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Mobile phone addiction was the mediator
and physical activity was the moderator
between bullying victimization and sleep
quality
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Abstract

Background and objectives Bullying victimization is strongly associated with sleep quality issues in primary school
students, yet the underlying mechanisms among these variables require further exploration. This study investigates
the mediating role of mobile phone addiction and the moderating role of physical activity in the relationship
between bullying victimization and sleep quality among primary school students, contributing to a deeper
understanding of these psychological processes.

Methods This study utilized a convenience sampling method to recruit 502 primary school students in 2023. The
sample included 232 boys and 270 girls, with ages ranging from 10 to 12 years (mean age=11.15+0.62). Participants
were recruited from specific region or school district to ensure a diverse representation of the target population.
Ethical approval was obtained from the relevant institutional review board, and informed consent was obtained from
both the students and their parents or guardians prior to data collection.

Results Bullying victimization was significantly positively correlated with both sleep quality issues and mobile phone
addiction. Additionally, mobile phone addiction was significantly positively correlated with sleep quality issues. The
analysis confirmed that mobile phone addiction mediates the relationship between bullying victimization and sleep
quality. Furthermore, physical activity was found to moderate the relationship between bullying victimization and
mobile phone addiction.
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Conclusions This study elucidates the psychological mechanisms underlying the relationship between bullying
victimization and sleep quality among primary school students. Mobile phone addiction serves as a mediating factor,
while physical activity acts as a moderating factor in the link between bullying victimization and mobile phone
addiction. These findings underscore the importance of addressing mobile phone addiction and promoting physical
activity as part of targeted interventions to improve sleep quality among primary school students.
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Introduction

According to data from the U.S. National Institutes of
Health, sleep is an indispensable component of daily
human life. Along with diet and physical activity, sleep
is considered one of the three fundamental pillars of
health [1], and it is crucial for maintaining life and over-
all health [2]. However, research indicates that poor
sleep quality is a significant public health issue among
primary school students [3], and the prevalence of poor
sleep quality in this group has been steadily increasing,
with the onset age decreasing [4]. The incidence of sleep
disorders among adolescents is estimated to be approxi-
mately 25-30% [5], and general sleep problems, such as
insufficient sleep, affect up to 80% of this group [6]. In
the United States, recommendations for adolescent sleep
duration range from 8 to 10 h, while primary school
students are advised to get 7 to 9 h of sleep [7]. Despite
these recommendations, reports from many countries
indicate that primary school students’ actual sleep dura-
tion is often below these guidelines [8, 9], and sleep dura-
tion has decreased over the past few decades. Sleep, as
an essential physiological activity, is closely related to the
growth and development of primary school students [10].
It is a neurophysiological process that plays a critical role
in vital biological pathways essential for brain and body
health [11]. Adolescence is considered the second critical
developmental phase, following early childhood, for fun-
damental learning and neuroplasticity [12]. During this
period, the brain undergoes significant restructuring and
development, which gradually matures primary school
students’ cognitive abilities, emotional regulation, and
behavioral patterns [13]. However, this developmental
stage also makes primary school students more vulnera-
ble to the effects of poor sleep quality. Sleep is crucial for
neuroplasticity, memory consolidation, and the develop-
ment of learning abilities. Poor sleep quality can disrupt
these vital physiological and psychological processes,
negatively impacting cognitive development, emotional
health, and overall growth. These impacts include height-
ened risks of anxiety and depression [14], aggression [15],
cognitive function changes [16], and suicidal behaviors
[17], technology addiction [18, 19]. Based on the above
overview, there is an urgent need to explore the various
factors influencing primary school students’ sleep quality.
Such research will not only help identify key risk factors

contributing to poor sleep but also provide scientific evi-
dence for developing effective intervention strategies.

