Journal of Human Movement Studies, 2004, 47: 215-236

SELF-CONTROLLED LEARNING OF A
COMPLEX MOTOR SKILL: EFFECTS OF
THE LEARNERS’ PREFERENCES ON
PERFORMANCE AND SELF-EFFICACY

A. Bunp AND J. WIEMEYER

Institute of Sport Science, Darmstadt University of
Technology, Darmstadt, Germany

SUMMARY

The present study examines whether self-controlled practice
enhances motor learning and self-efficacy beliefs more when it refers
to an aspect of the learning situation which is preferred by the learner,
rather than to an aspect which is not. Participants (N=52) practiced the
forehand top spin stroke in table tennis and were randomly assigned to
one of four groups. Two groups of learners (self-control) were given
the option to control either a preferred practice condition (eg. schedule
of video instruction) or a non-preferred practice condition (eg.
variability of practice), whereas another two groups (yoked) had no
influence on these practice schedules. While no group differences were
found during the practice phase, both self-control groups showed
learning benefits regarding the movement form on a delayed retention
test. Moreover, self-control participants reported significantly higher
self-efficacy beliefs than yoked participants. The results suggest that
the effectiveness of self-controlled practice is independent of the
learner’s preferences regarding the practice situation. Future research
should include cognitive and motivational variables in order to explain
the learning advantages of self-controlled practice schedules.
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INTRODUCTION

Over the past two decades, self-controlled learning has emerged
as an important new construct in educational, psychological and
sociological research and its preconditions, components and
Cussed intensively (Boekaerts, 1999;

y

controlled learning has a beneficial

learning process (Boekaerts, 1999;
1992; Schunk and Zimmerman, 1994,

consensus seems to be that self-
effect on different aspects of the
Pintrich and Schrauben,
Zimmerman, 1990).

conceptualisation of self-controlled learning differentiates between

metacognitive, motivational and behavioural processes (Zimmerman,
1990, 1994). In terms of metacognitive processes, self-controlled
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learners plan, organise, self-monitor and s'elf—.evaluate t.heir leam;riﬁ at

ious points. Their learning is more intrinsically motlflat.ed and they
:ea;ort high self-efficacy beliefs (Deci and Ryanl,12c?(1)02;r§;rrr;r:;:2:1:r,
1994). In their behavioural processes, s_elf—contr.o ; e mers selecto
create environments that optimise learning: that is, they sﬁk o leam,
i tion, partners and places where they are most ikely to .
mform'a 11 this, self-controlled learners use strategies which 2.1re
- dol;;lg) rarllore co,ngruent with their individual needs than the stratftf.;les
fll::ilSIbyya teacher or instructor. The systematic use offmetacogfr‘ntxve;
motivational and/or behavioural s.trategles is a' key ez.iturf: o mos.

initi arning. (eg. Garcia and Pintrich, 1994;
de’ﬁmtl(r)rlilsa(r)lf i(;l;};:or;ggg;:d Il\j:[oreofei, gfrom a phenomenological
[felfsllr)l;itive, self-controlled learners should view and feel autonomous
in their learning activities (McCombs, 1989).

Recently, researchers have begun to examine the. effect of sellft;
control on motor skill learning. Most of the present studies 1}1)5.6 atsul?p ¢
i i he subjects hav
ign: 1f-control group, in which t
two-group design: a se : - e once of
f the practice schedule (eg. freq
control over selected aspects o e (5. frequency of
i iled yoked group, in whic 1]
feedback), is compared to aso ca gro - suolects
- ine their activities. Rather, eac j
are not allowed to self-determine tiviti ool g
i i hed with a subject in the self-co g
in the yoked group is matc : Brou
i i hedule chosen by their counterp
d receives the same practice sc : .
;r}llus both groups differ from each other in the self-control variable,
whereas the practice regimen is identical.

In general, these studies demonstrate that practice schec:::fss

b : : ’

including some form of self-control enhance the learning of mot;)lr Z -

as shown by the retention results. For example, Janflle and f:hjciuld

; lle et al., 1995) found that learners
(Janelle et al., 1997; Jane . e
1 feedback demonstra

decide when they wanted to receive -

learning of a throwing task than (yoked) learners( ;Ng};(;;)aﬁ:\z:(;)their
isi Wulf and Toole a .

over the provision of feedback. . ' o

self-control participants to choose the use of physmzl asmsTarrli:;n\t/ion

i i i i-simulator task and found superio

ski poles) in learning a ski-simu : o

;erfcl))rmance (amplitude and frequency of movement) relatlv;a1 to1 a Zr(:l o

condition. Finally, Wulf et al. (2001) examined whc?the:ft enctarcﬂ e

benefits of self-controlled practice can still be fOUI.'ld if se -ccz1 e

yoked participants practice the ski-simulator task in dyads anf NN

i i differences were

each other. Interestingly, no learning ode

movement features that can be easily observed (movement amplitu
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and frequency), but the self-control participants were more effective
than the yoked participants with respect to force onset, which is a
movement feature that cannot be picked up easily through observation.

