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Abstract

Self-controlled feedback promotes motor skills among patients with bodies altered by dis-
ease or injury. However, mechanisms underlying its effectiveness remain unexplored. This
study determined whether metacognitive ability is involved in the learning benefits of self-
controlled feedback during motor skill acquisition. Twenty-eight healthy adults (14 women;
mean age = 21.6 & 0.5 years), assigned to a self-control group (which received knowledge
of the results only when requested) or a yoked group (which received knowledge of the
results with the paired participants in the self-control group), performed a golf putting
task. The experiment comprised a pre-test, practice trials, and a retention test administered
24 h after practice completion. Metacognitive ability was assessed after practice using the
Adult Metacognition Scale. The self-control group showed greater improvement from the
pre-test (V = 4.5, p < 0.01) and scored higher than the yoked group on the retention test
(U =51, p =0.02). No between-group differences were found for any metacognitive sub-
scale scores. Metacognitive monitoring was positively correlated with putting performance
improvement only in the yoked group (p < 0.05, r = 0.56). The self-control group showed
enhanced motor learning compared with the yoked group. Metacognitive monitoring was
associated with learning only when feedback timing was externally determined, suggesting
that self-control benefits learners with lower metacognitive monitoring.

Keywords: self-control; motor learning; metacognition

1. Introduction

In rehabilitation settings, patients with bodies altered by disease or injury must ac-
quire new motor skills; that is, they must engage in motor learning. A wide range of
practice conditions thought to facilitate motor learning have been examined, including
practice schedules (Czyz et al., 2024; Donovan & Radosevich, 1999), augmented feedback
(Petancevski et al., 2022; Sigrist et al., 2013; Yabuki et al., 2022), task difficulty (Akizuki &
Ohashi, 2015; Akizuki et al., 2025b), attentional focus (Hawkins et al., 2025; Wulf, 2013), and
physical guidance (Heuer & Liittgen, 2015; Marchal-Crespo et al., 2015; Yamaguchi et al.,
2020). Among these factors, “self-control,” whereby learners actively participate in shaping
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their own practice environment, has repeatedly been reported to enhance motor learning
(Sanli et al., 2013; Wang et al., 2025). Janelle et al. (1995, 1997) first tested the effect of
self-control on the acquisition of motor skills. In a target-throwing task, they reported that
when learners could control the provision of performance knowledge on their throwing
form, they showed smaller errors in the retention test than groups that did not control
knowledge provision (Janelle et al., 1997). Beyond the self-control of augmented feedback
(Akizuki et al., 2025a; Drews et al., 2024; Pourazar et al., 2023; Yamamoto et al., 2025),
self-control has also been studied in terms of choices such as the task difficulty of practice
(Andrieux et al., 2012), number of practice repetitions (Aiken et al., 2020; Post et al., 2011),
practice schedule (Keetch & Lee, 2007), and use of physical assistance (Williams et al., 2017;
Wulf & Toole, 1999).

Although many studies support the benefits of self-control, other reports also show
that self-control has no or only a small additional effect on motor learning (McKay et al.,
2022b; St Germain et al., 2023). However, the mechanism underlying the effectiveness of
self-control has not yet been elucidated. Drews et al. (2024) focused on the frequency of
self-controlled feedback requests and found no learning benefit for learners who requested
feedback more frequently. Ma et al. (2025) focused on task difficulty and reported that
self-control enhanced learning when the task was difficult but not when the task was easy.
Moreover, a meta-analysis by McKay et al. (2022a) suggested that, after correcting for
publication bias, the effect of self-control on motor learning was very small. According to
previous research, self-control may not always be effective for motor learning. Its effective-
ness may depend on the practice environment and the learning strategy of the learner.

Chiviacowsky and Wulf (2002) compared the timing of self-controlled feedback by
dividing it into choices made before and after practice trials, and showed that post-trial self-
control produced greater learning benefits than pre-trial self-control. This finding suggests
that the benefit of self-control increases when learners reflect on a recently completed task
and decide whether feedback is necessary. Therefore, reflection on one’s own performance,
that is, metacognition, can be considered crucial for effective self-controlled feedback.

Metacognition has been defined as “the ability to reflect upon, understand, and
control one’s learning” (Schraw & Dennison, 1994, p. 460). Furthermore, metacognition can
be divided into knowledge (“knowledge or beliefs about how one learns”), monitoring
(“assessing the current state of learning or performance”), and control (“regulating some
aspect of learning”; Rivers et al., 2020, p. 550). In self-controlled feedback, learners engage
in metacognitive monitoring by reflecting on their own performance and deciding whether
feedback is needed. Metacognitive control is considered to operate when formulating
a motor plan for the next trial after feedback (or even in its absence). Metacognitive
knowledge refers to an understanding of the characteristics of learning and is presumed
to operate throughout practice. Carter et al. (2014) reported that, even in yoked groups,
having learners reflect on their own performance and completing an error-estimation task
after each trial led to improved motor learning. Although the metacognitive ability was
not directly assessed, these findings suggest that engaging in metacognition (in this case,
monitoring) during practice can facilitate motor learning.

