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A B S T R A C T   

Objective: To discuss the effects of physical exercise (PE) on adolescent short video addiction 
(SVA) and analyze the mediating effects of self-control (SC) and the moderating effects of the 
cumulative ecological risk (CER), aiming to provide theoretical support for PE relative to 
adolescent SVA, investigate the underlying mechanisms of the effects of PE. 
Methods: The Physical Activity Rating Scale-3, Problematic TikTok Use Scale, Self-Control Scale, 
and Cumulative Ecological Risk Scale were used to survey 756 adolescents in Chongqing and 
Chengdu, China. SPSS was used to construct a research model by conducting reliability, confir-
matory factor, common method bias, and AMOS analyses. 
Results: PE was significantly and negatively related to adolescent SVA (β = − 0.30, p < 0.01). SC 
served as a partial mediator between PE and adolescent SVA, the direct and indirect effect values 
are − 0.304 and − 0.167 respectively, showing that SC negatively predicted the relationship be-
tween the two variables. The CER moderated the effect of PE (t = − 11.679, p < 0.001) and SC (t 
= − 15.069, p < 0.001) on adolescent SVA. 
Conclusion: PE mitigates and moderates adolescent SVA through the mediating effect of SC and 
the moderating effect of CER.   

1. Introduction 

In the past COVID-19 pandemic, social isolation and closure have made Short video addiction(SVA) a hot topic of discussion [1]. As 
a social software that allows users to create and share their own beautiful moments, short videos, with their fragmented model and rich 
personalized content, have rapidly become a worldwide hit form of entertainment [2]. In December 2022, short video users topped one 
billion for the first time with a user utilization rate of 94.8 % [3]. The number of users climbed from 648 million in 2018 to 1.012 
billion in 2022, with yearly membership growth of more than 60 million members [4]. Currently, short videos have become an 
essential ‘life partner’, but excessive use of these videos can lead to addictive behaviours [5]. As the main users of short video software, 
adolescents aged 15–25 years [6] are immature in terms of self-regulation and self-control(SC) [7,8], deal with sensitive periods of 
psychological development, and are easily stimulated by external stressors [9], exacerbating mental health risks. SVA is harmful to 
adolescents, as it may lead to conditions such as reduced attention span, depression, increased loneliness, distraction, sleep distur-
bance, and social isolation [2,10–13], and addictive behaviours and associated negative effects can persist into adulthood. 

SVA belongs to the subconcept of Internet addiction, a specific type of Internet addiction with mostly 1–5 min of video, the subject 
is clear, the style is clear, the content is concise and clear, fast-paced, and other characteristics to quickly attract the attention of the 
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user so that the user continues to watch and gradually addictive behavior [14]. Social ecology suggests that ecological subsystems such 
as social environment, family environment, school environment, peer relationships, and SC are all important factors in the induction of 
SVA, which seriously affects adolescents’ academic performance, emotional adjustment, and physical health [15]. Existing studies 
have found that physical exercise(PE) has a certain effect on addictive behaviors [16]. From the physiological level, PE can compensate 
for the decrease in dopamine levels affected by the reduction of addictive behaviors [17], reduce the level of addiction, and enhance 
physical fitness. At the psychological level, PE can effectively improve social interaction, enhance SC [18], enhancing interpersonal 
communication and self-identity, and alleviating the positive effects of academic stress [19,20] ], as well as reducing negative 
emotions such as anxiety and depression [21],Cognitive-behavioral group therapy processes have also utilized sport to enhance the 
effectiveness of addiction interventions [17]. 

Compared with other types of addictive behaviours, SVA remains under-researched. To date, research on SVA has focused on family 
and school environments, technology, cognitive–emotional models, rival process theories, and imaging neurology to investigate its 
causes [5,22–25],as well as on psychological stress, well-being, and behavioural patterns [2,26,27]; however, no studies have yet 
evaluated the effects of PE on SVA. Furthermore, earlier studies have mainly used qualitative or single statistical approaches, leaving 
room for further methodological development [28–30]. In the context of the digital age and the development of addictive behaviours, 
the mental health status of adolescents has gradually deteriorated in relation to the level of addiction. To investigate the impact of PE 
on adolescent SVA and clarify the mechanism of such addiction to promote adolescent mental health. Therefore, this study will aim to 
investigate the effect of sports on SVA through a questionnaire survey among adolescents and to explore the mediating role of SC and 
the moderating influence of cumulative ecological risk(CER). 

1.1. Physical exercise and adolescent short video addiction 

Short video addiction is defined as the excessive or compulsive use of short videos for the purpose of mood alteration or need 
fulfilment, with excessive or irrational use affecting the lives and habits of young people and producing negative effects [14,31–33]. 
According to the sleep disruption process theory and compensatory psychoanalysis, SVA predicts sleep disturbance, and high SVA 
groups may experience poor sleep [34]. At the same time, higher levels of short video addiction can damage moods and relationships 
and lead to lower academic and work performance [35]. According to the objectification theory, excessive use of short videos is a direct 
predictor of depression in female university students and affects self-objectification and body satisfaction [36]. During the COVID-19 
pandemic, there was linear increase of short video addictive behaviour owing to social closure and isolation, and severe symptoms 
affect the mental health of the adolescent population, including increased risk of anxiety, depression, and decreased academic per-
formance, and are more pronounced among boys than among girls [37–39]. 

