trials. In the yoked group, seven participants indicated
hat they would have preferred to receive feedback after
ood trials, whereas only one participant would have pre-
erred feedback after poor trials. The remaining participants
ave other responses. Also, self-control learners asked for
eedback predominantly after relatively successful trials, as
emonstrated by a comparison of their error scores in trials
or which they requested, or did not request, feedback. Thus,
earners apparently had a relatively good feel for how they
erformed. For yoked learners, of course, no such relation-
hip between feedback/no feedback trials and performance
as evident. This provided preliminary support for the idea

hat self-controlled practice may be more effective because
t is more tailored to the learner’s needs or preferences.

Additional evidence for this view comes from another
tudy by Chiviacowsky and Wulf [5]. In contrast to typi-
al studies on self-controlled feedback [1,2,4] where learners
ake a decision about feedback after a trial, one group

f learners decided after each trial, whereas another group
ecided before each trial. The results showed that asking
earners before a trial to decide whether they wanted to receive
eedback after that trial was not as effective as allowing them
o defer this decision until the trial was complete. This is in
ine with the view that when individuals are given the opportu-
ity to make that decision afterwards, they take into account
heir (perceived) performance in that trial. If they believe
hat their performance was good, they tend to ask for feed-
ack, presumably as a confirmation that they are on the ‘right
rack’.

While studies on self-controlled practice have almost
xclusively used adults as participants, a more recent exper-
ment examined whether similar benefits of self-controlled
ractice would also be found for children [6]. In that study,
0-year-old, healthy children practiced tossing beanbags at a
arget with their non-dominant arm. The circular target had a
adius of 10 cm and was placed on the floor at a distance of
m from the participant. Concentric circles around the tar-
et marked zones (10 cm in width) to assess the accuracy of
he throws. Participants were blindfolded and therefore had
o rely on the feedback given to them by the experimenter.
eedback indicated whether the target was under- or over-
hot, whether the beanbag landed to the left or right of the
idline, and whether it landed in the inner or outer 5 of the

0 zones around the target (e.g., ‘long, left, near’). One group
eceived feedback regarding the accuracy of their throws at
heir request, while another (yoked) group had no control over
he feedback schedule. The accuracy of the throws was scored
n the following manner. If the beanbag landed in the centre

f the target, 100 points were awarded. If it landed in one of
he other zones, 90, 80, 70, 60, etc., points were recorded,
espectively. The results showed that, similar to adult learn-
rs, self-control feedback resulted in a significant learning
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dvantage (i.e. more accurate throws) in a retention test with-
ut feedback that was performed 1 day after practice. While
he self-control group had an average accuracy score of 41.2
S.D. 20.7), the yoked group had an average score of only
5.1 (S.D. 18.3) in retention. Interestingly, children in the
elf-control group also asked for feedback more frequently
fter relatively good trials than after poor trials (similar to the
dults in Chiviacowsky and Wulf’s study [4]). This suggests
hat the children had a fairly good feel for the accuracy of
heir throws.

Overall, these studies provide converging evidence that
iving learners the opportunity to choose feedback is more
dvantageous to learning than prescribed feedback schedules.
nterestingly, the percentage of practice trials in which self-
ontrol learners requested feedback varied widely between
tudies, ranging from 11% [1] through 28% [6], 35% [4] up
o 97% [3]. The frequency of feedback requests may depend
n the nature of the task or on the exact instructions given
o participants (i.e. to what extent they encourage the learner
o ask for feedback). However, it appears that the feedback
requency is clearly less important than the learner’s ability
o choose or not to choose feedback. Otherwise, it would be
ifficult to see why learning advantages for self-controlled
eedback occurred when the feedback frequency was almost
00% [3]. This also suggests that motivation plays an impor-
ant mediating role in this context. Possible explanations for
he effects of self-controlled practice are discussed in more
etail in a later section.

