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Background: This systematic review and meta-analysis aim to evaluate the effects of cognitively engaging Physical Activity (PA) interventions on Executive Function (EF) in children and adolescents. It examines how different intervention modalities, durations, frequencies, and session lengths influence these effects.
Methods: We followed the PRISMA guidelines and searched PubMed, SPORTDiscus, Embase, and Web of Science for relevant studies. Studies were included if they were Randomized Controlled Trials (RCTs) focusing on PA with cognitive elements targeting EF in healthy children and adolescents. Data were extracted and effect sizes computed using Standardized Mean Differences (SMDs).
Results: From an initial 1,635 articles, 23 studies with 2,857 participants were included. The overall effect of cognitively engaging PA on EF was significant (SMD = 0.32, 95% CI 0.14–0.51), with notable improvements in inhibitory control (SMD = 0.35) and working memory (SMD = 0.34). High heterogeneity was observed (I2 = 91.1%). Moderator analyses revealed that interventions lasting more than 6 weeks, with sessions over 20 min and conducted more than twice a week, were particularly effective.
Conclusion: Cognitively engaging PA interventions positively impact EF in children and adolescents, particularly in inhibitory control. Effective interventions are characterized by longer duration, higher frequency, and extended session lengths. These findings underscore the importance of integrating cognitive challenges within PA programs to enhance EF, warranting future research and practical applications in educational and developmental settings.
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1 Introduction

Executive Function (EF) refers to a series of interrelated higher-order cognitive processes responsible for cognitive regulation and the adaptive control of goal-directed behavior (Diamond, 2013). This cognitive process is particularly triggered in situations that require concentrated attention, present challenges, and involve complexity (Diamond and Ling, 2016). The utilization of EFs prompts individuals to shift cognitive strategies, inhibit impulsive responses, and engage in planning and action (Diamond, 2012; Diamond and Ling, 2020). Core EFs comprise inhibitory control, cognitive flexibility, and working memory (Diamond, 2015; Miyake et al., 2000), which has been proved a predictor of school readiness and academic achievement for children and adolescents (Blair and Diamond, 2008; Roebers et al., 2014). Furthermore, related studies have found EF to be negatively correlated with a broad range of school-related behavioral issues (Espy et al., 2011; Friedman et al., 2007). Espy et al. (2011) established the Problem Behavior-Executive Control Model in which executive control is negatively correlated to hyperactive behaviors (r = −0.49, p < 0.05), attention problems (r = −0.55, p < 0.05), and disinhibition behaviors (r = −0.48, p < 0.05). Friedman et al. (2007) examined correlations between behavioral problems and EFs across ages. The patterns of correlations remained consistent over years, with statistically significant correlations between attention problems and EFs including inhibition (r = −0.41), updating (r = −0.24), and shifting (r = −0.15). Given the correlations between EF and educational outcomes as well as daily behavior, the question about how to enhance cognitive performance in children and adolescents becomes increasingly important.

EF development involves a complex interplay of genetic, environmental, and experiential factors (Diamond, 2013). One such factor that has gained an increasing attention in recent years is Physical Activity (PA) and its potential to enhance EF (Hillman et al., 2008). PA interventions have been proposed as a promising avenue to EF promotion for children and adolescents due to the overlapping neural networks and physiological mechanisms involved in both PA and EF (Best, 2010). A meta-analysis investigated the effects of different types of PA on cognitive function. The synthesized findings indicated that aerobic exercise, motor skill training, and cognitively engaging PA have positive effects on cognitive performance (Vazou et al., 2019). However, not all forms of PA interventions induce comparable improvement in cognitive performance. According to the research by Diamond and Ling (2020), interventions that focus solely on increasing energy expenditure without considering cognitive demands have relatively modest effects on EF. Therefore, interventions involving PA should adopt a comprehensive approach to student development, targeting multiple objectives such as physical health and psychological well-being (Best, 2010; Tomporowski et al., 2011).

Empirical evidence has shown that cognitively engaging PA interventions, which combine physical exertion with cognitive challenges, may be particularly effective in enhancing EF in youth (Best et al., 2011). Cognitively engaging PA interventions involve activities that require both physical effort and cognitive engagement, such as aerobic exercise combined with tasks demanding attention, memory, or problem-solving (Hillman et al., 2009; Schmidt et al., 2020). This approach highlights a shift from “simple movement to thinking moves” (Diamond, 2015). According to this view, PA programs not only focus on health-related outcomes and energy expenditure, but also consider promoting both physical and cognitive development (Pesce, 2012; Pesce et al., 2018).

Applications of neuroimaging technique facilitated investigating exercise-induced cognitive promotion at the neural level. A recent study via functional near-infrared spectroscopy identified enhanced inhibitory control after acute physical activity (Ludyga et al., 2024). Specifically, faster reaction and higher accuracy in the Stroop task were associated with decreased lateral oxygenation difference in the cognitive trials, suggesting an increased neural efficiency in the left prefrontal cortex of the participants (N = 29, age = 11.1 years). Another study employing electroencephalography examined brain activation changes after a 20-week exercise program for children with overweight and obesity (Mora-Gonzalez et al., 2024). Significant changes were identified when performing the assigned cognitive tasks, suggesting exercise-induced modulations in brain activity which facilitated working memory and inhibitory control of the children.

Despite increasing body of literature investigating the effects of cognitively engaging PA interventions on EF in children and adolescents, the findings of the existing studies are inconsistent. Some studies have reported significant improvements in EF following participation in cognitively engaging PA interventions (Benzing et al., 2016; Egger et al., 2019; Schmidt et al., 2015), while others reported non-significant results (Bedard et al., 2021; Mavilidi et al., 2023; Meijer et al., 2020), with some even reporting negative effects (Egger et al., 2018; van der Fels et al., 2020). These discrepancies may be attributed to methodological variations across studies, including differences in intervention protocols, duration, frequency of exercise, outcome measures, and participant characteristics. A systematic review analyzed the effects of cognitive engaging PA on EF in children, incorporating findings from 11 articles. The results indicated a moderate effect size of cognitive engaging PA on EF, particularly in the domains of working memory and cognitive flexibility (Song et al., 2022). However, the limited number of studies included in this review may lead to potential misinterpretation of the results. Additionally, the lack of research focusing on adolescent populations suggests potential limitations in the generalizability of the findings. Moreover, the underlying mechanisms through which cognitively engaging PA influences EF are still not fully understood, warranting further investigation.

The aim of this paper is to provide a comprehensive meta-analysis regarding the specific effects of cognitively engaging PA interventions on EF in children and adolescents. Moderator analyses are conducted to understand the potential moderating effects of intervention modalities, duration, exercise frequency, and outcome measures on the EFs. By synthesizing data from diverse studies and quantitatively analyzing effect sizes, a systematic review and meta-analysis can offer valuable insights into the magnitude and consistency of the effects of cognitively engaging PA interventions on EF, thus informing future research directions and practical applications in educational settings.



2 Methods

This meta-analysis was performed following the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Moher et al., 2015) and Cochrane Collaboration handbook (Cumpston et al., 2019).


2.1 Search strategy

The electronic databases PubMed, SPORTDiscus, Embase, and Web of Science were searched for original research published in peer-reviewed journals by March 2024. According to the main purpose of the current review, which aims to examine influence of cognitively engaging PA intervention on cognitive performance of children and adolescents, the keywords for literature search involve four categories including cognitive, physical activity, executive function, and population. Specifically, combinations of the four categories of MeSH terms were “cognitively engaging OR cognitive engagement OR cognitive demand OR cognitively challenging OR cognitive challenge” AND “physical activity OR exercise OR exergaming” AND “executive function OR inhibition OR working memory OR updating OR cognitive flexibility OR shifting” AND “adolescent OR child OR teen OR youth.”



2.2 Eligibility criteria

Inclusion criteria included publication in peer review journals in the English language. The language was restricted to English. Further requirements on the eligible criteria followed the guide of Population, Intervention, Comparison, Outcomes, and Study (PICOS). First, participants of the included studies should be healthy children and adolescents. Second, intervention was designed PA with cognitive elements. Third, comparisons were made between intervention and control groups at different time points. Fourth, outcomes measured EF such as cognitive flexibility, working memory, inhibitory control, etc. Fifth, the included studies must be Randomized Control Trials (RCTs).

Studies were excluded for any of the following reasons: (1) review, book chapter, commentaries, or proceedings; (2) articles in which data could not be obtained or extracted for estimating effect size even after contacting the authors; (3) non-target population; (4) studies only included an experimental group, lacking both intervention and control group comparisons.

The initial search was screened by an overall examination on the title to remove duplicates and irrelevant articles. The second phase of screening was conducted by analysis on the abstracts. For the articles that passed the first two phases, a full-text evaluation was performed to determine the included studies of the current review. Two authors (FM and QF) independently worked on the literature screening and selection. Any disagreement on the eligibility of an article was resolved by discussing with other authors to reach a consensus.



2.3 Data extraction and synthesis

The data of publication year, participant description, study design, instrument, EF variables, settings and interventions of eligible studies were extracted and summarized in Table 1.



TABLE 1 Characteristics of the included studies.
[image: A detailed table summarizing studies on cognitive and physical interventions. It includes columns for authors, participant descriptions, design, instruments, executive function (EF) variables, settings, and interventions. The table lists mean ages, sample sizes, types of tests, intervention and control arm descriptions, and duration or frequency of sessions. Each study is organized into rows, clearly categorizing and comparing different experimental and control approaches.]

The quantitative data were synthesized according to the categories of cognitive functions. Effect sizes which assessed the same cognitive domain were combined to compute an overall effect. Multiple effects in the same study were addressed by the following steps. First, if multiple results were reported by one cognitive assessment, the result of the more cognitive demanding condition was extracted (Álvarez-Bueno et al., 2017; Xue et al., 2019). Second, for the tests which reported both accuracy and time, accuracy was selected as a representation of cognitive performance. Therefore, in the study which applied Flanker task to assess inhibitory control, accuracy of incongruent trials would be extracted in data synthesis.



2.4 Statistical analysis

Statistical analysis was conducted in Comprehensive Meta-Analysis 3.3 (BioStat Inc., Englewood, NJ, United States). Considering the different outcomes and units of cognitive measures used in the studies, Standardized Mean Differences (SMD) of pre-post intervention were calculated and given weight by its inverse variance. The magnitude of the effect sizes was assessed using Cohen’s d values, with SMD values of <0.2, 0.2 ≤ SMD < 0.5, and 0.5 ≤ SMD < 0.8 indicating small, moderate, and large effect sizes, respectively (Cumpston et al., 2019). Quantitative pooled analysis based on a fixed-effects model, and a random-effects model if heterogeneity exists. To assess the degree of statistical heterogeneity in the meta-analysis, we employed the I2 statistic and p-value. Specifically, I2 values of 25, 50, and 75% were used to indicate small, moderate, and large levels of heterogeneity, respectively (Egger et al., 1997). Egger’s regression test was performed to assess publication bias in the reviewed literature. A two-tailed test with p-value less than 0.05 was considered significant publication bias.

Subgroup analyses based on three core EFs domains (cognitive flexibility, inhibitory control and working memory) were conducted after the overall meta-analysis. Intervention modality (Fundamental movement skills-FMS, PA games and exergaming), duration (>6 weeks vs. ≤6 weeks), session length (>20 min vs. ≤20 min), and frequency of intervention (>2 times/week. vs. ≤2 times/week) were examined by subgroup analyses and moderator analysis.



2.5 Risk of bias assessment

Two authors (FM and QF) independently assessed the risk of bias of included studies following the PEDro scale (Maher et al., 2008). The summary of the quality assessment was presented in Table 2. Any disagreements were discussed with a third author (SZ) until a consensus was achieved.



TABLE 2 Quality assessment of included studies.
[image: A table lists various studies with their adherence to several criteria: eligibility, random allocation, concealed allocation, similar baseline, blinding of subjects, therapists, and assessors, 85% retention, intention to treat, between-group comparisons, point and variability measures, and total scores. Each row represents a study, indicating "Yes" or "No" for each criterion. The total scores range from 6 to 9, with a mean score of 7.6.]




3 Results

The initial search retrieved 1,635 peer-reviewed articles. After removing duplications and reviewing the titles, 1,104 articles were eligible for further screening. Through a careful reading of the abstracts, 76 articles were eligible for thorough examination. Finally, 23 studies were included in the meta-analysis. Among the initial pool of 76 articles, 53 were excluded because they had no control group, lacked randomization, no RCT or cluster RCT design, lacked available data or had unqualified samples. Figure 1 displays the flow of study selection.

[image: Flowchart illustrating a systematic review process. Identification: 1,635 records from database searches, zero from other sources. After removing duplicates, 1,104 records screened. Screening: 1,104 records screened, 1,028 excluded. Eligibility: 76 full-text articles assessed. 53 excluded for reasons like no randomization or available data. Included: 23 studies in meta-analysis.]

FIGURE 1
 Flowchart of literature search and study selection.



3.1 Study characteristics

Overall, 23 studies were included in the meta-analysis and the study characteristics are summarized in Table 1. Nine studies were RCTs and 14 studies were cluster RCTs. The total sample included 2,857 children and adolescents aged from 4 to 16 years. There were 23 studies investigating the effects of cognitively engaging PA on core EFs, of which, 13 studies examined all three core features, three examined 2 features, and 7 examined a single feature. Regarding the exercise intervention protocols, there were 22 studies with sessions over 20 min, 14 studies with more than two sessions per week and 19 studies with durations over 6 weeks. The major confounding factors considered in the studies included intervention modality, duration, frequency, and session length.



3.2 Effects of cognitive engagement PA on EFs

As illustrated by Figure 2, the pooled SMD of over EF was 0.32 (95% CI 0.14 to 0.51, p = 0.001), with large heterogeneity (I2 = 91.1%, p < 0.001). Regarding core EFs, a total of 23 studies were included in the analysis. Thirteen of these studies evaluated three core features, three assessed 2 features, and 7 examined a single feature. The SMD was 0.26 (95% CI −0.11 to 0.62) for cognitive flexibility, with large heterogeneity (I2 = 89.1%, p < 0.001); 0.35 (95% CI 0.06 to 0.65) for inhibitory control, with large heterogeneity (I2 = 94.1%, p < 0.001); and 0.34 (95% CI 0.02 to 0.67) for working memory, with large heterogeneity (I2 = 86.1%, p < 0.001). The high heterogeneity for core EFs reflects the importance of taking various moderator factors into consideration when analyzing the effects of cognitively engaging PA.

[image: Forest plot showing the standardized difference in means and ninety-five percent confidence intervals for studies on cognitive flexibility, inhibitory control, and working memory. Plots indicate the effect sizes, with zero line and arrows showing direction. Confidence intervals are also illustrated. The overall effect size is shown at the bottom of the plot.]