PE is seen as an activity that benefits mental health. and can significantly alleviate internet addiction or other types of addiction 
[40]. Getting pleasure from short videos is an important experience for addiction, and Flow Theory suggests that the flow experience of 
deep concentration and engagement can bring pleasure, and PE is more likely to produce flow experience, satisfy needs, and reduce 
dependence on short videos when the PE is fully engaged and secretes dopamine [41]. According to Self-Determination Theory, ad-
olescents’ growth requires the satisfaction of basic psychological needs (autonomy needs, relational needs, and competence needs), as 
well as the acquisition of self-acceptance through deterministic regulation [42], and PE is precisely the activity that is chosen 
autonomously and enhances positive interactions with others, improves one’s own competence, and generates a sense of 
self-achievement as a way to achieve the satisfaction of basic psychological needs and to promote positive behaviors, which reduces 
the likelihood of SVA [43]. Intervention modality for addiction based on the explanatory principles of the three authoritative models, 
PE has been inferred to be an effective prevention [44]. A recent empirical study suggests that PE has a long-term positive impact on 
Internet addiction and mental health [45]. From a neurological perspective, Li et al. concluded that PE can effectively intervene in 
internet addiction by improving the function of the autonomic nervous system to a certain extent, and increasing the plasma GDNF 
(glial cell derived neurotrophie factor) and glucocorticoid levels [46]. An empirical and mate analysis showed that PE interventions 
have benefits on smartphone addiction and are effective in the long term [47]. Based on these previous findings, PE may have a positive 
effect on adolescent SVA. 

Herein, we hypothesized that PE is negatively correlated with adolescent SVA (hypothesis H1). 

1.2. Mediation of self-control 

SC is the behavior by which people modify their ingrained ways of acting and thinking in response to their own needs and desires, 
and it is the process by which one way of acting and thinking replaces another [48]. It is closely linked to PE [49]. Schöndube et al. 
argued that SC is positively linked to PE, with high levels of SC resulting in greater PE [50]. According to the power model of SC, SC is 
like a finite resource, PE can be "exercised" in the form of self-regulation and impulse control, which not only restores but also enhances 
SC, similar to muscle growth, and thus improves SC [51]. The Executive Function Model suggests that PE can enhance executive 
control functions in the prefrontal cortex, such as inhibiting impulses, managing emotions, and maintaining conflicting rules, which 
explains the neuropsychological benefits of PE for SC from a neuropsychological perspective [52]. In a long-term investigation of 
aerobic exercise, it was found that regular PE behaviors could significantly improve or enhance self-regulation through the assessment 
of emotional distress, regulatory behaviors, self-efficacy [53]. A good level of SC facilitates PE participation. Research on 
intention-behavior differences suggests that lower levels of SC may hinder PE habit formation when encountering temptations or 
difficulties such as interesting things, bad weather [54]. 

Based on the S–O-R(stimulus-o-bio-response framework), the OPT(opponent process theory) argues that a sense of perceived 
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enjoyment strengthens users’ dependence on short videos and that stopping usage yields a sense of withdrawal, triggering SVA on the 
influence of reinforcement mechanisms [25]. The theory of self-regulation of addiction posits that addictive behaviours originated 
from a loss of SC, unable to control addictive desires, and the inability of those with diminished SC to prevent cravings from inten-
sifying and eventually developing into addiction [55]. A neuroimaging study has found that the addiction levels for problematic short 
video use are considered to be negatively correlated with SC through FMRI testing, users with a low-level SC are more likely to get 
addicted to the excitement of their favorite videos [24]. Therefore, based on these reports, it is hypothesized that SC has a positive 
effect on SVA. 

Herein, hypothesis H2 was proposed: SC mediates the relationship between PE and SVA. 

1.3. Moderation of the cumulative ecological risk 

The CER is thought to be the result of an individual’s developmental journey being influenced by more than a single ecological 
subsystem, but intersecting with interpersonal, social, family, peer, and other ecological subsystems, all of which yield a synergistic 
influence to the individual [56]. Adolescents who are chronically exposed to high levels of CER are more likely to develop problematic 
behaviours such as hesitancy, anxiety, aggressive behaviours, addictions. The interaction between individual factors and the envi-
ronment, according to the Individual-Environment Interaction Theory, influences a person’s behavioral problems [57]. A good 
environmental situation (social environment, family environment, school environment, etc.) contributes to the healthy physical and 
mental growth of adolescents [58]. At this time, adolescents are in the rebellious period, and their minds are not yet mature. If they 
receive sufficient warmth and support from various ecological subsystems at this stage and satisfy the basic psychological needs of 
adolescents, they may choose a more active lifestyle, stimulate their enthusiasm for sports, and form the habit of PE [59]. On the 
contrary, if they lack the warmth of parental love and care, care from their teachers at school, and companionship of their peers, they 
may seek solace in short videos [60,61], leading to the phenomenon of excessive short-video use [60]. This suggests that the CER level 
will affect the effect of PE on adolescent SVA. 

