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ABSTRACT

Aim: Although much research has been conducted on the concept of motor
learning at the performance level, this concept has not been investigated at
the level of EMG patterns and the comparison of these patterns in the
dominant and non-dominant hand. The aim of this study was to investigate
simultaneous changes in EMG pattern during learning dart skill in dominant
and non-dominant hands.

Method: The participants of the present study consisted of 10 non-athlete
students with a mean age of 23 + 2.5 years who were randomly selected from
the student community of the University of Tehran and divided into two
groups of dominant hand (5) and non-dominant hand (5). Repeated
measures ANOVA were used to measure data at the dart throwing
performance and changes in EMG activity.

Results: The results showed a significant decrease in the absolute error of
dart throwing at the performance level and an increase in EMG activity at the
muscle level along with a decrease in muscle co-contraction in the acquisition
and retention stages in both groups. Also, there was no significant difference
between EMG activity in the dominant and non-dominant hand groups after
skill acquisition.

Conclusion: Generally, the results of this study showed that along with
relatively constant changes in performance during dart skill learning,
relatively constant changes in EMG patterns also occur, so that the concept
of motor learning is also observed at the muscle level. Also, the results of this
study supported the existence of the same motor program for dominant and
non-dominant hand control, even in the conditions of bilateral transfer control.
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Extended Abstract

Motor learning refers to relatively permanent improvements in performance due
to practice and experience. While prior studies have separately examined
changes in EMG patterns or motor performance during skill acquisition, their
simultaneous evolution remains underexplored. Conflicting findings exist
regarding EMG changes: some report decreased amplitude and co-contraction
with practice (4, 5), others show increased activity (6, 7), and some find no
changes (8, 9). Recent work by Brockner et al. (2018) highlights the role of
qualitative EMG parameters (e.g., muscle timing) in skill acquisition (2), yet the
relationship between EMG dynamics and motor learning remains unclear.

Hand dominance further complicates this interplay. While kinematic and EMG
differences between hands are reported in sports like cricket (14) and handball
(15), studies on dart throwing suggest similar EMG patterns despite performance
disparities (16, 17). Bilateral transfer—where training one hand benefits the
other—adds complexity, as it implies shared neural control (18, 19). This study
addressed these gaps by:

1. Analyzing simultaneous EMG and motor performance changes during
dart-throwing skill acquisition.

2. Testing whether EMG patterns differ between dominant and non-dominant
hands under controlled bilateral transfer conditions.

3. Evaluating theoretical frameworks like the callosal model (20) and motor

equivalence (21, 22).

Methods

Participants and Design

Ten right-handed university students (23 + 2.5 years) with no prior dart-throwing
experience were divided into dominant (n=5) and non-dominant (n=5) hand
groups. Exclusion criteria included neuromuscular disorders or visual
impairments.

Apparatus and Protocol

EMG: Wireless EMG (Myon system) recorded activity from biceps brachii, triceps

brachii, and deltoid muscles (sampling rate: 2000 Hz).
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Task: A standard dartboard (1.73 m height, 2.37 m distance) was used.
Performance was measured via absolute error (distance from bullseye).
Training: Participants completed 4 weeks of practice (3 sessions/week, 45
throws/session), progressing from simple to complex tasks (e.g., hitting smaller
targets).

Data Analysis

Motor Performance: Absolute error was analyzed via repeated-measures
ANOVA (SPSS v18).

Table 1: Mean Absolute Error (AE) and Constant Error (CE) Across Pre-Test,

Acquisition, and Retention Phases

Phase Group Mean AE MeanCE SD N
Pre-Test Dominant Hand 5.38 3.34 0.89 5
Pre-Test Non-Dominant Hand 6.02 441 0.66 5
Acquisition ~ Dominant Hand 3.82 1.11 0.57 5
Acquisition Non-Dominant Hand 3.62 -2.08 034 5
Retention Dominant Hand 3.44 1.72 033 5
Retention Non-Dominant Hand 3.56 1.88 048 5

EMG: Muscle energy (0—1 normalized) was calculated in MATLAB within a 1-

second window centered on the triceps peak activation.

Results

Motor Performance

Significant reduction in absolute error across pre-test (5.38 £ 0.89), acquisition
(3.82 £ 0.57), and retention (3.44 £ 0.33) phases (p < 0.05).