This suggests that self-controlled learning in the motor domain interacts
with observational learning.

Overall, it seems that, for various reasons, giving learners some
control over their practice activities can enhance the effectiveness
of motor learning. Also, the benefits of self-controlled practice
schedules seem to be transferable to different aspects of the learning
situation (feedback, use of physical aids). Nevertheless, the research
is still in the beginning and the available studies are limited in several
ways. Research on cognitive learning clearly shows that the
effectiveness of self-controlled learning is considerably influenced by
personal factors (eg. age, goal setting, beliefs, knowledge of learning
strategies) as well as contextual factors (eg. task, physical and social
environment; Boekaerts and Niemivirta, 2000; Friedrich and Mandl,
1997; Randi and Corno, 2000). Because of the reciprocal and dynamic
interactions between (and within) these variable groups, the relative
influence of the learner’s preconditions depends on the learning
situation and vice versa. For example, knowing of different learning
strategies and how to use them is important for self-controlled
learning (eg. Boekaerts, 1999; Friedrich and Mandl, 1997; Garcia
and Pintrich, 1994), but their actual influence depends on the task,
because some strategies are more suitable for a given task than others
(the worst case would be if the learner only knows strategies which are
inadequate for the task). However, previous research on self-controlled

learning in the motor domain has neclected these factors and their
interactions.

Another aspect of the learner-task relationship that possibly
influences how effectively a self-controlled learner acts refers to the
question of which component of the practice situation the participant
is controlling. It is possible, however, that learners have different
preferences regarding this point. For example, for a given task one
learner might prefer to control the feedback schedule, whereas to another
learner it might be more important to control the instruction mode. In
previous studies, the role of those individual preferences was not
considered; rather the learner-controlled practice condition was always
determined externally (ie. by the researcher). Thus the first purpose of
the present study was to examine the effect of the learners’ preferences
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regarding the (self)-control of practice 'cc.)nditions on the ejfe;tw:&e:;
1f-controlled motor learning. Part1c1pant§ Yvere asl_(e a 01?
o S: ed and non-preferred self-control conditions while learnm.g the
I;(Z:e:l;rnd topspin stroke in table tennis. and were then ran;i;)mllz :Sszgszfs
to one of four groups. During praf:'uce, two groups O d-(:::) ners e
control) were given control over either a preferred con 1ked) >ranon
preferred condition, whereas two groxllps of learners (ylo e rece e
the same practice schedule generated in the self-control groups. ased
jous findings, we expected that the self-control groups w :
Olrml preVloerior learning compared to the yoked groups. Furthermore, it
o ype hesised that giving learners control over a preferred a§p_ect
wtfl :h}el};)I;:itii:Se environment is more beneficial for learning tha‘l:3 glx\tur;g
. it ice. If the possibility to
control over a non-preferred condition of prac‘flce e poss I
ed versus a non-preferred practice condition 1s a
S/erlit;gi: E;:f:gf-controlled motor learning, differences between the
self-control groups should be found.

Among the personal factors, the 1ea11’ne‘r’ s sefli-:zif;icj;:ysbslfliffsﬁs:::;
sential role for the self-regu ation o ing.
g)ei)iljiys f:;: Spersonal expectations aboutd one’: ;;é)ai)gﬂglgl)e: r:z rl::;:r;rl
perform skills at designated levels (Bandura, l,ated D ety t6
academic learning has shown that they are re : ©
?r?lportant aspects of self—regu}iatiobn. F(;; ;;(figlc}::l:r,ﬂ(z;?;lze;;n:lr;r:lan,
. see also Pintrich and Schrauben, ; . nermar
(11999962),f0und that feelings of self-efficacy are a major .sourZi:fi)(f ;Eg;rllls;;
motivation, which is seen as fundamental for an effeCt“]l; sC o o
learning (eg. Meece, 1994; Deci anc? Ryan, 2000). Zf e ficacy
higher self-motivation, individuals with a strong sense e reauently
invest more effort, show great;r pc?rsci;te.(r;lcl;zsm\si;f?Or\r;oself—efﬁcacy'
¢ _processing-strategies’” than mndivi 1al :
I:iilzn[,) several ftudies have shown that giving learners ::oc(':r;t::elscizse
the practice regimen (or implementing sel'f-regulat.ory :f O ricacy
goal setting or self-monitoring) enhance their p.erceptlon T g tatk,
(Schunk, 1994; Zimmerman et al.,1996). Using ? dart- o it
Zimmerman and Kitsantas (1996) confirmed thls.effecF O e voked
controlled learning of motor skills. However,. they did n;)t gceived o
control groups. Thus it is possible that the 1nc.rease of p o or the
efficacy during practice is one of the mechanisms reslzger  rpose .
advantages of self-controlled learning. Therefore acrllo e ditions
this study was to examine whether the self—co'ntrol an .yt? o etticacy
had different effects on the learners’ self-efficacy beliets.
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was measured repeatedly during practice and retention using a self-
report scale. Similarly to the hypotheses mentioned above, we believed
firstly that the perception of self-efficacy increases more in the self-
control groups than in the yoked groups, and secondly that the highest
efficacy scores would occur in the group that had control over a preferred
part of the practice schedule.

