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This study investigated how student autonomy in physical education can
be enhanced without producing adverse effects. A sample of 150
students from Dutch preparatory vocational education was divided into
four groups subjected to different levels of autonomy during a physical
education lesson. The autonomy conditions varied from teacher-led
lessons to student-led task strategy selection, self-monitoring of task
execution with video-based self-feedback and self-assessment of
performance. Students in the autonomy conditions showed significantly
higher motor performance than students in the teacher-led condition.
Also, video-based self-feedback led to increased motor learning as
compared to video-based teacher-led feedback. Students’ selfassessment scores of exercise performance were found to converge very
well with the scores assigned by the teachers. Finally, it was established
that high performers benefited more from enhanced autonomy than low
performers. Motivation was found to be high in all conditions, revealing
no significant differences.
Keywords: physical education, autonomy, motor learning, preparatory vocational
education, video-based self-feedback
Introduction
Children and young people increasingly suffer from overweight, which is generally
attributed to a persistent lack of physical activity (Ness et al., 2007). A recent study
across 195 countries revealed that 2.2 billion people, which is 30% of the world
population, suffer from overweight and obesity (GBD 2015 Obesity Collaborators,
2017). Both are major risk factors for chronic diseases that include diabetes,
cardiovascular diseases, and cancer. The authors of the GBD study have qualified
obesity as a “rising pandemic” and a “global public health crisis” (p. 13). Obesity and
overweight are readily attributed to a persistent lack of physical activity and other
unfavorable lifestyle factors. A most reliable predictor of the future amount of physical
activity is the level of education: in the course of their lives, low-educated people show
less physical activity than high-educated people (Perlman & Karp, 2010; Pullus,
Breedveld, & Van den Dool, 2015). Among all youth in the range of 12-17 years old in
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the Netherlands, students from the VMBO schools (lowest level in the Dutch school
system) show the least physical activity (De Looze et al., 2014). Although physical
education is considered an important instrument for influencing students physical
activity levels and preserving these in the long term (Fairclough, Stratton, & Baldwin,
2002), the long-term effects are limited (De Looze et al., 2014).
When it comes to adopting and preserving an active lifestyle throughout one´s
life, motivation is a crucial factor (Cox, Smith, & Williams, 2008; Haerens, Kirk,
Cardon, De Bourdeaudhuij, & Vansteenkiste, 2010; Taylor, Ntoumanis, Standage, &
Spray, 2010). Therefore, efforts of stimulating students’ levels of physical activity at
school should preferably be grounded in motivational considerations and underlying
concepts. In accordance with Ryan and Deci’s self-determination theory (Ryan & Deci,
2000), student autonomy has been established as a predominant factor driving student
motivation in physical education (Haerens, Aelterman, Vansteenkiste, Soenens, & Van
Petegem, 2015). Autonomy in a learning context means students take control of their
own learning (Knowles, 1975). Various studies have shown that students who can act
more autonomously during physical education lessons are more self-determinedly
motivated and more physically active (Cox et al., 2008; Hastie, Rudisill, & Wadsworth,
2013; Haerens et al., 2015; Perlman, 2015). Particularly, nonmotivated students
engaged in the autonomy-supportive classes reported significantly higher levels of selfdetermined motivation (Perlman, 2015).
However, a survey among 1,019 secondary school students in the Netherlands
showed that the amount of autonomy is generally low in physical education (Van
Ekdom & Van Mossel, 2014). Also, students rarely have a say in the way performances
are assessed (Borghouts, Van Dokkum, & Slingerland, 2014). This suggests that current
approaches to physical education are largely teacher-controlled thus constraining the
opportunities for student autonomy and enhanced motivation. However, a radical turn
toward student-led pedagogies may produce adverse effects because an overdose of
autonomy (e.g., laissez-faire) is known to likewise affect the efficacy of learning,
quality of learning outcomes, and motivation (Wielenga-Meijer, Taris, Wigboldus, &
Kompier, 2011). A key question to be answered is how autonomy in physical education
can be enhanced without producing such adverse effects. Currently, no empirical data
are available about the role of autonomy in physical education at the lowest preparatory
vocational education level in the Netherlands. Moreover, most studies in physical
education classes focus on motivation only while paying less attention to actual
learning outcomes.
Our study focused on motor learning and, in particular, investigated empirically
how different levels of autonomy influence students’ motor learning outcomes in
physical education lessons. Motor learning refers to the processes associated with
practice or experience that leads to the acquisition of relatively permanent movement
capability. Autonomy in the lessons was varied with respect to goal setting, task
strategy selection, monitoring and evaluation of task execution, and the assessment of
performance, respectively. Evidence of favorable effects will inform and help teachers
and policymakers to procure the use of autonomy-based teaching methods that
contribute to better learning outcomes, higher self-determined motivations, and
potentially more active lifestyles in the long run.
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Theoretical Framework
A variety of theoretical models of motivation have been proposed (e.g., Keller, 2008;
Malone & Lepper, 1987; Ryan & Deci, 2000), all distinguishing between extrinsic
motivation (referring to performing an activity driven by external factors; e.g., pressure,
rewards, or salary) and intrinsic motivation (referring to the inherent tendency to seek
out novelty and challenges, to extend and exercise one's capacities, or to explore and
learn). The achievement of sustained behavioral effects is best pursued by stimulating
intrinsic motivation. There is abundant empirical evidence that intrinsically motivated
students demonstrate more active behaviors during physical education lessons
(Aelterman et al., 2012; Lonsdale, Sabiston, Raedeke, Ha, & Sum, 2009) as well as
outside school (Cox et al., 2008; Haerens et al., 2010; Taylor et al., 2010).
Self-Determination Theory in Physical Education
This study is based on self-determination theory (SDT; Ryan & Deci, 2000). A crucial
mechanism described in SDT is the (gradual) transition from extrinsic motivation to
intrinsic motivation. This process of internalization (Deci & Ryan, 1985) describes how
externally controlled behaviors are gradually adopted and integrated in the subjects’
values and interests frames whereby they expose respective behaviors on a more
voluntary basis. The principal concepts of SDT include different regulatory styles that
cover the range between intrinsic and extrinsic motivation thus describing the
progression of the internalization process. The following aggregate labels are
commonly used (Ryan & Deci, 2000) to describe these regulatory styles and the
associated classes of motivation:




