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ABSTRACT: Background: With the proliferation of smartphones, adolescent mobile phone dependency has inten-
sified, potentially precipitating academic burnout and other adverse outcomes among students. Contemporary study
mostly examines college populations, resulting in a lack of exploration on the internal mechanisms connecting mobile
phone dependency to academic burnout. In addition to analysing the chain-mediated effects of sleep quality and
cognitive flexibility, this study sought to provide theoretical insights for prevention by applying the Conservation of
Resources theory to examine the relationship between academic burnout and mobile phone dependency among middle
and high school students. Methods: A cluster convenience sampling approach was adopted. Data were collected from
811 middle and high school students in Tianjin, China, using a paper-based questionnaire battery comprising the
Mobile Phone Addiction Index, the Pittsburgh Sleep Quality Index, the Cognitive Flexibility Scale, and the Adolescent
Academic Burnout Scale. Descriptive statistics and correlation analyses were conducted using SPSS 25.0. Chain
mediation effects were examined via the PROCESS macro, with significance assessed using bias-corrected bootstrap
95% confidence intervals. Results: A statistically significant positive link exists between mobile phone dependency
and academic burnout among middle and high school students (r = 0.575, p < 0.001). Dependence on mobile phones
had a substantial direct impact on academic burnout (β = 0.303, p < 0.001). Chain mediation analysis revealed that
mobile phone dependency had a substantial direct impact on academic burnout (β = 0.303, p < 0.001). Sleep quality
and cognitive flexibility mediated the link between mobile phone dependency and academic burnout. These indirect
pathways represent 44.18% of the total effect. Conclusions: Mobile phone dependency contributes to academic burnout
among middle and high school students, mediated sequentially by sleep quality and cognitive flexibility. These findings
suggest a potential intervention strategy to mitigate academic burnout by targeting excessive mobile phone use,
enhancing sleep hygiene, and implementing cognitive flexibility training.
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1 Introduction
In accordance with the 54th Statistical Report on Internet Development released by the China Internet

Network Information Center (CNNIC), China’s internet user base had reached approximately 1.1 billion by
June 2024, including 298 million adolescent users. Notably, 99.7% of these young internet users accessed
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the internet primarily through mobile devices [1], indicating a substantial growth in mobile phone adoption
among Chinese youth. Pervasive mobile technology in our hyper-connected society has established ado-
lescent mobile phone dependency as a significant predictor of multifaceted psychological and behavioral
maladjustment [2].

Mobile phone dependency is a cyclical state of fascination resulting from the habitual use of mobile
phones, accompanied by a strong and persistent sense of need and reliance [3]. Substantial empirical research
confirms that students’ academic achievement and social competence are significantly compromised by
mobile phone dependency [4,5]. Moreover, it exhibits strong correlations with psychological disorders such
as anxiety and depression [6–8] and may precipitate maladaptive behavioral patterns [9].

Although prior studies have examined the mediating pathways connecting smartphone overuse to
affective disorders, including depressive symptomatology [10] and behavioral maladjustment, including
pathological procrastination patterns [11], a critical gap remains regarding its impact on academic adaptation,
particularly academic burnout. Academic burnout induces detrimental emotional and cognitive changes,
manifesting as diminished learning motivation [12] and behavioral disengagement from academic tasks,
including alienation, withdrawal, or chronic procrastination [13]. Chronic academic burnout may further
lead to reduced subjective well-being [14].

During this formative developmental period centered on scholastic success, secondary education
students experience academic burnout as a significant detrimental outcome of excessive smartphone
engagement [9]. Consequently, investigating the effects of mobile phone dependency on academic burnout
among adolescent students constitutes an urgent research priority.