Self-determination theory suggests that individuals have three intrinsic psychological needs: autonomy, competence, and re-
lationships. The ability of the subsystems of CER to satisfy basic psychological needs plays a prominent role in the healthy physical and 
psychological growth of adolescents [43,59,62]. Lower levels of SC fail to satisfy adolescents’ sense of belonging to family and school 
and lack of interpersonal interactions with peers [63]. Good CER can enhance adolescents’ sense of belonging, strengthen interper-
sonal interactions with peers, obtain social support, and develop a healthy lifestyle [64,65]. At the same time, good CER can also 
restore and replenish SC resources to a certain extent, strengthen ideal beliefs, enhance anti-interference ability, improve adolescents’ 
SC ability, and actively alleviate or avoid SVA. Overall, under constant SC, the higher the level of CER, the more likely adolescents are 
to develop SVA. Previous studies have demonstrated that good levels of CER are beneficial in reducing addictive and other problematic 
behaviors. 

1.4. 1.4 therefore, research hypothesis 3 was formulated 

Hypothesis 3. (H3). CER moderates the relationship between PE and adolescent SVA. In addition, hypothesis 4 was proposed: 

Hypothesis 4. (H4). CER that moderates the relationship between SC and adolescent SVA 

1.5. Hypotheses and conceptual model 

Based on the above reviewed literature and assumptions, a hypothesized model was built. The model, displayed in Fig. 1, shows the 
effect of PE on SVA; to examine the mediating role of SC between PE and SVA, and to test whether PE and SC moderated the CER of 
SVA. 

Fig. 1. Hypothetical model.  
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2. Materials and methods 

2.1. Participants and procedures 

The initial questionnaire was formed on the basis of kinesiologist experts from Chengdu Sports University and various mature 
questionnaires. Subsequent to soliciting opinions from these kinesiologist experts, a pilot dissemination of the questionnaire was 
carried out on a small scale within the confines of the Chengdu Sports University. The feedback garnered from this preliminary 
deployment was instrumental in facilitating targeted refinements to the questionnaire. Consequent modifications encompassed both 
stylistic enhancements and judicious alterations to the phrasing of specific items. These revisions were predicated on the expert 
recommendations and were aimed at augmenting the comprehensibility and ease of completion for the adolescents, thereby ensuring 
the instrument’s suitability for the intended cohort. 

To investigate the mechanisms of the effect of PE on adolescent SVA, we used the Chinese online questionnaire platform Ques-
tionnaire Star (WJX) in this study. Questionnaires were distributed to participants between March and April 2023, and they were 
distributed to designated groups offline (by two to three researchers visiting schools) and online to participants recruited through 
random sampling from the western Chinese cities of Chongqing and Chengdu. A total of 800 questionnaires were sent out randomly, of 
which 756 were effectively returned, giving a valid response rate of 94.5 %,Average age 19.9 years (as shown in Table 1). Following 
were the inclusion criteria: 1. no serious mental or physical illness, 2. signed informed consent and no cognitive impairment, and 3. age 
of 15–25 years. The exclusion criteria were as follows: 1. same IP address in completing the questionnaire, 2. questionnaire response 
time of less than 120 s, 3. apparently consistent responses, and 4. a sample with regular responses. The participants were rewarded 
with a red packet upon completion of the questionnaire. All study participants gave informed consent and the study design was 
approved by the Chengdu Sport University Ethics Review Board(code:2023-108). 

2.2. Control variables 

To reduce the risk of statistical bias, this study used sex, age and education as control variables. 

2.3. Measurements 

2.3.1. Short video addiction 
The Problematic TikTok Use Scale, revised by Troy Smith based on the Bergen Social Media Addiction Scale, was used to assess SVA 

[66]. It has six items, including ‘spends a great deal of time considering or preparing to use short video software.’ and ‘feels an urge to 
use short video software more and more’, scored on a 5-point Likert scale, with scores from 1 to 5 indicating never to very often, 
respectively. The overall score runs from 6 to 30, with scores above 21 denoting high risks and higher values denoting increased levels 
of addiction to short videos. The scale’s Cronbach coefficient in this study was 0.921. 

2.3.2. Physical exercise 
Utilizing the Physical Activity Rating Scale (PARS-3) by T.C. Leung, PE was evaluated [67],. The scale examines exercise in terms of 

intensity, duration, and frequency. There are three items on the scale, including ‘How intensely do you do PE?’ and ‘How often a month 
do you do the aforementioned PE? at the above intensity?’. The volume of exercise is calculated as follows: intensity × time (N− 1) ×
frequency, the total score range is 0–100, with a score of 1–5 for intensity and frequency and a score of 0–4 for time. The scale’s 
Cronbach coefficient in this study was 0.845. 

Table 1 
Demographic characteristics of the sample.  