ssistive devices

Other studies have looked at the self-controlled use of
hysical assistive devices in the learning of balance skills
7–9]. In one study, young, healthy university students prac-
iced a ski-simulator task [9]. The ski simulator consists of a
air of bowed rails and a platform on wheels attached to the
nd of the apparatus by rubber belts. The platform, on which
he performer stands, can be made to move sideways on the
ails by making slalom-type movements. The participant’s
ask was to produce the largest possible amplitudes. The phys-
cal assistance devices used in this study were ski poles [9].
hese generally facilitate the maintenance of balance and
ave been shown to enhance the learning of this task [10]. The
oles were placed on the floor in front of the ski simulator and
emained in contact with the floor throughout the whole trial.
articipants in the self-control group were allowed to choose

he trials in which they wanted to use the poles during prac-
ice. While there were no differences between this group and
yoked control group during practice, the self-control partic-

pants clearly showed more effective learning in a retention
est than did their yoked counterparts. That is, they produced
ignificantly larger amplitudes without the assistive devices

n the following day. The average movement amplitude for
he self-control group was 46 cm, with the maximum ampli-
ude to either side being 55 cm, whereas the yoked group had
n average amplitude of 39.5 cm.

m
f
1
h

3 (2007) 96–101

While the participants practiced individually in this and
ther studies [1,2], Wulf et al. [8] had self-control and yoked
articipants practice the ski-simulator task in dyads (pairs).
articipants were young, healthy volunteers. Despite the
otentially powerful effects of learners being able to observe,
nd perhaps compete with, each other [11,12], which may
ave negated any effects of self-control, the self-controlled
se of ski poles still resulted in more effective learning.
lthough there were no differences between groups in ampli-

ude and frequency, i.e. aspects of the movement that can be
asily observed, the self-control group demonstrated a more
fficient technique (as indicated by the weight shift from
ne leg to the other). This suggests that self-control learners
ngaged in different information processing activities, such
s a search for the optimal movement pattern, or that these
ctivities were facilitated by their ability to choose, or not to
hoose, the assistive devices.

In a recent study, Hartman [7] used another balance task
stabilometer) and allowed one group of young, healthy uni-
ersity students to decide the trials in which they wanted
o use poles as assistive devices. The stabilometer consists
f a platform that tilts 15◦ to the left or right, and the per-
ormer’s task is to try to keep the platform horizontal. The
latform was considered to be ‘in balance’ if it is within a
ange of ±3◦ to either side. After 20 practice trials, each of
0-seconds duration, under either self-control or yoked con-
itions, participants performed a retention test without the
se of a pole. Hartman [7] found that the self-controlled use
f poles again significantly enhanced the learning of this task
ompared with a yoked condition. In the retention test, the
verage time in balance was 21.1 seconds (S.D. 2.98) for
he self-control group and 16.6 seconds (S.D. 3.64) for the
oked group. This is particularly interesting because, in a
ilot study, Hartman did not find any advantages of using the
oles, as compared to not using poles, for the learning of this
ask. This suggests that control over an assistive device can
ave a beneficial effect on learning, even if that device in and
f itself is relatively ineffective.

emonstrations

Learning through observation, or modelling, is a com-
only used technique when it comes to teaching motor skills

13,14]. This includes physiotherapy, where the therapist
ay demonstrate the goal movement to the patient. A recent

tudy looked at whether providing model presentations at
he learners’ request would enhance learning, compared with
roviding them without consideration for their preferences
15]. In that study, young, unimpaired participants practiced
basketball jump shot. A video of a skilled model could either
e requested (self-control) or was provided at the respective
imes (yoked) during the practice phase. The main perfor-
ance measure of interest was the quality of the movement
orm, as measured by expert ratings (maximum possible score
0). After a 7-day retention interval, the self-control group
ad significantly higher form scores (mean 4.1, S.D. 3.1) than
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Table 1
Reasons for the advantages of self-control