2 Literature Review

2.1 Relationship between Mobile Phone Dependency and Academic Burnout
Students are predominantly affected by academic burnout—a chronic, adverse psychological condition

stemming from learning contexts [15]. Three defining characteristics emerge in this syndrome: (1) depletion
of emotional resources, (2) detachment from academic work (or cynicism), and (3) diminished sense of
accomplishment [16]. Empirical research indicates that academic burnout precipitates a range of detrimental
outcomes, including: physical impairments (e.g., headaches, appetite loss, musculoskeletal disorders, and
general fatigue), behavioral maladjustments (e.g., truancy and school dropout), and psychological distur-
bances (e.g., heightened anxiety and depressive symptoms) [12,17,18]. The etiology of academic burnout is
multifaceted, influenced by family dynamics [19], peer and teacher-student relationships [20], individual
traits [21], and psychological symptoms [22]. Furthermore, the proliferation of digital technology has
exacerbated problematic internet use, which has emerged as a significant predictor of academic burnout [23].

The Demand-Resource Model posits that academic burnout occurs if school environments impose
excessive demands on students while providing insufficient learning resources [24]. First, the Cognitive Pro-
cesses Model of Addiction [25] suggests that adolescents with mobile phone dependency develop automatic
stimulus-response associations through habitual device use, exhibiting an attentional bias toward mobile
phone-related cues. For middle and high school students with pronounced mobile phone dependency, this
cognitive bias may divert limited attentional resources away from learning activities, thereby contributing
to academic burnout [26]. Second, mobile phone-dependent students frequently engage in social media
browsing due to internal factors (e.g., fear of missing out, boredom), in addition to the external factors (e.g.,
the highly social nature of networking platforms, rapid information dissemination) [27]. This behavior not
only disrupts sustained attention and promotes academic procrastination [28] but also elevates vulnerability
to academic burnout. Empirical evidence demonstrates that vocational college students exhibit progressively
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worsening mobile phone dependency throughout their academic tenure, paralleling increases in academic
burnout [29]. Similarly, adolescent-focused research confirms a robust association between mobile phone
dependency and academic burnout [9]. Based on these findings, this study hypothesizes that (Hypothesis 1)
mobile phone dependency positively predicts academic burnout.

2.2 The Mediating Role of Sleep Quality
Sleep quality serves as a critical indicator of sleep efficacy, encompassing multidimensional components

such as sleep onset latency, sleep continuity, frequency of nocturnal awakenings, and subjective restorative
perception upon waking [30]. As a fundamental biological process, sleep plays an indispensable role in
sustaining both physiological and psychological well-being [10,31]. Empirical evidence demonstrates that
sleep deprivation adversely impacts cognitive performance, including memory consolidation and executive
functioning [32,33].

Previous studies have shown a significant negative correlation between mobile phone dependency
and sleep quality [34–37]. Aligned with the Sleep Displacement Theory, individuals exhibiting excessive
mobile phone engagement disproportionately allocate time to nocturnal internet use, thereby curtailing
sleep duration and compromising sleep quality [38]. Furthermore, longitudinal data indicate that prolonged
mobile phone overuse serves as a predictive factor for subsequent sleep disturbances [10].

Previous studies have demonstrated that poor sleep quality significantly predicts academic
burnout [39,40]. The Conservation of Resources model posits that individuals possess an inherent motiva-
tion to preserve and accumulate resources, with resource depletion constituting the fundamental cause of
burnout [41]. According to the Conservation of Resources theory, resources encompass entities that individ-
uals value or pathways facilitating the acquisition of valued assets [42]. Expanding on this conceptualization,
Halbesleben et al. defined resources as elements perceived by individuals to aid in goal attainment [43]. Sleep
quality represents a critical component of self-regulatory resources, and its deterioration may precipitate
burnout [42]. An empirical investigation involving 196 medical students confirmed that sleep quality
negatively predicts academic burnout [44], indicating an inverse relationship wherein diminished sleep
quality corresponds to elevated academic burnout levels.