Bullying victimization and sleep quality

The factors contributing to poor sleep quality are diverse
and complex. Among these factors, bullying victimiza-
tion is closely linked to sleep quality [20, 21, 22]. Bullying
victimization is a major psychosocial predictor of men-
tal health problems [23, 24, 25] and poor lifestyle habits
[26], and it is also considered a significant antecedent
of poor sleep quality [27]. Bullying victimization refers
to the repeated, intentional attacks (including physical,
verbal, relational, or social attacks) that children or pri-
mary school students experience over time, resulting in a
power imbalance between the perpetrator and the victim
[28]. A meta-analysis shows that the prevalence of bully-
ing victimization among primary school students is 36%
[29], and 13.13% of primary school students in China
have experienced bullying victimization [30]. A recent
study reported that 36% of females and 24% of males
frequently experience bullying victimization [31]. Stud-
ies indicate that the prevalence of bullying victimization
varies between 6.3% and 45.2% across different countries,
suggesting that bullying victimization is a widespread
issue among primary school students [32, 33]. Moreover,
bullying victimization globally has a similar impact on
the health of primary school students and appears to be
associated with sleep quality [34]. Bullying victimization
is one of the most common and concerning adversities
among primary school students [35]. Victims of bully-
ing are at greater risk for physical, cognitive, and psycho-
logical health issues [36], particularly in terms of anxiety,
depression, sleep disorders, and suicide rates [23, 25].
Children who are frequently bullied at school are more
likely to experience enuresis and sleep difficulties [37],
victims of bullying tend to have lower sleep quality [38]
and are more likely to use sleeping pills [39]. As proposed
by rumination theory, rumination refers to the repetitive
thinking about negative events or emotional experiences
without taking effective coping actions [40]. Victims of
bullying are prone to entering a rumination state at night,
constantly recalling the bullying incidents they expe-
rienced during the day. This repeated thinking can lead
to sustained psychological arousal, making it difficult
for them to relax and fall asleep. The ongoing psycho-
logical arousal also increases the frequency of nighttime
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awakenings, leading to more light sleep, which ultimately
reduces overall sleep quality [41]. Therefore, a signifi-
cant positive correlation is hypothesized to exist between
bullying victimization and sleep quality among primary
school students (H1).

The mediating effect of mobile phone addiction

In the relationship between bullying victimization and
sleep quality in primary school students, mobile phone
addiction may serve as an important mediating fac-
tor. Bullying victimization may not only directly affect
the victim’s sleep quality but also indirectly influence it
through mediating variables such as mobile phone addic-
tion. Mobile phone addiction is a new manifestation of
internet addiction in the smartphone era, characterized
by a behavioral addiction to excessive mobile phone use
[42]. The association between cyberbullying and mobile
phone addiction is a complex socio - psychological phe-
nomenon that has garnered widespread attention in
recent years [43]. Several studies have found that individ-
uals who experience bullying victimization may resort to
excessive mobile phone use as a means of escaping real-
ity, thereby developing mobile phone addiction [44, 45].
This behavior may serve as a coping strategy to alleviate
the negative emotions and stress caused by cyberbullying
[24, 46]. Primary school students who are highly depen-
dent on smartphones and spend substantial time online
are often victims of cyberbullying. Exposure to such
online environments subjects them to cyberbullying-
related threats [47]. Studies show that the more stress-
ful life events an individual experiences, the more severe
their mobile phone addiction becomes [48]. According
to General Strain Theory, stressful life events reduce an
individual’s positive stimuli and lead to problem behav-
iors [49]. Cyberbullying, as a daily stressor, can also trig-
ger mobile phone addiction [50]. Research by Kim et al.
found that excessive mobile phone and internet use due
to uncontrollable cravings is a risk factor for cyberbul-
lying [51]. This finding is supported by a cross-sectional
study that reported a positive association between high
levels of mobile phone addiction and cyberbullying
involvement [52]. These findings collectively indicate a
significant correlation between cyber-victimization and
addictive behaviors [53] with gender and emotional fac-
tors acting as moderators [54]. By 2022, the number of
minor internet users had exceeded 193 million, and the
trend of younger age groups engaging with the internet
is evident. Over the past five years, the internet penetra-
tion rate among primary school students has increased
from 89.5 to 95.1%. Mobile phones have become the pri-
mary tool for primary school students to engage in online
activities. Research indicates that poor sleep quality over
the long term can affect both physical and mental health,
while mobile phone and internet addiction negatively
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impacts sleep quality. As mobile phone addiction levels
increase, sleep quality continues to deteriorate [55]. Con-
trolling excessive mobile phone use can help improve
sleep quality [56]. Both domestic and international stud-
ies show that mobile phone addiction has become a sig-
nificant factor contributing to insomnia. Improving sleep
quality can help alleviate mobile phone addiction in
primary school students [57]. Therefore, mobile phone
addiction mediates the relationship between bullying vic-
timization and sleep quality (H2).