Taken together, these results suggest that the effectiveness of self-controlled feedback
on motor skill learning is influenced by the learner’s metacognitive ability and the exertion
of that ability during practice; however, the precise nature of this relationship remains
unclear. Therefore, the present study aimed to determine whether metacognitive ability is
involved in the effects of self-controlled feedback on motor learning where performance
is inherently variable and learners must interpret errors under uncertainty. We hypoth-
esized that, in the self-controlled condition, learners who actively engage metacognitive
processes during practice (i.e., monitoring and control when deciding whether feedback is
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needed) would show greater learning benefits than learners who do not. In contrast, in the
yoked condition—where learners do not control feedback delivery—we expected learning
outcomes to be more strongly determined by individual differences in trait metacognitive
ability. The findings of this study can clarify the conditions under which self-controlled
feedback effectively facilitates motor skill learning, as well as those under which such
benefits may be limited or absent.

2. Materials and Methods
2.1. Participants

A power analysis was performed using G*Power 3.1 (Heinrich Heine University,
Diisseldorf, Germany) to calculate the required sample size for a mixed analysis of vari-
ance (ANOVA) with repeated measurements. Based on a previous study (Pourbehbahani
et al., 2023) that employed a practice condition and motor task similar to those in our
study, the power analysis was conducted using the following values: o = 0.05, statistical
power = 0.80, effect size (Cohen’s f) = 0.59, number of groups = 2, and number of repeated
measures = 2. The analysis revealed that a minimum sample size of 26 participants was
required. Considering the possibility of dropouts during the experiment, 28 participants
(mean age = 21.6 years, SD = 0.50; 14 women, 14 men) were recruited and completed this
experiment. None of the participants had prior experience with the experimental task
and were unaware of the specific study purpose. They did not report any neurological or
vestibular disorders or orthopedic conditions before participating in this study. Written
informed consent was obtained from all participants prior to the experiment. The study
protocol was approved by the Institutional Review Board of Mejiro University (approval
number: 28-14).

2.2. Task and Apparatus

The task required participants to putt a golf ball (diameter of 4 cm) on a target placed
3 m from the participant. Ten concentric circles were drawn around the center of the target
at 4-cm increments (radii: 4, 8, 12, .. ., 40 cm), and points were assigned according to the
ball’s distance from the center (10,9, 8,7, 6, 5, 4, 3, 2, and 1). If the golf ball was outside
the circle with a radius of 40 cm, the participant was given zero points. We set a partition
1 m apart from the hitting position to avoid observing the results (Figure 1). Before the
task, participants were informed of the target configuration and the scoring rules and were
instructed to aim for the center of the target and to perform as accurately as possible.

Partition Target

Putting Lower Upper

position left left

Q 0.9m

Lower Upper

right right

b 1.0m o 2.0m -
4.0m

Figure 1. Schematic of the motor task.

2.3. Metacognitive Abilities

We used the Adult Metacognition Scale (AMS) developed by Abe and Ida (2010) to
assess learners’ metacognitive abilities. The AMS was developed based on the Metacogni-
tive Awareness Inventory, which was originally developed by Schraw and Dennison (1994).

https:/ /doi.org/10.3390/bs16040517


https://doi.org/10.3390/bs16040517

Behav. Sci. 2026, 16, 517

40f 10

The AMS consists of three factors (monitoring, control, and knowledge), and twenty-eight
items are rated on a 5-point Likert scale (1 = “strongly disagree,” 5 = “strongly agree”).
Higher AMS scores indicate higher metacognitive ability.

2.4. Procedure

Twenty-eight participants were allocated to two groups: self-control (1 = 14) and yoked
(n =14). Allocation was constrained to match sex distribution between groups; participants
in the yoked group were sex-matched to those in the self-control group. In the self-control
group, the participants received knowledge of results (KR) for the trial that they requested.
The KR was the position and point from the target (e.g., six points on the upper right).
In contrast, the yoked group received KR on the same schedule as the paired self-control
group participants. Under these conditions, although the timing and frequency of KR were
identical between the self-control and yoked groups, KR was provided contingent upon
each learner’s individual performance. Prior to the experiment, the participants performed
several familiarization trials. Subsequently, a pre-test consisting of 10 trials was conducted.
In the pre-test, KR was not provided in all conditions. Practice was conducted three minutes
after the pre-test ended, which consisted of five blocks that involved 10 practice trials; that
is, all practice trials included 50 trials. The inter-block interval was set to one minute. In the
self-control group, participants were told that they could request KR after each trial, and
it was provided if they wanted it. After the practice session, we quantitatively measured
participants’ metacognitive abilities using the AMS. Twenty-four hours after the practice
session, a retention test identical to the pre-test was conducted.