Based on the aforementioned evidence, this study posits that (Hypothesis 2) sleep quality acts as
a mediating factor in the relationship between mobile phone dependency and academic burnout among
middle and high school students. More specifically, mobile phone dependency not only encroaches upon
sleep duration but also compromises sleep quality and depletes personal resources, thereby potentially
contributing to academic burnout in this student population.

2.3 The Mediating Role of Cognitive Flexibility
Cognitive flexibility, a core component of executive functioning, refers to the mental ability to shift

between conceptual frameworks, adapt to dynamic environments, and approach problems from novel
perspectives beyond conventional paradigms [45]. The Conservation of Resources theory conceptualizes
resources as four distinct categories: (1) object resources like vehicles and work tools; (2) condition resources
such as employment status and tenure; (3) personal resources exemplified by core competencies (e.g.,
self-efficacy, optimism); and (4) energy resources like knowledge and financial capital [42]. Within this
framework, cognitive flexibility functions as a critical energy resource that facilitates stress adaptation [46].
Consequently, individuals exhibiting heightened cognitive flexibility display superior adaptability to environ-
mental changes and demonstrate enhanced divergent thinking capabilities. Moreover, they exhibit superior
capacity to identify and mobilize alternative resources in response to changing circumstances [47].
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Students with higher cognitive flexibility demonstrate enhanced cognitive adaptability, greater availabil-
ity of cognitive resources, and increased self-efficacy, thereby potentially mitigating academic burnout [48].
Empirical evidence indicates that middle school students experiencing pronounced academic burnout
exhibit significantly lower cognitive flexibility than their less-affected counterparts [49]. Research has
established that addictive behaviors compromise cognitive functioning, with mobile phone dependence
exerting particularly detrimental effects on cognitive flexibility [50–52]. A recent study identified a robust
inverse relationship between mobile phone addiction and cognitive flexibility, where higher addiction
severity predicted greater impairment in cognitive flexibility [53]. The cognitive resource limitation theory
posits that excessive mobile phone use exacerbates cognitive load and substantially depletes finite cognitive
resources [54]. This depletion not only induces cognitive failures through resource exhaustion [55] but
also precipitates academic burnout when insufficient cognitive resources remain available to cope with
academic demands.

Based on this cumulative evidence, we hypothesize that (Hypothesis 3) cognitive flexibility mediates
the relationship between mobile phone dependency and adolescent academic burnout.

2.4 The Chain Mediation of Sleep Quality and Cognitive Flexibility
The Conservation of Resources (COR) model posits that resources (e.g., self-esteem and self-efficacy)

are inherently interconnected [56]. Empirical studies have demonstrated that prolonged sleep deprivation
significantly impairs adolescents’ cognitive flexibility [57]. Sleep deficiency adversely affects cognitive
functions in healthy individuals, including learning, memory, and executive functioning. A key underlying
mechanism of this relationship is that poor sleep quality reduces the clearance rate of amyloid proteins in
the brain, thereby accelerating cognitive decline [58].

Similarly, research on college students indicates that restorative sleep mitigates the negative effects of
sleep deprivation on cognitive flexibility [59]. These findings highlight the substantial impact of sleep quality
on cognitive flexibility. Consequently, it is hypothesized that (Hypothesis 4) sleep quality and cognitive
flexibility serve as sequential mediators in the association between mobile phone dependency and adolescent
academic burnout.

2.5 Theoretical Framework
The Conservation of Resources model, introduced by Hobfoll and Buckley, has exerted a significant

influence on burnout-related research [60]. The Conservation of Resources theory conceptualizes stress
coping as a dynamic, bidirectional process of resource exchange between individuals and their environ-
ments [61]. Central to this theory is the proposition that individuals persistently pursue the acquisition,
retention, and safeguarding of valued resources. These resources fall into four classes: Object resources,
Status-based conditions, Personal capacities, and Energy reserves [42]. Valuable resources serve as moti-
vational drivers and enable individuals to cope effectively with stress-inducing challenges in occupational
settings [62]. However, when these resources are depleted, threatened, or insufficient to meet personal
demands or expectations, adverse psychological outcomes—such as job burnout—may emerge [63].