In summary, using an experimental setting of self-controlled
learning, we examined in this study the effects of the learners’
preferences regarding the self-control manipulation on (1) motor
performance during practice and retention and (2) self-efficacy beliefs.

METHOD

Participants

Fifty-two university students (32 male, 20 female) between the
ages of 20 and 32 years participated in this study. None of them had
considerable experience with the task, and all were unaware as to the
purpose of the experiment. The students gave their informed consent
prior to participation and were not paid for their services.

Equipment and Task

The equipment consisted of a regular-sized table-tennis table, high-
quality white table tennis balls (40mm), a ball machine and a target
area. The ball machine (Donic, Robopong 2040) was located on the
opposite side of the table in front of the participant. The machine was
set to deliver balls about every 3sec, so that the balls bounced about
20cm from the edge of the table-tennis table. On a dial from 1 to 9, the
ball velocity was set at 1: that is, the ball velocity was about 15km/h.
The target area was on the same side but crosscourt from the participant
(see Figure 1). Made of cardboard, it consisted of seven rectangles
(zones) with different colours, so that the participant could easily see
the target. Each of the zones was 10cm x 65cm. If the centre of the
target area was hit, then 4 points were awarded, balls landing in the
zones next to this field received 3 points, and so forth. During all
experimental sessions the target area was videotaped in order to measure
the hitting point of the balls accurately. The video camera was positioned
on the left of the table. For balls that were out of bounds or hit the net,
0 points were recorded. All participants used the same racket, an all-
round composite racket with a conic handle, and preferred the shake-
hands grip.
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Ficure 1:  Diagram of the experimental setting.
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The participants’ task was to learn the forehand to_pspin stroke in
table tennis. The topspin is an offensive stroke in wh1_ch most ?f the
strength used to perform a stroke is partly transferred into rotfimon of
the ball forward. The racket hits the ball tangential above the middle of
the ball in relation to the direction of ball flight (Gross. and Huber,
1995). Participants were told that the goal was (1) to hit the ball 35
accurately as possible to the target area (movement accuracy) and (2)

to perform the stroke technique correctly (movement form).

PROCEDURE

Before the beginning of the experiment, participants were ask.eid
to fill out a questionnaire regarding their self-control preffer.ences w;n] g
practicing the forehand topspin stroke. The questionnaire mclude. ¥
items, in which different aspects of a practice schedule were describe ;
(eg. type of movement instruction, frequency of feedback, m‘J‘mber (1)d
practice trials). All items were introduced with the phrase “I wou
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like to self-control...” and the participants responded on a scale from
1 (not true) to 4 (very true). The results showed that the instruction
schedule was the most preferred practice condition for self-control
(M=3.5), whereas the option to self-determine the variability of practice,
ie. the direction and length of the balls delivered by a machine or a
partner, was the least preferred condition (M=1.6).

Based on these results, participants were randomly assigned to
one of four experimental groups. Those in the SC+ group had control
over a preferred practice condition: that is, they determined how often
the video instruction was repeated during the practice phase. Participants
in the SC- group had control over a non-preferred practice condition:
that is, they were allowed to choose the variability of practice (ie.
direction and length of the balls delivered by the machine). The
experimenter recorded the schedules generated in the self-control
groups. In contrast, participants in the yoked groups had no control
over the practice situation. Rather, each in the YO+ group was yoked
to a participant in the SC+ group and received the same schedule of
movement instruction as their counterpart. Simarly, participants in the
YO- group were matched with those in the SC- group. Thus a 2 (self-
control: yes vs. no) x 2 (practice condition: preferred vs. non-preferred)
design was used.

Participants were tested individually. After some preliminary
instructions about the procedure, participants watched a videotaped
model of a highly skilled female table tennis player. They were told to
focus on the model’s movement form, and it was stressed that correct
form would eventually result in increased accuracy of the stroke.
Altogether, participants saw 8 repetitions of the model stroke from
four different perspectives, partly in slow motion. Before the beginning
of the practice session, participants performed 5 “warm-up” trials in
order to get used to the ball machine and a pretest consisting of 10
trials. Participants were then randomly assigned to the experimental
groups as described above. The practice session consisted of 100 trials,
which were divided into 10 blocks of 10 trials per block. There were
short breaks (about 2min) between blocks during which the balls were
collected and the ball machine was fed. During the practice phase,
each participant of one of the self-control groups had the option to see
the videotape again whenever he or she wanted to (SC+) or to select a
block of 10 trials, in which the balls (delivered by the ball machine)
varied in length and direction (SC-), respectively. Five minutes after
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the last practice block, all participants performed an immediate retention
test consisting of 10 trials. One day later, there was a delayed retention
test also consisting of 10 trials. No augmented feedback regarding the
technique or the accuracy scores was provided during practice or
retention. Following delayed retention, participants were debriefed
about the purpose of the experiment.