controlled motivation (emphasising external regulation);
autonomous motivation (emphasising intrinsic regulation); and
amotivation (when the subject is not motivated at all).

Autonomous motivation has an essential influence on the patterns of physical
behaviors that students display (Cox et al., 2008; Van den Berghe, Vansteenkiste,
Cardon, Kirk, & Haerens, 2014). Autonomously motivated students display better
concentration (Ntoumanis, 2005), higher involvement, and higher activity levels in
physical education lessons than students demonstrating controlled motivation or
amotivation (Aelterman et al., 2012). Since physical activity is more meaningful to
autonomously motivated students, higher activity levels are also displayed outside
school (Cox et al., 2008; Haerens et al., 2010; Taylor et al., 2010). To get students
autonomously motivated, their internalization process of externally-guided behavior
regulation should be stimulated. Following SDT, this process can be facilitated by
fulfilling the psychologic basic needs of relatedness, competence, and autonomy.
Fulfilments of those innate needs would lead to individual growth, a sense of wellbeing,
and optimal forms of motivation (Ryan & Deci, 2000).
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The Balance between Student Control and Teacher Control
Teachers may help to amplify the autonomous motivation of their students by allowing
them some control over their learning activities, which may have a positive influence
on motivation and learning outcomes (Cox et al., 2008). However, a cautious balance
between teacher control and student control is required to avoid ineffective learning
modes such as developing misconceptions, spending too much time on unfavorable
activities, or being deprived of feedback (Wielenga-Meijer et al., 2011). Teachers
should offer an appropriate guidance structure; students should know what they are
expected to do and how they can achieve good learning outcomes (Vansteenkiste,
Sierens, Soenens, & Lens, 2007). Without a clear structure with guidelines,
expectations, and feedback, the teaching deteriorates to laissez-faire, which is easily
associated with limited teacher involvement, unguided exploration, or ultimately chaos
and thereby has a negative impact on both motivation and learning outcomes (Jang,
Reeve, Ryan, & Kim, 2009; Reeve, 2009). In contrast, full teacher control goes with
clear assignments and abundant use of external motivators such as deadlines, rewards,
punishments or marks, which may likewise frustrate students’ basic psychological
needs (Bartholomew, Ntoumanis, Ryan, Bosch, & Thøgersen-Ntoumani, 2011). Full
teacher control may readily lead to controlled motivation (DeMeyer et al., 2014),
amotivation, opposition (Haerens et al., 2015), reduced involvement, and reduced
learning outcomes (Assor, Kaplan, Kanat-Maymon, & Roth, 2005). Allowing for welltuned student autonomy would avoid these problems.
Low-achieving students seem to benefit more from enhanced autonomy than
high achievers do (Fei-Yin Ng, Kenney‐Benson, & Pomerantz, 2004). Low achievers
are more sensitive to experiencing successes because of low self-esteem with respect to
competences and performances (Pomerantz & Saxon, 2001). Unfortunately, low
achievers in the Dutch VMBO schools have been reported to be inherently weak at selfregulation and would still need substantial guidance (Hamstra & Van den Ende, 2006).
The level of autonomy offered should match the students’ metacognitive skills (Simons
& Zuylen, 1995) or self-regulatory skills (Zimmerman, 2002), which include regulatory
strategies such as orientation, planning, execution, monitoring, evaluation, and
reflection. The low self-regulation ability of low achievers suggests that the degree of
autonomy is somehow limited.
Simons and Zuylen (1995) have suggested that the level of student autonomy
could be differentiated across different components of the educational process: (a) goal
setting, (b) task strategy, (c) monitoring and evaluation of task execution, and (d) the
assessment of performance. As students develop their regulative skills, they could be
allowed to gradually control more components of the process. The components, which
are used in this study to specify different levels of autonomy, are briefly explained
below as follows:


Goal setting. Goal setting in the context of physical education generally means
that a motor activity is being set by the teacher for practicing. Nevertheless,
giving students choice in selecting the motor activity increases their self-
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determination (Prusak, Treasure, Darst, & Pangrazi, 2004; Ward, Wilkinson,
Graser, & Prusak, 2008).
Task strategy selection. The selection of a task strategy in physical education is
mainly based on the difficulty of the task. Partial or complete self-control of
task difficulty is beneficial for motor learning (Andrieux, Boutin, & Thon,
2016).
Monitoring and evaluation of task execution. Monitoring and evaluation of task
execution through self-recording is also found to be beneficial for motor
learning (Chiviakowsky & Wulf, 2005; Kolovelonis, Goudas, & Dermitzaki,
2011). Video-based self-feedback leads to better motor learning (e.g., higher
skill progression) than prescribed video-based feedback because it creates
deeper awareness and understanding of how a movement needs to be executed
(Aiken, Fairbrother, & Post, 2012; Janelle, Kim, & Singer, 1995; Post, Aiken,
Laughlin, & Fairbrother, 2016; Ste-Marie, Vertes, Law, & Rymal, 2012).
Assessment. Assessment in Dutch physical education is usually covered by the
teacher (Borghouts et al., 2014). Students generally tend to overrate their
performances (Bjork, 1999; Kolovelonis & Goudas, 2012). In particular, at the
VMBO level students feel their teacher is an authority who should provide
corrective feedback (Groeneveld & Van Steensel, 2009).
Research Questions and Hypotheses

In this study, student groups in physical education were subjected to different levels of
autonomy in order to investigate the potential effects on motivation and learning
outcomes. Four autonomy levels are controlled by design. All four groups dealt with
the same learning activity: the touch somersault, which is a standard flip exercise.
Autonomy conditions of the groups were differed by varying between teacher
control and student control across learning task strategy, monitoring and evaluation of
task execution, and the assessment of performance, respectively (Simons & Zuylen,
1995). Table 1 displays the four experimental conditions ordered toward ascending
student autonomy.