2.5. Data Analysis

We used putting points of the motor task and the average of each of the three subcate-
gories of the AMS for the analysis. Prior to inferential testing, all variables were tested for
normality using the Shapiro-Wilk test within each group and time point; p < 0.05 was inter-
preted as evidence against normality. Based on the results of the normality tests, parametric
procedures were used when the normality assumption was met, whereas nonparametric
procedures were used when normality could not be assumed. A 2 (groups: self-control,
yoked) x 5 (blocks x 10 trials) ANOVA with repeated measures on the last factor was
used to analyze the accuracy data for the practice phase. When significant main effects
or interactions were observed in the two-way ANOVA, a post hoc analysis (Bonferroni
method) was conducted. On the other hand, because normality could not be assumed for
the test period (p < 0.05), the nonparametric tests described below were employed and
p-value adjustments were applied. The Mann—-Whitney U test was performed to examine
differences in the practice conditions (self-control and yoked) in the pre-test and retention
test. The Wilcoxon signed-rank sum test was performed to examine changes from the
pre-test to the retention test for each condition. The p-values were corrected using Holm’s
method. To examine the differences between the self-control and yoked groups in terms of
metacognitive ability, a t-test was used for each of the three AMS subcategories (knowledge,
monitoring, and control). Pearson’s correlations were used to examine the relationships
between the three AMS subcategories and the degree of change from the pre-test to the
retention test of the putting points (retention test — pre-test). For statistical analysis, R
version 4. 2. 2 (R Core Team, Vienna, Austria) and SPSS version 29 (IBM Corp., Armonk,
NY, USA) with a significance level of 5% were used.

3. Results

The results of the test and practice trials for each group are shown in Figure 2. In
the self-control group, participants requested feedback an average of 4.9 times during the
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practice session. In addition, the mean number of feedback requests by block is provided
in Table 1.
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Figure 2. Median putting scores (points) of the practice groups. The solid line indicates the median
and the cross indicates the mean. The results of the putting scores from the pre-test to the retention
test have been shown. The box plot shows the medians and interquartile ranges. Whiskers extend
to the lowest and highest observations within + 1.5 X interquartile ranges of the quartiles. The
Mann-Whitney U test revealed that the self-control group had significantly higher retention test
scores than the yoked group. The Wilcoxon signed-rank sum test showed that the retention test scores
significantly improved from the pre-test in self-control group.

Table 1. Number of feedback requests in self-control.

Block 1 Block 2 Block 3 Block 4 Block 5
Mean 5.2 5.2 5.3 44 4.6
(SD) (2.6) (3.0) (2.3) 2.4) (2.6)

In the practice session, the main effect of practice condition [F(1, 26) =1.76, p = 0.14,
;7,,2 = 0.06], the main effect of block [F(4, 104) = 0.31, p = 0.87, 17,,2 =0.01], and the interaction
between group and block [F(4, 104) = 0.31, p = 0.87, 17,> = 0.01] were not significant. Holm-
adjusted p-values are reported. The self-control group demonstrated significantly greater
improvement from the pre-test to the retention test (V = 4.5, p < 0.01, r = 0.55), whereas
the yoked group did not show significant improvement (V = 27.5, p = 0.25, r = 0.22).
Furthermore, although there was no difference between the groups on the pre-test (U = 18,
p = 0.26, r = 0.21), the self-control group scored significantly higher than the yoked group
on the retention test (U = 51, p = 0.02, r = 0.44). No differences were observed between the
self-control and yoked groups in any subcategory of the AMS (p > 0.05; Table 2).
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Table 2. Average points of three subcategories of the Adult Metacognition Scale in the self-control

and yoked groups.
AMS Self-Control Group Yoked Group Effect Size
Subcategory n=14 n=14 p-Value
Mean + SD r
Monitoring 2.84 + 041 2.75 + 0.64 0.67 0.08
Control 3.27 +£0.42 3.46 + 0.54 0.32 0.19
Knowledge 3.62 £ 0.50 3.66 + 0.31 0.82 0.04

Note: AMS, Adult Metacognition Scale.

Correlations among the three independent factors of the AMS and the degree of change
from the retention test to the pre-test of the putting points are presented in Table 3.

Table 3. Pearson’s correlation coefficient between the Adult Metacognition Scale and the degree of
change from the retention test to the pre-test of the putting points.