The self-efficacy scale were completed by all participants prior
to each experimental phase: that s, prior to pretest (t1), first and second
half of the practice session (t2, t3), early retention (t4), and late retention

(t5).

Dependent Variables and Data Analysis

Motor performance and self-efficacy beliefs were used as
dependent variables in this study. Performance scores included
movement accuracy and movement form. A target zone recorded by a
video camera was used to measure the accuracy of balls. The accuracy
scores were averaged across blocks of 10 trials. For the practice phase,
those scores were analyzed in a 2 (self-control) x 2 (practice condition)
x 10 (block) ANOV A with repeated measures on block. The retention
scores were analysed in a 2 (self-control) x 2 (practice condition)
ANOVA. In addition, effect sizes were calculated in order to measure
the magnitude of treatment effects independent of sample size.

Movement form was assessed on the basis of a number of criteria
(eg. Gross and Huber, 1995; Grubba, 1998; Hudetz, 2000). Those
criteria referred to the position, swing, stroke, point of impact and end
of the stroke. Two independent raters assessed the quality of the third,
fifth and eighth strokes of each block and awarded a score between O
and 26, with the highest score indicating perfect performance. The intra-
class correlation (eg. Bortz and Déring, 1995) between the scores of
the two raters was 0.866, which can be interpreted as good. Therefore
the scores of both raters were averaged. The form scores for the practice
phase were analysed in a 2 (self-control) x 2 (practice condition) x 10
(block) repeated-measures ANOVA. For the retentions tests, the form
scores were analysed in a 2 (self-control) x 2 (practice condition)
ANOVA. Effect sizes were calculated for significant main effects.

Self-efficacy beliefs were measured with a 10-item task-specific
scale designed by the authors. All items began with the words “I am
sure that I can hit at least...” followed by these phrases: (1) ... 1 of 10
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balls into the target (2) ... 2 of 10 balls into the target (3) ... 3 of 10 balls
into the target (3) ... 4 of 10 balls into the target, and so forth. Participants
rated certainty on a scale that ranged from 1 (very uncertain) to 10
(very certain). Self-efficacy scores were calculated by summing these
ratings, resulting in a possible maximum efficacy score of 100. The
internal consistency of the scale ranged from (=0.83 [t1]) to (=0.92
[t5]). Similarly to the performance data, self-efficacy scores were
analyzed in a 2 (self-control) x 2 (practice condition) x 5 (time of
measurement) ANOVA with repeated measure on the last factor. For
all analyses, the level of significance was set at an alpha level of 0.05.

REsuULTS

Practice Schedules of Self-control Groups

Participants of the SC+ group requested 21 repetitions of the video
instruction during the practice phase. Relating to the total number of
practice blocks (10) this indicated a relative frequency of 16.15%.
Participants of the SC- group used the option to self-control their
practice variability 16 times, indicating a relative frequency of 12.30%.
Two participants of this group decided to practice the forehand topspin
stroke without varying the balls in length or direction.

Pretest

Analyses of pretest scores yielded no significant group
differences regarding the performance or self-efficacy scores, all Fs<2.
That is, all participants had similar performance and efficacy levels
prior to treatment.

Motor Performance Results

Practice - accuracy scores. The accuracy scores achieved by each
of the four groups during the practice phase can be seen in Figure 2.
All groups demonstrated a consistent increase in the accuracy of the
strokes; the main effect of block was significant, F(9, 432)=7.47,
p<0.001. The main effects of self-control and practice condition as
well as all interactions effects were not significant, all Fs<2.

Practice - form scores. In terms of movement quality, the analysis
yielded a significant main effect of block, F(9, 432)=19.19, p<0.001,
indicating a general improvement in form scores across practice trials
(see Figure 3). In addition, the self-control groups tended to show
somewhat better movement form (M=14.11, SD=2.63) than the yoked
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FIGURE 2:  Accuracy scores of the self-control and yoked
groups during practice (P), early retention (ER),
and late retention (LR).
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Ficure 3: Form scores of the self-control and yoked

= -
2] -]
1

Y
S
)

pty
N
P

Score (form)

groups during practice (P), early retention (ER),
and late retention (LR).

[-m-SC+ B-SC- —8-YO+ -&-YO-]

«a
Qe O B

T T T T T
2 3 4 5 6 7 8 g9 10 ER LR
Blocks of 10 trials

225



226 BUND

groups (M=12.88, SD=2.49), however, the main effect of self-control
fell short of significance, with F(1, 48)=3.72, p=0.082. Thus, the effect
size was also small (d=0.16). The main effect of practice condition
was not significant, F(1, 48)=0.83, p>0.05. Also, no interactions were
significant.

Retention - accuracy scores. The accuracy scores of the immediate
and delayed retention tests can be seen in Figure 2 (right panel). Neither
during immediate retention nor during delayed retention significant
main or interaction effects were found, all Fs<1, indicating similar
performance rates for all participants.

