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functions, including learning and memory.
Aim: The present study aimed to investigate the effect of cyberspace
dependence on explicit and implicit learning of a motor sequence task.
Methods: Participants were 48 high school students aged 16 to 18 years,
selected through convenience sampling and divided into four groups of 12:
cyberspace dependent—explicit learning, cyberspace dependent—implicit
learning, non-dependent—explicit learning, and non-dependent—implicit
learning. Young’s Internet Addiction Test was used to distinguish
cyberspace-dependent from non-dependent individuals, and the Serial
Reaction Time Task (SRTT) software was applied to assess motor learning.
Data were analyzed using mixed-design ANOVA with repeated measures.
Results: The findings revealed that cyberspace dependence had a
significant effect on explicit and implicit learning of the motor sequence task
(P<0/05). Specifically, non-dependent participants outperformed their
cyberspace-dependent peers in both explicit and implicit learning conditions.
Conclusion: The results suggest that cyberspace dependence may weaken
both explicit and implicit learning. Accordingly, it is recommended that
schools and other educational environments implement engaging motor
activity programs to reduce excessive cyberspace use among students and
to promote motor learning.
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Extended Abstract:

Background: Although human nature remains constant, the brain possesses
remarkable plasticity, allowing it to adapt its functioning based on experiences
and practice. This phenomenon, known as “neuroplasticity,” plays a crucial role
in learning and modifying cognitive and motor behaviors. Motor learning, defined
as a relatively permanent change in motor behavior due to practice and
experience, can occur explicitly (consciously) or implicitly (unconsciously). Motor
sequence learning, as an essential part of daily life, underlies academic,
occupational, and athletic activities. Understanding the mechanisms of explicit
and implicit motor sequence learning provides deeper insight into cognitive-motor
processes and their importance in human performance and development.

With the rapid expansion of digital technologies, cyberspace has become an
inseparable part of modern life, particularly among adolescents and young adults.
While offering numerous benefits, excessive and addictive use of the internet and
smartphones has been linked to negative consequences on cognitive and motor
functions of the brain. Research indicates alterations in neural structures,
reductions in gray matter volume, disruption of brain chemistry, and weakened
implicit learning abilities as potential outcomes of such dependence. These
issues raise serious concerns about individuals’ capacity to acquire motor
sequences, which form the basis of many daily, educational, and athletic tasks.
Despite extensive studies on motor learning and the cognitive effects of
cyberspace, no research has directly examined the relationship between
cyberspace dependence and explicit/implicit motor sequence learning.
Addressing this gap is essential, as it may clarify the mechanisms through which
technology affects the brain and inform educational and therapeutic interventions.
The main objective of this study is to investigate the impact of cyberspace
dependence on explicit and implicit motor sequence learning. Specifically, it
seeks to determine whether excessive reliance on cyberspace disrupts motor
learning processes, and if so, whether explicit or implicit learning is more
adversely affected.

Methods: The present study employed a quasi-experimental design with an
applied purpose. The final sample consisted of 48 healthy right-handed female

participants aged 16 to 18, selected through convenience sampling and randomly
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assigned into four groups of 12: cyberspace-dependent—explicit learning,

cyberspace-dependent—implicit learning, normal peers—explicit learning, and
normal peers—implicit learning. To identify cyberspace-dependent individuals,
Kimberly-Young-Internet-Addiction-Questionnaire was used, which has
demonstrated acceptable validity and reliability in both domestic and international
studies. To assess explicit and implicit learning, the Serial Reaction Time Task
(SRTT) software was applied, in which stimuli appeared in either regular or
random sequences, and reaction times and errors were recorded with millisecond
precision. Participants responded to the colored stimuli by pressing
corresponding keys on the keyboard. The experiment was conducted in two
phases: acquisition and retention. During the acquisition phase, participants
completed eight movement blocks, with some sequences arranged regularly and
others randomly. In the explicit learning condition, participants were informed
about the sequence patterns in advance, while in the implicit condition no such
information was provided. Twenty-four hours later, the retention test was
performed, consisting of two blocks with regular sequences, in order to evaluate
the stability of learning. To control external conditions, all participants were tested
in a quiet, dimly lit room with standardized procedures. To confirm the type of
learning, post-test individual interviews and the Rodenreis and Dunn awareness
test were administered to distinguish explicit from implicit learning. Data were
analyzed using descriptive statistics (means, standard deviations) and inferential
statistics, including repeated measures ANOVA in a 2 (group: dependent vs.
normal) x 2 (sequence type: regular vs. random) x 8 (blocks) and 2 (group) x 2
(sequence) x 4 (blocks 2, 3, 9, and 10) design, with group as a between-subjects
factor and blocks as a within-subjects factor. Normality was assessed using the
Shapiro-Wilk test. All analyses were conducted using SPSS version 18, and
graphs were prepared with Excel 2013. The significance level was set at 0.05 for
all statistical procedures.