Group Monitoring Control Knowledge
Self-control —0.23 (0.44) —0.13 (0.66) —0.07 (0.82)
Yoked 0.56 (0.04) 0.36 (0.21) 0.14 (0.63)

Note: Values are Pearson correlation coefficients; p-values are shown in parentheses.

Only the yoked group, the monitoring category of the AMS, had a significant positive
correlation with the degree of change in performance (p = 0.04, = 0.56).

4. Discussion

This study aimed to determine whether metacognitive ability is involved in the effects
of self-controlled feedback use on motor learning. Consistent with many prior studies,
the self-control group outperformed the yoked group on the retention test, indicating
a learning benefit. In contrast, there were no significant between-group differences in
metacognitive ability between the self-control and yoked groups. Notably, in the yoked
group alone, metacognitive monitoring showed a significant positive correlation with
learning outcomes. These results indicate that learners’ metacognitive abilities influenced
their learning outcomes in the yoked group.

We hypothesized a positive correlation between learning outcomes and metacogni-
tive abilities for both the self-control and yoked groups. However, contrary to this, no
such association was found between the learning outcomes of the self-control group and
metacognitive abilities in any AMS subcategory. Metacognitive monitoring was positively
correlated with learning outcomes only in the yoked group. Metacognitive monitoring
is defined as “assessing the current state of learning or performance” (Rivers et al., 2020,
p- 550), that is, learners’ reflection on their performance after each practice trial. In the
yoked group, learners who engaged more in such reflection exhibited greater learning ben-
efits. Barros et al. (2019) reported that when learners in the yoked condition were required
to perform error estimation (i.e., reflection on their own performance), they showed greater
learning benefits than the self-control group. Therefore, metacognitive monitoring during
practice may account for the learning benefits typically attributed to self-control. In our
study, learners in the yoked group who did not decide whether to receive feedback may
have differed in the extent to which they reflected on their performances. Those with higher
metacognitive monitoring likely reflected more, whereas those with lower monitoring likely
reflected less. This difference underpins the correlation observed between metacognitive
monitoring and motor learning in the yoked group.

In the self-control group, no association was observed between learning outcomes
and metacognitive abilities. Previous studies have shown that learners in self-controlled
conditions tend to request feedback when they feel they are performing well (Chiviacowsky

https:/ /doi.org/10.3390/bs16040517


https://doi.org/10.3390/bs16040517

Behav. Sci. 2026, 16, 517

7 0f 10

& Wulf, 2002; Fairbrother et al., 2012). This implies that such learners reflect on their per-
formance when deciding whether to receive feedback. Furthermore, studies comparing
the timing of self-control (before vs. after a trial) have demonstrated that learners exhibit
greater learning when they assess their need for feedback after a trial (Carter et al., 2014;
Chiviacowsky & Wulf, 2005). This finding suggests that reflecting on one’s performance
is essential for effective self-control. In the present study, the practice condition in the
self-control group likely provided opportunities for reflection, regardless of individual
differences in metacognitive abilities. Consequently, no association was observed between
metacognitive ability and learning outcomes. This does not necessarily indicate that reflec-
tion was unimportant in the self-controlled condition; rather, the self-control procedure may
have encouraged most learners to engage in reflection when deciding whether feedback
was needed, thereby reducing the extent to which individual differences in trait moni-
toring were expressed in learning outcomes. In other words, the variability in learning
attributable to trait-level monitoring may have been attenuated (i.e., reducing variability) in
the self-controlled conditions. Therefore, self-controlled feedback was effective regardless
of metacognitive monitoring ability level.

This pattern of results can be interpreted within the two theoretical frameworks pro-
posed to explain the advantages of self-control in motor learning: a motivational perspective
(Lewthwaite et al., 2015; Wulf & Lewthwaite, 2016) and an information-processing perspec-
tive (Carter et al., 2014; Chiviacowsky & Wulf, 2005). According to Wulf and Lewthwaite’s
(2016) OPTIMAL theory, self-control enhances learners’ autonomy, thereby increasing their
expectations of success and intrinsic motivation. This motivation has been proposed to im-
prove performance and motor learning. Empirical support for this motivational perspective
includes findings showing that self-controlled practice elements unrelated to the motor task
(specifically, the color of the ball; Lewthwaite et al., 2015, or the mat placed under the target;
Waulf et al., 2018) can facilitate motor learning. In contrast, the information-processing per-
spective proposes that self-control increases engagement with cognitive processes, resulting
in deeper information processing. Supporting evidence includes reports showing that self-
control leads to deeper processing of feedback (Grand et al., 2015) and improves learners’
error-estimation abilities (Carter et al., 2014). In the yoked group, which was the control
condition in this study, learning outcomes were correlated with learners” metacognitive
monitoring. However, in the self-control group, high learning outcomes were achieved
regardless of the metacognitive monitoring ability. Furthermore, no significant differences
were found between the self-control and yoked groups in any metacognitive ability subcat-
egory. This suggests that the opportunity for self-controlled feedback in the self-control
group had an effect that compensated for the learners’ metacognitive monitoring abilities.
Although the present study did not aim to determine which explanatory perspective is
more appropriate, the results partially support the information-processing perspective as a
mechanism underlying the effects of self-control.

