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Introduction: This study aimed to directly manipulate feedback during physical
execution and action observation to determine whether feedback acts as a mediating
variable in the different effects of physical practice, observational practice, and motor
imagery.

Methods: Sixty right-handed students participated in the study and were randomly
assigned to six groups: physical practice, observational practice, mental (motor
imagery) practice, physical practice without feedback, observational practice without
feedback, and a control group. Participants practiced golf putting for one day (9
blocks of 18 trials each). Each training group performed the task according to their
assigned condition—physically, observationally, or through motor imagery. In the
physical without feedback and observational without feedback conditions,
participants were prevented from observing the ball's stopping point. Performance
was measured using two variables: shot accuracy and the number of dynamic degrees
of freedom.

Results: In terms of movement accuracy, results showed that removing feedback in
both physical and observational practice reduced performance to the level of mental
imagery. However, regarding the number of dynamic degrees of freedom, motor
imagery significantly differed from the no-feedback groups. Removing feedback in
these two conditions did not bring their performance to the level of mental practice.

Conclusion: These findings were interpreted based on underlying cognitive and
perceptual mechanisms. It was argued that physical practice is perception-based,
while motor imagery relies on memory representations and is therefore more
cognitively driven. Observational practice, in contrast, appears to involve a
bidirectional perceptual-cognitive process.
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Extended Abstract

Introduction

Motor learning is crucial for human adaptation in dynamic
environments (Newell, 1991). Key factors affecting skill
acquisition include physical execution, observational learning,
and motor imagery, which have received considerable
attention due to their unique learning mechanisms, such as
sensory integration, mental representation,  and
cognition.(Wolpert & Flanagan, 2001; Jeannerod, 2001).
Sensorimotor feedback, especially visual feedback, plays a
vital role in error detection and motor correction (Magill &
Anderson, 2017). Theories suggest that physical practice,
action observation, and motor imagery share neural pathways
and rely on similar internal models (Guillot & Collet, 2005;
Fazeli et al., 2021). Behavioral evidence supports this,
highlighting temporal alignment between real and imagined
movements (Guillot & Collet, 2005) and feedback-dependent
motor similarities (Krigolson et al., 2006). However, research
also points to distinct differences between these modalities.
For instance, variations in movement timing between
execution and imagery (Calmels et al., 2006), and memory
strategies—favoring motor-coordinate encoding in physical
practice and visual-spatial encoding in observation—have
been observed (Gruetzmacher et al., 2011). Moreover, motor
imagery does not update internal models due to the lack of
sensory feedback (Ong & Hodges, 2010; Grush, 2004). This
raises important questions: Is sensory feedback the primary
factor affecting the varying effectiveness of these practices?
Furthermore, does the availability of feedback influence
advanced kinematic features, such as movement coordination
or degrees of freedom? To explore these questions, the current
study directly manipulates visual feedback in both physical
and observational learning contexts. It examines the impact of
this feedback on performance and kinematics to gain a deeper
understanding of motor learning processes.

Methods

This quasi-experimental study utilized a pretest-posttest
design with six parallel groups. Sixty right-handed university
students, aged 20 to 30 and with no prior golf experience, were
randomly assigned to one of six groups: Physical Practice
(PP), Observational Practice (OP), Motor Imagery (MI),
Physical Practice without Feedback (PP-NF), Observational
Practice without Feedback (OP-NF), and a Control group. The
experimental task focused on golf putting, conducted in a
single session consisting of 9 blocks, with 18 trials per block.
In the feedback groups, participants could observe the final
position of the ball, while those in the feedback-deprived
groups were unable to see the ball's endpoint due to occlusion
devices or video masking. Kinematic data were collected using
17 reflective markers placed on key anatomical landmarks.
The primary outcomes measured included radial error (which
indicates accuracy) and dynamic degrees of freedom (DoF),

analyzed through Principal Component Analysis (PCA) of
joint movement data. To evaluate performance changes, a
mixed-design ANOVA was performed, examining the six
groups across two test phases.

Results

The results showed significant effects of the test phase,
practice group, and their interaction on movement accuracy (p
< 0.001). Participants in the physical and observational
practice groups that received feedback achieved higher
accuracy than those in the motor imagery and no-feedback
groups. Meanwhile, the control group demonstrated the lowest
performance, showing no significant improvement over time.
For dynamic degrees of freedom (DoF), significant differences
were also found among groups and test phases (p < 0.05). In
the post-test, the motor imagery group exhibited higher DoFs
compared to the no-feedback group, suggesting less efficient
coordination. In contrast, the feedback-based physical and
observational practice groups showed the lowest DoFs,
indicating greater movement efficiency and coordination.

Conclusion

This study investigated how physical execution, motor
imagery, and action observation differently impact movement
accuracy and coordination, particularly emphasizing the role
of feedback. The results revealed that eliminating feedback
during physical practice and observational practice reduced
performance accuracy to levels similar to those observed with
mental imagery. However, this similarity did not extend to
kinematic control; the mental imagery group demonstrated
greater dynamic degrees of freedom, suggesting poorer
coordination. Physical practice with feedback resulted in the
highest accuracy, followed by observational practice, while
mental imagery only outperformed the control group.
Although reduced feedback limited the differences in
accuracy, persistent kinematic disparities indicate that
perceptual and cognitive mechanisms play distinct roles. As
suggested in existing frameworks, physical practice engages
perceptual systems, whereas motor imagery relies on cognitive
processing (Frank et al., 2014; Ryan & Simons, 1983), and
observation integrates both top-down and bottom-up
processing (Robert et al., 2014). While imagery enhances
memory representation, it does not guarantee motor
performance gains (Frank et al., 2014; Kim et al., 2017; Fazeli
& Moradi, 2018). Future research should include the analysis
of mental representations and neural activity, along with
adjustments to feedback and model characteristics, to enhance
the understanding of motor learning mechanisms.
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