Table 1. Different Levels of Student Autonomy in Four Experimental Conditions
Condition
Task strategy
Monitoring and
Assessment of
selection
evaluation of task
performance
execution
1
Teacher-controlled Teacher-controlled Teacher-controlled
2
Student-controlled
Teacher-controlled Teacher-controlled
3
Student -controlled Student-controlled
Teacher-controlled
4
Student-controlled
Student-controlled
Student-controlled
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It is expected that giving students more autonomy would positively influence
their motor learning (Filak & Sheldon, 2008; Jang et al., 2009). In addition, learners’
motivations are expected to act as a mediator between autonomy and learning.
Accordingly, research hypotheses are expressed as follows:




Hypothesis 1: Students in conditions 2, 3, and 4 achieve higher learning
outcomes than students in condition 1.
Hypothesis 2: Students in conditions 3 and 4 will achieve the highest learning
outcomes.
Hypothesis 3: Motivation produces an indirect effect of autonomy on learning.
Method

The experiment uses a between-subjects design with the four conditions; student
autonomy is the independent variable, and motor learning and motivation are the
dependent variables.
Participants
For this experiment, 166 students from eight classes in IJsselcollege in the Netherlands
were invited to participate. Eventually, after having received informed consent, 150
students (63% boys, 37% girls) from both first and second year classes participated.
The age range of the sample was 12 to 15 years with a mean of 13.4 years and a
standard deviation of 0.6 years. Group composition was arranged through stratification
across four initial performance levels and self-regulation skills (see Procedure section).
Instruments
Performance of the touch somersault was measured by observation, supported by
rubrics, for each of diverse motoric elements: push off, rotation, and landing. Each of
the elements were rated on a 4-point scale. A maximum of 12 points could be achieved
based on the task difficulty. With less task difficulty, fewer points could be achieved.
The rubrics were developed by the teacher and researcher.
Self-regulating skills were measured with the Self-Regulation of Learning–SelfReport Scale (SRL-SRS; Toering, Elferink-Gemser, Jonker, Van Heuvelen, &
Visscher, 2012). This questionnaire uses 46 items for covering planning, selfmonitoring, self-evaluation, self-reflection, effort, and self-efficacy. Internal
consistency of the items was found to be high for all scales with Cronbach’s alphas of
0.81 (planning), 0.84 (self-monitoring), 0.90 (self-evaluation), 0.82 (self-reflection),
0.91 (effort), and 0.89 (self-efficacy).
Motivational regulation was measured with the Behavioural Regulations in
Physical Education Questionnaire (BRPEQ; Aelterman et al., 2012), which is a Dutch
adaptation of the Behavioural Regulation in Exercise Questionnaire (Markland &
Tobin, 2004). It uses 20 items with a 5-point Likert scale to establish 5 motivation
subscales: intrinsic regulation and introjected regulation (which combine into
International Journal of Self-Directed Learning Volume 16, Number 2, Fall 2019

27

LEARNER AUTONOMY IN MOTOR LEARNING

autonomous regulation), external regulation and identified regulation (which combine
into controlled regulation), and amotivation. The internal consistency of intrinsic
regulation, identified regulation, and amotivation in the sample were found to be high
(Cronbach’s alpha was 0.91, 0.83, and 0.82, respectively); however, Cronbach’s alpha
values for introjected regulation and external regulation were low (0.54 and 0.61,
respectively) signifying low internal consistency. As a consequence, the use of the
overall Relative Autonomy Index (Markland & Tobin, 2004), which is based on all five
subscales of the BRPEQ, was abandoned.
Procedure
For the recruitment of participants, the school’s management, teachers, students, and
their parents were informed about the purpose and setup of the study, the voluntariness
of participation, the preservation of anonymity, and what the data would be used for.
To determine the learners’ entry levels, they all had to produce five trials of the
touch somersault. After the trials, three video recordings of the touch somersault were
made. The video recording of the best performance was used for assessment by the
teacher and researcher. In all cases the teacher and researcher reached agreement about
the assessments. After the video registrations were made, each group received its
respective instructions.
Students with all permissions approved, completed the SRL-SRS. The four
groups of the study were composed by stratified sampling across three strata of selfregulation skills from the SRL-SRS and four different prior performance classes. In
addition, eight students who were graded by their physical education teachers as
extremely weak performers and four students who were graded as extremely gifted
performers were evenly distributed over the groups to avoid unwanted bias of
performances. Variance analysis shows no significant differences between groups with
respect to gender, F(3,146) = 0.19, p = 0.904; age, F(3,146) = 0.62, p = 0.603; class
level, F(3,146) = 0.05, p = 0.985; motor skills, F(3, 146) = 0.23, p = 0.878; and selfregulation skills, F(3, 146) = 0.04, p = 0.990.
In each of the eight classes all four conditions were arranged, requiring four 1.5hour lessons for each class of four groups: during the lessons, each group spent 15
minutes on their touch somersault session and could practice as much as they wanted
while the other groups were playing a sports game. To avoid bias with the sequence
order of groups in the classes, a rotational schedule was used to represent all different
orders equally.
At the start of the lesson the students were briefed about the research and the
setup of the lesson. Prior to exercise all students had to use their iPads to check the
instructions about the touch somersault’s components and their assessment criteria,
explained through videos and texts. During exercise, students in all groups were
allowed to consult their iPad at any time they wanted.
In all conditions, five different practice stations were offered to prepare for the
touch somersault:
1. a low, declined gymnastic mat;
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2.
3.
4.
5.