Retention - form scores. With regard to movement form, no
significant group differences were observed during immediate retention,
all Fs<2. However, as can be seen in Figure 3, there were differences
between groups in the delayed retention test. The self-control main
effect was significant, F(1, 48)=5.95, p<0.01, indicating that participants
in the self-control groups showed better performance (M=16.82,
SD=3.17) than their yoked counterparts (M=14.71, SD=3.06). Whereas
former continued to increase their form scores from the performance
level they had reached during immediate retention, the yoked
participants demonstrated a drop in performance, relative to the
immediate retention test. The effect size d was 0.68. The main effect
of practice condition was not significant, F(1, 48)=2.25, p>0.05, and
neither was the interaction of self-control and practice condition, with
F(1, 48)=0.29, p>0.05.

Self-efficacy results. Means and standard deviations for self-
efficacy beliefs are presented in Table 1. The data showed that, across
practice and retention, participants generally became more efficacious,
F(4,192)=7.79, p<0.001. However, inspection of the means indicated
that participants’ self-efficacy beliefs decreased briefly after performing
the first half of the practice session and late retention. Results also
revealed a significant main effect of self-control, F(1, 48)=4.82, p<0.05.
On average over the five times of measurement, participants in the
self-control groups reported higher self-efficacy beliefs (M=46.50,
SD=14.33) compared with the yoked group participants (M=41.14,
SD=13.25). Analogous to the performance results, the main effect of
practice condition was not significant, F(1, 48)=1.74, p>0.05. Moreover,
a significant self-control by time interaction was found, F(4, 192)=4.61,
p<0.05, indicating differences between self-control and yoked groups
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TasLe 1: Means and standard deviations for self-efficacy.

Group Time of measurement
Practice 1 Practice 2 Early Late
Pretest (1. half) (2. half) retention retention

M SO M SD M SD M SD M SD
SC+ 370 17.1 493 11.3 488 121 530 147 475 16.1
SC- 36.0 17.6 519 10.1 443 142 505 158 46.6 169
YO+ 33.4 122 440 102 403 115 469 125 436 180
YO- 329 134 423 11.0 398 120 464 155 417 159

regarding the improvement of self-efficacy. Post hoc tests of simple
effects (p<0.05) showed that participants in the yoked groups did lower
their self-efficacy beliefs after performing first half of practice (t3) to
a greater extent than the self-control participants. Furthermore, they
reported significantly lower efficacy expectations prior to early and
late retention (t4, t5). None of the other interactions were significant.

DiscussioN

Self-control has been shown to be effective for learning motor
skills (Janelle et al., 1995, 1997; Wulf et al., 2001; Wulf and Toole,
1999), although the practice conditions opened for self-control were
always specified externally (ie. by the researchers). We assumed that
self-controlled learning might be more effective when it refers to an
aspect of the practice situation which is important for the learner rather
than to an aspect which is not.

To examine this hypothesis we compared two self-control groups
that were given the option to self-control either a learner-preferred
practice condition (schedule of video instruction) or a learner-non-
preferred practice condition (variability of practice) during practice.
Participants of two yoked groups were matched with and received the
same practice schedule chosen by their self-controlled partner.
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Results of the study did not support our hypothesis. Neither during
practice nor in any of the retentions tests was the effect of self-
controlling a preferred vs. a non-preferred practice condition
significant. In other words, participants who had control over a preferred
part of the practice situation did not perform the stroke more accurately
or demonstrated better movement form than participants who only could
self-select a non-preferred condition. However, we found significant
advantages for the self-controlled groups as compared to the yoked
groups. Participants who could control a part of the practice regimen
(irrespective of whether it was a preferred or a non-preferred part)
demonstrated better performance with regard to movement form than
participants who could not. Consistent with previous findings this
advantage occured only in retention, indicating a more effective learning
of the motor skill. Thus, given the experimental conditions, it was more
important to give learners the opportunity to control part of the practice
situation rather than to give them control over a certain practice
condition, even if it might be “meaningful” to them. If one further
considers that research has shown the effectiveness of self-controlled
practice schedules for various aspects of the learning situation (eg.
feedback, instruction, use of physical assistance devices), it seems that
the benefits are not restricted on certain aspects: rather, they appear to
be a result of the self-control process itself.

Furthermore, we examined the effects of self-controlled and yoked
conditions on the learners’ task-specific self-efficacy beliefs. Although
self-efficacy has been found to influence motor skill performance and
learning (eg. Bund, 2001; Moritz et al., 2000), previous research on
self-controlled motor learning has not considered this factor or other
psychological variables. Similar to the performance results, no
differences regarding the personal efficacy were found between the
two self-control groups. Instead, the main effect of self-control was
significant. Participants of both self-control groups reported stronger
self-efficacy expectations than did participants of the yoked groups.
Particularly after failures (eg. after performing first trials of practice)
the self-efficacy perceptions of the self-control participants decreased
significantly less than those of the yoked participants. This supports
the suggestion that learner-controlled practice schedules not only benefit
the learning of motor skills, but also have positive effects on
psychological states and processes. Future research on self-controlled
motor learning should include those variables to confirm and extend
the results of the present study.
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Despite the fact that self-control benefits on motor learning appear
to be a rather robust phenomenon, it is relatively unclear what the
underlying causes for this effect are. Wulf and Toole (1999) suggested
that self-controlled practice might result in more effective learning,
because it encourages learners to try out different movement strategies
to a greater extent than practice without self-control does. Relating to
the concept of a “perceptual-motor-workspace” (Newell, 1991) the self-
controlled use of ski poles, for example, allows the learner to explore
their individual workspace more effectively. However this does not
even partially explain the advantages of a learner-controlled feedback
schedule, as shown by studies of Janelle and colleagues (1995, 1997).
In this case, cognitive or information strategies might be more important
than movement strategies.