FIGURE 2
 Forest plot for meta-analysis regarding the effect of cognitively engaging PA interventions on different EF domains.




3.3 Moderator analysis

Table 3 summarizes the results from the moderator analysis and subgroup analyses for potential factors on EFs. In the subgroup analysis, the effect of cognitively engaging PA on EFs was significantly moderated by intervention modality, frequency, duration, and session length. Firstly, a total of 52 studies evaluated the effects of different modalities of PA interventions on EFs. Among them, 24 studies investigated the intervention effects of FMS, 20 studies assessed the impact of PA games interventions, and 8 studies examined the effects of exergaming intervention modalities. The SMD for modality of FMS was 0.49 (95% CI 0.22 to 0.77) indicating large heterogeneity (I2 = 94.3%, p < 0.001), whereas the SMD for PA games was 0.20 (95% CI −0.10 to 0.49), with large heterogeneity (I2 = 86.1%, p < 0.001), and 0.13 (95% CI −0.36 to 0.61) for exergaming, with moderate heterogeneity (I2 = 67.3%, p = 0.003). With respect to the exercise duration, 19 studies assessed intervention periods longer than 6 weeks, while 33 studies examined intervention durations of 6 weeks or less. The SMD for duration >6 weeks was 0.38 (95% CI 0.15 to 0.62), with large heterogeneity (I2 = 91.0%, p < 0.001), whereas the SMD for ≤6 weeks was 0.22 (95% CI-0.08 to 0.52), with large heterogeneity (I2 = 91.4%, p < 0.001). With regard to the intervention frequency, 14 studies evaluated intervention frequencies of more than twice a week, while 38 studies examined exercise frequencies of 2 weeks or less. The SMD for frequency > 2 times/week was 0.89 (95% CI 0.53 to 1.26), with large heterogeneity (I2 = 94.4%, p < 0.001), and the SMD for ≤2 times/week was 0.12 (95% CI −0.09 to 0.34), with large heterogeneity (I2 = 89.1%, p < 0.001). With respect to the session length, 22 studies assessed session length longer than 20 min, while 30 studies examined session length of 20 min or less. The SMD for session length > 20 min was 0.37 (95% CI 0.10 to 0.65), with large heterogeneity (I2 = 91.1%, p < 0.001), whereas the SMD for ≤20 min was 0.28 (95% CI 0.04 to 0.52), with large heterogeneity (I2 = 91.0%, p < 0.001).



TABLE 3 Moderator analysis of cognitively engaging PA and EFs.
[image: A table presents categorical variables related to physical activity. Variables include modality, duration, frequency, and session length with levels such as fundamental movement skills, PA games, and exergaming. Each is assessed by the number of studies, standard mean difference (SMD), 95% confidence intervals (CI), I-squared percentage (I²%), Z-value, and p-value. Highlights include FMS showing a significant Z-value of 3.53 and a p-value less than 0.001, indicating strong evidence. PA games and exergaming show less significant results. The table notes include PA for physical activity, EF for executive function, and FMS for fundamental movement skills.]



3.4 Methodological quality assessment

The quality of the included studies is presented in Table 2. In general, those studies were scored as fairly high quality, with a mean quality score of 7.6, because they were (cluster) RCTs. Moreover, over half of the studies (18 out of 23) were school-based intervention, including active class, curricular PA, and extracurricular PA.



3.5 Publication bias

The funnel plot is presented in Figure 3. Egger’s test was used to assess publication bias (t = 1.67, df = 50, p = 0.10). The results indicated no evidence of publication bias for all included studies (Egger et al., 1997).

[image: Funnel plot showing the standard error against the standardized difference in means. Data points are distributed around a central line, forming an inverted funnel shape with some asymmetry, indicating potential bias or variability.]

FIGURE 3
 Funnel plot no publication bias cognitively engaging PA and EFs.





4 Discussion


4.1 Main study findings

The current review included 23 RCT studies which investigated the effects of cognitively challenging PA interventions on core EFs (cognitive flexibility, inhibitory control and working memory) in children and adolescents. Meta-analysis indicated a small but significant positive benefits of cognitive engagement PA on overall core EFs, particularly on inhibitory control. Moreover, our analysis identified several key moderating variables that influence the relationship between cognitive engagement PA and EFs, including intervention modality, duration, frequency, and session length.

The positive impact of cognitively engaging PA on overall EFs highlights the importance of integrating cognitive challenges within physical activities to enhance cognitive outcomes. The pooled SMD for overall EF improvement was 0.32, which, despite being modest, underscores a meaningful advancement in the cognitive capabilities of children and adolescents engaging in such interventions. Notably, the significant improvement in inhibitory control (SMD = 0.35) aligns with the theory that PA demanding cognitive engagement can strengthen brain regions responsible for self-regulation and attentional control (Best, 2010).



4.2 Analysis of moderating variables between cognitive engagement PA and EFs

The modality of PA intervention significantly influences its effectiveness on EFs. Various studies have shown that interventions combining physical and cognitive tasks, such as FMS and PA games, yield more significant improvements in EFs compared to traditional PA. Best (2010) highlighted that aerobic exercises integrated with cognitive challenges, like sports requiring strategic planning or movement routines involving memorization, show greater enhancements in EFs. This is corroborated by Ferreira Vorkapic et al. (2021), who emphasized that activities requiring real-time decision-making and problem-solving, such as cognitive games and complex sports drills, are particularly effective. For instance, exergaming, which involves active video games that require physical movement and cognitive processing, has been shown to improve inhibitory control and cognitive flexibility (Anzeneder et al., 2023). Furthermore, a review by Tomporowski et al. (2015) found that PA interventions with cognitive engagement had positive effects on EFs, especially in tasks demanding higher-order cognitive functions. This indicates that the inclusion of cognitive demands in PA is a critical factor in enhancing EFs in children and adolescents. Therefore, it is essential for PA interventions to incorporate complex cognitive elements to maximize their impact on EFs.

The duration and frequency of PA interventions are also crucial moderators of their impact on EFs. Long-term interventions tend to produce more substantial improvements in cognitive functions compared to short-term interventions. For example, a study by Hillman et al. (2014) demonstrated that a 9-month intervention significantly enhanced EFs, particularly in areas of working memory and cognitive flexibility. In contrast, shorter interventions, typically lasting less than 6 weeks, often show mixed results due to insufficient exposure (de Greeff et al., 2018). This is consistent with findings from Pesce et al. (2016), who reported that sustained cognitively engaging PA interventions over several months resulted in more pronounced cognitive benefits. The current meta-analysis supports these findings, indicating that interventions lasting more than 6 weeks generally have a more significant impact on cognitive flexibility and working memory. Additionally, the frequency of interventions plays a vital role; those conducted more than twice a week tend to yield better outcomes. Ludyga et al. (2018) suggested that regular engagement in cognitively demanding PA facilitates sustained cognitive engagement and neural adaptations. Frequent and prolonged exposure to such activities likely promotes neuroplasticity and cognitive development, which are essential for improving EFs (Kvalø et al., 2017). Therefore, to achieve significant cognitive benefits, PA interventions should be designed to last longer and be administered more frequently.

The length of each PA session is another important factor affecting its efficacy. Sessions longer than 20 min have been shown to be more beneficial for cognitive outcomes compared to shorter sessions. Wang et al. (2023) demonstrated that extended PA sessions provide sufficient time for both physical exertion and cognitive engagement, which are necessary for stimulating cognitive improvements. Longer sessions allow for more complex cognitive tasks and greater mental effort, leading to better EF outcomes (Davis et al., 2011; Kvalø et al., 2017). Additionally, longer sessions may enhance the cardiovascular and metabolic responses needed for cognitive benefits, as suggested by de Greeff et al. (2016). This is further supported by a study conducted by Gallotta et al. (2012), which found that longer PA sessions resulted in significant improvements in cognitive performance due to sustained cognitive engagement. The current meta-analysis corroborates these findings, showing that PA sessions exceeding 20 min are associated with significant improvements in inhibitory control and working memory. Therefore, to maximize cognitive benefits, it is crucial for PA sessions to be designed with sufficient length to ensure comprehensive cognitive and physical engagement.



4.3 Potential mechanisms of cognitive engagement PA and EF

Cognitive promotion associated with the cognitively engaging PA interventions implies potential changes in the central nervous system. Neuroimaging evidence has shown that cognitive activities during exercise stimulate blood flow and activation in prefrontal regions, thus resulting in better cognitive performance than simple aerobic exercises (Hillman et al., 2009; Liu et al., 2023). Cognitively challenging PA also increases the release of the brain-derived neurotrophic factor (BDNF) which plays an essential role in enhancing synaptic plasticity and improving cognitive performance (Voss et al., 2011; Winter et al., 2007). Schmidt et al. (2015) found that children who participated in cognitively engaging PA exhibited greater increases in BDNF and corresponding improvements in EF tasks compared to those involved in standard aerobic exercises.

In addition to the explanations at the neural level, researchers proposed potential mechanisms from psychological perspectives. Cognitively engaging PA interventions may enhance EF by improving self-regulation and motivational states. Engaging in activities that require constant cognitive input, such as strategy-based games or problem-solving tasks, helps children and adolescents practice self-control, attention regulation, and goal-directed behavior (Kolovelonis and Goudas, 2022). These activities often require participants to navigate complex rules, make quick decisions, and adjust strategies in real-time, which mirrors the demands of EF. Consequently, regular participation in such activities can translate into better EF by continuously challenging and refining these cognitive processes. Moreover, the integration of cognitive and physical elements in PA interventions can enhance motivation and enjoyment, which are critical factors for sustained engagement and practice. Studies have shown that when children find activities enjoyable and intrinsically rewarding, they are more likely to persist, thereby gaining more practice and potential benefits for EF (Kolovelonis et al., 2023; Tomporowski et al., 2008). This increased engagement not only promotes physical fitness but also provides repeated opportunities to exercise cognitive skills in a dynamic and interactive context, leading to cumulative benefits for EF.



4.4 Implications for educational practices and interventions

Given the findings from this meta-analysis, several practical implications emerge for integrating cognitively engaging PA into educational settings. Notably, recent studies underscore the importance of considering the intensity, duration, and frequency of PA to maximize its benefits. Research has consistently shown that moderate to vigorous intensity PA, particularly when sustained over longer periods, yields substantial improvements in EFs such as working memory, cognitive flexibility, and inhibitory control (Morales et al., 2024; Wen et al., 2018). For instance, a meta-analysis by Vazou et al. (2019) highlighted that aerobic exercises, motor skill training, and cognitively engaging activities all positively impact cognitive performance in young individuals.

Furthermore, the type of PA intervention is critical. High-Intensity Interval Training (HIIT), for example, has demonstrated considerable promise due to its combination of short bursts of intense exercise with brief recovery periods. This format not only enhances physical fitness but also challenges cognitive processes, thereby improving EFs (Gilson et al., 2023; Leahy et al., 2020). Similarly, cooperative and playful activities, which integrate social interaction and cognitive engagement, can significantly enhance motivation and enjoyment, leading to sustained participation and greater cognitive benefits (Wang et al., 2024; Wei et al., 2024). Such interventions are particularly effective in educational settings, where the dual goals of promoting physical health and cognitive development can be seamlessly integrated into the curriculum.

Educators and families can leverage these insights to design PA interventions that are both engaging and beneficial. For instance, incorporating game-based activities that require strategic thinking and problem-solving can make physical education classes more enjoyable and cognitively stimulating (Vita-Barrull et al., 2023). These activities could range from team sports that necessitate real-time decision-making to classroom exercises that combine physical movement with academic content. The key is to ensure that the PA is not merely about physical exertion but also includes elements that challenge students’ cognitive abilities, thereby promoting holistic development (Schmidt et al., 2015). The integration of cognitively engaging PA within the school day holds significant potential for enhancing academic performance and cognitive development. By focusing on the intensity, duration, frequency, and type of exercise, educators can design interventions that provide comprehensive benefits to students. This approach not only supports physical health but also fosters essential cognitive skills, preparing students for both academic success and lifelong well-being.



4.5 Strengths and limitations

One of the advantages of this meta-analysis is the stringent inclusion criteria, which focus exclusively on RCT while excluding observational or longitudinal studies, as RCTs are considered the gold standard for intervention studies. This rigorous approach ensures the validity of the study results, enhancing the reliability of causal inferences. Additionally, the use of SMD to quantify effect sizes allows for the comparison of outcomes across different measures, providing a more consistent and interpretable analysis. Another strength is the significant effect observed in the moderator analysis conducted in this study. By examining variables such as intervention modality, duration, frequency, and session length, this meta-analysis identifies key factors that influence the effectiveness of cognitively engaging PA interventions.

A limitation of this review is the high heterogeneity in the participants of the included studies. The research works involve preschool children (Gao et al., 2019; Giordano and Alesi, 2022; Mavilidi et al., 2023; Schmidt et al., 2020; Vazou and Mavilidi, 2021), school-aged children (Crova et al., 2014; Egger et al., 2019; Flynn and Richert, 2017; Kolovelonis et al., 2023), and adolescents (Benzing et al., 2016; Robinson et al., 2022; Schmidt et al., 2015). Cognitive development is age-and sex-specific, suggesting that the effect of physical exercise may be different by age and sex. Given that both factors were not considered in data synthesis and analysis, it is important to interpret the results with cautions.