a high, declined gymnastic mat;
a low vaulting box with horizontal gymnastic mat on the ground;
a medium height vaulting box with gymnastic mat on the ground; and
a high vaulting box with gymnastic mat on the ground.

For students in condition 1, the teacher selected the order of practice stations
whereas students in conditions 2, 3, and 4 were free to choose the practice stations by
themselves (task strategy selection; cf. Table 1).
The monitoring and evaluation of task execution in this experiment was
accommodated by a video-feedback application on the iPad. The application allowed
for slow-motion playback, annotations, and measurement of relevant posture angles to
analyze a movement in detail. In conditions 1 and 2, the teacher provided the video
feedback whereas in conditions 3 and 4 students analyzed their movement by
themselves. The self-timer function on the application made it possible for the students
to use it without the help of others.
A performance retention test of the touch somersault was administered in the
fourth (and final) lesson, which was 1 week after the training. During this final lesson
students were not allowed to do movement analysis and substantive training. Prior to
the assessment, the students did a maximum of five practice jumps as a warmup.
Thereafter, they had three trials that were recorded. The video recording of the best
performance was used for assessment. After this, students were invited to complete the
BRPEQ to record their motivational regulation.
Findings
Effects of Autonomy on Motor Learning (Hypotheses 1 and 2)
The average motor performance level of 150 participants upon start of the experiment
was 6.7 (SD = 2.1) on a scale from 1 (utterly weak) to 12 (excellent); during the final
assessment the motor performance level was found to be 8.5 (SD = 1.8). This means
there was an average motor learning outcome (viz., performance growth) of 1.8 points
(SD = 1.5). Table 2 shows the motor learning outcomes per condition.

Table 2. Mean Performance Growth for Each Condition With Standard Deviations and
Effect Sizes
Condition
Performance
SD
ES
growth, M
1

1.4

1.2

1.2

2

1.6

1.2

1.3

3

2.3

1.2

1.9

4

2.1

1.2

1.8
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Observed performance growth was different for each condition. All observed
effect sizes qualify as very large (Sawilowsky, 2009). The Shapiro-Wilk test for the
distribution of these learning outcomes suggested small deviations from normality,
indicating skewness of -0.5 (p < 0.001) and kurtosis of -0.8 (p < 0.001). These
deviations were small and hardly observable through visual inspection; therefore,
parametric testing was deemed applicable because of its robustness against such minor
deviations from normality. An analysis of covariance using motor performance level
upon start as a covariate was carried out to test for significant differences of learning
outcomes. First, this covariate was found to have a significant effect on motor learning,
F(1,144) = 69.50, p < 0.001. The linear dependency coefficient of b = -0.42 indicated
that motor learning outcomes are higher when initial motor performance levels are
lower. Second, analysis of covariance revealed significant differences of motor learning
across conditions, F(3,144) = 3.79, p = 0.012. Applying Helmert contrasts showed that
motor learning in condition 1 was significantly lower than those in the other conditions
(p = 0.014) thereby supporting hypothesis 1. Likewise, motor learning of participants in
condition 2 (moderate level of autonomy) was found to be significantly lower than
motor learning in conditions 3 and 4 (high autonomy; p = 0.025), which supports
hypothesis 2. No significant differences were found between conditions 3 and 4 (p =
0.646).
Effects of Autonomy on Motivation (Hypothesis 3)
After removal of six outliers (the value of one of the variables was more than two
standard deviations away from the mean), a Shapiro-Wilk normality test showed good
normality for controlled motivation (p = 0.075) but deviations from normality for
autonomous motivation (p = 0.001) and amotivation (p < 0.001).
Visual inspection showed that deviations from normality were small for both
autonomous motivation and controlled motivation, but the distribution of amotivation
was found to be highly skewed. Consequently, for amotivation a nonparametric test
statistic was used (the Kruskall-Wallis H statistic) rather than an F statistic.
Table 3 presents the average motivations (averages from the Likert scores of the
BRPEQ) for each condition.