Sleep constitutes a fundamental physiological necessity for human functioning, with high-quality sleep
significantly enhancing students’ academic performance [64]. Cognitive flexibility, a critical psychological
resource for task execution, plays an indispensable role in facilitating learning processes and academic
achievement [65]. Individuals exhibiting high cognitive flexibility demonstrate an enhanced capacity to adapt
to dynamic environmental demands and engage in divergent problem-solving strategies. Grounded in the
Conservation of Resources (COR) theory [43], both sleep quality and cognitive flexibility serve as pivotal
personal resources that contribute to the attainment of academic objectives. However, excessive reliance
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on mobile phones has been shown to impair sleep quality [34] and undermine cognitive flexibility [53].
Drawing upon the COR framework, the present study investigates the mediating roles of sleep quality and
cognitive flexibility in the relationship between mobile phone dependency and academic burnout among
adolescent students.

Although prior research has established a robust association between mobile phone dependency
and academic burnout, most studies have predominantly focused on university students, leaving younger
populations—particularly middle and high school students—relatively underexplored. Furthermore, exist-
ing literature seldom integrates both physiological and cognitive dimensions to elucidate the underlying
mechanisms linking mobile phone dependency to academic burnout in adolescents. To address these gaps,
this study develops a chain mediation model that incorporates individual physiological and cognitive factors,
thereby offering a comprehensive examination of how mobile phone dependency influences academic
burnout in middle and high school students. The evidence offers empirical-theoretical foundations for
addressing adolescent academic burnout during pervasive smartphone penetration.

3 Methods

3.1 Participants
Utilizing cluster sampling, this study administered paper-and-pencil questionnaires to seventh/eighth-

grade junior high and first-year senior high students in Tianjin, China (January 2024). Participants and legal
guardians were explicitly informed of their voluntary involvement and their unconditional right to withdraw,
and formal informed consent was obtained after institutional permission. Participants self-administered
paper-based questionnaires during class time under research assistant supervision. Completion time varied
according to academic level: junior high students required 25–30 min, while senior high students needed
20–25 min. Responses were retrieved immediately on-site by the lead investigator following survey final-
ization. Of 956 questionnaires distributed, 811 valid responses were retained after eliminating incomplete,
inattentive, or anomalous submissions—yielding an 84.83% valid response rate. All materials and protocols
received ethical clearance from Tianjin Normal University (Ethics Approval No. 2025041505) and complied
with established guidelines.

3.2 Measures
3.2.1 Mobile Phone Addiction Index

This research employed the Mobile Phone Addiction Index (MPAI) scale, originally developed by
Leung (2008) [66] and subsequently modified by Huang et al. (2014) [67]. The 17 elements on this scale are
categorized into four groups: inefficiency, disengagement, escape, and loss of control. In a Likert scale with
five points, a score of 1 signifies “never,” while a score of 5 indicates “always.” Elevated scores suggest a greater
propensity for mobile phone dependency. The scale demonstrated high internal consistency, evidenced by a
Cronbach’s α coefficient of 0.906 in this research.

3.2.2 Pittsburgh Sleep Quality Index Scale
This study utilized the Pittsburgh Sleep Quality Index (PSQI) scale, created by Buysse et al. (1989) [68].