5 Conclusion

This systematic review and meta-analysis reveal that cognitively engaging PA interventions have a small yet significant positive impact on EFs in children and adolescents, particularly on inhibitory control. The analysis identified key moderating variables, such as intervention modality, duration, frequency, and session length, which influence the effectiveness of these interventions. Despite substantial heterogeneity among the included studies, the findings suggest that longer and more frequent interventions yield greater cognitive benefits. Understanding the underlying mechanisms of these cognitive benefits remains crucial, warranting further explorations through neuroimaging and neurophysiological research. Overall, incorporating cognitive elements into PA programs shows promise for enhancing EFs, providing valuable insights for future educational and clinical applications. On the other hand, substantial variability in age and sex of the participants highlights the need for practitioners and researchers to interpret the results with cautions.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

FM: Conceptualization, Methodology, Writing – original draft, Validation. FH: Formal analysis, Methodology, Writing – review & editing. SZ: Conceptualization, Data curation, Writing – original draft. QF: Supervision, Validation, Visualization, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

We would like to thank all the participants involved in the studies included in this systematic review.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 Álvarez-Bueno, C., Pesce, C., Cavero-Redondo, I., Sánchez-López, M., Martínez-Hortelano, J. A., and Martínez-Vizcaíno, V. (2017). The effect of physical activity interventions on Children's cognition and metacognition: a systematic review and Meta-analysis. J. Am. Acad. Child Adolesc. Psychiatry 56, 729–738. doi: 10.1016/j.jaac.2017.06.012 
	 Anzeneder, S., Zehnder, C., Martin-Niedecken, A. L., Schmidt, M., and Benzing, V. (2023). Acute exercise and children's cognitive functioning: what is the optimal dose of cognitive challenge? Psychol. Sport Exerc. 66:102404. doi: 10.1016/j.psychsport.2023.102404 
	 Bedard, C., Bremer, E., Graham, J. D., Chirico, D., and Cairney, J. (2021). Examining the effects of acute cognitively engaging physical activity on cognition in children. Front. Psychol. 12:653133. doi: 10.3389/fpsyg.2021.653133 
	 Benzing, V., Heinks, T., Eggenberger, N., and Schmidt, M. (2016). Acute cognitively engaging Exergame-based physical activity enhances executive functions in adolescents. PLoS One 11:e0167501. doi: 10.1371/journal.pone.0167501 
	 Best, J. R. (2010). Effects of physical activity on Children's executive function: contributions of experimental research on aerobic exercise. Dev. Rev. 30, 331–351. doi: 10.1016/j.dr.2010.08.001 
	 Best, J. R., Miller, P. H., and Naglieri, J. A. (2011). Relations between executive function and academic achievement from ages 5 to 17 in a large, representative National Sample. Learn. Individ. Differ. 21, 327–336. doi: 10.1016/j.lindif.2011.01.007 
	 Blair, C., and Diamond, A. (2008). Biological processes in prevention and intervention: the promotion of self-regulation as a means of preventing school failure. Dev. Psychopathol. 20, 899–911. doi: 10.1017/s0954579408000436 
	 Bulten, R., Bedard, C., Graham, J. D., and Cairney, J. (2022). Effect of cognitively engaging physical activity on executive functions in children. Front. Psychol. 13:841192. doi: 10.3389/fpsyg.2022.841192 
	 Chou, C.-C., Chen, K.-C., Huang, M.-Y., Tu, H.-Y., and Huang, C.-J. (2020). Can movement games enhance executive function in overweight children? A randomized controlled trial. J. Teach. Phys. Educ. 39, 527–535. doi: 10.1123/jtpe.2019-0165

	 Crova, C., Struzzolino, I., Marchetti, R., Masci, I., Vannozzi, G., Forte, R., et al. (2014). Cognitively challenging physical activity benefits executive function in overweight children. J. Sports Sci. 32, 201–211. doi: 10.1080/02640414.2013.828849 
	 Cumpston, M., Li, T., Page, M. J., Chandler, J., Welch, V. A., Higgins, J. P., et al. (2019). Updated guidance for trusted systematic reviews: a new edition of the Cochrane handbook for systematic reviews of interventions. Cochrane Database Syst. Rev. 10:Ed000142. doi: 10.1002/14651858.Ed000142

	 Davis, C. L., Tomporowski, P. D., McDowell, J. E., Austin, B. P., Miller, P. H., Yanasak, N. E., et al. (2011). Exercise improves executive function and achievement and alters brain activation in overweight children: a randomized, controlled trial. Health Psychol. 30, 91–98. doi: 10.1037/a0021766 
	 de Greeff, J. W., Bosker, R. J., Oosterlaan, J., Visscher, C., and Hartman, E. (2018). Effects of physical activity on executive functions, attention and academic performance in preadolescent children: a meta-analysis. J. Sci. Med. Sport 21, 501–507. doi: 10.1016/j.jsams.2017.09.595 
	 de Greeff, J. W., Hartman, E., Mullender-Wijnsma, M. J., Bosker, R. J., Doolaard, S., and Visscher, C. (2016). Long-term effects of physically active academic lessons on physical fitness and executive functions in primary school children. Health Educ. Res. 31, 185–194. doi: 10.1093/her/cyv102 
	 Diamond, A. (2012). Activities and programs that improve Children's executive functions. Curr. Dir. Psychol. Sci. 21, 335–341. doi: 10.1177/0963721412453722 
	 Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168. doi: 10.1146/annurev-psych-113011-143750 
	 Diamond, A. (2015). Effects of physical exercise on executive functions: going beyond simply moving to moving with thought. Ann Sports Med Res 2:1011 
	 Diamond, A., and Ling, D. S. (2016). Conclusions about interventions, programs, and approaches for improving executive functions that appear justified and those that, despite much hype, do not. Dev. Cogn. Neurosci. 18, 34–48. doi: 10.1016/j.dcn.2015.11.005 
	 Diamond, A., and Ling, D. (2020). Review of the evidence on, and fundamental questions about, efforts to improve executive functions, including working memory. New York, NY, US: Oxford University Press, 143–431.

	 Egger, F., Benzing, V., Conzelmann, A., and Schmidt, M. (2019). Boost your brain, while having a break! The effects of long-term cognitively engaging physical activity breaks on children's executive functions and academic achievement. PLoS One 14:e0212482. doi: 10.1371/journal.pone.0212482 
	 Egger, F., Conzelmann, A., and Schmidt, M. (2018). The effect of acute cognitively engaging physical activity breaks on children's executive functions: too much of a good thing? Psychol. Sport Exerc. 36, 178–186. doi: 10.1016/j.psychsport.2018.02.014

	 Egger, M., Davey Smith, G., Schneider, M., and Minder, C. (1997). Bias in meta-analysis detected by a simple, graphical test. BMJ 315, 629–634. doi: 10.1136/bmj.315.7109.629 
	 Espy, K. A., Sheffield, T. D., Wiebe, S. A., Clark, C. A., and Moehr, M. J. (2011). Executive control and dimensions of problem behaviors in preschool children. J. Child Psychol. Psychiatry 52, 33–46. doi: 10.1111/j.1469-7610.2010.02265.x 
	 Ferreira Vorkapic, C., Alves, H., Araujo, L., Joaquim Borba-Pinheiro, C., Coelho, R., Fonseca, E., et al. (2021). Does physical activity improve cognition and academic performance in children? A systematic review of randomized controlled trials. Neuropsychobiology 80, 454–482. doi: 10.1159/000514682 
	 Flynn, R., and Richert, R. (2017). Cognitive, not physical, engagement in video gaming influences executive functioning. J. Cogn. Dev. 19, 1–20. doi: 10.1080/15248372.2017.1419246

	 Friedman, N. P., Haberstick, B. C., Willcutt, E. G., Miyake, A., Young, S. E., Corley, R. P., et al. (2007). Greater attention problems during childhood predict poorer executive functioning in late adolescence. Psychol. Sci. 18, 893–900. doi: 10.1111/j.1467-9280.2007.01997.x 
	 Gallotta, M. C., Guidetti, L., Franciosi, E., Emerenziani, G. P., Bonavolontà, V., and Baldari, C. (2012). Effects of varying type of exertion on children's attention capacity. Med. Sci. Sports Exerc. 44, 550–555. doi: 10.1249/MSS.0b013e3182305552 
	 Gao, Z., Lee, J. E., Zeng, N., Pope, Z. C., Zhang, Y., and Li, X. (2019). Home-based exergaming on Preschoolers' energy expenditure, cardiovascular fitness, body mass index and cognitive flexibility: a randomized controlled trial. J. Clin. Med. 8:745. doi: 10.3390/jcm8101745

	 Gilson, N. D., Andersson, D., Papinczak, Z. E., Rutherford, Z., John, J., Coombes, J. S., et al. (2023). High intensity and sprint interval training, and work-related cognitive function in adults: a systematic review. Scand. J. Med. Sci. Sports 33, 814–833. doi: 10.1111/sms.14349

	 Giordano, G., and Alesi, M. (2022). Does physical activity improve inhibition in kindergarteners? A Pilot Study. Percept Mot Skills 129, 1001–1013. doi: 10.1177/00315125221109216 
	 Hillman, C. H., Erickson, K. I., and Kramer, A. F. (2008). Be smart, exercise your heart: exercise effects on brain and cognition. Nat. Rev. Neurosci. 9, 58–65. doi: 10.1038/nrn2298 
	 Hillman, C. H., Pontifex, M. B., Castelli, D. M., Khan, N. A., Raine, L. B., Scudder, M. R., et al. (2014). Effects of the FITKids randomized controlled trial on executive control and brain function. Pediatrics 134, e1063–e1071. doi: 10.1542/peds.2013-3219 
	 Hillman, C. H., Pontifex, M. B., Raine, L. B., Castelli, D. M., Hall, E. E., and Kramer, A. F. (2009). The effect of acute treadmill walking on cognitive control and academic achievement in preadolescent children. Neuroscience 159, 1044–1054. doi: 10.1016/j.neuroscience.2009.01.057 
	 Jäger, K., Schmidt, M., Conzelmann, A., and Roebers, C. M. (2015). The effects of qualitatively different acute physical activity interventions in real-world settings on executive functions in preadolescent children. Ment. Health Phys. Act. 9, 1–9. doi: 10.1016/j.mhpa.2015.05.002

	 Kolovelonis, A., and Goudas, M. (2022). Exploring the effects of three different types of cognitively challenging physical activity games on students’ executive functions and situational interest in physical education. Cogent Educ. 9:2148448. doi: 10.1080/2331186X.2022.2148448

	 Kolovelonis, A., and Goudas, M. (2023). The effects of cognitively challenging physical activity games versus health-related fitness activities on Students' executive functions and situational interest in physical education: a group-randomized controlled trial. Eur J Investig Health Psychol Educ 13, 796–809. doi: 10.3390/ejihpe13050060 
	 Kolovelonis, A., Papastergiou, M., Samara, E., and Goudas, M. (2023). Acute effects of exergaming on Students' executive functions and situational interest in elementary physical education. Int. J. Environ. Res. Public Health 20:902. doi: 10.3390/ijerph20031902 
	 Kvalø, S. E., Bru, E., Brønnick, K., and Dyrstad, S. M. (2017). Does increased physical activity in school affect children's executive function and aerobic fitness? Scand. J. Med. Sci. Sports 27, 1833–1841. doi: 10.1111/sms.12856

	 Layne, T., Yli-Piipari, S., and Knox, T. (2020). Physical activity break program to improve elementary students’ executive function and mathematics performance. Education 49, 583–591. doi: 10.1080/03004279.2020.1746820

	 Leahy, A. A., Mavilidi, M. F., Smith, J. J., Hillman, C. H., Eather, N., Barker, D., et al. (2020). Review of high-intensity interval training for cognitive and mental health in youth. Med. Sci. Sports Exerc. 52, 2224–2234. doi: 10.1249/mss.0000000000002359 
	 Liu, J., Min, L., Liu, R., Zhang, X., Wu, M., Di, Q., et al. (2023). The effect of exercise on cerebral blood flow and executive function among young adults: a double-blinded randomized controlled trial. Sci. Rep. 13:8269. doi: 10.1038/s41598-023-33063-9 
	 Ludyga, S., Gerber, M., Kamijo, K., Brand, S., and Pühse, U. (2018). The effects of a school-based exercise program on neurophysiological indices of working memory operations in adolescents. J. Sci. Med. Sport 21, 833–838. doi: 10.1016/j.jsams.2018.01.001 
	 Ludyga, S., Gerber, M., Schwarz, A., Greco, A., Müller, T., Pühse, U., et al. (2024). Effects of cognitive and physical load of acute exercise on inhibitory control and prefrontal cortex hemodynamics in children. Med. Sci. Sports Exerc. 56, 1328–1336. doi: 10.1249/mss.0000000000003410 
	 Maher, C. G., Moseley, A. M., Sherrington, C., Elkins, M. R., and Herbert, R. D. (2008). A description of the trials, reviews, and practice guidelines indexed in the PEDro database. Phys. Ther. 88, 1068–1077. doi: 10.2522/ptj.20080002 
	 Mavilidi, M. F., Pesce, C., Mazzoli, E., Bennett, S., Paas, F., Okely, A. D., et al. (2023). Effects of cognitively engaging physical activity on preschool Children's cognitive outcomes. Res. Q. Exerc. Sport 94, 839–852. doi: 10.1080/02701367.2022.2059435 
	 Meijer, A., Königs, M., Pouwels, P. J. W., Smith, J., Visscher, C., Bosker, R. J., et al. (2022). Effects of aerobic versus cognitively demanding exercise interventions on brain structure and function in healthy children-results from a cluster randomized controlled trial. Psychophysiology 59:e14034. doi: 10.1111/psyp.14034 
	 Meijer, A., Königs, M., van der Fels, I. M. J., Visscher, C., Bosker, R. J., Hartman, E., et al. (2020). The effects of aerobic versus cognitively demanding exercise interventions on executive functioning in school-aged children: a cluster-randomized controlled trial. J. Sport Exerc. Psychol. 43, 1–13. doi: 10.1123/jsep.2020-0034 
	 Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and Wager, T. D. (2000). The unity and diversity of executive functions and their contributions to complex "frontal lobe" tasks: a latent variable analysis. Cogn. Psychol. 41, 49–100. doi: 10.1006/cogp.1999.0734 
	 Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., et al. (2015). Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 4:1. doi: 10.1186/2046-4053-4-1

	 Mora-Gonzalez, J., Esteban-Cornejo, I., Solis-Urra, P., Rodriguez-Ayllon, M., Cadenas-Sanchez, C., Hillman, C. H., et al. (2024). The effects of an exercise intervention on neuroelectric activity and executive function in children with overweight/obesity: the ActiveBrains randomized controlled trial. Scand. J. Med. Sci. Sports 34:e14486. doi: 10.1111/sms.14486 
	 Morales, J. S., Alberquilla del Río, E., Valenzuela, P. L., and Martínez-de-Quel, Ó. (2024). Physical activity and cognitive performance in early childhood: a systematic review and Meta-analysis of randomized controlled trials. Sports Med. 54, 1835–1850. doi: 10.1007/s40279-024-02020-5 
	 Oppici, L., Rudd, J. R., Buszard, T., and Spittle, S. (2020). Efficacy of a 7-week dance (RCT) PE curriculum with different teaching pedagogies and levels of cognitive challenge to improve working memory capacity and motor competence in 8–10 years old children. Psychol. Sport Exerc. 50:101675. doi: 10.1016/j.psychsport.2020.101675

	 Pesce, C. (2012). Shifting the focus from quantitative to qualitative exercise characteristics in exercise and cognition research. J. Sport Exerc. Psychol. 34, 766–786. doi: 10.1123/jsep.34.6.766 
	 Pesce, C., Faigenbaum, A., Goudas, M., and Tomporowski, P. (2018). Coupling our plough of thoughtful moving to the star of children's right to play: from neuroscience to multisectoral promotion. London: Routledge. 247–274.