Table 3. Means and Standard Deviations of Autonomous Motivation, Controlled
Motivation, and Amotivation for Each Condition
Condition
Autonomous
Controlled
Amotivation
motivation
motivation
M
SD
M
SD
M
SD
2.6
1.0
1.1
0.6
1.1
1.1
1
2

2.6

1.0

1.3

0.6

0.9

1.0

3

2.6

0.8

1.2

0.7

1.0

0.9

4

2.7

0.8

1.2

0.5

0.7

0.8
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As can be seen from the results in Table 3, the differences between conditions are not
significant. This was confirmed by an F statistic for autonomous motivation, F(3,140)
= 0.26, p = 0.852, and controlled motivation, F(3,140) = 1.18, p = 0.320, and an H
statistic for amotivation (which showed a highly skewed distribution), H(3) = 3.82, p =
0.282. Thus, no evidence was found to support hypothesis 3.
Discussion
Motor Learning
Significant differences between groups were found for motor learning. Students in the
autonomy conditions (2, 3, and 4) showed significantly higher learning outcomes than
students in the teacher-led condition. Similarly, significant evidence was found that
motor learning by participants correlated positively with the amount of autonomy
provided. Students in conditions 3 and 4 (large degrees of autonomy) displayed
significantly better motor learning outcomes than students in conditions 1 and 2
(limited autonomy). These outcomes suggest positive impact of learner autonomy on
motor learning. Autonomy in task strategy selection and monitoring and evaluation of
task execution based on video-based self-feedback led to increased learning outcomes.
This agrees with previous studies by Andrieux et al. (2016) and Hartman (2007) that
show that freedom of choice in psychomotor exercise improves motor performance.
Furthermore, video-based self-feedback is associated with positive effects on motor
skills (Aiken et al., 2012; Post et al., 2016; Ste-Marie et al., 2012). In contrast with
existing studies that were arranged in a controlled lab situation, our study is
ecologically sound in that it took place during regular classroom lessons.
Motivation
In all conditions, the score for autonomous motivation is fairly positive (M range of
2.6-2.7 using a 0-4 Likert scale). These positive outcomes might be explained because
of the attractiveness of the learning activity (touch somersault) and the use of video
instructions (Bund & Wiemeyer, 2004; Tsukazaki, Uehara, Morishita, Ninomiya, &
Funase, 2012). The attractiveness of the task may have masked the influence of
autonomy. However, no significant differences were found between the groups of
learners (cf. Table 3). This means that the role of motivation as a mediator between
autonomy and learning (hypothesis 3) was not supported. Several explanations may be
considered. Motivation is a complex, multifaceted concept that is inherently difficult to
measure accurately (Touré-Tillery & Fishbach, 2014). Indeed, the BRPEQ, even
though specifically designed for physical education, displayed some low scale
consistencies. Low scale consistencies might be due to limited reading comprehension
skills of the participants involved as many of the students at the lowest levels of VMBO
evidently suffer from limited reading comprehension and concentration problems
(Hamstra & Van den Ende, 2006). Because of this low internal consistency of the
instrument, the Relative Autonomy Index (Markland & Tobin, 2004) that indicates
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overall motivational states could not be used. For practical reasons, motivation data in
this study could be gathered post-practice only thus making a pre-post comparison
impossible. Since the BRPEQ was used post-practice and at the very end of the
experiment, fatigue or disinterest may have further affected its reliability.
The Role of Video-based Self-feedback and Assessment
Our study demonstrates the positive effect of video-based self-feedback in physical
education lessons in a quantitative way. So far, the studies of Aiken et al. (2012), Post
et al. (2016), and Ste-Marie et al. (2012) have demonstrated positive effects of videobased self-feedback on motor learning be it in a controlled experiment outside the
domain of physical education. Similar results were reported by O'Loughlin, Chróinín,
and O’Grady (2013) and Weir and Conner (2009) in the context of physical education
be it only as a qualitative inquiry. A quantitative study by Palao, Hastie, Cruz, and
Ortega (2015) confirmed the effectiveness of video-feedback be it only for feedback by
the teacher, not for the case of self-feedback. It has been suggested that allowing
students to do the video analysis themselves (i.e., reviewing their own performances