The 18-item scale assesses subjective sleep quality, onset time, efficiency, disorders, hypnotic drug use, and
daytime dysfunction. Responses are assessed on a 4-point scale ranging from 0 to 3, with the sum of the
seven components yielding the overall score. Increased overall scores signify poorer sleep quality. This scale
in this study has an adequate reliability of 0.802, Cronbach’s α coefficient.
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3.2.3 Cognitive Flexibility Scale
Developed by Martin and Rubin (1995) [69] and modified by Qi et al. (2012) [70], the Chinese version

of the Cognitive Flexibility Scale (CFS) was employed in this study. The measure comprises 12 items that
encompass three dimensions: “flexible choice,” “flexible willingness,” and “flexible effectiveness.” Cognitive
flexibility is measured by rating responses from 1 (extremely inconsistent) to 6 (highly consistent). This scale
in this study has an adequate reliability of 0.837, Cronbach’s α coefficient.

3.2.4 Adolescent Academic Burnout Scale
This study utilized the self-rating scale modified by Wu et al. (2011) [71], based on Maslach’s burnout

inventory. This scale assesses three dimensions: “physical and mental fatigue,” “academic disconnection,” and
“diminished sense of accomplishment.” It utilizes a five-point Likert scale, with responses varying from “very
inconsistent” (1) to “very consistent” (5). The cumulative score is derived from the aggregation of individual
item scores, with elevated values signifying increased academic burnout. The Cronbach’s α coefficient for
this scale in this investigation was 0.835, signifying good reliability.

3.3 Data Analysis
SPSS 25.0 (IBM Corp., Armonk, NY, USA) and Hayes’ PROCESS macro tool [72] were utilized

for data analysis. Harman’s single-factor test was initially employed to assess potential common method
bias. Subsequently, Pearson’s correlation analyses were employed to examine relationships among the key
variables. Further analysis utilized PROCESS Model 6 to investigate a mediation model where mobile phone
dependency served as the predictor, students’ sleep quality and cognitive flexibility acted as sequential
mediators, and academic burnout was the outcome variable. To test this chained mediation effect of sleep
quality and cognitive flexibility linking mobile phone dependency to academic burnout, 5000 bias-corrected
bootstrap resamples were generated. Mediation effects were deemed significant when the 95% confidence
interval (CI) for indirect effects did not contain zero.

4 Results

4.1 Common Method Bias Test
In accordance with Harman’s common method bias principle, factor analysis revealed that the variance

explained by the first factor was 21.57%, which is below the critical threshold of 40%, indicating that common
method bias was not a significant issue in the present study.

4.2 Demographic Characteristics
A total of 811 responses were included in the analysis, with the demographic characteristics of students

presented in Table 1. Participants ranged in age from 11 to 17 years, with a mean age of 13.84 (SD = 1.55). The
sample included 426 boys (52.5%) and 385 girls (47.5%). More than half of the students in middle school
(57.1%).

Table 1: Demographic Information. The total number of samples is 811

Variable Category Quantity Percentage
Sex Male 426 52.5%

Female 385 47.5%

(Continued)
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Table 1 (continued)

Variable Category Quantity Percentage
Grade Seventh

Grade
361 44.5%

Eighth
Grade

102 12.6%

First year of
high school

348 42.9%

Age 11–12 years 227 28.0%
13–14 years 228 28.1%
15 years or

more
356 43.9%

4.3 Descriptive Statistics and Correlation Analysis
The means, standard deviations, and correlation coefficients of the variables examined in this investiga-

tion are shown in Table 2. The findings show a substantial correlation between academic burnout, cognitive
flexibility, sleep quality index, and mobile phone dependency. Mobile phone dependency is significantly and
positively correlated with the sleep quality index (r = 0.447, p < 0.001). Cognitive flexibility is significantly
and negatively correlated with both mobile phone dependency (r = –0.417, p < 0.001) and the sleep quality
index (r = –0.354, p < 0.001). Academic burnout shows a significant positive correlation with mobile phone
dependency (r = 0.575, p < 0.001) and the sleep quality index (r = 0.460, p < 0.001), while it is significantly
and negatively correlated with cognitive flexibility (r = –0.625, p < 0.001).