	 Pesce, C., Masci, I., Marchetti, R., Vazou, S., Sääkslahti, A., and Tomporowski, P. D. (2016). Deliberate play and preparation jointly benefit motor and cognitive development: mediated and moderated effects. Front. Psychol. 7:349. doi: 10.3389/fpsyg.2016.00349

	 Robinson, K. J., Lubans, D. R., Mavilidi, M. F., Hillman, C. H., Benzing, V., Valkenborghs, S. R., et al. (2022). Effects of classroom-based resistance training with and without cognitive training on Adolescents' cognitive function, on-task behavior, and muscular fitness. Front. Psychol. 13:811534. doi: 10.3389/fpsyg.2022.811534 
	 Roebers, C. M., Röthlisberger, M., Neuenschwander, R., Cimeli, P., Michel, E., and Jäger, K. (2014). The relation between cognitive and motor performance and their relevance for children's transition to school: a latent variable approach. Hum. Mov. Sci. 33, 284–297. doi: 10.1016/j.humov.2013.08.011 
	 Schmidt, M., Jäger, K., Egger, F., Roebers, C. M., and Conzelmann, A. (2015). Cognitively engaging chronic physical activity, but not aerobic exercise, affects executive functions in primary school children: a group-randomized controlled trial. J. Sport Exerc. Psychol. 37, 575–591. doi: 10.1123/jsep.2015-0069 
	 Schmidt, M., Mavilidi, M. F., Singh, A., and Englert, C. (2020). Combining physical and cognitive training to improve kindergarten children’s executive functions: a cluster randomized controlled trial. Contemp. Educ. Psychol. 63:101908. doi: 10.1016/j.cedpsych.2020.101908

	 Song, W., Feng, L., Wang, J., Ma, F., Chen, J., Qu, S., et al. (2022). Play smart, be smart? Effect of cognitively engaging physical activity interventions on executive function among children 4~12 years old: a systematic review and Meta-analysis. Brain Sci. 12:762. doi: 10.3390/brainsci12060762 
	 Tomporowski, P. D., Davis, C. L., Miller, P. H., and Naglieri, J. A. (2008). Exercise and Children's intelligence, cognition, and academic achievement. Educ. Psychol. Rev. 20, 111–131. doi: 10.1007/s10648-007-9057-0 
	 Tomporowski, P. D., Lambourne, K., and Okumura, M. S. (2011). Physical activity interventions and children's mental function: an introduction and overview. Prev. Med. 52, S3–S9. doi: 10.1016/j.ypmed.2011.01.028 
	 Tomporowski, P. D., McCullick, B., Pendleton, D. M., and Pesce, C. (2015). Exercise and children's cognition: the role of exercise characteristics and a place for metacognition. J. Sport Health Sci. 4, 47–55. doi: 10.1016/j.jshs.2014.09.003

	 van der Fels, I. M. J., Smith, J., Roel, J., Königs, M., Oosterlaan, J., Visscher, C., et al. (2020). The acute effects of two types of physical activity in physical education on response inhibition and lapses of attention in children aged 8-10 years a cluster randomized controlled trial. Int. J. Sport Psychol. 51, 158–182. doi: 10.7352/IJSP.2020.51.158

	 van der Niet, A. G., Smith, J., Oosterlaan, J., Scherder, E. J., Hartman, E., and Visscher, C. (2016). Effects of a cognitively demanding aerobic intervention during recess on Children's physical fitness and executive functioning. Pediatr. Exerc. Sci. 28, 64–70. doi: 10.1123/pes.2015-0084 
	 Vazou, S., and Mavilidi, M. F. (2021). Cognitively engaging physical activity for targeting motor, cognitive, social, and emotional skills in the preschool classroom: the move for thought preK-K program. Front. Psychol. 12:729272. doi: 10.3389/fpsyg.2021.729272 
	 Vazou, S., Pesce, C., Lakes, K., and Smiley-Oyen, A. (2019). More than one road leads to Rome: a narrative review and meta-analysis of physical activity intervention effects on cognition in youth. Int. J. Sport Exerc. Psychol. 17, 153–178. doi: 10.1080/1612197x.2016.1223423 
	 Vita-Barrull, N., Estrada-Plana, V., March-Llanes, J., Guzmán, N., Fernández-Muñoz, C., Ayesa, R., et al. (2023). Board game-based intervention to improve executive functions and academic skills in rural schools: a randomized controlled trial. Trends Neurosci Educ 33:100216. doi: 10.1016/j.tine.2023.100216 
	 Voss, M. W., Nagamatsu, L. S., Liu-Ambrose, T., and Kramer, A. F. (2011). Exercise, brain, and cognition across the life span. J. Appl. Physiol. (1985) 111, 1505–1513. doi: 10.1152/japplphysiol.00210.2011 
	 Wang, J., Yang, Y., Li, L., Yang, X., Guo, X., Yuan, X., et al. (2024). Comparative efficacy of physical activity types on executive functions in children and adolescents: a network meta-analysis of randomized controlled trials. J. Sci. Med. Sport 27, 187–196. doi: 10.1016/j.jsams.2023.11.006 
	 Wang, J., Zhao, X., Bi, Y., Jiang, S., Sun, Y., Lang, J., et al. (2023). Executive function elevated by long term high-intensity physical activity and the regulation role of beta-band activity in human frontal region. Cogn. Neurodyn. 17, 1463–1472. doi: 10.1007/s11571-022-09905-z 
	 Wei, Y., Wang, L., Tang, Y., Deng, H., Su, J., and Li, Q. (2024). Enhancing young children's executive function through physical activities: a three-level meta-analysis. Ment. Health Phys. Act. 26:100592. doi: 10.1016/j.mhpa.2024.100592

	 Wen, X., Zhang, Y., Gao, Z., Zhao, W., Jie, J., and Bao, L. (2018). Effect of Mini-trampoline physical activity on executive functions in preschool children. Biomed. Res. Int. 2018, 2712803–2712807. doi: 10.1155/2018/2712803 
	 Winter, B., Breitenstein, C., Mooren, F. C., Voelker, K., Fobker, M., Lechtermann, A., et al. (2007). High impact running improves learning. Neurobiol. Learn. Mem. 87, 597–609. doi: 10.1016/j.nlm.2006.11.003

	 Xue, Y., Yang, Y., and Huang, T. (2019). Effects of chronic exercise interventions on executive function among children and adolescents: a systematic review with meta-analysis. Br. J. Sports Med. 53, 1397–1404. doi: 10.1136/bjsports-2018-099825 


Copyright
 © 2024 Mao, Huang, Zhao and Fang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







 


	
	
SYSTEMATIC REVIEW
published: 04 October 2024
doi: 10.3389/fpsyg.2024.1465974








[image: image2]

Instrumented measures of sedentary behavior and physical activity are associated with depression among children and adolescents: a systematic review and dose–response meta-analysis of observational studies

Songtao Lu1,2†, Jun Sun1†, Zhiguang Guo3, Mingyu Yi2, Yuheng Zhang2, Jiali Wang2 and Yue Wang4*


1School of Physical Education, Central China Normal University, Wuhan, China

2School of Sports, Wuhan University of Science and Technology, Wuhan, China

3School of Sports Health, Hubei University of Chinese Medicine, Wuhan, China

4Faculty of Artificial Intelligence in Education, Central China Normal University, Wuhan, China

Edited by
 Alberto Ruiz-Ariza, University of Jaén, Spain

Reviewed by
 María Antonia Parra Rizo, Miguel Hernández University of Elche, Spain
 Michal Marko, Akadémia Umení v Banskej Bystrici, Slovakia
 Fahad Hanna, Torrens University Australia, Australia

*Correspondence
 Yue Wang, wyue2022@mails.ccnu.edu.cn 

†These authors have contributed equally to this work and share first authorship

Received 17 July 2024
 Accepted 19 September 2024
 Published 04 October 2024

Citation
 Lu S, Sun J, Guo Z, Yi M, Zhang Y, Wang J and Wang Y (2024) Instrumented measures of sedentary behavior and physical activity are associated with depression among children and adolescents: a systematic review and dose–response meta-analysis of observational studies. Front. Psychol. 15:1465974. doi: 10.3389/fpsyg.2024.1465974
 





Background: Higher sedentary behavior (SB) and lower physical activity (PA) are associated with negative physical and mental health outcomes. SB and PA can be objectively assessed using inertial sensors to evaluate body movements. This study aimed to quantify the association between instrumented measures of SB (i-SB) and PA (i-PA) and depression among children and adolescents using a systematic review and meta-analysis of observational studies.
Methods: An electronic search was conducted on six databases up to May 12, 2024. A dose–response meta-analysis was conducted to determine the association between i-SB and i-PA and depression, expressed as odds ratios (ORs) and 95% confidence intervals (CIs).
Results: Five cross-sectional and 11 longitudinal studies comprising 26,109 participants met the inclusion criteria. Comparing the most sedentary with the least sedentary groups of participants resulted in a pooled ORs of 1.05 (95% CI 0.94–1.16). Comparing the least active with the most active groups of participants resulted in pooled ORs of 0.93 (95% CI 0.84–1.07), 0.89 (95% CI 0.79–1.00), 0.83 (95% CI 0.66–0.99), and 0.73 (95% CI 0.58–0.89) for light, moderate-to-vigorous (MV), vigorous, and total PA, respectively. Robust error meta-regression analyses showed clear dose–response relationships between i-SB and i-MVPA and depression.
Conclusion: Both i-SB and i-PA were significantly associated with risk of depression in children and adolescents, which may become non-significant after mutual adjustment for i-PA and i-SB.
Systematic review registration: [https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=546666], identifier [CRD42024546666].
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1 Introduction

Adolescents and children undergo many physical and psychological changes, including the development of reproductive organs, the formation of sexual characteristics, and the improvement of cognitive abilities. Although individuals reach physical maturity in early adulthood, their psychological, social, and emotional aspects are still developing. Adolescence and early adulthood are critical transitional periods from childhood to adulthood, and their health status during these periods lays the foundation for long-term health and life (Sawyer et al., 2012). Anxiety and depression are the most common mental disorders that begin in adolescence and early adulthood (McGrath et al., 2023) and have become serious public health problems. Depression is a common mental health problem among adolescents and children that often manifests as reduced motivation, low learning efficiency, difficulty in interpersonal communication, disordered eating and sleep, and in severe cases, even the intention or behavior of self-harm or suicide (Park et al., 2019). In recent decades, the global prevalence of depressive symptoms among adolescents has increased from 24 to 37% (Shorey et al., 2022), and the prevalence among adults has shown a similar rapid growth trend (World Health Organization [WHO], 2017).

Increasing evidence suggests that physical activity (PA) can reduce symptoms of depression in both clinical and non-clinical populations (Kandola et al., 2019). Most previous studies have focused on moderate to vigorous intensity (MVPA), such as brisk walking or cycling, which appears to modulate several biological and psychosocial pathways to reduce depressive symptoms. In 2010, the World Health Organization (WHO) recommended that children aged 5–17 years engage in at least 1 h of MVPA per day (World Health Organization [WHO], 2024). Evidence also suggests that the time spent in sedentary behavior (SB) is associated with the risk of depression (Teychenne et al., 2010). Moreover, sitting behavior, independent of PA levels, is a risk factor for cardiovascular metabolic diseases, various causes of death, and physiological and psychological problems (Katzmarzyk et al., 2009). Screen-based behavior (including watching TV, DVDs, and videos and using computers, smartphones, and iPads) is the most common form of SB in children and should not exceed 2 h per day (Colley et al., 2011). Although some progress has been made in understanding the relationship between PA, SB, and the physical and mental health of children and adolescents, more in-depth research is needed to understand the complex relationships involved fully.

The association between PA and depression has also been previously quantified in a meta-analysis, resulting in an odds ratio (OR) of up to 0.90 (95% confidence interval [CI] 0.84–0.98) for an active adolescent compared to an active adolescent with a relatively high level of PA (Schuch et al., 2018). The association between SB and depression in childhood and adolescents has been meta-analyzed and quantified previously, resulting in a pooled relative risk of 1.14 (95% CI 1.08–1.20) (Zhang et al., 2022) and 1.12 (CI 1.03–1.22) (Liu et al., 2016). Most studies included in these meta-analyses used self-reported PA measures. However, self-reported measures tend to overestimate PA and underestimate SB (Chinapaw et al., 2009; Ryan et al., 2018). A previous study reported that 76% of young-to-middle-aged adults (n = 119) and 90% of older adults (n = 72) met the recommended Dutch PA guidelines, although instrumented measures of PA (i-PA) indicated that only 24% (n = 37) and 16% (n = 13) of participants objectively met these criteria (Rojer et al., 2018). Therefore, it is important to quantify the association between i-SB and i-PA and depression and to compare effect sizes for the development of lifestyle-related guidelines in childhood and adolescence.

Although a previous meta-analysis assessed the association between objectively measured i-PA levels and the incidence and prevalence of depression in adults, no meta-analysis has reported the association in childhood or adolescence. Furthermore, there has never been a meta-analysis on the association between objectively measured i-SB and depression. Recent evidence from a cohort study has shown an important joint role of daily PA and SB in depression risk in adolescent populations (Monteagudo et al., 2023). Therefore, this systematic review and meta-analysis aimed to quantify the association between i-SB and i-PA and depression in childhood and adolescence, compare the quantitative effect sizes of i-SB and i-PA, and determine the dose–response relationship between i-SB and i-PA and depression risk.



2 Methods


2.1 Search strategy

The study protocol for this systematic review was registered in the PROSPERO International Prospective Register of Systematic Reviews (registration number CRD42024546666). Following the PRISMA guidelines, researchers systematically searched electronic databases for literature on the association between PA and depression. The systematic search included the PubMed, EMBASE.com, Cochrane Library (via Wiley), Scopus, PsycINFO, and SPORTDiscus (via EBSCO) bibliographic databases up to May 12, 2024. We searched for articles using the search terms “depression OR depressive symptoms; physical activity OR exercise OR physical training; sedentary behavior OR behavior; sedentary OR sedentary behaviors; sedentary lifestyle OR lifestyle; sedentary OR physical sedentary OR physical inactivity; adolescents OR adolescent OR teens OR child OR children; accelerometry OR accelerometer OR pedometer OR monitoring” with a series of prospective studies. In addition, we searched the reference lists of all the included studies to identify additional eligible articles. No search language restrictions were applied. The full search strategy is presented in Supplementary Tables S1–S6.