This study had some limitations: we comprehensively assessed learners’ metacogni-
tive abilities and examined their association with motor learning. However, we did not
directly measure whether learners reflected on their performance during practice, which
limits our ability to test mechanistic predictions about task behavior. In addition, we did
not include any direct, process-level measures of online metacognitive engagement during
practice. Therefore, future research should evaluate the extent to which metacognition
is exercised during practice in both self-controlled and yoked conditions, in addition to
measuring metacognitive abilities. In addition, although we experimentally manipulated
the practice condition (self-controlled vs. yoked feedback), this manipulation did not result
in a detectable between-group difference in metacognitive questionnaire scores. Therefore,
the correlational findings should not be interpreted as evidence that metacognitive ability
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causally determines motor learning outcomes. Moreover, the correlational analyses were
based on a relatively small sample (1 = 14 per group), and thus these results should be con-
sidered exploratory and interpreted with caution. Furthermore, there were no differences
in metacognitive abilities between the self-control and yoked groups. We assessed learners’
metacognitive abilities after the practice trials but were unable to conduct pre-practice
assessments. Consequently, we were unable to detect changes in the learners’ metacogni-
tive abilities. Previous studies have reported that learners” motor learning is enhanced by
self-control during practice (Barros et al., 2019) and that long-term educational interven-
tions improve metacognitive abilities (Altiok et al., 2019; Chan et al., 2021). Future research
should clarify the effects of long-term exposure to self-controlled practice conditions and
the relationship between changes in metacognitive abilities and learning outcomes.

In summary, we attempted to explain the learning benefits of self-controlled feedback
in terms of metacognitive ability. Our findings suggest that metacognition, particularly mon-
itoring, influences motor learning outcomes. Although we did not observe a between-group
difference in metacognitive questionnaire scores, self-controlled feedback may reduce the
extent to which individual differences in metacognition are reflected in learning outcomes,
making it an effective strategy for a wide range of learners. In other words, the present
findings support an information-processing perspective of the benefits of self-controlled
feedback. From a clinical perspective, self-controlled feedback may be a promising and
effective learning strategy for learners with lower metacognitive abilities.

Author Contributions: Conceptualization, K.Y, R.Y,, J.Y.,, WN. and K.A ; data collection, K.A.; formal
analysis, K.Y.; funding acquisition, K.Y. and K.A; visualization, K.Y.; writing—original draft, K.Y.,
RY,JY, WN. and K.A,; writing—review & editing, K.Y.,, R.Y,, ].Y.,, WN. and K.A. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was supported by JSPS KAKENHI Grants (grant numbers JP22K17726 and
22K17634) to Kazunori Akizuki and Kazuto Yamaguchi, respectively.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Mejiro University (protocol code
28-14 and date of approval 15 February 2016).

Informed Consent Statement: Written informed consent was obtained from all participants prior to
the experiment.

Data Availability Statement: The datasets generated and analyzed during the current study are avail-
able in the Zenodo repository, https://zenodo.org/records /18233372 (accessed on 24 March 2026).

Acknowledgments: The authors would like to thank all participants for their time and cooperation.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

AMS  Adult Metacognition Scale
KR Knowledge of results

Abe, M., & Ida, M. (2010). An attempt to construct the adults’ metacognition scale: Based on metacognitive awareness inventory. The
Journal of Psychology Rissho University, 2010(1), 23-34.

Aiken, C. A., Post, P. G., Hout, M. C., & Fairbrother, J. T. (2020). Self-controlled amount and pacing of practice facilitate learning of a
sequential timing task. Journal of Sports Sciences, 38(4), 405-415. [CrossRef] [PubMed]

Akizuki, K., & Ohashi, Y. (2015). Measurement of functional task difficulty during motor learning: What level of difficulty corresponds

to the optimal challenge point? Human Movement Science, 43, 107-117. [CrossRef]

https:/ /doi.org/10.3390/bs16040517


https://zenodo.org/records/18233372
https://doi.org/10.1080/02640414.2019.1704498
https://www.ncbi.nlm.nih.gov/pubmed/31856697
https://doi.org/10.1016/j.humov.2015.07.007
https://doi.org/10.3390/bs16040517

Behav. Sci. 2026, 16, 517 90f 10

Akizuki, K., Takeuchi, K., Yabuki, J., Yamaguchi, K., Yamamoto, R., & Kaneno, T. (2025a). Effects of self-control of feedback timing on
motor learning. Frontiers in Psychology, 16, 1638827. [CrossRef] [PubMed]