• Practice is more tailored to learners’ needs (e.g. feedback, assistive devices, movement demonstrations)
•
• sentatio
• ment of
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Learners have the option of receiving feedback after ‘good’ trials
Learners may extract more, or more relevant, information from model pre
In general, self-control leads to increased motivation, more active involve

he yoked group (mean 3.6, S.D. 2.8). Moreover, in contrast
o yoked learners, self-control participants did not show a
erformance decrement across the retention interval. Inter-
stingly, the differential learning effects occurred despite a
elatively low frequency of model presentations (5.8% of the
ractice trials).

xplanations for the benefits of self-controlled
ractice

Self-controlled practice conditions have been assumed to
nhance learning because they lead to more active involve-
ent of the learner in the learning process, and encourage

earners to take charge of their own learning process. This,
n turn, may make learning more motivating and increase the
ffort invested in practice [16–18]. In addition, as Chivia-
owsky and Wulf [4] have argued, self-controlled practice
onditions may be more in line with the learner’s needs or
references compared with externally controlled conditions.
or example, with regard to the use of assistive devices,
elf-controlled practice may result in more effective learning
ecause it allows learners to explore movement strategies to
greater extent than practice without self-control [9]. That

s, the learner may try out a certain strategy with the assistive
evices in one trial, and then without devices in the next trial.
ecent results by Hartman [7] provide support for this view.

n interviews, his participants indicated that they requested
alance poles primarily when they wanted to try out a new
trategy to help them maintain their balance on the stabilome-
er. In contrast, the majority of yoked participants said that
hey did not receive the poles at the right times. The prede-
ermined, essentially random, schedule presumably thwarted
ny of their attempts at exploring different ways to perform
ore effectively.
Similarly, Chiviacowsky and Wulf [4] suggested that

elf-controlled feedback may be more effective than exter-
ally controlled feedback because it corresponds more to
he learner’s needs. The findings of their study supported
his contention in that self-controlled learners not only indi-
ated that they preferred feedback after ‘good’ trials, but their
erformance data also showed that they asked for feedback
ainly after relatively successful trials. This, of course, was

ot the case for yoked learners. Interestingly, a recent follow-
p study demonstrated that feedback is, in fact, more effective

or learning when it is presented after good rather than poor
rials [19]. While this finding contrasts with the current pre-
ominant view of feedback, according to which feedback
fter larger errors should be more beneficial than feedback

t
s
i
e

n
the learner, and ‘deeper’ information processing

fter smaller errors (referring to informational properties of
eedback) [20,21], it indicates that the motivational properties
f feedback also seem to have a significant effect on learning.

With respect to observational learning, learners may
xtract more, or more relevant, information from the model
resentation when they have the opportunity to request infor-
ation. For instance, self-control learners may pay particular

ttention to aspects of the movement of which they are uncer-
ain, either to identify errors or to obtain confirmation that
heir movement is correct. In contrast, learners without the
pportunity to request demonstrations may be less inclined
o engage in such information processing activities due to the
npredictability of the model presentations.

Overall, the picture that emerges from these studies is that
he benefits of self-controlled feedback are due primarily to

ore active involvement of the learner in the learning pro-
ess, with a concomitant increase in motivation. This, in turn,
eems to lead to deeper information processing and ultimately
o enhanced learning (see Table 1).

mplications for physiotherapy

Although studies examining the effectiveness of self-
ontrolled practice in patients are lacking, those conducted
ith young, healthy adults or children suggest that this factor
as a strong and robust effect on learning. In addition, learn-
ng advantages of self-controlled practice conditions have
een shown for a variety of variables (i.e. feedback, assistive
evices, movement demonstrations). The reliability of this
henomenon also increases our confidence that the effects
ay be generalisable to other populations, such as various

atient populations.
However, it should be noted that in experimental studies,

elf-control conditions are typically compared with yoked
onditions in which feedback, demonstrations, etc., are pro-
ided essentially randomly. This may be different from
ost physiotherapy settings, where the therapist provides

he patient with feedback, etc., when she or he appears to
eed it. Thus, it is possible that the benefits of self-controlled
ractice in practical settings would not be quite as large as
hey are in the laboratory. However, the motivational effects
ssociated with the opportunity to have an influence on the
ractice conditions are likely to have a positive impact on
he outcome of the therapeutic intervention. Nevertheless,

he potential implications for physiotherapy outlined below
hould be viewed with caution, and with the understand-
ng that research studies with patient populations do not yet
xist.