Other explanations are rather vague and have been adapted from
literature on cognitive learning, where the effectiveness of self-
regulation, or self-control, has been discussed for a number of years
(eg. Boekaerts et al., 2000; Straka, 2000; Zimmerman, 1990). In general,
cognitive and motivational processes have been postulated. In terms of
cognitive processes, it has been suggested that the perception of self-
control enhances learning because it leads to a more active involvement
of the learner in the learning process and promotes a deeper processing
of relevant information. Several studies have demonstrated, in fact,
that self-controlled learning correlates significantly with elaborative
and integrative strategies, which result in a deeper understanding of
the material to be learned in contrast to simple rehearsal strategies
(Prosser and Millar, 1989; Entwistle et al., 1993). From a motivational
point of view, it has been suggested that the effectiveness of self-
controlled practice schedules might be due to an increased sense of
self-efficacy and the learner’s option to set goals for themselves (Deci
and Ryan, 2000; Schunk and Ertmer, 2000; Zimmerman et al., 1996).

It is very likely that these processes contribute to the superiority
of self-controlled learning as compared to (yoked) learning without
self-control. However, if the cognitive and motivational processes work
independently of each other or have a cumulative effect, self-controlled
learners should demonstrate better performances than yoked learners
already during practice. Actually, studies on self-controlled motor lear-
ning typically show that the beneficial effect of self-control occurs
with a delay, that is in the retention test, whereas no performance
differences are found during practice. In our opinion, these findings
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can only be explained if one assumes an antagonistic relationship
between the relevant cognitive and motivational processes.

During practice, self-controlled learners have motivational benefits
compared to yoked learners. They are free to set their own goals,
determine type and difficulty of the exercises and feel autonomous and
self-efficacious. For this reason, they show a higher intrinsic motivation
and invest more effort in learning. However, from a cognitive point of
view, self-control means additional strain on the learners. Based on
their knowledge of the task and of their own capabilities they have to
make decisions as to their individual learning behavior. Which exercises
and tasks must be chosen? When, how, and how often should one vary
the learning task? When and how often should one ask for performance
feedback or use physical assistance devices? Should one practice on
one’s own or together with others? Furthermore, self-controlled learners
must monitor and evaluate the effectiveness of their activities at various
points and correct them if necessary. Thus attention must be divided
between the actual learning and the process of self-control (Friedrich
and Mandl, 1997). The more decisions that are left to the learners, or
in other words, the more degrees of freedom the self-control covers,
the greater the additional cognitive strain on the learners. These
antagonistic effects of cognition and motivation during self-controlled
learning might result in similar performances of self-controlled and
yoked learners in the practice phase of the studies.

In the retention test self-control and yoked participants perform
under the same conditions. Thus there is no longer a motivational advantage
of self-control. However this also means that there is no longer additional
cognitive strain on the self-control learners. Now there should be a
positive effect from the fact that self-controlled learners had the
possibility to arrange their practice schedules in accordance with their
specific needs and preferences. In arecent study, Chiviacowsky and Wulf
(2002) found that self-control leamers did not request feedback randomly;
rather, they based their decisions on their performance on a given trial.
Questionnaire data indicated that self-control learners received feedback
when they actually needed it, whereas the majority of yoked learners
reported that they did not receive feedback after the right trials. These
findings support the hypothesis that self-controlled practice schedules
are more in congruence with the learner’s needs than yoked schedules,
which might explain the observed retention benefits.
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There are severals ways to empirically test the hypothesis described
here. For example, the postulated motivational advantage of self-
controlled practice could be negated by giving (erroneous) failure
feedback to the self-control group. According to the hypothesis, the
self-controlled learners should then demonstrate poorer performances
than the yoked learners during practice. Furthermore, the cognitive
strain caused by working under self-control conditions could be reduced
by applying an introductory training on self-controlled learning, which
is an often used procedure in the research on cognitive learning (eg.
Zimmerman et al., 1996). In this case it is expected that the self-control
group outperform the yoked group already during practice (and not
only in the retention test). At any rate, one should include another self-
control group without treatment in order to prevent a confound, eg. in
the former case, between self-control and feedback.