Name Option Frequency Percentage (%) Cumulative percentage (%) 

Age 15 39 5.159 5.159 
16 100 13.228 18.386 
17 73 9.656 28.042 
18 70 9.259 37.302 
19 80 10.582 47.884 
20 63 8.333 56.217 
21 76 10.053 66.27 
22 60 7.937 74.206 
23 75 9.921 84.127 
24 59 7.804 91.931 
25 61 8.069 100 

Sex Male 396 52.381 52.381 
Female 360 47.619 100 

Education 
Level 

Middle school 43 5.688 5.688 
High school/technical secondary school 348 46.032 51.72 
Bachelor’s degree/college 338 44.709 96.429 
Postgraduates 27 3.571 100 

Total 756 100 100  
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2.3.3. Self-control 
To evaluate SC, Tan and Guo’s updated Self-Control Scale from 2008 was employed [68]. It is widely used in adolescent addiction 

research [69]. The scale contains the following sample items: ‘People say I am impulsive’ and avoiding temptation, maintaining 
healthy routines, avoiding recreation, exercising impulse control and concentrating on work are the next five dimensions. The items 
are scored as follows: 1 = not at all, 2 = no, 3 = not sure, 4 = yes, and 5 = very much. Greater levels of SC are indicated by higher scores. 
The total score ranges from 19 to 95, with items reversed scored as necessary. The scale’s Cronbach coefficient in this study was 0.928. 

2.3.4. Cumulative ecological risk 
Based on the Cumulative Ecological Risk Scale by Yaqi et al. [56] and Li et al. [58], which was appropriately modified according to 

the actual situation and used to assess the CER, four risk factors related to family, peer, school, and other risks relative to SVA were 
selected comprehensively according to the bioecological theory and relevant literature on the CER. In the Cumulative Ecological Risk 
Scale, a total of 43 questions are asked, including ‘I wish my friends were not my friends now’ and ‘I am angry with my mother’. These 
items are scored on a 5-point Likert scale that includes four other dimensions. The overall score is between 43 and 215. As the CER is a 
negative variable, the scoring for the relevant questions was reversed herein; scores are proportional to the CER. The scale’s Cronbach 
coefficient in this study was 0.977. 

2.3.5. Statistical analysis 
We used SPSS 26.0, AMOS 24.0, and PROCESS 4.0 for the data analysis. There were a total of four variables in this study, and a 

questionnaire survey was used to gather the data. The data may be at risk of common-method bias. In order to detect a possible 
common technical bias effect in this study, a Harman one-way test was conducted, which showed fewer than 40 % of the threshold 
criteria. The linear association between PE, SC and SVA was assessed using Pearson’s correlation coefficient. Structural equation 
modeling was used to determine the significance and identify whether SC played a mediating role between PE and SVA. as well as to 
illustrate a good model fit through a model goodness-of-fit analysis. 

Finally, the potential moderating effect of CER on the association between PE and SVA in adolescents was examined using linear 
regression. The following is a detailed description (example of the moderating effect of PE on adolescent SVA). SPSS 26.0 was used for 
the statistical analysis of PE, and a linear regression model was utilized for the divisional analysis: M1 included age, sex and educa-
tional level as the control variables and PE as the independent regression variable; M2 added the CER (moderating variable) to M1; and 
M3 added an interaction term to M2. The impact of the moderating variables was further determined by plotting slopes. 

3. Results 

3.1. Reliability and validity tests 

It showed that the Cronbach coefficients are 0.921 for SVA, 0.845 for PE, 0.928 for SC, and 0.977 for CER. The AVE values cor-
responding to each variable ranged from 0.54 to 0.66, all of which were greater than 0.5, while the CR values ranged from 0.845 to 
0.921, all of which were higher than 0.7, demonstrating the data’s high convergent validity (Table 2). A model fit analysis was also 
conducted; the model fit indicators are illustrated in Table 3. There was a good model fit, and the following values were obtained: χ2/ 

Table 2 
Confirmatory factor analysis.   

Dimension 
Items Parameters of significant test SMC CR AVE 

Estimate S.E. C.R. p value 

CER CER1 0.83 0.02 39.43 *** 0.69 0.86 0.60 
CER2 0.71 0.03 22.87 *** 0.50 
CER3 0.72 0.03 24.72 *** 0.51 
CER4 0.83 0.02 43.79 *** 0.69 

SC SC1 0.72 0.03 23.36 *** 0.53 0.85 0.54 
SC2 0.75 0.03 23.53 *** 0.57 
SC3 0.71 0.04 20.26 *** 0.50 
SC4 0.75 0.03 24.03 *** 0.56 
SC5 0.74 0.03 23.97 *** 0.55 

PE PE1 0.81 0.02 45.22 *** 0.66 0.85 0.65 
PE2 0.80 0.02 41.95 *** 0.64 
PE3 0.80 0.02 42.05 *** 0.64 

SVA SVA1 0.85 0.01 71.00 *** 0.73 0.92 0.66 
SVA2 0.79 0.02 52.80 *** 0.63 
SVA3 0.79 0.02 52.47 *** 0.62 
SVA4 0.81 0.01 57.57 *** 0.65 
SVA5 0.85 0.01 60.43 *** 0.72 
SVA6 0.79 0.02 52.60 *** 0.62 

Note(s): The triangle below is the Pearson correlation coefficient; ***p < 0.001. CER:cumulative ecological risk; SC: self-control; PE: physical ex-
ercise; SVA: short video addiction. 
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df < 3, GFI >0.9, SRMR <0.08, CFI >0.9, NFI >0.9, IFI >0.9, and RMSEA <0.05 [70]. 