Table 2: Descriptive statistics and correlation analysis (r)

Variable Mean SD 1 2 3 4
1 Mobile phone dependency 39.960 15.392 1

2 Sleep quality index 5.236 2.918 0.447*** 1
3 Cognitive flexibility 47.634 10.098 −0.417*** −0.354*** 1
4 Academic burnout 41.765 10.707 0.575*** 0.460*** −0.625*** 1

Note: Higher sleep quality index scores indicate poorer sleep; SD, standard deviation; ***p < 0.001.

4.4 Analysis of Chain Mediation Effects of Sleep Quality and Cognitive Flexibility
To investigate the hypotheses, Hayes’s SPSS PROCESS macro’s Model 6 was utilized [72]. Academic

burnout was identified as the dependent variable, mobile phone dependency as the independent variable, and
cognitive flexibility and the sleep quality index as chain mediators. Fig. 1 displays the path coefficients that
were obtained after demographic variables were taken into account. R2

= 0.34, p < 0.001, indicated that the
regression model as a whole was statistically significant. The analysis revealed that mobile phone dependency
significantly predicted sleep quality index (β = 0.430, p < 0.001) and cognitive flexibility (β = −0.305,
p < 0.001). Furthermore, mobile phone dependency also significantly predicted academic burnout (β = 0.303,
p< 0.001). Sleep quality index significantly predicted cognitive flexibility (β =−0.200, p< 0.001) and academic
burnout (β = 0.165, p < 0.001). Lastly, cognitive flexibility was found to significantly predict academic burnout
(β = −0.435, p < 0.001).
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Figure 1: Schematic diagram of chain mediation. Note: Path coefficients are standardized; ***p < 0.001

Furthermore, for a bootstrap confidence interval test, 5000 bootstrap samples were chosen at random.
The results are shown in Table 3. The bootstrap 95% confidence interval for the chain mediation effect of
sleep quality index and cognitive flexibility was [0.016, 0.038], which does not include 0, indicating the chain
mediation model is valid. Similarly, the bootstrap 95% confidence interval for the independent mediating
effect of the sleep quality index was [0.032, 0.069], which does not include 0, indicating that the mediating
effect of sleep quality is significant. The bootstrap 95% confidence interval for cognitive flexibility was [0.065,
0.122], which does not include 0, indicating the independent mediating effect of cognitive flexibility is
also significant.

Table 3: Mediation effects bootstrap test

Effect type 95% confidence interval Effectvalue Effectratio
Mobile Phone Dependency→

Sleep Quality Index→ Academic
Burnout

[0.032, 0.069] 0.049 12.96%

Mobile Phone Dependency→
Cognitive Flexibility→ Academic

Burnout

[0.065, 0.122] 0.092 24.34%

Mobile Phone Dependency→
Sleep Quality Index→ Cognitive
Flexibility→ Academic Burnout

[0.016, 0.038] 0.026 6.88%

Total Indirect Effects [0.136, 0.201] 0.167 44.18%
Total Effect [0.338, 0.419] 0.378 100%

5 Discussion
The detrimental effect of mobile phone dependency on academic burnout has been well-documented

in prior research [19]. Nevertheless, the underlying psychological mechanisms mediating this relationship
remain insufficiently understood. While existing studies have predominantly focused on self-related factors,
including self-esteem, self-efficacy, and self-control as potential mediators [29], cognitive aspects of this
association have been relatively understudied. Based on the conservation of resources theory, this study sys-
tematically investigates the influence of mobile phone dependency on academic burnout among adolescents
(middle and high school students). This study clarifies the sequential mediating roles of sleep quality and
cognitive flexibility in this connection, so filling a notable gap in the current knowledge.
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5.1 The Relationship between Mobile Phone Dependency and Adolescent Academic Burnout
This study’s findings robustly validate Hypothesis 1, which asserts that mobile phone dependency is a