2.2 Study selection

Two of the three reviewers (YW and ZG) independently screened the titles and abstracts, followed by the full texts of all studies for eligibility according to the inclusion and exclusion criteria. Discrepancies were resolved by adjudication by a third independent reviewer (ST). The articles were organized and managed using EndNote (Version X8.2. Clarivate Analytics, Philadelphia, PA, United States). Articles published in full text in English or Chinese were considered eligible if they (1) were observational cohort, cross-sectional, and case–control studies that assessed SB or PA using pedometry or accelerometry; (2) included depression, depressive symptoms, or major depression as an outcome measure; (3) included children and adolescents no older than 20 years; (4) focused on childhood and adolescence without selection of a specific disease group; and (5) reported ORs (odds ratios), RR (relative risks), HR (hazard ratios), and 95% CIs of PA and SB related to the risk of depression (or provided raw data to calculate these indicators). If multiple articles were published on the same population, those with longer tracking times or larger sample sizes were included in the analysis. The researchers searched the literature separately according to the above criteria, identified studies that met the requirements and discussed the studies to determine whether they should be included. Studies that purposefully selected participants with specific diseases were excluded from analysis. Studies conducted in controlled environments such as exercise laboratories or review articles were excluded.



2.3 Statistical analyses

Meta-analysis was performed using STATA software (version 16.0), and all tests were two-sided. We performed a two-step meta-analysis of categorical and continuous variables to assess the association between PA and the risk of depression. Pooled results are expressed as ORs with 95% CIs. Pooled analyses were categorized into cohort and cross-sectional studies based on the study type, and pooled ORs were estimated using a random-effects model. Heterogeneity was assessed using the I2 statistic as the percentage of variation in the study, with I2 values of 25, 50, and 75% indicating low, medium, and high heterogeneity, respectively (Higgins et al., 2019). The p-value for assessing heterogeneity was set at 0.05. Egger and Begg’s tests were used to determine whether publication bias existed (Higgins et al., 2019). For the sensitivity analysis, each study was removed individually to check whether the combined effect of the remaining studies had changed. Subgroup meta-analysis was conducted by study type, sex, age, study area, study quality, and adjustment for confounding factors. Meta-regression was used to examine heterogeneity among studies.

To analyze the continuous dose–response relationship, we calculated the total weekly duration of PA and SB for each OR provided in the literature. We assumed that the durations of PA and SB remained at this level during the follow-up survey. The median was set as the determined dose to determine the exposure values of the included doses. If the development interval was <0.5, it was set as 0.25. If the upper open interval was ≥1, the difference between the intermediate dose intervals was 0.25; therefore, the exposure value was 1.25 (Zhang et al., 2015).

A robust error meta-regression method described by Xu and Doi et al. (2018) was used to calculate continuous dose–response relationship slopes (non-linear trends) and 95% CIs from the natural logs of the reported ORs and CIs across the categories of PA and SB measures. This method is based on a one-stage approach that considers each study as a cluster of the entire sample and treats within-study correlations using clustered robust errors. Based on the goodness-of-fit test of the model, the Stata software XBLC command was used to draw a dose–response curve (Zhang et al., 2015).



2.4 Quality assessment

The Newcastle-Ottawa Scale (NOS) was used to assess the quality of the literature. The higher the overall score, the higher the study quality, with a maximum score of 9. Studies with NOS scores of 0–3, 4–6, and 7–9 were considered low, moderate, and high quality, respectively (Wells et al., 2009). If there was an inconsistent evaluation of the quality of the literature, the group focused on this issue and determined a final score based on quality.




3 Results


3.1 Description of included studies

We initially identified 1,683 articles, of which 1,215 articles remained after duplicates were removed. After screening titles and abstracts, 186 full-text articles were assessed for eligibility. One article was added after checking references in the final analysis, resulting in 16 articles in the final analysis comprising 11 cohort studies (Kracht et al., 2023; Booth et al., 2023; Hamer et al., 2020; Kandola et al., 2020; Slykerman et al., 2020; Toseeb et al., 2014; Hagemann et al., 2021; Wiles et al., 2011; McKercher et al., 2014; Olive et al., 2016; Bell et al., 2019) and five cross-sectional studies (Cushing et al., 2018; Farren et al., 2018; da Costa et al., 2022; Hrafnkelsdottir et al., 2018; Hume et al., 2011). A visualization of the article selection process is shown in Figure 1.

[image: A flowchart depicting the identification, screening, and inclusion process of studies. Initially, 1,683 records were identified from six databases, with 477 duplicates removed. After screening 1,215 titles and abstracts, 1,029 records were excluded. Of the 186 full-text articles assessed, 129 were excluded with reasons such as age, absence of sedentary or physical activity assessment, review status, no depression outcome, or duplicate cohort. Fifty-seven reports were assessed for eligibility, with 41 excluded for lack of objective measurement. Sixteen studies were included, divided into six on sedentary behavior and ten on physical activity.]

FIGURE 1
 PRISMA flow chart of included studies.


Table 1 shows the characteristics of the 16 included studies that included 26,109 participants from 11 cohorts and 5 cross-sectional studies conducted in Europe (n = 11), the United States (n = 3), and Oceania (n = 2). The participants’ mean age ranged from 12.0 to 15.8 years, and 39.0–63% of the participants were female. Depression rates varied from 3.2 to 48.8% among studies (Supplementary Table S7). The methodological quality of the included studies is presented in Supplementary Table S8. In total, 13 of 16 studies were reported as high quality. Only one study was reported to be of low quality (Supplementary Table S9).



TABLE 1 Characteristics of included studies.
[image: Table presenting studies on physical activity in youth across various countries. Columns include author and year, country, study name or population, age (mean, standard deviation, and range), number of participants with female percentage, physical activity measures, wearing location, follow-up years, and quality evaluation scores.]



3.2 Measurement method

Supplementary Table S8 shows an overview of the measurement devices used, including ActiGraph (Kracht et al., 2023; Booth et al., 2023; Hamer et al., 2020; Kandola et al., 2020; Slykerman et al., 2020; Toseeb et al., 2014; Wiles et al., 2011; Olive et al., 2016; Cushing et al., 2018; Farren et al., 2018; Hume et al., 2011; Hrafnkelsdottir et al., 2018), Actiheart (da Costa et al., 2022), Fitbit Charge (Hagemann et al., 2021), Yamax Digiwalker (McKercher et al., 2014), and Philips Electronics (Bell et al., 2019). Five different types of accelerometers, two different pedometers, and three other devices, including hip, wrist, thigh, and triceps-worn devices, were used. Furthermore, multiple cut-off values were used to assess i-SB and i-PA. Measurements of at least four consecutive days were required (Van Schooten et al., 2015). Most of the included studies had a measurement period of seven consecutive days.



3.3 Results for i-SB and i-PA


3.3.1 SB and depression

Five articles reporting 12,618 participants were included (Kracht et al., 2023; Hamer et al., 2020; Kandola et al., 2020; Slykerman et al., 2020; da Costa et al., 2022). Figure 2 shows forest plots of the association between SB and depression risk. The pooled random-effects model resulted in an OR of 1.05 (95% CI 0.92–1.17, p = 0.38 > 0.05, I2 = 64.9). Four data points from three articles adjusted for time spent in PA after the pooled random-effects model resulted in an OR of 0.99 (95% CI 0.89–1.09, p = 0.91 > 0.05, I2 = 46.1). Data from two articles with no adjusted PA resulted in an OR of 1.24 (95% CI 1.06–1.43, p = 0.003 < 0.05, I2 = 0). The test of group difference (p = 0.02) showed a significant difference between PA adjusted and no PA adjusted for OR value. The sensitivity analysis revealed no significant changes in the combined effect measures when each study was excluded.

[image: Forest plot from a meta-analysis shows effect sizes from multiple studies on physical activity (PA) adjustment. PA adjusted studies include Hamer et al. (2019) and others, with varying effect sizes and overall estimate of 0.99. No PA adjusted studies show a higher pooled effect size of 1.24. Heterogeneity is reported for each group, and overall heterogeneity is moderate, with a total effect size of 1.05. The plot visually represents weight percentages and confidence intervals for each study.]

FIGURE 2
 Forest plots of the association between instrumented SB and depression.




3.3.2 Light PA and depression

Four articles with 12,476 participants reported an association between light PA (LPA) and depression (da Costa et al., 2022; Kandola et al., 2020; Hamer et al., 2020; Hagemann et al., 2021). Figure 3 shows forest plots of the association between LPA and depression risk. The pooled random-effects model resulted in an OR of 0.93 (95% CI 0.84–1.07, p = 0.37 > 0.05, I2 = 53.2), 0.92 (95% CI 0.75–1.09, p = 0.42 > 0.05, I2 = 37.6), 0.94 (95% CI 0.81–1.07, p = 0.24 > 0.05, I2 = 65.9) for overall, MVPA adjusted, no other PA adjusted. All the pooled OR values were not statistically significant.

[image: Forest plot comparing studies on physical activity and its effects. The plot shows adjusted and non-adjusted analyses with effect sizes, confidence intervals, and weights. The Heterogeneity values and overall effect size are included. The overall effect size is 0.93 with a confidence interval of 0.84 to 1.03. The plot uses a random-effects Sidik-Jonkman model.]

FIGURE 3
 Forest plots of the association between instrumented LPA and depression.




3.3.3 MVPA and depression

Twelve articles with 23,195 participants (Kracht et al., 2023; Booth et al., 2023; Hume et al., 2011; Hamer et al., 2020; Slykerman et al., 2020; Kandola et al., 2020; Toseeb et al., 2014; Hagemann et al., 2021; Wiles et al., 2011; Bell et al., 2019 Cushing et al., 2018; da Costa et al., 2022) reported an association between MVPA and the risk of depression. Figure 4 shows forest plots of the association between MVPA and depression risk. The pooled random-effects model resulted in an OR of 0.89 (95% CI 0.79–1.00, p = 0.02 < 0.05, I2 = 74.47) and 0.89 (95% CI 0.78–1.01, p = 0.03 < 0.05, I2 = 71.71) for the overall and no PA or SB adjusted groups. After adjustment of two data for SB, the pooled random-effects model resulted in an OR of 0.76 (95% CI 0.19–1.33, p = 0.87 > 0.05, I2 = 0). After adjustment of three data points for lower levels of PA, the pooled random-effects model resulted in an OR of 0.94 (95% CI 0.79–1.10, p = 0.43 > 0.05, I2 = 0). The combined effect quantity did not exhibit significant changes when each study was excluded from the sensitivity analysis.

[image: Forest plot showing effect sizes and confidence intervals for studies on physical activity (PA) and sedentary behavior (SB) adjustments. Studies are grouped into “PA adjusted,” “SB adjusted,” and “no PA or SB adjusted” categories. Blue squares represent effect sizes, with lines indicating confidence intervals. Diamonds indicate pooled results for each group, with heterogeneity statistics provided. The overall effect size is 0.89 with a confidence interval of [0.79, 1.00]. A random-effects Sidik-Jonkman model is used.]

FIGURE 4
 Forest plots of the association between instrumented MVPA and depression.




3.3.4 Vigorous PA and depression

Three articles with 1,275 participants (Slykerman et al., 2020; Hume et al., 2011; Farren et al., 2018) reporting on the association between vigorous PA and depression risk were included. Figure 5 shows forest plots of the association between vigorous PA and the risk of depression. The pooled random-effects model resulted in an OR of 0.83 (95% CI 0.66–0.99, p = 0.07 > 0.05, I2 = 2.77).

[image: Forest plot depicting the effect sizes with 95% confidence intervals for several studies on physical activity adjustments. Studies listed include Slykerman et al., 2020; Farren et al., 2017; and Hume et al., 2011. The plot shows individual study effect estimates along with an overall combined effect size of 0.83 [0.66, 0.99]. Weights are noted, and heterogeneity statistics are provided. A random-effects Sidik-Jonkman model is used.]

FIGURE 5
 Forest plots of the association between instrumented MVPA and depression.




3.3.5 Total PA and depression

Six articles including 10,893 participants (Kandola et al., 2020; Wiles et al., 2011; McKercher et al., 2014; Bell et al., 2019; Olive et al., 2016; Hrafnkelsdottir et al., 2018) reported an association between TPA and depression risk. The pooled random-effects model comparing the relatively inactive with the relatively active group resulted in an OR of 0.73 (95% CI 0.58–0.89, p = 0.00 < 0.05, I2 = 78.9). After adjusting one data point for MVPA, the pooled random-effects model resulted in an OR of 0.70 (95% CI 0.58–0.83). The forest plot is shown in Figure 6.

[image: Forest plot displaying the effect sizes and confidence intervals from multiple studies on physical activity adjustments. Studies include Wiles et al. (2012) with MVPA adjustment and McKercher et al. (2014), Bell et al. (2019), Olive et al. (2016), and others with no PA adjustment. The overall effect size is 0.73 with a 95% confidence interval of 0.58 to 0.89. Heterogeneity is reported for each category and overall, with significant heterogeneity in the no PA adjusted group.]

FIGURE 6
 Forest plots of the association between instrumented TPA and depression.





3.4 Subgroup analysis

Table 2 shows the results of the subgroup analyses examining the stability of the pooled ORs and exploring the potential sources of heterogeneity for MVPA and SB. In general, the association between MVPA and depression was consistent in most of the between-group analyses. Regarding the source of within-subgroups analysis, significant heterogeneity was found in the cohort studies, mixed sex, depression scales (others), adjusted for sex, unadjusted BMI, and baseline disease confounding factors, indicating that these factors may affect the pooled ORs.



TABLE 2 Results of the subgroup analysis by meta-regression.
[image: A table presents subgroup analysis results for moderate-to-vigorous physical activity (MVPA) and sedentary behavior (SB) across various factors: study design, research quality, gender, age, depression scales, region, and wearing location. It includes odds ratios (OR), confidence intervals (CI), heterogeneity statistics (I²), and significance levels (P-values). Highlights include significant heterogeneity for certain subgroups in SB and a notable P-value of 0.03 for CS within the study design and 0.02 for America within the region. Additional analysis is provided for confounding factors such as age, sex, BMI, socioeconomic status (SES), ethnicity, and baseline disease.]

As for SB, Sources of significant between-group heterogeneity among included studies may be found in the study region, wearing location, region, and adjustment variables. Regarding the source of within-subgroups analysis, significant heterogeneity was found in the research quality (≥7), mixed sex, age (>14), depression scales (others), adjusted for SES, indicating that these factors may affect the pooled ORs.



3.5 Publication bias

Funnel plots were constructed for all studies included in the SB meta-analysis. The funnel plot showed no asymmetry (Supplementary Figure S1A). Egger’s regression test (one-tailed p = 0.29) indicated no statistically significant publication bias. However, the funnel plot showed evidence of asymmetry in MVPA levels (Supplementary Figure S1B). Egger’s regression test (one-tailed, p = 0.004) indicated a statistically significant publication bias.