No significant differences between dominant and non-dominant hands (p =
0.329).

Table 2: Pairwise Comparisons of Absolute Error Across Phases
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Phase 1 Phase 2 Mean Difference SE p-value
Pre-Test Acquisition  1.98* 0.345 0.002
Pre-Test Retention 2.20* 0.315 <0.001
Acquisition  Pre-Test -1.98* 0.354 0.002
Acquisition  Retention 0.22 0.101 0.185
Retention Pre-Test -2.20* 0.315 <0.001
Retention Acquisition  -0.22 0.101 0.185

Significant at o = 0.05

EMG Patterns

Amplitude: Increased EMG amplitude in all muscles (biceps, triceps, deltoid)
during acquisition and retention (p < 0.05). Co-Contraction: Reduced overlap
between biceps and triceps activity post-training. Inter-Hand Comparison: No
significant differences in EMG patterns between dominant and non-dominant

hands (p > 0.05), despite slight timing delays in the non-dominant group.
Table 3: Composite ANOVA Results for Biceps, Triceps, and Deltoid

Muscles

Muscle Effect F-value Mean Square df n’p p-value
Biceps Brachii Within-Group  7.359  2.023 1.092 0.479 0.023
Biceps Brachii Interaction 0.072  0.020 1.092 0.009 0.817
Biceps Brachii Between-Group 0.001  3.062 1 0.000 0.975
Triceps Brachii Within-Group ~ 10.87  1.065 2 0.576 0.001
Triceps Brachii Interaction 0972 0.095 2 0.108 0.400
Triceps Brachii Between-Group 0.012  0.001 1 0.002 0.910
Deltoid Within-Group  17.89  1.477 2 0.691 <0.001
Deltoid Interaction 0.355 0.029 2 0.042 0.700
Deltoid Between-Group 0.274 0.010 1 0.033 0.610
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Discussion

The observed increase in EMG amplitude and reduced co-contraction align with
Bernstein’s theory (31), where the nervous system initially "freezes" degrees of
freedom (via co-contraction) and gradually optimizes muscle coordination. This
reflects improved spatiotemporal force control, critical for dart-throwing accuracy.
Also, about Hand Dominance and Motor Equivalence can said the lack of EMG
differences between hands supports the generalized motor program hypothesis
(22), where a single neural blueprint governs both limbs, adjusted via
parameterization (e.g., force, timing). This aligns with Waterhouse et al. (2014)
and Kotz et al. (2019), who reported similar EMG patterns despite kinematic
differences (16, 17).

Theoretical Implications

Callosal Model: Shared interhemispheric control via the corpus callosum (20)
may explain bilateral similarities.

Motor Equivalence: Results support the idea of "motor equivalence," where task
goals override biomechanical differences (21).

Contradictions and Limitations

Discrepancies with studies reporting inter-hand differences (14, 15) may stem
from task-specific demands (e.g., maximal force in cricket vs. precision in darts).
This study’s focus on gross muscles (e.g., deltoid) also overlooks finer digit
control, a limitation for future research.

Conclusion

The results of this study showed that as the skill progresses, some EMG
parameters (such as the amplitude and timing of muscle activity) also change, so
that the EMG activity pattern of the early stages of training is different from the
acquisition and retention stages. These changes may be related to the
spatiotemporal adaptations of muscle activity during skill learning. It seems that
training simultaneously causes relatively stable changes in performance and
EMG patterns, so that the concept of motor learning at the muscle level can also
be inferred. Also, another result of this study showed that there is no significant

difference between the EMG patterns of the dominant and non-dominant hands
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in the condition of bilateral transfer control. These results support the concept of
motor equivalence and Schmidt's generalized motor program theory even in the
condition of bilateral transfer control. However, in this study, only the changes in
the electrical activity of large muscles during dart skill learning were investigated,
which can be considered a limitation of this study, given the important role of fine
muscles such as fingers in the performance of this skill. Finally, given that the
results of this study can be the beginning of the investigation of motor learning at
the muscle level, it is suggested that further research in this field be conducted
by examining other muscles or in other sports such as basketball shooting. It is
also suggested that the similarity or dissimilarity of EMG patterns in the dominant
and non-dominant hands be investigated in other sports that require more muscle

strength.
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