The moderating effect of physical activity

The exercise environment refers to the atmosphere cre-
ated by the surrounding people during physical activity
[58]. Physical exercise can improve health, enhance peer
relationships, and increase social-emotional skills [59].
Existing studies have shown that physical exercise can
help mitigate mobile phone addiction. Physical exercise
is a direct negative predictor of mobile phone addiction
among university students, and it can also indirectly
influence mobile phone addiction through psychologi-
cal distress [19]. Moreover, physical exercise can improve
students’ mental health and foster innovative behaviors
[60, 61, 62, 63, 64]. A study examining the relationship
between mobile phone addiction tendencies and physi-
cal exercise among university students found that engag-
ing in physical activity promotes direct social interaction,
enhances social skills, and reduces feelings of loneliness.
The pleasure derived from exercise helps reduce anxiety,
depression, and stress, thereby improving mood [65].
Regular physical activity also enhances cognitive func-
tion [66], self-esteem, and self-efficacy, which in turn
increases individual happiness [67]. Moreover, physical
activity, as a positive coping strategy, may exert a moder-
ating effect on the relationship between bullying victim-
ization and sleep quality through multiple mechanisms.
From a physiological perspective, physical activity pro-
motes the secretion of neurotransmitters such as endor-
phins, which can improve mood states and attenuate the
negative emotional responses associated with bullying
victimization, thereby indirectly enhancing sleep quality
[68]. From a psychological standpoint, engaging in physi-
cal activity can enhance an individual’s self-efficacy and
self-esteem, enabling them to confront bullying victim-
ization with greater confidence and reducing the anxiety
and depressive symptoms that stem from it, thus contrib-
uting to better sleep. Additionally, physical activity pro-
vides a context for social support, where individuals can
make friends and receive care and support from others
[69]. This social support plays a significant role in alle-
viating the psychological stress associated with bullying
victimization, thereby positively influencing sleep quality.
Therefore, physical exercise is hypothesized to moderate
the relationship between bullying victimization and sleep
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quality, as well as the mediating effect of mobile phone
addiction (H3).

Current research

Based on the above discussion, the present study con-
structed a moderated mediation model (see Fig. 1) to
examine the pathways and mechanisms through which
mobile phone addiction and physical activity influence
the relationship between bullying victimization and
sleep quality. Therefore, the following hypotheses were
proposed:

H1 There is a significant positive correlation between
bullying victimization and sleep quality among primary
school students.

H2 Mobile phone addiction mediates the relationship
between bullying victimization and sleep quality.

H3 Physical activity moderates the relationship between
bullying victimization and sleep quality, as well as the
mediating effect of mobile phone addiction.

Methods

Participants

Convenience sampling was employed in December
2023 to recruit 535 primary school students from two
elementary schools in the Tujia and Miao Autonomous
Prefecture of Western Hunan for this study. The sample
comprised 270 girls (54%) and 232 boys (46%), with ages
ranging from 10 to 12 years, average age of 11.15 years
(SD=0.62). A total of 502 valid questionnaires were col-
lected, yielding an effective response rate of 93.83%.
Prior to the survey, homeroom teachers informed the
guardians of the participants about the content and
purpose of the research. All participants took part vol-
untarily, with informed consent obtained from their
guardians. The study was conducted in accordance with
ethical standards and was approved by the Medical
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Ethics Committee of the authors’ institution (Approval
No. JSDX-2023-0034).