strong predictor of academic burnout among adolescents, aligning with other research in this field. These
results provide robust support for the Conservation of Resources theoretical framework [41], which estab-
lishes a fundamental association between individuals’ resource reservoirs and their adaptive functioning. The
Conservation of Resources model specifically postulates an inverse relationship between resource availability
and maladaptation, suggesting that resource depletion leads to poorer psychological adjustment. Within this
theoretical framework, resources are operationally defined as any psychological, social, or material assets
that facilitate goal attainment [46]. These resources are not isolated but rather form interconnected networks,
conceptualized in the Conservation of Resources theory as “resource caravans”. When the equilibrium
between resource gain and loss is disrupted through excessive resource depletion, critical psychological
constructs, including self-efficacy and self-evaluation, become compromised. This process ultimately erodes
self-identity and manifests in negative psychological outcomes, particularly burnout [73]. The current
findings illustrate how mobile phone dependency contributes to academic burnout among middle and high
school students through multiple pathways of resource depletion [74]. Empirical evidence indicates that
problematic mobile phone use leads to: significant reductions in productive study time due to excessive
digital engagement [75]; decreased academic motivation and learning efficacy [76]; impaired self-esteem and
diminished social support networks [77]; and compromised cognitive flexibility. These interrelated effects
collectively create a resource depletion spiral that heightens vulnerability to academic burnout during this
critical developmental period.

5.2 The Mediating Role of Sleep Quality and Cognitive Flexibility
The study’s findings validate Hypothesis 2, indicating that mobile phone dependency negatively predicts

sleep quality, which in turn mediates its detrimental impact on academic burnout in middle and high
school students. The most obvious physiological ramifications of excessive mobile phone use are sleep
insufficiency and reduced sleep quality [78]. Consistent with self-depletion theory, inadequate sleep may
deplete cognitive and emotional resources, impairing daytime functioning and academic engagement. As a
result, students frequently experience fatigue prior to learning activities, exacerbating their susceptibility to
academic burnout [79].

Our findings supported Hypothesis 3, suggesting that cognitive flexibility mediates dependency and
academic burnout in middle and high school students. The mediation analysis demonstrated that mobile
phone dependency significantly and negatively predicted cognitive flexibility, which subsequently mediated
its adverse effect on academic burnout among middle and high school students. Given that learning is
fundamentally a cognitive process, cognitive ability represents the most critical resource for academic
engagement. Empirical evidence consistently indicates that cognitive flexibility serves as a key determinant
of learning outcomes and academic performance [80]. According to the conservation of resources theory,
while various resources in the resource pool are interconnected, their proximity to specific goals may vary
substantially [76]. Different goal pursuits require distinct sets of critical resources, and the depletion of these
goal-relevant resources shows particularly strong associations with burnout in corresponding domains. In
the context of academic achievement, cognitive flexibility likely constitutes the most proximal and essential
resource. The current findings demonstrate that excessive mobile phone use leads to diminished cognitive
flexibility. Neurocognitive research suggests that addictive behaviors may induce structural and func-
tional changes in the brain, promoting a present-oriented focus while simultaneously impairing cognitive
flexibility [81].
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Additionally, the findings provide robust support for Hypothesis 4. This study elucidates the sequential
mediating pathway through which sleep quality and cognitive flexibility transmit the effects of mobile phone
dependency to academic burnout in adolescents. These findings not only corroborate existing literature
but also provide stronger theoretical integration by applying the conservation of resources framework.
The results demonstrate that mobile phone dependency exerts indirect effects on both cognitive flexibility
and academic burnout through its detrimental impact on sleep quality. The analysis revealed three key
mechanisms: First, mobile phone dependency showed significant negative predictive effects on sleep quality.
Specifically, adolescents with higher dependency levels engaged in prolonged nighttime mobile phone use,
which directly reduced sleep duration and contributed to both sleep procrastination and degraded sleep
quality. Second, compromised sleep quality led to measurable declines in cognitive flexibility among middle
and high school students. Given that adolescence represents a critical period for neurocognitive devel-
opment, adequate sleep is essential for maintaining optimal physiological and psychological functioning.
Neurobiological research indicates that sleep facilitates activation of the midbrain limbic dopamine system,
with elevated dopamine levels serving as a neural substrate for cognitive processes [82]. Conversely, sleep
deprivation and poor sleep quality have been shown to impair multiple dimensions of executive function.
Specifically, sleep deficiency diminishes alertness, constrains the flexible allocation of attentional resources,
and ultimately compromises cognitive flexibility [83]. Finally, diminished cognitive flexibility was associated
with elevated academic burnout. As a core component of adaptive functioning, cognitive flexibility plays
a pivotal role in stress management and emotional regulation [84–86]. When facing academic demands,
students with reduced cognitive flexibility tend to employ less effective coping strategies, thereby increasing
their vulnerability to burnout. In conclusion, this investigation systematically examines the chain mediation
mechanism linking mobile phone dependency to academic burnout through sleep quality and cognitive
flexibility, while providing a theoretical foundation grounded in conservation of resources theory.