1 erapy 9

i
t
d
a
i
m
a
a
r
t
p
d
b
h
a
s

m
q
c
i
s
m
s
m
v
s
c
f
t
s
b
g
t
s
f
c
e
f
T
c
a
R
t
p
p

c
m
s
o
c
t
A
a

c
e
d
t
t
l
o
i
e
c
a
t
c
i

C

R

[

[

[
[

00 G. Wulf / Physioth

The factors examined in previous studies on self-control,
.e. feedback, physical assistive devices and demonstra-
ions, have applicability to physiotherapy practice. Assistive
evices, such as walkers or crutches, are often used as an
id in the patient’s recovery, with the goal being the patient’s
ndependence from those devices as soon as the desired move-

ent goal has been achieved. Based on the findings discussed
bove [7–9], giving patients the opportunity to decide when
nd how often they use an assistive device may speed up the
ecovery process. As well as helping to overcome some of
he patient’s resistance when the decision is made by their
hysical therapist, it may also promote the patient’s confi-
ence in performing without the assistive device [22]. Thus,
ecause of the patient’s greater involvement in this process,
e or she may (re-)learn the goal movement pattern faster
nd become less dependent upon the device at an earlier
tage.

Feedback is another factor that could presumably be used
ore effectively if patients had some control over its fre-

uency and time of delivery. While practitioners may be
oncerned that patients would perhaps request feedback too
nfrequently or not at the right times, there is evidence to
uggest that this concern may not be justified. First, a com-
on assumption is that feedback should be given frequently,

o that errors are avoided as much as possible and incorrect
ovement patterns do not become automated. However, this

iew has been refuted by experimental research. Numerous
tudies have shown that feedback provided after every trial
an even be detrimental to learning compared with a reduced
requency of feedback [21,23]. However, it should be noted
hat the learning of complex, as opposed to simple, motor
kills does not seem to suffer from frequently provided feed-
ack [24]. Second, it appears that individuals often have a
ood feel for how they perform [4,19], although this remains
o be demonstrated for patient populations (e.g. those with
troke) and for more complex tasks, and that they prefer
eedback after ‘good’ trials. While this preference seems to
ontradict the common notion that feedback should be more
ffective after less successful trials, feedback after success-
ul trials has, in fact, been shown to be more effective [19].
hus, it appears that the concern that patients may not have the
ompetency to make decisions regarding feedback or other
spects of their rehabilitation process may be unfounded.
ather, the findings discussed here should encourage physio-

herapists to conduct their own ‘experiments’ by giving their
atients the opportunity to have at least some control over the
ractice regimens.

Finally, it should be pointed out that the benefits of self-
ontrolled practice are not always immediately apparent. In
any experimental studies, performance differences between

elf-control and yoked groups did not occur until retention
r transfer testing at a later time. Thus, it appears that self-

ontrol and yoked conditions have different effects on prac-
ice performance compared with learning (retention/transfer).
s self-controlled practice presumably involves continuous

ssessments of one’s performance and decision-making pro-

[

[

3 (2007) 96–101

esses regarding feedback or movement demonstrations, for
xample, it may make practice more ‘difficult’, temporarily
epressing performance. However, it is exactly these addi-
ional information processing activities that are presumably
he reason for the benefits of self-controlled practice in the
ong term. Physiotherapists (and patients) should be aware
f the fact that the beneficial effects of self-controlled train-
ng may be delayed, and any lack of immediate performance
nhancement should not deter them from relinquishing some
ontrol over the practice conditions to their patients. Taking
dvantage of the effects discussed here may have the poten-
ial to enhance the effectiveness of training, and to result in
oncomitant savings in terms of the time and costs involved
n physiotherapy.

onflict of interest: None.
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