In the survey, researchers provided participants with
an overview of the study’s main objectives, data confi-
dentiality, and the intended use of the data. Participants
were reminded that their involvement was voluntary
and that there was no risk associated with participat-
ing. The survey was administered in paper format on a
class-by-class basis. Inclusion criteria were as follows: (1)
students enrolled in Grades 5 and 6 of the participating
schools and (2) basic reading and writing abilities suffi-
cient to complete the questionnaire independently. Upon
completion of data collection, a thorough review of the
dataset was conducted to identify the location and extent
of missing data. This study used paper-based question-
naires. To ensure data quality, responses with missing
data were excluded from the final dataset. This approach
was adopted to minimize potential bias, as incomplete
responses might indicate inattentive participation, which
could affect the validity of the findings.

Measures

If a construct has been well-defined in previous research,
it can be considered reliably measurable. A key objective
of construct measurement is to ensure that the instru-
ment captures the full conceptual domain of the target
construct while avoiding the inclusion of irrelevant ele-
ments [70]. Additionally, given the academic demands
placed on participants, the potential instability of paper
questionnaires, and the need to minimize disruptions
to students’ learning and teachers’ instructional sched-
ules [71], this study employed concise yet comprehensive
measurement tools to assess sleep quality and bullying
victimization. Using shorter measurement instruments
offers several advantages, including reducing par-
ticipants’ cognitive and time burden [72], minimizing
response bias [73], enhancing participant satisfaction
[74], and streamlining subsequent data processing [75].

Mobile phone
Physical activity addiction
Bullying . -
victimization » Sleep quality

Fig. 1 Hypothesized a mediation model




Peng et al. BMC Public Health (2025) 25:1577

Bullying victimization

This study uses a one-question measure of bullying vic-
timization. This item was specifically designed to define
bullying victimization as “repeated and frequent negative
behavior exhibited by others under conditions of unequal
power or status, such as hitting, kicking, shoving, threat-
ening, mocking, insulting, ostracizing, spreading rumors,
or sending harmful electronic messages. Actions carried
out mutually or in a friendly/joking manner do not qual-
ify as bullying” [76, 77]. Participants were asked to recall
their experiences over the past 90 days and respond using
a five-point scale (0=never, 1=once a month, 2=two to
three times a month, 3=once a week, 4 =several times a
week, 5=almost daily). This measure has been validated
and utilized in previous studies [78, 79, 80, 81, 82, 83, 84,
85].

Sleep quality

The instrument used in this study was adapted from Sny-
der’s research [86] and refined based on the National
Health Survey results [87, 88]. Specifically, the sleep qual-
ity assessment tool was modified to better suit the con-
text of this study. The refined tool was then employed to
collect data for this research. Sleep quality was assessed
using two items: “In the past 30 days, how often did you
(1) have trouble falling asleep, (2) feel that you did not get
enough sleep or rest?” Responses were scored on a scale
from 1 (less than once a month) to 4 (almost always).
Higher scores on the sleep quality measure indicate more
frequent sleep problems [87]. This sleep quality assess-
ment tool has been widely used in previous studies [89,
90].

Mobile phone addiction

We adopted the Chinese-translated version of the Smart-
phone Addiction Scale, validated by Xiang et al. [91].
This scale has demonstrated good reliability and validity
among Chinese populations. The total score ranges from
10 to 60, with higher scores indicating a greater tendency
toward mobile phone addiction. In this study, the scale’s
Cronbach’s a coefficient was 0.838.