Results: The results of the present study were reported in three sections:
descriptive statistics, acquisition, and retention. In the first section, the
demographic characteristics of the participants were presented. The mean age
of the participants ranged from 16 to 18 years, and no significant differences were

found between the groups in terms of age, height, weight, and body mass index.
|
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The results of the Shapiro—Wilk test further indicated that the data distribution
across all variables was normal; therefore, the use of parametric tests was
appropriate.

In the acquisition phase of the motor sequence task, the results of repeated-
measures ANOVA in the explicit learning condition showed that the main effect
of group was significant; in other words, normal participants responded faster
than cyberspace-dependent participants. The main effect of block was also
significant, demonstrating that both groups showed notable improvement in the
later blocks (seventh and eighth) compared to the initial blocks. Moreover, the
main effect of sequence type was significant, as participants exhibited shorter
reaction times in regular sequences compared to random ones. The sequence x
group interaction was also significant, indicating that in both sequence types,
normal groups outperformed cyberspace-dependent ones.

In the implicit learning condition, similar findings were observed. The main effects
of group, sequence type, and block were all significant. In other words, both
groups improved across blocks, but normal participants demonstrated faster and
more accurate performance. In addition, the group x block and sequence x block
interactions were significant, reflecting differences in learning patterns between
the two groups during practice. Overall, these results suggest that cyberspace-
dependent individuals performed more poorly than normal individuals in both
explicit and implicit learning.

In the retention phase, the results of mixed ANOVA revealed that in both explicit
and implicit conditions, the main effect of block was significant; participants had
faster reaction times in the ninth and tenth blocks compared to the second and
third blocks, indicating learning consolidation. The main effect of group was also
significant, as normal participants performed better than cyberspace-dependent
participants in both conditions during retention. The block x group interaction was
significant as well, showing that the degree of progress between groups differed
throughout the retention phase. In sum, the findings indicated that cyberspace
dependence was associated with slower acquisition and retention of motor skills,
while normal participants consistently demonstrated faster and more stable

responses across all stages of the study.
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Conclusion: The findings of the present study clearly demonstrated that

dependence on cyberspace can have a significant and negative effect on both
explicit and implicit motor learning. Although all groups showed performance
improvements over the course of acquisition and retention phases through
continuous practice, comparisons between cyberspace-dependent individuals
and normal individuals revealed that the latter exhibited faster responses and
more effective performance under both explicit and implicit conditions. This
indicates that focus, stimulus processing, and cognitive—motor coordination is at
a higher level in non-dependent individuals. Moreover, the results suggested that
internet and cyberspace addiction may lead to slower reactions and impaired
motor learning, possibly due to reduced gray matter volume and disruptions in
neural networks involved in motor processing.

The findings also confirmed the importance of repetition and practice in improving
motor performance, as all participants were able to enhance their reaction speed
with increased experience. However, excessive dependence on cyberspace
causes this learning process to consolidate at a lower level. This issue is
significant not only from a scientific and theoretical perspective but also socially:
excessive use of cyberspace threatens individuals’ motor, cognitive, and even
social abilities.

In summary, cyberspace dependence can be considered an inhibitory factor in
motor learning, warranting serious attention in educational, developmental, and
therapeutic contexts. Reducing dependence and replacing it with healthy motor
and social activities can play a crucial role in enhancing individuals’ motor and
cognitive abilities.

The main message of this article is that cyberspace dependence is not merely a
social or behavioral phenomenon but has direct and negative effects on motor
learning and cognitive abilities. The study showed that cyberspace-dependent
individuals performed worse than their non-dependent peers in both explicit and
implicit learning conditions, highlighting the detrimental impact of excessive
internet use on neural processes and cognitive—motor functions. Therefore, the
consequences of cyberspace addiction should be taken seriously, especially
among the younger generation, who are in the process of developing motor and

cognitive skills. Promoting engaging motor programs, increasing social activities,
|
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and educating individuals on responsible cyberspace use can help mitigate these
harms. In short, balanced and purposeful use of cyberspace is essential for

maintaining cognitive and motor health and achieving optimal learning outcomes.
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. Brain Plasticity

. Basal ganglia

. Thalamus

. Cerebellum

. Prefrontal cortex

. Supplementary motor area
. Pre-motor cortex

. Dorsolateral striatum
. Anterior striatum

10. Temporal cortex

11. Hippocampus

12. Forehead cortex

13. Parietal cortex

14 . Motor Sequence learning
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1. Internet Addictive Test (IAT)

2 . Serial Reaction Time Task (SRTT)
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1. Face validity
2 . Test - Retest

3. Trial
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1. Simple main effect
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