Akizuki, K., Takeuchi, K., Yamaguchi, K., Yamamoto, R., Nakano, W., & Yabuki, J. (2025b). Task difficulty modulates motor learning
benefits of balance exercises in community-dwelling older adults. Experimental Gerontology, 208, 112816. [CrossRef] [PubMed]

Altiok, S., Baser, Z., & Yiikseltiirk, E. (2019). Enhancing metacognitive awareness of undergraduates through using an e-educational
video environment. Computers and Education, 139, 129-145. [CrossRef]

Andrieux, M., Danna, J., & Thon, B. (2012). Self-control of task difficulty during training enhances motor learning of a complex
coincidence-anticipation task. Research Quarterly for Exercise and Sport, 83(1), 27-35. [CrossRef] [PubMed]

Barros, J. A. C., Yantha, Z. D., Carter, M. J., Hussien, J., & Ste-Marie, D. M. (2019). Examining the impact of error estimation on the
effects of self-controlled feedback. Human Movement Science, 63, 182-198. [CrossRef] [PubMed]

Carter, M. J., Carlsen, A. N., & Ste-Marie, D. M. (2014). Self-controlled feedback is effective if it is based on the learner’s performance:
A replication and extension of Chiviacowsky and Wulf (2005). Frontiers in Psychology, 5, 1325. [CrossRef]

Chan, C. W. H,, Tang, F. W. K., Chow, K. M., & Wong, C. L. (2021). Enhancing generic capabilities and metacognitive awareness of
first-year nursing students using active learning strategy. BMC Nursing, 20(1), 81. [CrossRef]

Chiviacowsky, S., & Wulf, G. (2002). Self-controlled feedback: Does it enhance learning because performers get feedback when they
need it? Research Quarterly for Exercise and Sport, 73(4), 408-415. [CrossRef] [PubMed]

Chiviacowsky, S., & Wulf, G. (2005). Self-controlled feedback is effective if it is based on the learner’s performance. Research Quarterly
for Exercise and Sport, 76(1), 42—48. [CrossRef]

Czyz, S. H., Wéjcik, A. M., Solarskd, P, & Kiper, P. (2024). High contextual interference improves retention in motor learning: Systematic
review and meta-analysis. Scientific Reports, 14(1), 15974. [CrossRef] [PubMed]

Donovan, J. J., & Radosevich, D. J. (1999). A meta-analytic review of the distribution of practice effect: Now you see it, now you don't.
Journal of Applied Psychology, 84(5), 795-805. [CrossRef]

Drews, R., Pacheco, M. M., Bastos, F. H., & Tani, G. (2024). Self-controlled feedback in motor learning: The effects depend on the
frequency of request. Journal of Motor Behavior, 56(5), 555-567. [CrossRef] [PubMed]

Fairbrother, J. T., Laughlin, D. D., & Nguyen, T. V. (2012). Self-controlled feedback facilitates motor learning in both high and low
activity individuals. Frontiers in Psychology, 3, 323. [CrossRef] [PubMed]

Grand, K. F, Bruzi, A. T., Dyke, E. B., Godwin, M. M., Leiker, A. M., Thompson, A. G., Buchanan, T. L., & Miller, M. W. (2015). Why
self-controlled feedback enhances motor learning: Answers from electroencephalography and indices of motivation. Human
Movement Science, 43, 23-32. [CrossRef] [PubMed]

Hawkins, T. E., Alder, D. B., Bennett, T. B., & Poolton, J. M. (2025). The influence of external and internal focus of attention instructions
on the organization of movement: A systematic review. Journal of Motor Learning and Development, 13(2), 339-365. [CrossRef]

Heuer, H., & Liittgen, J. (2015). Robot assistance of motor learning: A neuro-cognitive perspective. Neuroscience and Biobehavioral
Reviews, 56, 222-240. [CrossRef] [PubMed]

Janelle, C. M., Barba, D. A., Frehlich, S. G., Tennant, L. K., & Cauraugh, J. H. (1997). Maximizing performance feedback effectiveness
through videotape replay and a self-controlled learning environment. Research Quarterly for Exercise and Sport, 68(4), 269-279.
[CrossRef] [PubMed]

Janelle, C. M., Kim, J., & Singer, R. N. (1995). Subject-controlled performance feedback and learning of a closed motor skill. Perceptual
and Motor Skills, 81(2), 627-634. [CrossRef]

Keetch, K. M., & Lee, T. D. (2007). The effect of self-regulated and experimenter-imposed practice schedules on motor learning for tasks
of varying difficulty. Research Quarterly for Exercise and Sport, 78(5), 476-486. [CrossRef]