Physical activity

The Physical Activity Rating Scale —3 (PARS-3), adapted
by scholar Liang Deqing in 1994 [92], was employed to

Table 1 Describes the analysis
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assess physical exercise levels. This scale comprises three
dimensions: exercise duration, exercise intensity, and
exercise frequency (e.g., “How many times do you engage
in the aforementioned physical activities per month?“).
The PARS-3 includes three subscales: exercise intensity,
exercise frequency, and exercise duration, with a total
of three items. It uses a 5-point Likert scale for scoring.
The calculation method is as follows: Physical Activ-
ity Score = Exercise Intensity x (Exercise Duration —1) x
Exercise Frequency. The total score ranges from 0 to 100,
with higher scores indicating greater physical activity
levels. In this study, the Cronbach’s « coefficient for the
PARS-3 was 0.867, indicating good internal consistency
and reliability.

Data processing and analysis

Statistical analyses were performed using SPSS 26.0. A
test for common method bias was first conducted, with
a threshold of less than 40% indicating an absence of sig-
nificant bias [93]. Descriptive statistics and correlation
analyses were conducted for demographic characteris-
tics and key variables. Primary data were standardized
prior to further analysis. To test our hypotheses, we used
the PROCESS macro (Model 4 and 7) for SPSS to exam-
ine the relationship between bullying victimization and
sleep quality, with mobile phone addiction as a mediat-
ing variable and physical activity as a moderating variable
[94]. Bootstrap resampling (5,000 iterations) was used to
evaluate model fit and estimate 95% confidence intervals
(95% CI) to ensure robustness [95]. The significance level
was set at 0.05.

Results

Common method bias test

The results of the common method bias test revealed
three factors with eigenvalues greater than 1, with the
first factor accounting for 22.60% of the total variance,
below the 40% threshold. This indicates no significant
common method bias in the data.

Descriptive analysis

As shown in Table 1, there were significant gender dif-
ferences in bullying victimization (t=3.89, p<0.001),
physical activity (t=4.44, p<0.001), and mobile phone

Variables Bullying victimization Sleep quality Physical activity Mobile phone
addiction
Mean Sd Mean Sd Mean Sd Mean Sd
Boys 0.48 1.02 372 1.68 271 224 23.10 949
Girls 0.19 0.55 359 1.23 1.88 1.87 20.16 835
t 3.89%** 1.02 4.44%x% 3.79%%

*** p<0.001
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Table 2 Correlation analysis

Variables 1 2 3
1. Bullying victimization

2. Mobile phone addiction
3. Sleep quality
**p<0.01;***: p< 0.001

0.196%**

0.303*** 0.226™**

addiction (t=3.79, p<0.01). Specifically, boys scored
higher than girls in all three variables.

Correlation analysis

Results in Table 2 show significant positive correlations
between bullying victimization and both mobile phone
addiction (r=0.196, p <0.001) and sleep quality (r=0.303,
p<0.001). Additionally, mobile phone addiction was pos-
itively correlated with sleep quality (r=0.226, p <0.001).

Mediation model test

As shown in Table 3; Fig. 2, bullying victimization sig-
nificantly and positively predicted sleep quality among
primary school students (f = 0.313, p<0.001). However,
when the mediator was included in the model, the direct
effect of bullying victimization on sleep quality remained
significant (B = 0.277, p<0.001). Additionally, in the
mediation model, bullying victimization significantly
and positively predicted mobile phone addiction among
primary school students (f = 0.200, p<0.001), which in
turn significantly and positively predicted sleep quality (B
= 0.179, p<0.001). The specific proportions of the medi-
ated effects are presented in Table 4. The detailed paths
of the effect model are shown in Fig. 2.

Table 3 Mediation model test
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Moderated and mediation analysis

As shown in Table 5; Figs. 3 and 4, bullying victimization
remained a significant predictor of mobile phone addic-
tion among primary school students (f = 0.201, p <0.001).
Physical activity significantly predicted mobile phone
addiction among primary school students (p =-0.117,
p<0.01). The interaction between bullying victimiza-
tion and physical activity was also significant in predict-
ing mobile phone addiction (p =-0.150, p<0.01). Further
analysis revealed that physical activity at both low and
high levels negatively moderated the effect of bullying
victimization on mobile phone addiction. Detailed path-
ways are shown in Figs. 3 and 4.