step by step, using slow motion, still frames, rewind, and toggle while consulting the
rubric), creates deeper awareness and understanding of the ways they execute or should
execute the required moves (Janelle et al., 1995). Also, video-based self-feedback leads
to higher levels of self-efficacy because students have control over reviewing
successful trials that leads to more confidence about their performance on their
upcoming trials (Ste-Marie et al., 2012). Moreover, with the availability of a videofeedback tool, students are more independent and do not need to wait until the teacher
helps them. However, studies from Bjork (1999) and Kolovelonis and Goudas (2012)
have shown that students are generally weak at correctly self-assessing their physical
performances; they tend to systematically overrate themselves. In our study, a
comparison of the self-assessments with the teacher judgments shows different
situations before and after the training sessions. Prior to the training sessions the
average self-assessments were 1.42 points higher than the corresponding teachers’
scores (on a 12-point scale) and displayed an acceptable correlation of r = 0.56 (p <
0.001). This reflects a systematic overrating by students of their performances. After
the sessions, student self-judgements and teacher judgements converged very well,
showing a reduced difference of only 0.15 points and a strong correlation of 0.95 (p <
0.001). This is a relevant additional finding of this study, confirming the effectiveness
of using video recordings for self-assessment.
High Performers Versus Low Performers
A secondary analysis of the data shows that high performers benefit more from
enhanced autonomy than low performers. After having split the sample at the median
score of prior performance, we found that high performers achieve significant learning
outcomes, F(3,84) = 3.68, p = 0.015, while low performers generally do not, F(3,57) =
0.12, p = 0.948. The Tukey-HSD post hoc test reveals significant differences in motor
learning of high performers between conditions 1 and 3 (1.1 points on a 12-point scale,
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p = 0.048) and between conditions 1 and 4 (2.2 points, p = 0.023), in favor of more
autonomy; the more autonomy offered, the higher the learning outcomes. This
observation is in accordance with the study of Cleary and Zimmerman (2001) that
showed high performing athletes display better self-regulation skills than low
performers and, thus, benefit more from conditions of autonomy (Simons & Zuylen,
1995). These results suggest that physical education teachers should differentiate
between low performers and high performers when creating conditions of enhanced
autonomy in their lessons.
Self-regulation skills may not be the only factor that explains the difference in
motor learning between high performers and low performers when offering more
autonomy. Also, the ability of the learner to process the available information to
improve upon the skill level might be a crucial factor (Guadagnoli & Lee, 2004).
Expert performers will be able to assimilate new information about the movement more
efficiently than novices since their motor schemes are well developed (Schmidt, 1975).
This is especially the case when video feedback is used. The effectiveness of video
feedback depends very much upon the skill level of the performer (Kernodle & Carlton,
1992). Expert performers are able to analyze the movement by themselves, but for
novice performers the information needs to be pointed out and supplemented with
verbal cues (McCullagh, Ste-Marie, & Law, 2014). This means that for the use of video
feedback low-performers may need more tutor-led feedback (teacher control) while
high-performers benefit more from self-feedback (student control).
Outlook
The current study has established the positive influence of autonomy and selfregulation on motor learning in physical education lessons; however, a direct link
between motivation and learning could not be established. The positive outcomes of
using video-based self-feedback and self-assessment in physical education would
deserve extensive new research in relation to motivation and motor learning. Also,
within the scope of this study, long-term effects could not be taken into account. Once
the learning in physical education classes would be optimized, longitudinal studies may
be able to demonstrate the persistent influence of physical activity patterns acquired at
school throughout one’s life and, ultimately, its potential of reducing obesity.
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