3.2. Descriptive statistics and correlation analysis 

PE was significantly and negatively linked with addiction to short videos, as indicated in Table 4 (r = 0.39, p < 0.01). Additionally, 
there was a strong positive correlation with SC. (r = 0.32, p < 0.01). This finding indicates that both PE and SC increase in a similar 
manner. SVA and SC also had a strong and negative relationship. (r = − 0.48, p < 0.01), implying that the risk of SVA decreases as SC 
increases. 

The correlation coefficients for CER were 0.27, − 0.06, and 0.10, respectively, and correlated with PE and SVA, all at 0.01 or below. 

3.3. Common method bias 

In order to find any potential common technique bias effects in this study, Harman’s single-factor test was performed. The SPSS 
analysis revealed 11 factors with questionnaire items with eigenvalues larger than 1. 31.684 % is the amount of variation explained by 
the first factor. The results display that the data collection method used yielded no significant common method bias. 

3.4. Mediation analysis 

Based on the model fit indices of the mediating effects of PE, SC, and SVA shown in Table 5, the model of how PE affects SVA fit well 
with the following values: χ2/df < 3, GFI >0.9, SRMR <0.05, CFI >0.9, RMSEA <0.05, NFI >0.9. According to Fig. 2, the path co-
efficient for PE → SVA was significant (β = − 0.30), indicating that PE had a direct effect on SC. Therefore, hypothesis H1 was sup-
ported. The path coefficients for both PE → SC (β = 0.38) and SC → SVA (β = − 0.18) were significant, demonstrating that PE and SVA 
can be mediated by SC. Therefore, hypothesis H2 was supported. 

The mediating role of SC was further verified using a bootstrap test, as indicated in Table 6. The direct, indirect, and total effects 95 
% confidence interval for the indirect effect of this pathway did not include 0. The indirect effect’s standard error (SE) of PE → SC → 
SVA was 0.05, with a z value of − 6.76, indicating a strong mediating role for SC. The direct effect’s SE of PE → SVA was 0.03, with a z 
value of − 6.42 and the total effect’s SE of PE → SVA was 0.4, with a z value of − 12.08. These findings imply that SC partially mediates 
the process of influencing SVA. 

3.5. Moderation analysis 

Without considering the CER, M1’s goal was to investigate how the PE affected the SVA. As shown in Table 7, SVA is significantly 
impacted by PE (t = − 11.68, p = 0.01 < 0.05), Hypothesis H1 hold. The interaction between PE and the effect of the CER on SVA (M2 
→ M3) showed a notable shift in the F values from M 2 to M3 [F (5,750) = 37.60 F (6,749) = 32.78]. Furthermore, the interaction 
between PE and SVA in M 3 was significant (t = − 2.67, p = 0.01 < 0.05). This finding indicates that the extent of the effect of PE on 
SVA varies with the level of CER, therefore supporting hypothesis H3. 

As shown in Fig. 3, Among adolescents at low CER (below 1 SD, simple β = − 0.07, p < 0.001), PE had a strong negative predictive 
effect on adolescent SVA., but not for those with a high CER (above 1 SD, simple β = − 0.10, p < 0.001). The impact of PE on SVA was 
greater for adolescents with a low CER than for those with a high CER; this finding implies that the impact of PE on adolescents’ SVA 
increases as CER decreases. 

M1 included SC and the three control variables (age, gender, and educational level); M2 added CER to M1; and M3 added the 
product of the independent variable and moderator variable to M 2. 

Table 3 
Model fit indicators.   

χ2 df χ2/df P GFI SRMR CFI NFI IFI RMSEA 

Model 2914.65 2399.00 1.22 0.00 0.90 1.3 1.99 1.93 0.99 1.2 

Note(s):GFI:Goodness of Fit Index; SRMR: Standardized Root Mean Square Residual; CFI: Comparative Fit Index; NFI: Normed Fit Index; IFI: In-
cremental Fit Index RMSEA: Root Mean Square Error of Approximation. 

Table 4 
Descriptive statistics and correlation of the variables.   

M S.D. PE SC SVA CER 

PE 38.25 31.96     
SC 65.41 15.73 0.32a    

SVA 17.55 6.40 − 0.40a − 0.48a   

CER 125.32 39.28 0.27a − 0.06 0.10a  

Note(s): The Pearson correlation coefficient is depicted in the triangle below. 
a p < 0.01. 

H. Jianfeng et al.                                                                                                                                                                                                       



Heliyon 10 (2024) e29466

7

When CER was not taken into account, M1 sought to investigate how the SC affected SVA. Table 8 shows that SC has significance (t 
= − 15.07, p = 0.01 < 0.05), suggesting that SC has a significant impact on SVA. Table 8 displays the interaction of SC and CER, which 
showed significance (t = − 2.32, p = 0.02 < 0.05). The magnitude of CER was significantly different at different levels when SC 
affected SVA, indicating that the CER moderates SC and SVA, thus supporting hypothesis H4. 