Discussion

This study examines the relationship between bullying
victimization and sleep quality among primary school
students, as well as the mediating role of mobile phone
addiction and the moderating effect of physical activ-
ity. The findings reveal a significant positive correlation
between bullying victimization and sleep quality issues
in primary school students. Mediation analysis indicates
that bullying victimization directly impacts sleep quality
and also exerts an indirect effect through mobile phone
addiction. Moderation analysis further shows that physi-
cal activity can modulate the relationship between bul-
lying victimization and mobile phone addiction, which,
in turn, may influence sleep quality. These results offer
insight into the psychological mechanisms underlying the
impact of bullying victimization on sleep quality among
primary school students.

Outcome variables Predictor variables B SE t R? F

Sleep quality Bullying victimization 0313 0.044 7.197%** 0.108 15.106%%*
Mobile phone addiction Bullying victimization 0.200 0.044 4.529%* 0.084 11.484%%*
Sleep quality Bullying victimization 0.277 0.044 6.342%%* 0.137 15.845%%%

Mobile phone addiction 0.179 0.043 4.108%**
*:p< 0.05; ***: p< 0.001
Mobile phone
addiction
Bullying 0.277%%%(0.313%**)
- > Sleep quali
victimization P4 ty

Fig. 2 Mediation model
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Table 4 Mediation model path analysis

Intermediate path Effect SE Bootstrap Proportion
size 95% Cl of mediat-
ing effect
Total effect 0313 0.044 0.228,0.399
Total direct effect 0.277 0.044 0.191,0.363 88.50%
Total indirect effect 0.036 0.012 0.014,0.061 11.50%

The present study revealed a positive correlation
between bullying victimization and sleep quality among
primary school students, a finding that is corroborated by
other similar studies [27, 38] and supports Hypothesis 1
(H1) of this research. Bullying victimization is defined as
a situation where an individual is repeatedly and inten-
tionally targeted by one or more peers over time [96],
representing a significant and common source of stress,
with an incidence rate of 10-35% [35]. The current find-
ings align with the view that bullying acts as a social
stressor that activates the stress response system, par-
ticularly the hypothalamic-pituitary-adrenal (HPA) axis
[97]. The HPA axis regulates the body’s response to stress
by releasing cortisol. Prolonged exposure to bullying may
lead to HPA axis dysregulation, resulting in persistently
elevated cortisol levels or disrupted circadian rhythms.
Cortisol, the primary stress hormone, typically peaks in
the early morning and declines gradually throughout the
day. For individuals who experience bullying, this diurnal
pattern may be disrupted, leading to elevated nighttime

Table 5 Moderated mediation model test
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cortisol levels that interfere with normal sleep cycles.
Sustained high cortisol levels can hinder sleep onset
and quality, resulting in increased nocturnal awaken-
ings and lighter sleep stages [98]. Additionally, victims
of bullying often experience social exclusion and feelings
of helplessness, which amplify psychological distress.
Research shows that social pain activates brain regions
involved in physical pain processing, such as the anterior
cingulate cortex, thereby increasing nocturnal awaken-
ings and impairing sleep quality [99]. Victims often lack
social support and a sense of security [100], leading to
nighttime anxiety and difficulty relaxing into sleep. This
lack of social safety can heighten sensitivity to perceived
threats, further prolonging sleep onset and reducing
overall sleep quality. Furthermore, bullying victims are
often subjected to a high-stress social environment that
chronically activates the autonomic nervous system,
particularly the sympathetic nervous system [101]. Pro-
longed sympathetic activation may extend the “fight-or-
flight” response, causing heightened physical tension and
disrupting normal sleep processes [102]. The autonomic
nervous system comprises the sympathetic and para-
sympathetic systems, and excessive sympathetic activity
can lead to increased heart rate, elevated blood pres-
sure, and impaired thermoregulation. These physiologi-
cal responses are closely associated with difficulty falling
asleep, frequent nighttime awakenings, and lighter sleep
stages [103]. Simultaneously, overactive sympathetic