3.6 Dose–response relationship

Figure 7 shows a positive non-linear response relationship between SB and risk of depression (pnon-linearity = 0.0287). When SB was <4 h/day, the OR of depression increased by 2% for every additional hour of SB per day SB (p > 0.05; OR = 1.02, 95% CI 0.97–1.07). When SB was >4 h/day, the OR for depression increased by 5% for every additional hour of SB per day (p < 0.05; OR = 1.05, 95% CI 1.01–1.12). Figure 8 shows a negative linear relationship between MVPA and risk of depression (pnon-linearity = 0.3253). The OR of depression was reduced by 3% for each 10 min/day increase (p < 0.05, OR = 0.97; 95% CI 0.90–1.00).

[image: Line graph showing the relationship between "dosec" on the x-axis and "exp(xb)" on the y-axis, ranging from 0.9 to 1.4. The solid line represents the main trend, with two dashed lines indicating upper and lower confidence intervals. The trend increases consistently from 0 to 7.]

FIGURE 7
 The dose–response relationship between i-SB and the risk of depression.


[image: Line graph depicting the relationship between dosec and exp(xb). The central solid line shows exp(xb) decreasing from 1.0 toward 0.9, with dashed lines indicating confidence intervals expanding as dosec increases from 0 to 80.]

FIGURE 8
 The dose–response relationship between i-MVPA and the risk of depression.





4 Discussion

This review and meta-analysis showed that both higher levels of i-SB and lower levels of i-PA were associated with a higher risk of depression when the most sedentary or least active groups of participants were compared to the least sedentary or most active groups. The highest OR was observed for TPA. After additional PA adjustment, i-SB, with a lower OR, remained not significantly associated with a higher risk of depression. After additional SB adjustment, i-PA, with a higher OR, was not significantly associated with a higher risk of depression. Meta-regression analyses showed clear dose–response relationships between i-SB, i-PA, and depression risk.


4.1 Observational studies on the association between i-SB and i-PA and depression risk

The OR for the association between i-SB and Depression Risk in this study (1.05, 95% CI 0.92–1.17) was not significant, possibly because some of the included literature in the study was adjusted OR by PA. This value was lower than that in previous meta-analyses on the association between self-reported sedentary time and depression among children and adolescents [OR = 1.14, 95% CI 1.08–1.20 (Zhang et al., 2022); OR = 1.12, 95% CI 1.03–1.22 (Liu et al., 2016)]. The ORs in previous meta-analyses among adults or older people [1.25, 95% CI 1.16–1.35 (Zhai et al., 2015); 1.28, 95% CI 1.17–1.39 (Wang et al., 2019)] were also higher than the ORs in the present study. Additionally, the non-significant and relatively low value likely resulted in an insignificant odds ratio (OR) in the continuous dose–response relationship outcomes. In real life, a daily sedentary time of fewer than 4 h may not affect mental and physical health (2–4 h is a non-linear relationship, as shown in Figure 7). However, in the analysis where daily sedentary time exceeded 2 h, a significant OR was observed, confirming that the OR for depression increased by 5% for every additional hour of SB per day. Consistent with the previous meta-analysis by Zhou et al. (2023), which did not specifically include i-SB studies, is that the association between SB and depression is non-linear, and prolonged SB is associated with a higher risk of depression. In contrast, the dose–response relationship curve presented by Zhou et al. (2023) indicates an inflection point at 6–8 h/day of SB, whereas the current study observed an inflection at 2–4 h/day. The potential reason for this discrepancy may lie in the insufficient number of studies included in the current analysis regarding the continuous dose–response of SB, as well as the influence of the previously mentioned physical activity (PA) adjustment. Therefore, caution should be exercised when interpreting this result. Additionally, a previous study also taken 1–2 h/day screen time in adolescent as the inflection point for risk of depression (Liu et al., 2016). In summary, Future research requires more robust examinations of the original dose–response relationship between objectively measured SB and depression to yield more reliable findings.

Regarding the association between MVPA and depression Risk, the OR in the present study (OR = 0.89, 95% CI 0.79–1.00) was almost the same as two previous meta-analyses included self-reported PA [OR = 0.90, 95% CI = 0.83–0.98 (Schuch et al., 2018); OR = 0.83, 95% CI 0.78–0.98 (Guo et al., 2022)]. SB is often underestimated and PA is often overestimated when using self-reported measures (Ryan et al., 2018). This may have influenced the accuracy of the estimation of depression risk in previous meta-analyses and observational studies. Recently, Gianfredi et al. (2020) conducted a meta-analysis of the associations between objectively measured PA and incident and prevalent depression, including 37,408 participants, with the overall effect size of depression for the highest vs. the lowest level of PA. However, their meta-analysis included studies with a patient group with chronic obstructive pulmonary disease or cancer and middle-aged and older populations, and there was significant publication bias and heterogeneity. Our meta-analysis specifically targeted adolescent populations and did not include studies involving patient groups. The ORs in our study included objective measures of PA and SB to analyze depression risk and were more targeted and precise.

Heterogeneity is a key indicator when testing the results of meta-analyses. We used meta-regression and subgroup analyses to explain the heterogeneity of our results in two respects: heterogeneity between subgroups and within groups. First, overall between-subgroup heterogeneity appeared in the different study design groups (cohort and cross-sectional) included in the i-SB study but not in the i-PA study. This may be due to the relatively large effect size of i-SB and the limited number of included studies. At the same time, the significant intergroup heterogeneity was also reflected in the analysis with respect to region and adjusted confounding factors (age and BMI) for i-SB, indicating that these factors might have influenced the study results. Future research requires more related literature for an in-depth investigation. Within-group heterogeneity was observed in the relevant i-PA and i-SB subgroups, suggesting that these results should be interpreted cautiously. This heterogeneity may also explain the source of overall heterogeneity. In addition, the heterogeneity between the subgroups of the different research types was not significant and therefore could not explain the overall heterogeneity. This indicates that there was no significant difference in the effect size between cross-sectional and longitudinal studies on the relationship between i-PA and depression risk. Finally, in analyzing the adjusted demographic confounding factors included in the literature, the between-group heterogeneity of age, sex, and BMI was significant, indicating that these three factors may have affected the overall heterogeneity.

This study presented the effect sizes (ORs) after mutual adjustment for PA and SB. The main finding was that after adjusting for PA, the OR for the relationship between SB and depression risk decreased. The OR with no adjusted PA was different from the adjusted OR with adjusted PA. This suggests that PA may mitigate the impact of SB on the risk of depression. Additionally, the OR for the relationship between MVPA and depression risk before adjusting for SB was higher than the OR after adjustment. This finding indicates that SB may not affect the preventive effects of MVPA on the risk of depression. These findings are consistent with a previous observational study on depression risk among adolescents (de Faria et al., 2022) as well as with a meta-analysis of all-cause mortality risk (Rojer et al., 2020). Finally, the ORs for TPA and LPA in relation to depression risk decreased after adjusting for MVPA level. However, the differences in heterogeneity between the groups were not significant. Further research is needed to confirm whether adjusting for different PA intensities affects the preventive effects of PA on the risk of depression.

The present study primarily employed two objective instruments: accelerometers and pedometers, regardless of the specific devices used or where they were worn. The absence of standardization among various measuring devices and improper installation of measurement components may be the underlying reasons for the overall heterogeneity. This issue was also observed in previous studies by Gianfredi et al. (2020). A study conducted by Montoye et al. (2016) compared the accuracy of accelerometers positioned on hips, thighs, and wrists. The results indicated that wrist-worn devices exhibited greater sensitivity and specificity than hip-worn devices in assessing SB and LPA. The thigh-worn device exhibited the highest sensitivity and specificity. Hence, to facilitate the comparison of various studies, it is crucial to use standardized methodologies and ensure the calibration of different devices when evaluating i-SB and i-PA.



4.2 Possible mechanisms for the role of i-SB and i-PA in depression

A range of neurobiological, psychosocial, and behavioral mechanisms for the role of PA in mental health and depression have been previously proposed by Lubans et al. (2016). First, PA may positively affect the brain’s structure and function, which is now quantifiable owing to technological advancements (e.g., magnetic resonance imaging). For instance, a randomized controlled trial in children showed that a 9-month physical exercise intervention improved the structure and function of the brain networks related to cognitive function (Hillman et al., 2014). Second, evidence suggests a causal link between physical self-concept (i.e., perceived appearance, fitness, and competence) and mental health (e.g., global self-concept and self-esteem) (Lubans et al., 2016). Social support and autonomy are plausible psychosocial contributors to mental health among young people (Hinkley et al., 2014). Finally, a range of potential behavioral mechanisms might explain the effect of PA on mental health outcomes, including sleep duration, sleep efficiency, sleep onset latency, and reduced sleepiness (Lubans et al., 2016).

Although the underlying mechanisms responsible for the effects of SB on mental health of children and adolescents remain unclear, several hypotheses have been proposed. First, given that SB often occurs alone, it may elicit feelings of loneliness and, consequently, negatively impact mental health (Hoare et al., 2016). Second, cultural messages transmitted through the media may affect other behaviors related to mental health (e.g., eating disorders and aggressive behavior) (Primack et al., 2009). Third, excessive media exposure often occurs during the day or at night. During the day, the time spent on screen-based activities may replace the time spent participating in more productive and/or active activities, particularly PA and interpersonal communication (Ohannessian, 2009). Since nothing is known about them, studies focusing on their neurobiological mechanisms are of particular interest.



4.3 Clinical implications

Quantifying the association between i-SB and i-PA and depression, as well as comparing the effect sizes obtained for i-SB and i-PA, are required for optimal PA-related risk management in children and adolescents. Clarifying this association is essential, as international activity guidelines (150 min of moderate-intensity PA or 75 min of vigorous-intensity PA) increasingly make strong recommendations to limit sedentary time or screen use in adolescents (World Health Organization [WHO], 2024). Our results emphasize the potential protective effects of reducing SB and promoting PA on mental health. Adolescents who were less sedentary had fewer depressive symptoms, supporting the recommendation to limit sedentary time as part of mental health prevention strategies. In clinical practice, this suggests that interventions should not only promote PA but also actively reduce SB, such as excessive screen time. Behavioral counseling in clinical settings can integrate advice on limiting sedentary activities and finding enjoyable physical activities that adolescents can maintain.

Moreover, the findings of these studies collectively highlight the need for interventions tailored to sex differences. Hamer et al. (2020) found significant associations in girls but not in boys, suggesting that the type, intensity, and context of PA might play different roles in mental health outcomes for different sexes. Clinicians should consider sex-specific approaches when designing and recommending PA programs.

Finally, the potential bidirectional relationship between depressive symptoms and PA or SB noted in these studies suggests that monitoring and supporting mental health in adolescents can concurrently encourage healthier lifestyle choices. Structured PA programs integrated into treatment plans may benefit adolescents with depressive symptoms. These programs should be designed to be engaging and feasible considering the motivational challenges faced by adolescents with depression.

In conclusion, although promoting PA and reducing SB are essential components of a healthy lifestyle for adolescents, these strategies alone may not be sufficient to prevent depression. A multifaceted approach, including early intervention, sex-specific strategies, and integration with broader mental health support, is recommended. Clinicians should work collaboratively with schools, communities, and families to implement these comprehensive interventions and ensure they are accessible and sustainable for all adolescents. Further research is needed to explore the nuanced relationships between these behaviors and mental health and to identify the most effective ways to support adolescent mental well-being.



4.4 Strengths and limitations

To our knowledge, this is the first systematic review and dose–response meta-analysis of the association between instrumented measures of SB, PA, and depression among children and adolescents. The use of exclusively objective measures of PA and SB represents a strength of this review, as questionnaires may not capture unstructured PA or LPA among children and adolescents are susceptible to over-reporting PA and under-reporting SB (Ryan et al., 2018; Dyrstad et al., 2014). Another strength of the present study is the quantification of the actual association between SB and PA and depression using instrumented measures, including accelerometers and pedometers. The present analyses assumed a low risk of reverse causation owing to the inclusion of cohort studies with various follow-up durations.

However, the potential limitations of this study should be considered. The first limitation is the relatively small number of articles included in our meta-analysis and the fact that the performed analyses used study-specific effect sizes that were all highly dependent on the measurement settings and analysis, as a range of different devices were included. Although we included both cohort and cross-sectional studies to increase the number of studies with objective evaluations, the number of relevant studies on adolescent populations remained limited. However, it is important to acknowledge that objective measures of PA and SB are limited in their capacity to measure the mode or type of PA or SB, including resistance loading during activities, which presents a limitation. The lack of a uniform definition for the assessment of i-SB and i-PA complicates the comparison of different studies, leading to the use of various cutoff values, devices, wearing locations, wearing times, and processing algorithms. Previous systematic reviews (Rojer et al., 2020) found five and eight different cutoff values for assessing SB and MVPA, respectively, even when using the same device. Finally, the five included studies employed a cross-sectional design; therefore, they were limited by methodological weaknesses. The cross-sectional characteristics of these studies do not allow causal inferences to be made because relationships cannot be determined.



4.5 Future research

Subsequent studies should prioritize the development of standardized techniques for measuring i-SB and i-PA, including recommendations for determining cutoff values, devices used, ideal duration of wear, and utilization of processing algorithms. These aspects might aim to directly examine the impacts of i-SB and i-PA on health-related outcomes. These findings provide valuable insights into the management of lifestyle-related risks by addressing both PA and SB. Additional longitudinal and interventional studies are necessary to investigate the combined relationship between PA and SB and the risk of depression in children and adolescents.