Fig. 4 demonstrates that the SC had a significant negative predictive effect on adolescent SVA at high CER (above 1 SD, simple β =
− 0.21, p < 0.001); when the CER was low (below 1 SD, simple β = − 0.16, p < 0.001), the negative predictive effect of SC on 
adolescent SVA was increased. The effect of SC on SVA was more pronounced among the adolescents with a low CER than among those 
with a high CER. These findings imply that the impact of SC on adolescent SVA increases as the CER decreases. 

Table 5 
Mediated-effect model fit indices for PE, SC, and SVA.   

χ2 df χ2/df P GFI SRMR CFI NFI IFI RMSEA 

model 162.06 74.00 2.19 0.00 0.97 0.02 0.98 0.97 0.98 0.04  

Fig. 2. Visualization intermediary effect.  

Table 6 
Bootstrap analysis of the mediating effect.   

Path Estimate SE Z Bias-Corrected Bootstrap 95% 
CI 

Non-Parametric percentile for bias correction Bootstrap 
95%CI 

Lower Upper Lower Upper 

Direct effect PE→SVA − 0.30 0.05 − 6.76 − 0.39 − 0.21 − 0.39 − 0.21 
Indirect effect PE→SC→SVA − 0.17 0.03 − 6.42 − 0.22 − 0.12 − 0.22 − 0.12 
Total effect PE→SVA − 0.47 0.04 − 12.08 − 0.55 − 0.39 − 0.55 − 0.39  

H. Jianfeng et al.                                                                                                                                                                                                       



Heliyon 10 (2024) e29466

8

Table 7 
PE and CERs. moderation analysis (n = 756).   

M1 M2 M3 

t p β t p β t p β 

Constants 11.15 0.00b – 11.67 0.00b – 11.73 0.000b – 
Age 0.58 0.57 0.03 0.37 0.71 0.02 0.44 0.66 0.02 
Gender − 1.11 0.27 − 0.04 − 1.06 0.29 − 0.03 − 0.98 0.33 − 0.03 
Education − 0.27 0.79 − 0.01 − 0.26 0.8 − 0.01 − 0.31 0.76 − 0.01 
PE − 11.68 0.00b − 0.39 − 13.28 0.00** − 0.45 − 12.83 0.00b − 0.44 
CER    6.47 0.00b 0.22 6.41 0.00b 0.22 
PEaCER       − 2.67 0.01b − 0.09 
R 2 0.16 0.20 0.21 
Adjusted R 2 0.15 0.20 0.20 
F -value F (4,751) = 34.64, p = 0.00 F (5,750) = 37.60, p=0.00 F (6,749) = 32.78, p = 0.00 
△R 2 0.16 0.05 0.01 
△F -value F (4,751) = 34.64, p=0.00 F (1,750) = 41.90, p=0.00 F (1,749) = 7.13, p=0.01 

***p < 0.001. 
Note(s):Dependent variable: SVA; The triangle below is the Pearson correlation coefficient. 

a p < 0.05. 
b p < 0.01. 

Fig. 3. Mediation diagram of CER between PE and SVA.  

Table 8 
SC and CERs moderation analysis (n = 756).   

M1 M2 M3 

t p β t p β t p β 

Constants 12.02 0.00b – 12.11 0.00b – 12.09 0.00b – 
Age 0.62 0.54 0.03 0.56 0.58 0.02 0.60 0.55 0.03 
Gender − 1.43 0.15 − 0.05 − 1.42 0.16 − 0.05 − 1.40 0.16 − 0.04 
Education − 0.59 0.55 − 0.03 − 0.59 0.55 − 0.03 − 0.63 0.53 − 0.03 
SC − 15.07 0.00b − 0.48 − 14.94 0.00** − 0.48 − 13.89 0.00b − 0.46 
CER    2.20 0.03a 0.07 1.85 0.07 0.06 
SCaCER       − 2.32 0.02a − 0.08 
R 2 0.23 0.24 0.24 
Adjusted R 2 0.23 0.23 0.24 
F -value F (4,751) = 57.36, p=0.00 F (5,750) = 47.09, p=0.00 F (6,749) = 40.37, p=0.00 
△R 2 0.23 0.01 0.01 
△F -value F (4,751) = 57.36, p=0.00 F (1,750) = 4.84, p=0.03 F (1,749) = 5.39, p=0.02 

***p < 0.001. 
Note(s):Dependent variable: SVA; The triangle below is the Pearson correlation coefficient. 

a p < 0.05. 
b p < 0.01. 
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4. Discussion 

4.1. Physical exercise and short video addiction 

The effect of PE on addiction has been corroborated by numerous empirical studies; however, discussions on SVA are still lacking. 
The results of this research support hypothesis H1. Expanding on the results of previous studies [58], the results of this study show that 
increased PE among adolescents can reduce SVA behaviours to a certain extent and promote adolescents’ physical and mental health. 
Self-determination theory states that adolescent development and mental health are influenced by the degree to which one’s external 
environment impacts basic psychological needs, and when basic psychological needs cannot wait to be satisfied, adolescents may 
choose to get satisfaction from short videos, increasing the risks of SVA [15,71–73]. PE, as a positive source of external stimulation, 
helps greatly to satisfy basic psychological needs [74]. to improve adolescent physical and mental health, enhance social adjustment 
[75], and alleviate adolescent SVA [76,77]. Additionally, research have discovered that adolescent SVA is caused by stress and 
negative emotions, while regular PE can effectively reduce negative moods including stress [78,79] and improve self-efficacy and 
well-being [80]. Therefore, PE should be given more importance for adolescents in order to improve the fulfilment of their funda-
mental psychological needs, relieve academic stress, promote peer friendship, and prevent adolescent SVA. 