Variables Mobile phone addiction Sleep quality
B SE t [ SE t

Bullying victimization(A) 0.201 0.044 4.574%*%* 0.277 0.044 6.342%**
Physical activity(B) -0.117 0.044 —2.679**
AXB -0.150 0.044 —3.397**
Mobile phone addiction 0.177 0.043 4.107%*x
R’ 0.090 0.122
F 12.266*** 23.088%**
*:p<0.05; **: p<0.01; ***: p<0.001

AXB -0.150**

Mobile phone
addiction
-0.177*%
Physical activity (B)
0.177%**
0.201***
. ok ok
Bullying all > Sleep qualit
victimization (A) Pq y

Fig. 3 Moderated mediation models (**: p<0.01; ***: p<0.001)
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responses can suppress parasympathetic function,
impeding relaxation and recovery, leading to chronic
sleep insufficiency. In summary, the results of this study
confirm the positive correlation between bullying victim-
ization and sleep quality among primary school students
(H1). Specifically, higher levels of bullying victimization
are associated with higher sleep quality scores, which
paradoxically indicate poorer sleep quality.

The results also show a significant positive correla-
tion between bullying victimization and mobile phone
addiction in primary school students, consistent with
existing research [104]. The self-medication hypothesis
can explain this phenomenon, suggesting that mobile
phone addiction serves as a coping mechanism for alle-
viating negative emotions [105]. Bullying victims may
use mobile phone activities as a strategy to manage the
negative impacts of their experiences. Empirical studies
support this view, demonstrating that bullying victimiza-
tion can lead to mobile phone addiction [106]. Moreover,
this study finds a significant negative correlation between
mobile phone addiction and sleep quality. The mecha-
nisms by which mobile phone addiction impairs sleep
quality include psychological stimulation (prolonged
internet use increasing arousal and delaying sleep onset),
screen light exposure (suppressing melatonin secretion
and affecting sleep), and physical discomfort (extended

phone use causing cervical strain that impacts sleep qual-
ity) [107]. These results are supported by theories such as
the sleep displacement hypothesis, arousal theory, and
electromagnetic radiation theory. The sleep displacement
hypothesis posits that mobile phone addiction compro-
mises sleep quality by encroaching on rest time. Arousal
theory suggests that phone content induces psychophysi-
ological activation, leading to anxiety and insomnia. Elec-
tromagnetic radiation theory states that device radiation
interferes with sleep structure, particularly deep and
REM sleep, thereby reducing overall sleep quality [108].
Based on these theoretical underpinnings, the present
study tested and confirmed the hypothesis that mobile
phone addiction mediates the relationship between bul-
lying victimization and sleep quality among primary
school students (H2).

Physical activity is shown to play a protective role in
the relationship between bullying victimization and sleep
quality, aligning with the core tenets of the exercise per-
formance integration model [109], supporting hypothesis
H3. Physical activity, known for its benefits to mental and
physical health, enhances positive emotions and reduces
negative emotions [110]. Research indicates that physical
activity can significantly reduce the likelihood of bullying
victimization by promoting better physical health, opti-
mizing peer interactions, and fostering social-emotional
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skills. It can also regulate physiological rhythms, facili-
tate faster sleep onset, and improve sleep quality [111].
Therefore, encouraging students to engage in regular
physical activity may help mitigate sleep quality prob-
lems, improve peer relationships, and decrease the inci-
dence of bullying. Based on these findings, the present
study confirmed the hypothesis that physical activity acts
as a protective factor between bullying victimization and
sleep quality (H3).