5 Conclusion

Both i-SB and i-PA were significantly associated with the risk of depression in children and adolescents, which may become non-significant after mutual adjustment for i-PA and i-SB. These findings highlight the importance of promoting PA and reducing SB in future lifestyle guidelines for children and adolescents. The implications of these results could guide school-based interventions to enhance physical activity. Future research should utilize standardized measurement methodologies and up-to-date processing techniques to recommend specific physical activity levels and limits to sedentary behavior.
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Objective: Overweight and obesity are serious public health issues worldwide and significantly impair children’s executive function (EF). However, there is no consensus regarding the benefits of aerobic exercise, on the EF of overweight and obese children. This study systematically evaluated the intervention effects of aerobic exercise on EF and its subcomponents (inhibitory control, working memory, and cognitive flexibility) in overweight and obese children.
Methods: We searched six databases—PubMed, Web of Science, Cochrane Library, Embase, EBSCOhost, and China National Knowledge Infrastructure—until March 17, 2024 for randomized controlled trials examining the effects of aerobic exercise on the EF of overweight and obese children the Cochrane Risk of Bias Assessment Tool. Following heterogeneity testing, RevMan 5.4 and Stata 17.0 were used for meta-analysis and subgroup analysis of the three indicators. The standardized mean difference (SMD) and 95% confidence intervals (CI) were used as statistical measures for effect analysis with the SMD value as the effect size and a p-value of ≤0.05 indicating statistical significance.
Results: Eighteen studies involving 1,260 participants were included. Aerobic exercise significantly improved overall EF (SMD = −0.50, 95% CI [−0.68, −0.32], p < 0.01) with a moderate to high positive effect on inhibitory control (SMD = −0.52, 95% CI [−0.72, −0.31], p < 0.01) and working memory (SMD = −0.63, 95% CI [−1.06, −0.20], p < 0.01) but not on cognitive flexibility (SMD = −0.32, 95% CI [−0.71, 0.07], p = 0.11). These results suggest that EF in overweight and obese children is influenced by factors such as exercise characteristics and body mass index (BMI). Subgroup analysis revealed a significant moderating effect of exercise type, exercise intensity, session time, and individual BMI on EF.
Conclusion: Aerobic exercise selectively improved EF in overweight and obese children. Subgroup analysis indicated that cognitive engagement in ball game interventions of at least moderate intensity and a single session of 25–40 min are more beneficial for improving EF in overweight and obese children. Extremely obese children (BMI > 25 kg/m2) do not benefit from the intervention, highlighting the need for a specific focus on intervention outcomes in future studies.
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1 Introduction

Executive function (EF) is a higher-order cognitive process crucial for controlling and regulating other cognitive functions during complex tasks. EFs comprise three core components: inhibitory control, working memory, and cognitive flexibility (Diamond, 2013). During childhood, EFs undergo significant developmental changes. Although the components’ developmental trajectories may vary, their development during school-age periods, such as primary school, is particularly crucial (Best et al., 2009). The early development of EF predicts various outcomes such as children’s physical and mental health (Baler and Volkow, 2006), academic performance (Blair and Razza, 2007; Borella et al., 2010), and quality of life in adulthood (Brown and Landgraf, 2010). Children with EF deficits are more susceptible to behavioral issues, such as impulsivity (Spann and Gagne, 2016), overeating (Lundquist et al., 2019), and attention deficit hyperactivity disorder (ADHD; Schoemaker et al., 2012).

A comprehensive meta-analysis exploring the relationship between overweight/obesity and EF revealed a bidirectional relationship: Overweight and obese individuals exhibit EF deficits, particularly regarding dietary decisions; conversely, higher EF levels can predict future weight fluctuations by influencing food choices (Yang et al., 2018). Overweight and obesity, characterized by excessive body fat accumulation, are clinically assessed using body mass index (BMI [kg/m2]; Ebbeling et al., 2002). These conditions have become global public health concerns, especially in childhood, as they are linked to numerous complications (Daniels, 2009) and have been identified as significant risk factors for early mortality in adulthood.

Additionally, studies exploring the relationship between EF and BMI, as well as the degree of overweight and obesity, have found a negative correlation between BMI and EF (Emery and Levine, 2017). As BMI increases, children exhibit longer reaction times in the Flanker task (Nederkoorn et al., 2012) and the Stroop task (Reyes et al., 2015). Compared with children of normal weight, those with severe obesity demonstrate poorer EF performance. Furthermore, as the degree of obesity increases, this impact extends to deficits in academic achievement (Chojnacki et al., 2018). These findings suggest that individuals with severe obesity face greater challenges in EF and real-life situations, indicating a need for personalized intervention plans and additional attention for this group.

Considering the profound impact of overweight/obesity and its reciprocal relationship with EF on the physical and mental well-being of children, developing effective treatment strategies for these children is critical. Existing evidence indicates that exercise is an effective way to improve both the physical and mental health and EF of children. For overweight and obese children, regular physical activity (PA) has been shown to improve mood and reduce symptoms of anxiety and depression (Biddle and Asare, 2011); promote interaction with peers and enhances social skills (Eime et al., 2013); and increase children’s attention and concentration, helping them perform better in learning and daily activities (Alvarez-Bueno et al., 2017). In summary, exercise can help overweight and obese children improve their emotional state, establish a healthy lifestyle, and, consequently, reduce obesity-related health risks, playing a crucial role in their future development. Furthermore, exercise can enhance EF in both adults (Chu et al., 2015; Hsieh et al., 2018) and children (Chen et al., 2014); with these benefits extending to overweight and obese groups (Amatriain Fernández et al., 2021).

After aerobic exercise, overweight and obese children show improved white matter integrity (Schaeffer et al., 2014), enhanced resting-state synchrony of motor networks (Krafft et al., 2014a), and increased activation of the bilateral prefrontal cortex (PFC; Davis et al., 2011). However, Krafft et al. (2014b) conducted an eight-month aerobic intervention in 43 overweight and obese children aged 8–11 years and found increased activation in the PFC but no improvement in behavioral measures. This inconsistency may be due to individual differences (e.g., degree of overweight/obesity) and intervention characteristics. For instance, Raine et al. (2020) found that the effect of exercise on cognitive function might be moderated by individual BMI with no impact observed on cognition in children with a higher BMI. Additionally, not all types of PA improve children’s EF performance (Best, 2010). Compared with repetitive exercise (Tomporowski et al., 2008), cognitively engaging or complex exercise can enhance EF in overweight and obese children (Davis et al., 2007; Davis et al., 2011). The effectiveness of exercise interventions is influenced by procedural factors (Best, 2010; de Greeff et al., 2018), such as varying intervention durations or intensity doses, which have inconsistent effects on EF performance.

Previous meta-analyses have attempted to clarify the intervention effects of aerobic exercise on the EFs of overweight and obese children, but have not specifically focused on children under the age of 12 years or analyzed the effects on core sub-indicators of EF. Additionally, no studies have explored the relationship between EF and exercise type and dosage parameters in this demographic. For example, Lin et al.’s (2024) meta-analysis on the effects of aerobic exercise on the EFs of overweight children also included adolescents over 12 years old. The age factor can influence the intervention outcomes of EF, and the age range in this study may have affect the reliability of the results. Zhao et al. (2024) performed similar work but did not investigate the impact of aerobic exercise on the core sub-indicators of EFs. Currently, there is a lack of research on the effects of aerobic exercise on the core sub-indicators of EF in overweight and obese children under 12 years, as well as how exercise (exercise dosage parameters) and sample characteristics influence these sub-indicators.

Therefore, this meta-analysis has two objectives: (1) to evaluate the effects of aerobic exercise on the overall EF, inhibitory control, working memory, and cognitive flexibility of overweight and obese children, and (2) to explore the relationship of sample characteristics (degree of obesity) and exercise dosage parameters (type of exercise, duration of sessions, and exercise intensity) with EF (overall EF, inhibitory control, working memory, and cognitive flexibility). We hypothesize that (1) aerobic exercise effectively improves overall EF and the performance of the three sub-indicators in overweight and obese children, and (2) the extent of the impact of exercise on inhibitory control, working memory, and cognitive flexibility is related to exercise dosage parameters and individual characteristics.



2 Methods

This meta-analysis followed the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; Moher et al., 2015) and Cochrane Collaboration Handbook (Cumpston et al., 2019). The research protocol was registered in PROSPERO (registration number: CRD42024512725).


2.1 Inclusion and exclusion criteria


2.1.1 Inclusion criteria

	(1) Participants: Children who were overweight (≥85th percentile BMI for age and sex) or obese (≥95th percentile BMI for age and sex) and aged 0–12 years (Ogden et al., 2002)
	(2) Exercise Type for Experimental Group: Aerobic exercise
	(3) Exercise Type for Control Group: Any exercise type or physical education class other than aerobic exercise
	(4) Outcome Measures: At least one assessment related to EF, such as inhibitory control, working memory, or cognitive flexibility, reported in reaction time units
	(5) Methods for Assessing Outcomes
	a Inhibitory Control:
	i. Stroop task (computerized version; Chou et al., 2020; Chou et al., 2023)
	ii. Stroop task (pen-and-paper version; Huang et al., 2015; Ortega et al., 2022; Zhang et al., 2022)
	iii. Random number generation tasks (Crova et al., 2014)
	iv. Flanker task (Krafft et al., 2014b; Logan et al., 2021; Mora Gonzalez et al., 2023; Vazou and Smiley-Oyen, 2014; Li et al., 2022; Liu, 2023; Shang et al., 2020; Xie, 2019; Xu, 2022; Zhu, 2022)
	b Working Memory:
	i. 1-back tasks (Li et al., 2022; Liu, 2023; Shang et al., 2020; Xie, 2019; Xu, 2022; Zhu, 2022)
	ii. Delayed non-match-to-sample computerized tasks (Mora Gonzalez et al., 2023; Ortega et al., 2022)
	iii. Reverse Flanker tasks (Vazou and Smiley-Oyen, 2014)
	c Cognitive Flexibility:
	i. More-odd shifting tasks (Li et al., 2022; Liu, 2023; Shang et al., 2020; Xie, 2019; Zhu, 2022)
	ii. Design fluency tests (Ortega et al., 2022)
	iii. Mixed Flanker tasks (Vazou and Smiley-Oyen, 2014)
	(6) Language of Article: Chinese or English



2.1.2 Exclusion criteria

(1) Excluded Exercise Types: Studies involving other health interventions combined with aerobic exercise (e.g., dietary or sleep interventions)

(2) Excluded Article Type: Conference papers

(3) Excluded Study Type: Non-randomized controlled trials (RCTs)




2.2 Search strategy

A combination of subject and free terms was used to search for RCTs in the following six databases: PubMed, Web of Science, Cochrane Library, Embase, EBSCOhost, and China National Knowledge Infrastructure. This review considered studies on the effects of aerobic exercise on EF in overweight and obese children. Additionally, the reference lists of the included studies were reviewed to supplement the relevant literature. Search terms included “child,” “overweight,” “obesity,” “executive function,” and “randomized controlled trial.” The search period was from the establishment of each database until March 17, 2024. The search strategies and screenshots from the different databases are provided in Appendix A.



2.3 Literature screening and data extraction

Two researchers used the EndNote reference-management software to merge articles from different electronic databases, remove duplicate studies, and exclude articles that were inconsistent with the research content. The full texts of the remaining articles were read according to the inclusion criteria to obtain the full reports of the relevant studies. Any disagreements were resolved through discussions with a third researcher.

Two researchers independently extracted data from the included studies. An online form was used to extract and store the basic characteristics of the studies and the outcome data related to EF. As the presentation of outcome measures included behavioral data under conditions such as varying difficulty levels, congruent and incongruent, and switching and non-switching, the researchers standardized the following criteria during data extraction. Owing to the limited reporting of accurate data, this study selected reaction time as the measure of EF, specifically meeting the following requirements: (1) inhibitory control ability = reaction time for incongruent trials − reaction time for congruent trials; (2) Delayed Non-Matched-to-Sample Task for behavioral data under high working memory load conditions; (3) cognitive flexibility ability = reaction time for switching trials − reaction time for non-switching trials.

In accordance with the Cochrane Collaboration Handbook guidelines, we extracted the mean reaction times and standard deviations for inhibitory control, working memory, and cognitive flexibility measures before and after the intervention. If these were not reported, we used the following formulas to calculate them: Mean change = Mean post − Mean pre; SD change = SQRT [(SDpre2 + SD post2) − (2 × Corr × SDpre × SDpost)], where SQRT denotes the square root calculation and Corr is the correlation coefficient, assumed to be 0.5 (Cumpston et al., 2019). If missing information affected the quality of the included studies, authors were contacted via email. Any disagreements were resolved through discussions with a third researcher.



2.4 Risk of bias assessment for included studies

Two reviewers used the RevMan 5.4 software to create a risk-of-bias table for the included studies. The Cochrane Risk of Bias Assessment Tool was used to evaluate the risk of bias in the literature (Guyatt et al., 2008). Any disagreements during the quality-assessment process were resolved through discussions with a third researcher.



2.5 Statistical methods

Statistical analyses were conducted using RevMan 5.4 and Stata 17.0 software. The I2 and Q tests were used to evaluate the heterogeneity of each effect. When p > 0.1 and I2 ≤ 50%, we considered the heterogeneity between studies to be acceptable and chose a fixed-effect model for analysis. When p ≤ 0.1 and I2 > 50%, a random-effect model was selected for analysis. The standardized mean difference (SMD) and 95% confidence interval (CI) were used as statistical measures for effect analysis with each effect size accompanied by its 95% CI.

The intervention effects were categorized into three levels: small (SMD = 0.2), medium (SMD = 0.5), and large (SMD = 0.8; Cohen, 1992). To determine the sources of existing heterogeneity or explore potential moderating effects, subgroup analysis through meta-regression methods was conducted to investigate the sources of heterogeneity and moderation of intervention effects. Sensitivity analysis was performed by changing the statistical model and excluding studies one by one, comparing the changes in SMD values, 95% CI, and I2 between the two groups, aiming to detect the stability of the meta-analysis results. Other potential biases in the study were assessed using adjusted funnel plots and Egger’s test to examine publication bias.




3 Results


3.1 Literature screening process and results

In total, 978 articles were retrieved. After eliminating duplicates and reviewing titles and abstracts, 30 articles were selected. Furthermore, full-text reading was conducted to determine whether the articles met the inclusion criteria, resulting in the exclusion of 12 articles. Ultimately, 18 studies were included in the quantitative analysis. The literature screening process and the results are shown in Figure 1.

[image: Flowchart depicting a systematic review process. It begins with 978 records identified through database searching and 2 additional records from other sources. After removing duplicates, 724 records remain. Initial screening excludes 694 records due to various criteria, leaving 30 full-text articles. Further assessment excludes 12 more records, resulting in 18 studies included in qualitative synthesis and meta-analysis. Sections labeled as Identification, Screening, Eligibility, and Included outline the stages.]

FIGURE 1
 Flowchart of literature screening process.




3.2 Basic characteristics of included studies

Eighteen articles comprising 24 study designs were included. (five articles included more than two experimental groups.) The detailed basic features of the included studies are presented in Table 1. The participants were 1,280 overweight or obese children aged 6–12 years. Exercise modalities included cognitive engagement in ball games and single-skill practice. Eleven articles involved mixed exercise types of ball games and other skill practices (Chou et al., 2020; Chou et al., 2023; Crova et al., 2014; Davis et al., 2007; Davis et al., 2011; Logan et al., 2021; Li et al., 2022; Liu, 2023; Xie, 2019; Xu, 2022; Zhu, 2022), six featured single exercise skills or activities (Krafft et al., 2014b; Mora Gonzalez et al., 2023; Ortega et al., 2022; Vazou and Smiley-Oyen, 2014; Zhang et al., 2022; Shang et al., 2020), and one involved a camp intervention (Huang et al., 2015).



