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Extended Abstract

Introduction

Understanding the cognitive-motor and neuromotor
processes involved in executing actions and motor skills
is crucial for selecting appropriate practice methods and
accelerating the motor learning process. Research
indicates that brain waves in various areas can fluctuate
during the learning of specific tasks. Research has
observed that during successful performance, brain
waves decrease in various brain areas; at the same time,
other studies have shown that the power of brain waves
is higher in experts. According to scientists, changes in
brain wave activity in various brain regions of both
novices and experts reflect improving and adjusting
cognitive-motor functions. Based on the psychomotor
efficiency hypothesis, individuals with high motor
performance levels have improved cognitive-motor
processes. Experts have greater neural efficiency and
refined cognitive-motor processes, requiring minimal
cognitive and mental energy consumption. We propose
that both neurocognitive and neuromotor processes work
together to generate adaptive motor outputs. Specifically,
brain regions responsible for the organization and control
of movements, such as the motor cortex, become more
engaged and proficient at coordinating the various organs
and components involved in movements as learning
progresses. This advancement results in noticeable
enhancements in motor behavior, including increased
stability, consistency, and coordination. To investigate
this issue, we conducted a study aimed at answering our
main research question: Is there a difference in the Mu
rhythm between expert and novice individuals in the
motor areas involved in executing the golf putting task,
specifically in the C3, Cz, and C4 regions?

Methods

Fifteen novice golfers and fifteen expert golfers
participated in this study. All participants were right-
handed, had normal vision, and had no history of head
injuries, mental health issues, cognitive disorders, or
neurological diseases. They were instructed to avoid any
medications that could affect brain function, as well as
caffeine and alcohol. Additionally, they were advised to
rest adequately before the experiment. During the
experiment, the participants were asked to perform a
golf-putting task while their brain waves were recorded.
The recorded brain waves were amplified and filtered
using a hardware filter that ranged from 0.1 to 70 Hz,
along with a notch filter set at 50 Hz. The data was
sampled at a frequency of 250 Hz. After initial collection,
the data was processed with Win EEG software.
Following this, MATLAB software was employed to
remove artifacts and non-neural data sources using the
independent component analysis (ICA) method. The
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power spectrum density estimation component was
measured using the Welch estimation method. A 2x3
(groupxareas) one-way Multivariate Analysis of
Variance (MANOVA) was conducted. Before analysis,
the normality of the data was confirmed using the
Shapiro-Wilk test (P>0.05), the equality of variance was
verified by the Levene test (P>0.05), and the
homogeneity of covariance matrix was confirmed by
Box's M test (P>0.05).

Results

The study found a significant difference in the Mu
rhythm power of the C3, Cz, and C4 areas between the
expert and novice groups. The results indicated that the
average Mu rhythm power in the expert group was higher
than in the novice group. Specifically, the difference was
statistically significant in the C3 (P=0.024, F(128=5.667),
Cz (P:0.016, F(1,28)=6.521), and C4 (PS0.0S, F(lyzg):
3.99) areas.