This study delves into the complex interplay among
bullying victimization, mobile phone addiction, sleep
quality, and physical activity, revealing their intrinsic
connections and interactions. The findings enrich theo-
retical understanding of the behavioral and psychologi-
cal mechanisms linking mobile phone addiction to sleep
quality and offer practical insights for intervention strat-
egies. The study empirically demonstrates the mediating
role of mobile phone addiction between bullying vic-
timization and sleep quality and clarifies the moderating
effect of physical activity, providing new theoretical sup-
port for identifying risk factors. In particular, schools and
families should pay close attention to adolescents who
have experienced adverse life events such as childhood
maltreatment [112, 113, 114, 115], bullying, and family
conflict, as well as those who frequently exhibit nega-
tive emotions or possess specific personality traits [116,
117]. These factors not only increase the risk of technol-
ogy addiction but also contribute to poorer sleep quality.
Considering the cumulative effects of these risk factors,
it is crucial to implement targeted protective interven-
tions. These may include offering stable family and peer
support to strengthen adolescents’ sense of security and
emotional belonging [118, 119, 120], encouraging physi-
cal activity to enhance both physical and mental health
and improve emotional regulation [121, 122, 123], and
providing cognitive training to boost adolescents’ abil-
ity to cope with negative emotions and stress. Practically,
these results highlight the need to assess and intervene
in mobile phone addiction among bullied primary school
students to improve sleep quality. Intervention strategies
should leverage physical activity’s regulatory effect, as it
can effectively modulate the relationship between mobile
phone addiction and sleep quality. Promoting physical
activity may help students manage phone use better and
prevent sleep issues.

Limitations

Despite its innovative aspects, this study is subject to sev-
eral limitations. First, the use of self-reported data may
introduce inaccuracies. Such data are prone to biases
arising from subjective interpretations, memory errors,
or incomplete information, which can affect the objectiv-
ity and reliability of the findings. For example, the assess-
ment of bullying victimization and sleep quality using
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brief scales with fewer than three items, while widely
utilized, may only capture a limited aspect of these con-
structs, potentially overlooking other important dimen-
sions. The brevity of these scales also means that there
is less internal consistency (reliability) to support the
robustness of the findings, which may lead to greater vari-
ability in the results and impact the stability and repro-
ducibility of the study outcomes. Future research should
consider employing multi-item scales or more sophis-
ticated measurement tools to further validate the con-
clusions drawn in this study. Additionally, longitudinal
studies are necessary to explore the causal relationships
between these variables. Second, the explained variance
in some of the data was relatively low. This could be due
to the inherent randomness or noise in the data, which
may prevent the model from fully accounting for all vari-
ations, even if it captures certain patterns. Alternatively,
there may be other unmeasured variables that influence
the relationship between the constructs under investiga-
tion. Despite the modest explained variance, the model
was still able to uncover significant trends and relation-
ships. For example, a significant positive correlation was
found between bullying victimization and sleep quality,
providing valuable insights for future in-depth research.
Third, the cross-sectional design of this study precludes
the determination of causality. For instance, while a sig-
nificant association was found between poor sleep qual-
ity and bullying victimization, it is not possible to rule
out the possibility that poor sleep quality may increase an
individual’s vulnerability to being bullied. Future research
should adopt longitudinal designs to better elucidate the
causal relationships between these variables.

Conclusion

This study investigates the relationships among bully-
ing victimization, sleep quality, mobile phone addiction,
and physical activity among primary school students. It
establishes the mediating role of mobile phone addiction
and the moderating role of physical activity. The findings
demonstrate a significant association between bullying
victimization and sleep quality, with mobile phone addic-
tion serving as a mediator. Physical activity alleviates the
negative impact of bullying victimization on sleep quality.
These results underscore the importance of improving
sleep quality and preventing bullying, highlighting the
need for targeted family and school-based interventions
that promote physical activity and reduce mobile phone
addiction to enhance sleep quality. This study has some
limitations. First, its cross-sectional design prevents
causal conclusions, so future research should use longi-
tudinal designs to explore these relationships over time.
Second, the sample was limited to primary school stu-
dents in one region, so the findings may not apply to all
populations. Future studies should include more diverse
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samples. Additionally, factors like parental involvement
or socio-economic status should be explored in future
research.
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