Lewthwaite, R., Chiviacowsky, S., Drews, R., & Wulf, G. (2015). Choose to move: The motivational impact of autonomy support on
motor learning. Psychonomic Bulletin and Review, 22(5), 1383-1388. [CrossRef]

Ma, W,, Chen, ], Yi, Q., Zhang, S., Xing, W., Ren, H., & Li, R. (2025). A study on the effects of different self-controlled feedback methods
on the learning of table tennis serving skills. European Journal of Sport Science, 25(6), €12324. [CrossRef]

Marchal-Crespo, L., Wolf, P., Gerig, N., Rauter, G., Jaeger, L., Vallery, H., & Riener, R. (2015). The role of skill level and motor task
characteristics on the effectiveness of robotic training: First results. In 2015 IEEE international conference on rehabilitation robotics
(ICORR) (pp. 151-156). IEEE. [CrossRef]

McKay, B., Hussien, J., Vinh, M.-A., Mir-Orefice, A., Brooks, H., & Ste-Marie, D. M. (2022a). Meta-analysis of the reduced relative
feedback frequency effect on motor learning and performance. Psychology of Sport and Exercise, 61, 102165. [CrossRef]

McKay, B., Yantha, Z., Hussien, ]., Carter, M., & Ste-Marie, D. (2022b). Meta-analytic findings of the self-controlled motor learning
literature: Underpowered, biased, and lacking evidential value. Meta-Psychology, 6, 6. [CrossRef]

Petancevski, E. L., Inns, J., Fransen, J., & Impellizzeri, F. M. (2022). The effect of augmented feedback on the performance and learning
of gross motor and sport-specific skills: A systematic review. Psychology of Sport and Exercise, 63, 102277. [CrossRef]

Post, P. G., Fairbrother, J. T., & Barros, J. A. C. (2011). Self-controlled amount of practice benefits learning of a motor skill. Research
Quarterly for Exercise and Sport, 82(3), 474-481. [CrossRef]

https:/ /doi.org/10.3390/bs16040517


https://doi.org/10.3389/fpsyg.2025.1638827
https://www.ncbi.nlm.nih.gov/pubmed/41050791
https://doi.org/10.1016/j.exger.2025.112816
https://www.ncbi.nlm.nih.gov/pubmed/40543830
https://doi.org/10.1016/j.compedu.2019.05.010
https://doi.org/10.1080/02701367.2012.10599822
https://www.ncbi.nlm.nih.gov/pubmed/22428409
https://doi.org/10.1016/j.humov.2018.12.002
https://www.ncbi.nlm.nih.gov/pubmed/30580207
https://doi.org/10.3389/fpsyg.2014.01325
https://doi.org/10.1186/s12912-021-00601-7
https://doi.org/10.1080/02701367.2002.10609040
https://www.ncbi.nlm.nih.gov/pubmed/12495242
https://doi.org/10.1080/02701367.2005.10599260
https://doi.org/10.1038/s41598-024-65753-3
https://www.ncbi.nlm.nih.gov/pubmed/38987617
https://doi.org/10.1037/0021-9010.84.5.795
https://doi.org/10.1080/00222895.2024.2358844
https://www.ncbi.nlm.nih.gov/pubmed/38989724
https://doi.org/10.3389/fpsyg.2012.00323
https://www.ncbi.nlm.nih.gov/pubmed/22969745
https://doi.org/10.1016/j.humov.2015.06.013
https://www.ncbi.nlm.nih.gov/pubmed/26163375
https://doi.org/10.1123/jmld.2024-0065
https://doi.org/10.1016/j.neubiorev.2015.07.005
https://www.ncbi.nlm.nih.gov/pubmed/26192105
https://doi.org/10.1080/02701367.1997.10608008
https://www.ncbi.nlm.nih.gov/pubmed/9421839
https://doi.org/10.1177/003151259508100253
https://doi.org/10.1080/02701367.2007.10599447
https://doi.org/10.3758/s13423-015-0814-7
https://doi.org/10.1002/ejsc.12324
https://doi.org/10.1109/ICORR.2015.7281191
https://doi.org/10.1016/j.psychsport.2022.102165
https://doi.org/10.15626/MP.2021.2803
https://doi.org/10.1016/j.psychsport.2022.102277
https://doi.org/10.1080/02701367.2011.10599780
https://doi.org/10.3390/bs16040517

Behav. Sci. 2026, 16, 517 10 of 10

Pourazar, M., Firoozjah, M. H., & Ardakani, M. D. (2023). Improving dynamic balance by self-controlled feedback in children with
cerebral palsy. Human Movement Science, 90, 103123. [CrossRef]

Pourbehbahani, Z., Saemi, E., Cheng, M. Y., & Dehghan, M. R. (2023). Both sensorimotor rhythm neurofeedback and self-controlled
practice enhance motor learning and performance in novice golfers. Behavioral Sciences, 13(1), 65. [CrossRef]