Conclusion

The study findings indicate a significant difference in the
power of the Mu rhythm between novice and expert
golfers. Experts demonstrate higher power in the Mu
rhythm than novices. This research aligns with previous
studies, suggesting that specific brain waves may
increase in areas related to the task at hand while
decreasing in regions unrelated to the task. Scientists
believe the brain undergoes functional and structural
changes, during the motor learning process and these
changes in brain activity indicate improved information-
processing efficiency and cognitive-motor processes.
That is, successful performance requires suppressing and
inhibiting cognitive-motor processes unrelated to the
task, while cognitive-motor processes related to the task
increase and become more involved. As a result, the
experts demonstrate more efficient cortical function in
the brain when performing specific tasks. This leads to
minimal energy consumption in cognitive-motor
processes and results in consistent and high-quality
motor output. In addition to these statements, we infer
that refinement and efficiency in brain function
especially in neuro-motor functions occur during
learning and with an increase in the learner's skill level.
This means that, instead of involving unrelated cognitive
processes and areas not directly connected to skill
execution (like T3), the regions of the brain responsible
for controlling the body and organs (such as the motor
cortex or areas C3, Cz, and C4) become more active in
organizing and managing the components necessary for
movement. As a result, the coordination and consistency
in executing the skill is improved. This improvement can
be observed as an increase in wave power within the
motor cortex (see Fig 3).
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https://journals.humankinetics.com/view/journals/jsep/25/2/article-p188.xml
https://academic.oup.com/cercor/article-abstract/15/8/1089/304697
https://academic.oup.com/cercor/article-abstract/15/8/1089/304697
https://academic.oup.com/cercor/article-abstract/15/8/1089/304697
https://www.amazon.com/Energetics-Activity-William-Anthony-Sparrow/dp/0880117877
https://www.frontiersin.org/journals/human-neuroscience/articles/10.3389/fnhum.2019.00278/full
https://link.springer.com/article/10.1186/s12984-019-0524-x
https://www.semanticscholar.org/paper/The-Psychophysiology-of-Sport-A-Mechanistic-of-the-Hatfield-Hillman/0da59f9b92d83a381a1c381f88a71b4ab68823b2
https://www.tandfonline.com/doi/abs/10.3200/JMBR.41.2.106-116
https://journals.humankinetics.com/view/journals/jsep/25/2/article-p188.xml
https://journals.humankinetics.com/view/journals/jsep/25/2/article-p188.xml
file:///C:/Users/DrTakalli/Desktop/نشریه/بهار%201404%20بعد%20ویراستاری%20لاتین/؛
https://www.tandfonline.com/doi/abs/10.3200/JMBR.41.2.106-116
https://www.tandfonline.com/doi/abs/10.3200/JMBR.41.2.106-116
https://journals.humankinetics.com/view/journals/jsep/25/2/article-p188.xml
https://link.springer.com/article/10.1007/s00421-008-0811-x
https://www.sciencedirect.com/science/article/pii/S1469029216303193
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https://www.amazon.com/Outliers-Story-Success-Malcolm-Gladwell/dp/0316017922
https://mrbartonmaths.com/resourcesnew/8.%20Research/Explicit%20Instruction/Deliberate%20Practice.PDF
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https://www.bci2000.org/mediawiki/index.php/User_Tutorial:EEG_Measurement_Setup
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https://www.tandfonline.com/doi/abs/10.1080/10413200.2013.855682
https://www.sciencedirect.com/science/article/abs/pii/S0165027003003479
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https://ieeexplore.ieee.org/abstract/document/1161901
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1-Multivariate analysis of variance or 2 Shapiro-Wilk 4 Box’s M test
MANOVA 3 Leven test
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https://psycnet.apa.org/record/1995-28334-001
https://www.sciencedirect.com/science/article/abs/pii/S0301051101001168
https://www.sciencedirect.com/science/article/abs/pii/S0301051100000478
https://journals.sagepub.com/doi/abs/10.1068/p7530
https://link.springer.com/article/10.1186/s12984-019-0524-x
https://www.sciencedirect.com/science/article/abs/pii/S0926641098000433
https://www.sciencedirect.com/science/article/abs/pii/S0926641098000433
https://pubmed.ncbi.nlm.nih.gov/25539036/
https://pubmed.ncbi.nlm.nih.gov/25539036/
https://onlinelibrary.wiley.com/doi/full/10.1111/psyp.12182
https://link.springer.com/article/10.1007/s00421-008-0811-x
https://link.springer.com/article/10.1007/s00421-008-0811-x
https://onlinelibrary.wiley.com/doi/full/10.1002/hbm.20776
https://journals.humankinetics.com/view/journals/jsep/6/1/article-p42.xml
https://www.tandfonline.com/doi/abs/10.1080/02640410152475856
https://www.tandfonline.com/doi/abs/10.1080/02640410152475856
https://www.tandfonline.com/doi/abs/10.1080/02640410152475856
https://www.sciencedirect.com/science/article/abs/pii/S0301051101001168
https://onlinelibrary.wiley.com/doi/full/10.1111/psyp.12182
؛https:/physoc.onlinelibrary.wiley.com/doi/full/10.1113/jphysiol.2007.141630
؛https:/physoc.onlinelibrary.wiley.com/doi/full/10.1113/jphysiol.2007.141630
https://www.sciencedirect.com/science/article/pii/S1469029220301400
https://www.semanticscholar.org/paper/The-Psychophysiology-of-Sport-A-Mechanistic-of-the-Hatfield-Hillman/0da59f9b92d83a381a1c381f88a71b4ab68823b2
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