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Introduction: Executive functions control, direct, and coordinate cognitive processes.
This research aimed to compare the electrical activity of different brain regions during
implicit and explicit learning of a motor skill in teenage girls with cold executive
functions.

Methods: The research method was quasi-experimental, with a pre-test and post-test
design. Twenty girls aged 12 to 14 years were selected purposefully based on their scores
on CogLab tests and assigned to two Explicit Learning and Implicit Learning groups. In
the pre-test phase, participants performed 15 dart throws while brain waves were
recorded using an EEG device. Then, both groups participated in 60-minute training
sessions for five consecutive days, based on different instructional approaches. After
completing the training, a retention and a transfer test were conducted on the sixth day.
The results were analyzed using MATLAB, SPSS, and Excel software at a significance
level of 0.05.

Results: The results showed that the neural response in the form of brain wave activity
across five brain regions—DLPFC, OFC, CF, Frontal, and All Frontal—was significant
in the explicit learning group but not significant in the implicit learning group.

Conclusion: Based on the present results, it can be said that the explicit learning method
causes positive changes at the level of the cerebral cortex, whereas implicit learning
requires long-term strengthening. Therefore, explicit learning can be an effective short-
term intervention to modulate brain activity and facilitate motor skill learning in
individuals with cold executive functions.
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Extended Abstract

Introduction

EExecutive functions refer to a broad range of complex
cognitive processes that help regulate thoughts and
emotions, as well as plan, monitor, and control behavior
to achieve specific goals (Lin et al., 2019). These
functions encompass essential abilities such as attention,
working memory, decision-making, self-initiation,
strategic planning, response inhibition, cognitive
flexibility, impulse control, and the execution of
academic tasks. They enable individuals to manage
daily life tasks and control their intellectual functions
(Englehardt et al., 2019). Cold executive functions
comprise skills like planning, cognitive flexibility,
working memory, and monitoring behaviors. This study
also differentiates between explicit and implicit
learning, which are two distinct learning methods.
Explicit learning involves conscious engagement in
learning, where individuals are aware of the goals and
methods needed to acquire a skill. In contrast, implicit
learning occurs without the learner's conscious
realization, leading to skill acquisition without active
awareness of the learning process. It remains unclear
whether the impacts of these training types can be
generalized across different levels of motor learning.
The involvement of various brain regions in executive
functions during response selection highlights a
significant interconnection between these cognitive
processes. Previous research into the neuroscience of
executive functions has largely relied on animal studies
or limited investigations of patients with frontal lobe
damage. However, modern brain imaging techniques
provide highly detailed insights into this field. To
address gaps in previous research, this study aims to
investigate the electrical responses of different brain
regions during explicit and implicit motor skill learning
among adolescent girls exhibiting cold executive
functions. The goal is to determine changes in brain
wave activity across various brain regions during these
learning processes and to explore any differences in
brain waves between adolescents with cold executive

functions engaged in explicit versus implicit learning.

Methods

This research utilized a quasi-experimental design,
incorporating both pre-tests and post-tests. The study
involved 20 female students aged 12 to 14, who were
divided into two groups: the explicit learning group (10
participants) and the implicit learning group (10
participants). The tools used in this study included a
dartboard to measure motor skills, CogLab software to
assess cold executive functions, and a 30-channel active
electroencephalography (EEG) device to record brain
activity. Over a span of five days, participants practiced

for 60 minutes each day. The explicit learning group
received direct instruction, while the implicit learning
group practiced without specific guidelines. At the end
of the study, retention and transfer tests were conducted
to evaluate skill acquisition and transfer, and EEG data
were analyzed to assess brain activity.

Results

The results revealed significant differences in brain
electrical activity between the explicit and implicit
learning groups. In the explicit learning group, there was
a notable increase in brainwave activity in areas
associated with decision-making and cognitive control,
such as the dorsolateral prefrontal cortex (DLPFC) and
the frontal cortex. This increase indicates greater
cognitive engagement during explicit learning.
Conversely, the implicit learning group showed minimal
changes in brainwave activity, particularly in regions
related to unconscious processing, such as the
orbitofrontal cortex (OFC). The study highlighted
significant differences in brainwave activity during
explicit learning. Notable variations in delta waves were
observed between the pre-test, retention, and transfer
stages across various brain regions, including the
DLPFC, OFC, central frontal cortex (CF), and other
frontal areas. Theta waves also displayed significant
differences between the learning stages (pre-test,
retention, and transfer) in the DLPFC, OFC, CF, and
frontal regions. Additionally, alpha waves showed
differences between the pre-test and retention stages in
the OFC, CF, and frontal areas. Beta waves revealed
significant differences between the retention and
transfer stages in the CF and across all frontal regions.
These findings demonstrate that explicit learning has a
significant impact on brainwave activity.

Conclusion

This research indicates that explicit learning
significantly impacts the improvement of cold executive
functions. The findings are consistent with studies by
Jones et al. (2015), Nasiri et al. (2023), and Dong & Li
(2012). Specifically, Jones et al. (2015) confirmed
improvements in attention, memory, and adaptability
through enhanced cold executive functions. Nasiri et al.
(2023) demonstrated that both implicit and explicit
learning conditions lead to similar performance
improvements. Additionally, Dong and Li (2012)
confirmed the varying effects of different learning
processes on cold executive functions by examining the
brain networks involved in learning. For future research,
it would be beneficial to investigate chaining skills and
compare them with discrete skills, such as dart throwing,
to gain further insights into the effects of explicit and
implicit learning. Analyzing the impact of short-term
versus long-term training sessions on learning could
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also help optimize educational methods. Furthermore,
using larger and more diverse samples, including groups
such as students and individuals with specific disorders,
could enhance our understanding of how education
impacts executive functions. Overall, the results of this
study indicate that explicit learning significantly
influences students' cold executive functions. As
individuals enhance their executive function skills, they
are likely to develop more active and capable brains.
Consequently, they can optimize these skills to improve
attention, focus, and comprehension, set clearer learning
goals, complete tasks more effectively, and achieve
better learning outcomes.
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