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Introduction: This study aimed to directly_manipulate feedback in physical
execution and action observation to address'whether feedbacksserves as a mediating
variable for the different effects of physicalgpractice, observational practice, and
motor imagery.

Methods: Sixty right-handed students participateddn this study and were randomly
divided into six groups as follows: physical, observational, mental, physical without
feedback, observational without feedback, and control. The participants practiced
golf putting far'one day. (9‘blocks of 18 trials). The training groups practiced the task
physicallyg observationally, or through”imagery based on the aforementioned
groupin@. Lhe physical without feedback and observational without feedback groups
werg” prevented from observing the ball's stopping point. The accuracy of the
participantstshots and the number of dynamic degrees of freedom were measured as
performance variables

Results: In the mavement accuracy variable, it was shown that removing feedback
in physical practice and observational practice reduces performance to the level of
mental practice. Hewever, in the number of dynamic degrees of freedom, it was
shown that motor imagery differs significantly from the groups without feedback,
and,removing feedback in these two conditions did not make them similar to mental
practice

Conclusion: These results were explained based on different underlying
mechanisms. It was argued that physical practice is a perception-based training and
pmotor imagery is a cognitive cognition based practice that relies on memory
representation for movement production. In contrast, observational practice is a
bidirectional perceptual-cognitive process.
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Introduction

Motor learning is crucial for human adaptation in dynamic
environments (Newell, 1991). Among the key factors
influencing skill acquisition, physical execution, observational
learning, and motor imagery have drawn significant attention
due to their distinct 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 duefto the lack
of sensory feedback (Ong & Hodges, 2010; Grush, 2004).

This raises critical questions: Is sensory feédback the main
factor behind the varying effectiveness#of these, practices?
Additionally, does feedback availability influence advanced
kinematic features like movement coordination or<degrees of
freedom? To explore this, the present study “directly
manipulates visual feedback in physical and observational
learning contexts, examining its impact on performance and
kinematics to further uncover motor learning processes.

Concludsion

This’study. examined the differential effects of physical
execution, motory imagery, and action observation on
movement accuragy and coordination, with a focus on the role
of feedback. Results showed that removing feedback in
physical and observational practice diminished performance
accuracy to levels comparable to mental imagery. However,
this convergence did hot extend to kinematic control, as the
mental imagery group exhibited higher dynamic degrees of
freedom, indicating weaker coordination.

Physical practice with feedback produced the highest
accuracy, followed by observational practice, while mental
imagery only outperformed the control group. Despite reduced
feedback narrowing accuracy differences, persistent kinematic
disparities suggest that perceptual and cognitive mechanisms
play a distinct role. As proposed in existing frameworks,
physical practice engages perceptual systems, motor imagery
relies on cognitive processing (Frank et al., 2014; Ryan &
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Methods

This semi-experimental study employed a pretest-posttest
design with six parallel groups. Sixty right-handed university
students (aged 20-30) 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 Control. The experimental task
involved golf putting, conducted in a single session of 9 blocks
(18 trials per block).

In the feedback groups, participants observed the final position
of the ball, whereas those in feedback-deprived groups were
unable to see the ball's endpoint die to occlusiofndevices or
video masking. Kinematic data 'wéré obtained using 17
reflective markers positiohed bilaterally on /anatomical
landmarks. The primaryoutcomes measured. were radial error
(accuracy) and dynamic degreesqofsfreedom:(DoF), analyzed
through Principal Component “Analysis (PCA) of joint
movement data. A mixed-design ANOVA was conducted with
6 groups x 2qest phases to evaluate performance changes.

Results

The results demonstrated significant effects of test phase,
practice group, and their interaction on movement accuracy (p
< 0:001). Participants in the physical and observational
practice groups with feedback achieved superior accuracy
comparedto the motor imagery and no-feedback groups, while
the control group showed the lowest performance with no
significant improvement over time.

For dynamic degrees of freedom (DoF), significant differences
were also observed across groups and test phases (p < 0.05). In
the post-test, the motor imagery group exhibited higher DoFs
than the no-feedback groups, indicating less efficient
coordination. Conversely, the feedback-based physical and
observational groups had the lowest DoFs, reflecting greater
movement efficiency and coordination.

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 studies should incorporate analysis of mental
representations and neural activity, alongside manipulations of
feedback and model characteristics, to deepen understanding
of motor learning mechanisms.

Ethical Considerations

All participants were able to withdraw from, or leave, the study at any
point without feeling an obligation to continue. Written informed
consent was obtained from all participants prior to their involvement
in this study

Compliance with ethical guidelines: All procedures involving
human participants adhered to ethical standards set by the institutional
research committee.
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