Rivers, M. L., Dunlosky, J., & Persky, A. M. (2020). Measuring metacognitive knowledge, monitoring, and control in the pharmacy
classroom and experiential settings. American Journal of Pharmaceutical Education, 84(5), 7730. [CrossRef]

Sanli, E. A., Patterson, J. T, Bray, S. R., & Lee, T. D. (2013). Understanding self-controlled motor learning protocols through the
self-determination theory. Frontiers in Psychology, 3, 611. [CrossRef]

Schraw, G., & Dennison, R. S. (1994). Assessing metacognitive awareness. Contemporary Educational Psychology, 19(4), 460—475.
[CrossRef]

Sigrist, R., Rauter, G., Riener, R., & Wolf, P. (2013). Augmented visual, auditory, haptic, and multimodal feedback in motor learning;:
A review. Psychonomic Bulletin and Review, 20(1), 21-53. [CrossRef]

St Germain, L., McKay, B., Poskus, A., Williams, A., Leshchyshen, O., Feldman, S., Cashaback, J. G. A., & Carter, M. J. (2023). Exercising
choice over feedback schedules during practice is not advantageous for motor learning. Psychonomic Bulletin and Review, 30(2),
621-633. [CrossRef]

Wang, B., Tao, T., Yuan, Y., & Guo, W. (2025). Self-controlled feedback and behavioral outcomes in motor skill learning: A meta-analysis.
Behavioral Sciences, 15(9), 1291. [CrossRef]

Williams, C. K., Tseung, V., & Carnahan, H. (2017). Self-control of haptic assistance for motor learning: Influences of frequency and
opinion of utility. Frontiers in Psychology, 8,2082. [CrossRef]

Waulf, G. (2013). Attentional focus and motor learning: A review of 15 years. International Review of Sport and Exercise Psychology, 6(1),
77-104. [CrossRef]

Wulf, G., Iwatsuki, T., Machin, B., Kellogg, J., Copeland, C., & Lewthwaite, R. (2018). Lassoing skill through learner choice. Journal of
Motor Behavior, 50(3), 285-292. [CrossRef]

Wulf, G., & Lewthwaite, R. (2016). Optimizing performance through intrinsic motivation and attention for learning: The OPTIMAL
theory of motor learning. Psychonomic Bulletin and Review, 23(5), 1382-1414. [CrossRef]

Waulf, G., & Toole, T. (1999). Physical assistance devices in complex motor skill learning: Benefits of a self-controlled practice schedule.
Research Quarterly for Exercise and Sport, 70(3), 265-272. [CrossRef] [PubMed]

Yabuki, J., Akizuki, K., Yamamoto, R., Yamaguchi, K., & Ohashi, Y. (2022). Effectiveness of adjusted bandwidth knowledge of results in
motor learning. Cogent Psychology, 9(1), 2131039. [CrossRef]

Yamaguchi, K., Akizuki, K., Yamamoto, R., Yabuki, J., & Ohashi, Y. (2020). How does physical guidance affect motor learning and
learner’s workload? Journal of Physical Therapy Science, 32(10), 621-625. [CrossRef]

Yamamoto, R., Imai, T., Yoshizato, Y., & Akizuki, K. (2025). Effects of self-controlled feedback on learning range of motion measurement
techniques and self-efficacy among physical therapy students: A preliminary study. BMC Medical Education, 25(1), 326. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/bs16040517


https://doi.org/10.1016/j.humov.2023.103123
https://doi.org/10.3390/bs13010065
https://doi.org/10.5688/ajpe7730
https://doi.org/10.3389/fpsyg.2012.00611
https://doi.org/10.1006/ceps.1994.1033
https://doi.org/10.3758/s13423-012-0333-8
https://doi.org/10.3758/s13423-022-02170-5
https://doi.org/10.3390/bs15091291
https://doi.org/10.3389/fpsyg.2017.02082
https://doi.org/10.1080/1750984X.2012.723728
https://doi.org/10.1080/00222895.2017.1341378
https://doi.org/10.3758/s13423-015-0999-9
https://doi.org/10.1080/02701367.1999.10608045
https://www.ncbi.nlm.nih.gov/pubmed/10522284
https://doi.org/10.1080/23311908.2022.2131039
https://doi.org/10.1589/jpts.32.621
https://doi.org/10.1186/s12909-025-06908-2
https://www.ncbi.nlm.nih.gov/pubmed/40022038
https://doi.org/10.3390/bs16040517

	Introduction 
	Materials and Methods 
	Participants 
	Task and Apparatus 
	Metacognitive Abilities 
	Procedure 
	Data Analysis 

	Results 
	Discussion 
	References