4.2. Mediating effect of self-control 

The current findings imply that SC partially mediates the link between PE and SVA; PE significantly predicts adolescents’ SC; and 
SC significantly and negatively predicts adolescent SVA, confirming hypothesis H2. These findings are consistent with those on other 
addictive behaviours, such as internet [81] and gaming addictions [82]. The addiction-based self-regulation theory, a lack of SC may 
lead to the emergence and development of addictive behaviours [83]. The results of this study show that SC is negatively correlated 
with adolescent SVA and that low levels of SC may possibly lead to adolescent SVA behaviour. PE can expand control resources, reduce 
control energy loss, enhance control power in specialized areas, and improve adolescents’ SC ability [84,85], so that they have a higher 
level of SC and regulation ability to better resist SVA [22]. Also, youth who regularly attend PE will have a higher level of SC to access 
more SC resources [84]. It suggests that SC is an important influence of PE on adolescents’ addiction to short videos. Adolescents with 
greater SC levels have higher levels of self-regulation for better resisting SVA [22], suggesting that SC is an influencing factor of PE 
relative to adolescent SVA. Further study indicates that adolescent SVA may also be a result of stress and dissatisfaction with basic 
psychological needs [86–88]. According to the "compensatory loss hypothesis", being confined to their homes during the COVID-19 
pandemic further reduces emotional regulation and SC [89], and adolescents may resort to "pathological" forms of addiction such 
as short videos [75], thereby increasing the likelihood of addiction during this period [90,91].compensation [75], thereby increasing 
the odds of addiction during this period [90,91]. If adolescents’ SC can be improved, it may reduce SVA behaviour [92]. Accordingly, 
adolescents can counteract and reduce adolescent SVA by engaging in PE and improving their level of SC. The present findings also 
reveal the mechanism of influence: Adolescents have higher levels of SC with PE, which can reduce the emergence of adolescent SVA. 

4.3. Moderating effect of the cumulative ecological risk 

This research reveals that the impact of PE and SC on adolescent SVA were moderated by the CER, and the impact of PE and SC on 
adolescent SVA were stronger at low CER than at high CER. These findings are similar to those of previous studies in which low levels of 

Fig. 4. Mediation diagram of CER between SC and SVA.  
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CER showed a positive correlation with addiction [58], and in addition, the present study builds on this foundation, showing that 
reducing CER are significant in reducing adolescent SVA. 

The present results also suggest that the direct course of the model is moderated by the CER. (β = − 0.088, p < 0.01), supporting 
hypothesis H3. Specifically, the effect of PE on adolescent SVA was pronounced at low CER, high levels of CER mitigate the impact. 
Firstly, adolescents with high levels of CER are trapped in situations of family conflict and interpersonal isolation, which leads to a 
decrease in their participation in PE and an increase in the use of short videos [19,93]. In addition according to social ecology theory, 
peers, family, school, and other ecological subsystems influence an individual’s development, and each ecological subsystem co-
ordinates to act on individual behavior and produce corresponding effects [94]. Accordingly, the school environment, exercise climate, 
peer relationship, family environment, and parenting style all influence individual PE behaviour, indicating that the CER has a sig-
nificant impact on youth PE. A previous review of studies has concluded that school is a daily living space and an important place for 
PE among adolescents [95]. A good school physical environment provides support for PE, while school encouragement of PE and 
teachers’ values for PE influence adolescents’ PE. A good school environment and sports climate will help young people to engage in 
PE, promote a positive and healthy psychological state, and alleviate short video addictive behaviour [19,61]. Further, parents’ at-
titudes and education towards their children have a significant impact on adolescent physical and mental development. Parental 
support and concern for their children’s physical activities will enhance PE behaviour [96]. Based on parental acceptance-rejection 
theory, parents’ warmth, concern and support for their children is beneficial to their wellbeing and lays the foundation for the 
eradication of SVA [97]. Finally, peers are an important factor influencing the behaviours of adolescents. As adolescents become more 
independent, they spend more time with their peers, and the importance of peer relationships peaks during adolescence [98], positive 
peer relationships enhance self-identity and motivation to participate, stimulate youth sport participation behaviors, and moderate 
addictive behaviors [56]. Thus, a low CER promotes PE, thereby enhancing the effect that PE has on adolescent SVA, whereas a high 
CER reduces the effect of PE. 

