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ABSTRACT

Introduction: Motor learning has been measured differently based on two
essential factors of OPTIMAL theory (autonomy support and increased
expectations). Giving choice has been widely used in this field, but it has not
been fully investigated in the learning of throwing skills according to these
two factors.

Purpose: The present study aimed to investigate the benefits of giving
choices using the order of practice choice on learning the putting accuracy
skills and the psychological components of perceived autonomy and self-
efficacy beliefs.

Method: In this quasi-experimental study, 24 novice participants with a mean
age of 24.87 + 3.26 were randomly assigned to experimental (n=12) and
yoked (n=12) groups. Immediately after a 10-trial pretest, participants
practiced three new tasks (visual cues, auditory cues, chest bar) to putt a golf
ball into the center hole in six blocks. Then, the learning was measured
during a 24-hour follow-up period under conditions completely similar to the
pretest (10 trials).

Findings: The study assessed participants' skill accuracy, perceived
autonomy, and self-efficacy across all three experimental phases. Mixed-
design analysis of variance revealed that the order in which practice was
structured significantly influenced golf putting accuracy, self-efficacy, and
perceived autonomy (p = 0.05).

Conclusion: The possibility of task-related small choices enhances
perceived autonomy self-efficacy and, which leads to improved motor
learning. Therefore, these findings are consistent with optimal theory.
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Extended abstract

The OPTIMAL theory highlights that fostering autonomy—one of its three core
components—can significantly enhance performance and learning (1). Evidence
shows that self-controlled learning boosts learners' perception of autonomy,
which in turn improves expectations for future performances (1-4). Autonomy
support (AS) strengthens perceived competence and self-efficacy (5,6), both
critical factors in motor skill acquisition. While the OPTIMAL theory does not
directly address variables like feedback or practice schedules, studies indicate
that autonomy amplifies learning when learners control these aspects (7,8).

A common approach to promoting autonomy in motor learning involves offering
choices during practice. Research on self-controlled learning demonstrates that
even small decisions—such as selecting equipment color or task order—can
increase self-efficacy and intrinsic motivation (4,9). These benefits are attributed
to heightened expectations of positive outcomes (10). Autonomy aligns goals with
actions, facilitating efficient motor performance and learning. Studies consistently
show that learners given control over practice variables, such as timing of
instructional tools or task sequence, outperform yoked groups.

Self-efficacy plays a pivotal role in this process (2). Defined as belief in one’s
ability to perform a task, self-efficacy is a strong predictor of motor performance
and learning (6). However, some studies reveal discrepancies between self-
efficacy and retention test results, suggesting other factors may drive
performance improvements. According to Self-Determination Theory, perceived
autonomy might explain early acquisition advantages.

This study aimed to replicate and extend prior findings by examining how minor
choices, such as task order, influence skill learning. Using a golf task, participants
in the experimental group chose the sequence of training aids, while the yoked
group followed a predetermined order. Psychological measures of self-efficacy
and autonomy were assessed pre- and post-training. Two hypotheses were
tested: (1) choice enhances skill acquisition and retention; (2) autonomy and self-

efficacy are reinforced in the choice condition.
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Results contribute to understanding how autonomy-supportive environments
optimize motor learning and psychological constructs. Future research should
explore additional mediators and address methodological limitations.
Methodology

Research Design

The present study is an intergroup research design, and given the duration of the
research implementation, it is a cross-sectional study with time series. The

research method of the present study is semi-experimental.

Participants

In this research, 24 male students (Mean age = 26.3 £ SD = 87.24) from Urmia
University, who were undergraduate students, were selected through
convenience and random sampling and assigned to one of two groups: the
experimental group (12 participants) or the yoked group (12 participants). None
of the participants had prior training or experience in playing golf. Additionally, the
participants were unaware of the research objectives before the start of the study.
Participants were selected based on their suitability for the research conditions,
and informed consent was obtained from them. Subsequently, the golf putting
technique was demonstrated to each participant. All participants received
identical instructions regarding holding the golf putter, stance, and ball
positioning. Following this, each participant performed a 10-trial pre-test.
Thereafter, three types of training cues designed to facilitate the pendulum-like
motion of a golf stroke were demonstrated by the experimenter. Initially, in the
first practice session, visual cues was introduced on the surface of the artificial
turf. In the second practice part, participants were instructed to use a metronome
with three consecutive auditory beeps to time their putting swing (1: Ready, 2:
Start, 3: Strike). Finally, in the last practice part, haptic guidance was provided to
assist in executing the pendulum-like motion. All participants had the opportunity
to examine the tools before commencing the acquisition phase. Participants in
the experimental group were informed that they could select and use any tool
they preferred prior to each of the six practice blocks (each block consisting of 10

trials), with the condition that each tool must be used across two practice blocks.
|
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Participants in the matched-pair group were paired with a counterpart in the
experimental group according to the sequence of tools used. Additionally, they
were informed that the experimenter would determine the order of the tools.