5.3 Contributions and Limitations
This study makes significant theoretical and practical contributions. Theoretically, it advances current

understanding by integrating physiological and cognitive perspectives to examine the complex interplay
among mobile phone dependency, sleep quality, cognitive flexibility, and academic burnout. By elucidating
the psychological mechanisms through which mobile phone dependency affects students’ academic burnout,
this research addresses a critical gap in existing literature. Previous studies have predominantly focused
on college students while largely overlooking younger adolescent populations. Our findings extend the
conservation of resources theory by demonstrating its applicability to digital-age adolescents and providing
new insights into the development of academic burnout in this vulnerable demographic. From a practical
perspective, the study empirically demonstrates that mobile phone dependency exacerbates academic
burnout in adolescents through the mediating pathways of diminished sleep quality and impaired cognitive
flexibility. These findings offer compelling evidence for implementing targeted interventions to mitigate
mobile phone overuse and its detrimental academic consequences. Importantly, the results suggest novel
intervention approaches that simultaneously address sleep hygiene and cognitive enhancement, providing a
more comprehensive strategy for reducing academic burnout among middle and high school students with
problematic mobile phone use.

Meanwhile, this study contains a number of noteworthy shortcomings. This cross-sectional analysis
investigates the correlation between mobile phone dependency and academic burnout among junior and
senior high school students; however, it cannot prove a causal relationship between these variables. The
cross-sectional approach confines our data to associative patterns at one time point, rendering it impos-
sible to ascertain the causal relationship between cell phone dependency and academic stress. Therefore,
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future longitudinal studies are essential to determine chronological precedence and clarify the underlying
causative mechanisms. Secondly, the sole dependence on self-reported metrics may engender response
bias and inconsistencies between stated and real behaviors. To improve data dependability, subsequent
studies should include additional assessment methods, including psychophysiological assessments and
experimental procedures.

6 Conclusions
This study revealed a significant chain mediation effect of sleep quality and cognitive flexibility on

the relationship between mobile phone dependency and academic burnout in middle and high school
students. The findings underscore the detrimental effect of cell phone use on students’ academic achievement.
In the digital era, problematic mobile phone usage poses novel developmental challenges for adolescents.
Specifically, mobile phone dependency substantially impairs academic adaptation in secondary education
students through both physiological and cognitive pathways, consequently affecting their overall physical
and mental health. The results indicate that comprehensive prevention and intervention strategies should
be developed to mitigate adolescent academic burnout in digital environments. Such programs should
incorporate controlled mobile phone usage, sleep quality enhancement, and cognitive flexibility training.
These empirical findings call for concerted efforts from families, educational institutions, and policymakers
to address the growing concern of academic burnout in secondary education. Proactive measures should
be implemented to safeguard students’ psychological well-being and foster their holistic development in
technology-saturated learning environments.
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