The results of this study demonstrated that the CER moderated the association between teenage SC and SVA. (β = − 0.077, p <
0.05), supporting hypothesis H4. SC is a complex psychological construct essential in the pursuit of happiness and success, the lack of 
control over impulses has been linked to individual social issues including addiction and delinquency [99]. Therefore, with a high SC 
level, adolescents can effectively use their own regulation and control to counteract the onslaught of short video addictive behaviour 
[100]. Further research has concluded that there is a low level of CER (favorable school climate, pleasant teacher-student relationships, 
and the individual through interpersonal interactions with peers and feelings of parental warmth and affection) that can restore and 
replenish attentional resources, maintain high levels of SC, and provide adolescents with sufficient control to resist SVA [61]. In 
addition, with the end of COVID-19, the gradual opening of society, the improvement of the external environment (social environment, 
family environment, peer interactions, etc.), the decline of CER, and the reduction of depletion of SC, the effect of SC on SVA will be 
more significant [65]. Therefore, SC plays an important role in helping adolescents maintain a positive psychological state in cases of 
high CERs. It also plays a positive role in alleviating dependence on short videos, and the effect on adolescent short video addictive 
behaviour is further enhanced in environments with low CER. 

Finally, adolescents have low levels of SVA in cases of low CER. According to the social ecological theory, individual behaviour is 
influenced by the coordinated action of various ecological subsystems [101]. In the context of the media age, ecological risks influence 
the psychological state of adolescents through three key aspects: family, school, and peers, which consequently affect adolescent short 
video addictive behaviour [102]. Therefore, the total number of high-risk subsystems in the ecological subsystems of family, school, 
and peers should be reduced as much as possible to create a highly structured and supportive ecological environment for adolescents to 
reduce adolescent short video addictive behaviour at its root. 

4.4. Contributions 

The main contributions of this study are as follows: first, this investigation expanded the research and theoretical knowledge on 
adolescent PE and SVA, particularly in terms of the effects of PE on SVA after the COVID-19 epidemic; second, this study showed that 
the CER in PE and SC had a moderating effect on adolescent SVA, expanding the research on the relationship between the CER, PE, and 
SVA; third, the study examined the mechanism of how PE affects teenage SVA and proved how SC mediates the role between the two 
and how CER acts as a moderator. finally, the findings can serve as a guiding direction and theoretical basis for reducing adolescent 
SVA through PE. 

4.5. Limitations 

Firstly, the context of this study is at the end of COVID-19 when the survey was conducted, resulting in intermittent social closure, 
which is not common in other time periods, and the results of the study may be slightly different. Secondly, this study is cross-sectional 
in nature and thus cannot effectively elucidate the causal relationships between variable values. It has not distinguished between 
gender differences or variations across different age groups. The small sample size of the study somewhat limits its representativeness. 
Future research could enhance this by providing a larger sample and conducting stratified analyses based on gender and age categories. 
Furthermore, the study did not analyze the impact of cumulative ecological risks at the subsystem level, which could be addressed 
through subgroup analyses in subsequent research. There are also limitations at the methodological level, as the PARS-3 used in this 
paper does not take into account the possible impact of different forms of exercise on the addiction to short videos among adolescents, 
and further research may use an internationalized PE questionnaire to investigate different forms of exercise. Finally, the present study 
lacks a specific motivational behavior classification system, enhancing intrinsic motivation for PE. It only considers the mediating role 
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of SC and the moderating effect of CER. It remains unclear whether there are other mediating or moderating influences between PE and 
adolescents’ engagement with SVA. Future research should delve deeper into this area, exploring factors such as psychological 
resilience. 

5. Conclusion 

This study investigated the relationships and mediating model between PE and SVA. The findings suggest the following: adolescent 
SVA is positively affected by PE; SC acts as a mediator in the connection between PE and adolescent SVA; CER plays a moderating role 
between PE, SC on SVA; and adolescents with low CER have lower levels of SVA than those with high CER. Adolescents should increase 
PE during adolescence, and society can make use of short video platforms to accurately deliver and guide adolescents to lead a positive 
and healthy lifestyle and cultivate the value of sports; schools can create a second classroom, carry out rich and interesting PE ac-
tivities, cultivate sports awareness, satisfy the sense of personal achievement, and get rid of the dependence on short videos; families 
and parents should give adolescents more care and positive support and set up an Families and parents should give more love and 
positive support to young people, establish an equal communication mechanism, understand the inner needs of children, and posi-
tively guide their upward values. Therefore, the CER is crucial to adolescent short video addictive behaviour. Parents, schools, and 
peers should then work together to provide a variety of emotional and psychological support to guide the physical and psychological 
growth of adolescents. 

At the same time, the results of this study can not only provide a scientific basis for alleviating the problem of SVA in modern society 
but also contribute to the development of public health policies to prevent and intervene in SVA behaviours by advocating PE. In 
addition, it may also provide guidance for the sustainable development of short video platforms, encouraging them to design content 
and features that are more likely to promote users’ physical and mental health. Meanwhile, the impact of CER on SVA reveals a 
multilevel prevention and intervention framework that emphasises the importance of identifying and mitigating risk factors in 
different ecosystems. This comprehensive intervention strategy can help build a healthier and more resilient living environment, 
thereby reducing the occurrence and development of SVA behaviours. 
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