In light of the need to assess the level of participants' learning, this study
employed a classical learning paradigm commonly used in motor learning studies
(39), which involves early skill acquisition during initial attempts and is evaluated
through group-relative performance in a delayed retention test 24 hours later to
consolidate memory (40-42). The level of learning was measured using a
retention test administered one day after practice, consisting of 10 trials without
the use of any instructional aids. Upon completion of the acquisition phase,
participants were asked to complete autonomy and self-efficacy scales. These
scales were also completed at the end of both the pre-test and the retention test.
Result

The results of the Shapiro-Wilk test conducted to assess the normality of data
distribution indicated that the data were normally distributed across all variables
(P > 0.05). Additionally, the results of Levene's test demonstrated that the
variances of the research variables were homogeneous (P > 0.05). Given that
the assumptions were met, a mixed-design analysis of variance (ANOVA) was
employed to examine within-group and between-group effects. The results are

presented in Table 1.

Sourc Sum of Mean Effect
Variable df F Sig
e Squares Square Size
Self- 262. | 0.0
Time 194.24 224 1 763.19 0.162
Efficacy 4 42
Time x 583.1 412.9 0.00 | 04
224 1 361.2
Group 15 4 1 81
125.1 125.1 0.03 | 0.1
Group 1 161.5
9 9 3 9
Autonom 804. | 0.0
Time 444 127 560.1 693.81 0.385
y 13 | 01
Time x 111.2 785.1 0.00 | 0.5
560.1 141.25
Group 32 48 1 33
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13.13 13.13 0.00 | 0.8

Group 1 868.185
095 095 1 94
Performa 281. | 0.0

Time 528.464 686.1 | 511.275 0.394
nce 14 01
Time x 528.2 381.1 0.00 | 0.2
686.1 624.8

Group 8 66 1 82
899.1 899.1 0.00 | 0.5

Group 1 984.24
216 216 1 32

The results of the analysis of variance (Table 1) indicated that the main effect of
time (P < 0.05), the main effect of group (P < 0.05), and the interaction effect of
time by group (P < 0.05) were all significant. Specifically, there were significant
differences in self-efficacy (p = 0.042, F(1, 18) = 4.262), autonomy (p = 0.001,
F(1, 18) = 13.804), and performance (p = 0.001, F(1, 18) = 14.281) across
different time points. Additionally, significant differences were observed between
the two groups in terms of self-efficacy (p = 0.033, F(1, 18) = 5.161), autonomy
(p =0.001, F(1, 18) = 185.868), and performance (p = 0.001, F(1, 18) = 24.984).
Therefore, both within-group and between-group effects were significant.

Based on these findings, it can be concluded that providing the choice of practice
type (order) enhances self-efficacy, autonomy, and golf putting performance
during both acquisition and retention phases. The mean levels of autonomy, self-
efficacy, and performance were significantly higher in the choice group compared
to the yoked group, indicating that having the option to choose the type of practice
improves self-efficacy, autonomy, and golf putting performance relative to a
group without such a choice. To better illustrate the trend of changes and facilitate
between-group comparisons, the mean values of the research variables are

presented graphically below.
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Discussion

Consistent with OPTIMAL theory, autonomy support through practice-order
choices enhanced motor learning and psychological outcomes. The choice
group’s superior retention suggests that autonomy fosters deeper cognitive
engagement and error processing (31). Even small choices (e.g., tool choice)
elevated self-efficacy, aligning with findings by Lewthwaite et al. (2015).
Therefore, it is suggested that future research should examine the role of
autonomy in different motor tasks and populations, given the small sample size
and lack of long-term follow-up.

Overall, relatively small choices, such as the indicators presented in the current
study, can facilitate performance and learning (18, 19, 35). From the perspective
of choice sequencing, participants who benefited from such advantages
subsequently selected more sets and repetitions compared to their matched
group (32). Therefore, the motivational consequences of choice (self-efficacy)
may offer additional benefits, such as increased engagement of the performer in
processing task-relevant information and heightened interest in practice, which in
turn contributes to enhanced learning and may provide a framework for acquiring
new motor skills. Ultimately, the findings of this research concerning the effects
of choice on psychological components and skill accuracy have clear implications
for applied settings. Novice practitioners can easily benefit from these positive

effects by leveraging autonomy-supportive strategies to learn new motor skills
|
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within targeting and advancement contexts using training tools related to sensory
modalities such as vision, audition, and proprioception.

Autonomy-supportive practice improves golf putting accuracy and psychological
markers in novices. Practitioners should incorporate learner choices (e.g., tool
order) to optimize motivation and skill acquisition.

Keywords: Autonomy, self-efficacy, Golf Putting, Learning, OPTIMAL Theory,
Male Students

Message of the manuscript

This study investigates the effects of autonomy support on motor skill learning,
focusing on golf putting accuracy. Guided by OPTIMAL theory, researchers
examined how providing choice in practice order impacts performance, self-
efficacy, and perceived autonomy among novice learners. Forty-eight male
participants were divided into experimental and yoked groups, practicing with
visual, auditory, and proprioceptive training aids. Results showed that learners
given choice demonstrated significantly better skill acquisition and retention
compared to the yoked group. The experimental group also reported higher levels
of self-efficacy and perceived autonomy post-practice. These findings suggest
that even small choices in practice structure can enhance motor learning
outcomes through increased motivation and engagement. The study contributes
valuable insights into the psychological mechanisms underlying self-controlled
learning environments, highlighting the importance of autonomy support in motor
skill development. This research supports incorporating learner choice in training
programs to optimize both psychological and performance-related outcomes in

motor learning contexts.
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