Overall, the present results, together with those of previous studies
(eg. Janelle et al., 1995, 1997; Wulf and Toole, 1999; Wulf et al., 2001),
provide further evidence for the benefits of self-controlled learning. In
addition, they extend the previous findings in two points. Firstly, it
seems that the positive effect of self-control occurs independently from
the learners’ preferences regarding the self-control manipulation. It is
assumed that the possibility of self-control itself is more important
than the aspect to which the self-control refers to. However, this needs
to be confirmed by other studies with different self-control
manipulations and tasks. Secondly, we showed that self-controlled
learning not only has an effect on motor performance, but also on the
learner’s self-efficacy beliefs. This finding is in congruence with results
of research on academic learning (Schunk, 1994; Schunk and
Zimmerman, 1996). Because the perception of self-efficacy is a strong
motivator, it is possible that the improvement of self-efficacy during
practice is one of the mechanisms responsible for the learning
advantages of self-controlled schedules. The delayed effect of this
higher motivation is explained by the supposed antagonistic interrelation
to cognitive processes. Variables such as these need to be included in
future studies to reach a complete understanding of the benefits of self-
controlled learning.




232 BUND

REFERENCES

BANDURA, A. (1986).
Social foundations of thought and action: A social cognitive
theory.
Prentice Hall, Englewood Cliffs, NJ.
BANDURA, A. (1997).
Self-efficacy: The exercise of control.
Freeman, New York.
BOEKAERTS, M. (1999).
Self-regulated learning: Where we are today.
Int. J. Educ. Res., 31: 445-457.
BOEKAERTS, M. AND NIEMIVIRTA, M. (2000).
Self-regulated learning: Finding a balance between learning goals
and ego-protective goals.
In M. Boekaerts, P. R. Pintrich and Zeidner, M. (2000).
Handbook of self-regulation.
Academic Press, San Diego, pp. 417-451.
Bortz, J., AND DORING, N. (1995).
Forschungsmethoden und Evaluation fir Sozialwissenschaftler
[Research methods and evaluation for social scientists].
Springer, Berlin u.a.
Bunp, A. (2001).
Selbstvertrauen und Bewegungslernen [Self-confidence and motor
learning].
Hofmann, Schorndorf.
CHIVIAKOWSKY, S., AND WULF, G. (2002).
Self-controlled feedback: Does it enhance learning because
performers get feedback when they need it?
Res. Q. Exerc. Sport, 73: 408-415.
Decl, E., anD Ryan, R. (2000).
What is the self in self-directed learning? Findings from recent
motivational research.
In Conceptions of self-directed learning.
Waxmann, (Edited by G.A. Straka), New York, pp. 75-92.
EnTtwisTLE, N.J., ENTWISTLE, A., AND TaIT, H. (1993).
Academic understanding and contexts to enhance it: A perspective
from research on student learning.
In Designing environments for constructive learning.
Springer, (Edited by T. Duffy, J. Lowyck and D. H. Jonassen),

SELF-CONTROLLED LEARNING IN MOTOR SKILL 233

Berlin, pp- 331-357.

FriepricH, H.F., aND Manpr, H. (1997).

Analyse und Forderung selbstgesteuerten Lernens [Analysis and
support of self-regulated learning].

In Psychologie der Erwachsenenbildung. (Enzyklopédie der
Psychologie, Serie. I, Bd. 4, S. 237-295).

Hogrefe, (Edited by F. E. Weinert and H. Mandl), Gottingen.

GaRcia, T. AND PINTRICH, P. R. (1994).

Regulating motivation and cognition in the classroom: The role
of self-schemas and self-regulatory strategies.

In Self-regulation of learning and performance. Issues and
educational applications.

Erlbaum, (Edited by D. H. Schunk and B. J. Zimmermany),
Hillsdale, NJ., pp. 127-154.

Gross, B.-U., aNnD HUBER, D. (1995).

Tischtennis: Moderne Technik fiir Anfianger und Kénner [Table-
tennis: Modern technique for novices and experts].
Rowohlt, Hamburg, Germany.
GRUBBA, A. (1998).
Tischtennis lernen [Learning table-tennis].
Delius Klasing, Bielefeld, Germany.
Huperz, R. (2000).
Table tennis 2000. Technique with Vladimir Samsonov.
Huno Sport, Zagreb, Croatia.

JANELLE, C. M., Kim, J., AND SINGER, R. N. (1995).
Subject-controlled performance feedback and learning of a closed
motor skill.

Percept. Motor Skills, 81: 627-634.

JANELLE, C. M., BarBA, D. A., FReHLICH, S. G., TENNANT, L. K., AND
CAURAUGH, J. H. (1997).

Maximising performance feedback effectiveness through
videotape replay and a self-controlled learning environment.
Res. Q. Exerc. Sport, 68: 269-279.

McCowmss, B. (1989).

Self-regulated learning and academic achievement: A
phenomenological view.

In Self-regulated learning and academic achievement. Theory,
research, and practice.

Springer, (Edited by B. J. Zimmerman and D. H. Schunk.), New York,
pp.51-82.



234 BUND

MEECE, J. L. (1994).
The role of motivation in self-regulated learning.
In Self-regulation of learning and performance: Issues and
educational applications.
Erlbaum, (Edited by D. H. Schunk and B. J. Zimmerman),
Hillsdale, NJ.,pp. 25-44.

Moritz, S. E., FEL1Z, D. L., FAHRBACH, K. R., AND MACKE, D. E. (2000).
The relation of self-efficacy measures to sport performance: A
meta-analysis.

Res. Q. Exerc. Sport, 71: 280-294.

NEewEeLL, K. (1991).

Motor skill acquisition.
Ann. Rev. Psychol., 42: 213-237.

PinTRICH, P. R., AND SCHRAUBEN, B. (1992).

Students’ motivational beliefs and their cognitive engagement in
classroom academic tasks.
In Student perceptions in the classroom.
Erlbaum, (Edited by D. H. Schunk and J. Meece), Hillsdale, NJ .,
pp. 149-183.
PROSSER, M., AND MILLAR, R. (1989).
The “how” and “what” of learning physics.
Eur. J. Pschol. Educ., 4: 513-528.
RANDI, J. anD Corno, L. (2000).
Teacher innovations in self-regulated learning.
In Handbook of self-regulation.
Academic Press, (Edited by M. Boekaerts, P. R. Pintrich and M.
Zeidner), San Diego, pp. 651-686.

ScHUNK, D.H. (1994).

Self-regulation of self-efficacy and attributions in academic settings.
In Self-regulation of learning and performance: Issues and
educational applications.

Erlbaum, (Edited by D. H. Schunk and B. J. Zimmerman.),
Hillsdale, NJ., pp. 75-100.

Schunk, D.H. AND ERTMER, P.H. (2000).

Self-regulation and academic learning: Self-efficacy enhancing
interventions.

In Handbook of self-regulation.

Academic Press, (Edited by M. Boekaerts, P. R. Pintrich and M.
Zeidner), San Diego, pp 631-650.

ScHUNK, D.H., AND ZIMMERMAN, B.J. (1994).

Self-regulation of learning and performance: Issues and

SELF-CONTROLLED LEARNING IN MOTOR SKILL 235

educational applications.
Erlbaum, Hillsdale, NJ.

SCHUNK, D.H., AND ZIMMERMAN, B.J. (1996).
Modeling and self-efficacy influences on children’s development
of self-regulation.
In Social motivation: Understanding children’s school adjustment.
Cambridge University Press, (Edited by K. Wentzle and J.
Juvonen), New York, pp. 154-180.

STRAKA, G.A. (ED.). (2000).
Conceptions of self-directed learning.
Waxmann, New York.

WiLp, K.P., AND SCHIEFELE, U. (1994).
Lernstrategien im Studium: Ergebnisse zur Faktorenstruktur und
Reliabilitiat enes neuen Fragebogens [Learning strategies of
university students: Factore structure and reliability of a new
questionnaire].
Zeitschrift fiir Differentielle und Diagnostische Psychologie, 15:
185-200.

WULF, G., aND TooLE, T. (1999).
Physical assistance devices in complex motor skill learning:
Benefits of a self-controlled practice schedule.
Res. Q. Exerc. Sport, 70: 265-272.

WuLF, G., CLauss, A., SHEA, C.H., AND WHITACRE, C.A. (2001).
Benefits of self-control in dyad practice.
Res. Q. Exerc. Sport, 72: 299-303.

ZIMMERMAN, B. J. (1990).
Self-regulated learning and academic achievement: An overview.
Educ. Psychol., 25: 3-17.

ZIMMERMAN, B. J. (1994).
Dimensions of academic self-regulation: A conceptual framework
for education.
In Self-regulation of learning and performance: Issues and
educational applications.
Erlbaum, (Edited by D. H. Schunk and B.J. Zimmerman), Hillsdale,
NJ., pp. 3-24.

ZIMMERMAN, B.J., AND ScHUNK, D.H. (1989).
Self-regulated learning and academic achievement. Theory,
research, and practice.
Springer, New York.

ZIMMERMAN, B.J., AND KITSANTAS, A. (1996).
Self-regulated learning of a motoric skill: The role of goal setting



236 BUND

and self-monitoring.
J. Appl. Sport Psychol., 8: 60-75.

ZIMMERMAN, B.J., BANDURA, A., AND MARTINEZ-PONS, (1992).
Self-motivation for academic attainment: The role of self-efficacy
beliefs and personal goal setting.

Am. Educ. Res. J., 29, 663-676.

ZIMMERMAN, B.J., BONNER, S., AND KovacH, R. (1996).

Developing self-regulated learners. Beyond achievement to self-
efficacy.
Am. Psychol. Assoc., Washington, DC.

Teviot-Kimpton Publications
8A Randolph Crescent
Edinburgh EH3 7TH, UK




	page1
	titles
	1 
	Institute 0/ Sport Science, Darmstadt University 0/ 
	SUMMARY 


	page2
	page3
	page4
	images
	image1
	image2
	image3
	image4

	tables
	table1


	page5
	titles
	222 BUND 
	223 


	page6
	titles
	l-a-sc+ -e-sc- ...•. VO+ -G-vo-I 

	images
	image1
	image2

	tables
	table1


	page7
	tables
	table1


	page8
	page9
	page10
	page11
	page12
	titles
	1 
	J 

	images
	image1
	image2