TABLE 1 Characteristics of the included studies.
[image: A detailed table compares various studies on physical activity interventions. It includes columns for study reference, participant characteristics like group size and BMI, intervention programs, duration, intensity, frequency, time, and outcomes measured. Different interventions are listed, such as basketball, jump rope, and soccer, with varying durations from one to fifty-two weeks, moderate to vigorous intensity, and different frequencies. Each study measures specific cognitive outcomes like inhibitory control and working memory. The table serves as a structured comparison of various physical activity programs' impacts on participants' cognitive performance.]

The exercise intensity was moderate to high in 11 articles (Chou et al., 2020; Chou et al., 2023; Crova et al., 2014; Davis et al., 2007; Davis et al., 2011; Huang et al., 2015; Krafft et al., 2014b; Logan et al., 2021; Mora Gonzalez et al., 2023; Ortega et al., 2022; Zhang et al., 2022) with an average heart rate of approximately 155 beats per minute; six articles reported moderate exercise intensity (Logan et al., 2021; Li et al., 2022; Liu, 2023; Xie, 2019; Xu, 2022; Zhu, 2022) with an average heart rate of approximately 138 beats per minute; and one article did not report exercise intensity (Shang et al., 2020). Regarding intervention duration, 11 articles had intervention times of t ≤ 40 min (Chou et al., 2020; Chou et al., 2023; Davis et al., 2007; Davis et al., 2011; Krafft et al., 2014b; Vazou and Smiley-Oyen, 2014; Zhang et al., 2022; Li et al., 2022; Liu, 2023; Xie, 2019; Zhu, 2022), and 7 had intervention times exceeding 40 min (Crova et al., 2014; Huang et al., 2015; Logan et al., 2021; Mora Gonzalez et al., 2023; Ortega et al., 2022; Shang et al., 2020; Xu, 2022) with intervention periods ranging from 1 to 52 weeks. Regarding EF outcome measures, 16, 9, and 7 articles reported inhibitory control, working memory, and cognitive flexibility, respectively.



3.3 Quality assessment of the literature

The Cochrane Risk-of-Bias Assessment Tool was used to evaluate the methodological quality of the included studies across seven aspects (Figure 2). The 18 articles were randomly allocated. Allocation concealment was implemented in seven studies, whereas it was unclear in 11 studies. Regarding blinding participants, six studies did not blind the coaches and participants, nine studies were unclear regarding blinding, and only three studies implemented blinding. Regarding outcome assessment, six studies had blinded outcome measures, seven were unclear, and five did not blind the outcome assessment. Among the 18 studies, only one did not ensure the completeness of the outcome measures. Regarding selective reporting and other biases, all the considered articles were determined to have a low risk of bias.

[image: Bar chart and table assessing risk of bias in studies. Chart A shows bias types with color coding: green for low risk, yellow for unclear risk, and red for high risk. Chart B is a detailed matrix evaluating risk across various studies, aligned with the same color scheme.]

FIGURE 2
 Risk of bias assessment. (A) Risk of bias summary; (B) risk of bias graph.




3.4 Meta-analysis results


3.4.1 Effects of aerobic exercise on EF

As shown in Figure 3, the meta-analysis results indicated that aerobic exercise had a moderately positive effect on EF in overweight and obese children with the difference being statistically significant (SMD = −0.50, 95% CI [−0.68, −0.32], p < 0.01, I2 = 75%), indicating substantial heterogeneity. We determined that the reasons for high heterogeneity might be due to significant differences in the exercise characteristics of the included studies: intervention duration ranged from 10 (Vazou and Smiley-Oyen, 2014) to 120 min (Logan et al., 2021), and exercise intensity varied from 126 bpm (Xu, 2022) to 177 bpm (Zhang et al., 2022). Additionally, there were considerable differences in participants’ age, gender, and socioeconomic status. The improvement effects on EF are influenced by these factors, which may be potential sources of heterogeneity.

[image: Forest plot showing meta-analysis results for three cognitive domains: inhibitory control, working memory, and cognitive flexibility. Each study's mean difference with a confidence interval is plotted, indicating the effect sizes. Subtotals are calculated per domain, showing standardized mean differences. The overall effect size is also depicted, favoring the experimental group. Statistical measures such as heterogeneity (I² and Tau²) and p-values are included. Black diamonds represent summary effect sizes for each domain and the overall analysis.]

FIGURE 3
 Forest plot of the overall effect of aerobic exercise on executive function.


Compared with the control group, the aerobic exercise group showed a moderately positive effect on inhibitory control (SMD = −0.52, 95% CI [−0.72, −0.31], p < 0.01, I2 = 62%) and working memory (SMD = −0.63, 95% CI [−1.06, −0.20], p < 0.01, I2 = 83%) with both differences being statistically significant, although there was substantial heterogeneity. No improvement was observed in cognitive flexibility (SMD = −0.32, 95% CI [−0.71, 0.07], p = 0.11, I2 = 76%). These results suggest that aerobic exercise effectively improves inhibitory control and working memory in overweight and obese children.



3.4.2 Subgroup moderation effects

The results of the subgroup analysis of EF improvement in overweight and obese children with different exercise programs are shown in Table 2 (specific groupings and detailed forest plot analyses are provided in Appendix B). The effects of aerobic exercise on EF were significantly moderated by factors such as the type, intensity, intervention duration, and BMI.



TABLE 2 Subgroup modulation effects of aerobic exercise on executive functions.
[image: A table presents data on cognitive measures with moderators including BMI, intervention measures, session time, and exercise intensity. Columns show statistics for inhibitory control, working memory, and cognitive flexibility with values for SMD, 95% CI, p-values, and I². Notes explain that some metrics are based on single publications, impacting heterogeneity, and highlight significance levels with asterisks indicating p < 0.05, p < 0.01, and p < 0.001.]



3.4.3 Exercise moderation effects

Subgroup analysis of exercise modalities revealed that, when the exercise involved cognitive engagement in ball games, aerobic exercise significantly improved inhibitory control (SMD = −0.73, 95% CI [−0.93, −0.54], p < 0.01), working memory (SMD = −0.79, 95% CI[−1.41, −0.17], p = 0.01), and cognitive flexibility (SMD = −0.42, 95% CI[−0.82, −0.01], p < 0.05). However, when the exercise comprised monotonous skill practice, no improvements were observed in inhibitory control, working memory, or cognitive flexibility (p > 0.05).

Subgroup analysis of session time revealed that the improvement effect was optimal when the session time was 25 min < t ≤ 40 min. Aerobic exercise had medium to large effects on inhibitory control (SMD = −0.76, 95% CI [−1.15, −0.37], p < 0.01), working memory (SMD = −1.06, 95% CI [−1.35, −0.76], p < 0.01), and cognitive flexibility (SMD = −0.58, 95% CI [−1.10, −0.06], p < 0.05). When session time t ≤ 25 min, the intervention effect decreased, showing significant improvement only in inhibitory control (SMD = −0.36, 95% CI [−0.70, −0.02], p < 0.05) and working memory (SMD = −0.40, 95% CI [−0.80, −0.01], p = 0.05) with low to medium improvement effects and no significant improvement in cognitive flexibility (SMD = −0.05, 95% CI [−0.44, 0.34], p > 0.05). When the session time was t > 40 min, no improvement effects of the exercise intervention were observed on inhibitory control, working memory, and cognitive flexibility (p > 0.05).

The subgroup analysis of exercise intensity revealed that the improvement effects were optimal when the exercise intensity was moderate. Aerobic exercise significantly improved inhibitory control [SMD = −0.65, 95% CI (−0.94, −0.36), p < 0.01], working memory (SMD = −0.73, 95% CI [−1.30, −0.16], p < 0.01), and cognitive flexibility (SMD = −0.39, 95% CI [−0.75, −0.02], p < 0.05). However, when the exercise intensity was moderate to high, aerobic exercise significantly improved inhibitory control (SMD = −0.40, 95% CI [−0.70, −0.09], p = 0.01) but did not significantly improve working memory and cognitive flexibility.



3.4.4 BMI moderation effects

Subgroup analysis based on BMI revealed that, when BMI was less than 25 kg/m2, aerobic exercise significantly improved inhibitory control (SMD = −0.70, 95% CI [−0.90, −0.50], p < 0.01), working memory (SMD = −0.75, 95% CI [−1.26, −0.25], p < 0.01), and cognitive flexibility (SMD = −0.43, 95% CI [−0.77, −0.10], p < 0.05). However, when BMI was greater than 25 kg/m2, aerobic exercise did not significantly improve inhibitory control, working memory, or cognitive flexibility.




3.5 Sensitivity analysis

A sensitivity analysis was conducted on 18 studies using the method of sequential exclusion, and the results did not show any directional changes, indicating that the meta-analysis results are relatively stable.



3.6 Publication bias test

Funnel plots for publication bias were constructed and Egger’s bias test was performed for the literature, including inhibitory control, working memory, and cognitive flexibility. Egger’s bias test results indicated no publication bias for inhibitory control (t = −0.58, p = 0.57) and working memory (t = −1.36, p = 0.202). However, there was some publication bias for cognitive flexibility (t = −2.11, p = 0.041), possibly because of the small sample size. Publication biases for the three indicators are shown in Figure 4.

[image: Three funnel plots labeled A, B, and C, each with pseudo 95% confidence limits. Plot A shows a symmetrical distribution of data points around the standard mean difference (SMD) of -0.5. Plot B displays a symmetrical distribution around zero. Plot C reveals asymmetry, with data points skewed to the right of the central line.]

FIGURE 4
 Publication bias. (A) Inhibitory control; (B) working memory; and (C) cognitive flexibility.





4 Discussion

This study is the first to explore the relationship between exercise dosage parameters (exercise intensity, session duration) and EF (inhibitory control, working memory, and cognitive flexibility) in overweight and obese children aged 6–12 years. The results confirmed the a priori hypothesis: Aerobic exercise improves the overall EF performance of overweight and obese children, selectively enhancing inhibitory control and working memory indicators. Additionally, subgroup analysis revealed that exercise characteristics (type, intensity, and duration) and individual BMI characteristics have significant moderating effects on the intervention outcomes of EF. Regarding the improvement of overall EF through aerobic exercise, this is consistent with previous research findings (Lin et al., 2024; Song et al., 2022), which indicate the beneficial effects of aerobic exercise on the EF of overweight and obese children and adolescents. However, previous studies did not address the impact on EF sub-indicators. This study thoroughly examined the relationship between aerobic exercise, EF sub-indicators, exercise dosage parameters, and individual BMI characteristics in overweight and obese children, providing a valuable contribution to the existing literature.


4.1 Effects of aerobic exercise on EF

Although previous studies have identified the beneficial effects of aerobic exercise on the EF of overweight and obese children and adolescents (Lin et al., 2024), they have not addressed its impact on specific EF subcomponents. This study examined the effects of aerobic exercise on three core EF indicators and analyzed the potential moderating factors. The significant improvement in inhibitory control is consistent with the results of a meta-analysis on the EF of overweight and obese children and adolescents through PA (Sun et al., 2021). By enhancing inhibitory control, aerobic exercise can help overweight and obese children manage unhealthy eating habits and sedentary behaviors, thereby reducing obesity and its associated health risks (Kamijo et al., 2012). Additionally, by improving inhibitory control performance, aerobic exercise can enhance children’s self-control, enabling them to better manage impulsive behaviors when facing temptations (Verburgh et al., 2014). Promoting these healthy behaviors is crucial for the long-term health of overweight and obese children.

Furthermore, we observed improvements in working memory, which differs from the findings of Ortega et al. (2022). This discrepancy may be due to differences in the intervention duration. The studies included in this meta-analysis mostly focused on interventions lasting less than 40 min, whereas Ortega used a 90-min aerobic activity intervention, which might be challenging for the overweight and obese population to sustain during long and monotonous exercises. Working memory, as a component of EF, involves the temporary storage and manipulation of information. For overweight and obese children, improving working memory can promote emotional stability, which, in turn, helps them better utilize working memory in learning and social settings, thereby enhancing their daily life performance (Alvarez-Bueno et al., 2017). Additionally, the enhancement of working memory can lead to better planning and execution of healthy behaviors, such as proper diet and regular exercise (Kramer and Erickson, 2007). Therefore, by improving the working memory capacity of overweight and obese children, aerobic exercise plays a significant role in their emotional health and the formation of healthy behaviors.

Consistent with previous research findings, no impact on cognitive flexibility was detected (Sun et al., 2021). We attribute this to the potential stronger association between the specific form of exercise programs and inhibitory control and working memory (Alvarez-Bueno et al., 2017). For instance, during basketball games, children must inhibit incorrect actions and store rule-related information, whereas non-competitive sports rarely require cognitive flexibility to address unforeseen situations through physical exercises. Therefore, differences in exercise program designs might be one reason for the lack of improvement in cognitive flexibility.

The failure to improve cognitive flexibility might also stem from the complex relationship between exercise and EF. Although aerobic exercise interventions can enhance specific cognitive domains (e.g., inhibitory control and working memory), they do not necessarily lead to widespread improvement in other cognitive functions (Rieker et al., 2022). This result of selective improvement highlights the complex relationship between cognitive functions and the limitations of the transfer effect. Additionally, from a developmental psychology perspective, cognitive flexibility develops later than the other two indicators, and it may be challenging to stimulate improvements in cognitive flexibility among children aged 6–12 years (Hirt et al., 2008). These reasons explain why cognitive flexibility did not benefit from improvements in aerobic exercise programs.


4.1.1 Impact of exercise type on EF

Differences in exercise types can have varying effects on the subcomponents of EF. This study found that cognitively engaging exercises (as opposed to repetitive singular exercises [e.g., cycling on a stationary bike]) resulted in significant improvements in inhibitory control, working memory, and cognitive flexibility, consistent with previous findings. This may be because cognitively engaging activities (such as basketball or soccer games) involve cognitive elements such as control, memory, and social interaction to handle complex movements, thereby exhibiting a stronger effect in promoting EF.

From a motivational perspective, cognitive engagement in diverse PAs may induce positive emotions in children, potentially enhancing their intrinsic motivation levels and leading to greater improvements during exercise (Cavicchiolo et al., 2022). Another explanation from a neural mechanism perspective is that cognitively engaging exercises activate the prefrontal brain regions associated with EF. The activation of these EF-related brain regions may result in more efficient neural functioning in subsequent cognitive tasks, thereby enhancing EF (Best, 2010).

As a core factor influencing the effectiveness of EF interventions, the mode of exercise varies widely, including low cognitive engagement activities, such as running and cycling, as well as high cognitive engagement activities, such as team sports and exercise games. The subgroup analysis of exercise modes revealed that, compared with monotonous activities (e.g., running and cycling), high cognitive engagement sports offer greater benefits for improving the EF of overweight and obese children through their dynamic organization and engaging content. This aligns more closely with the exercise preferences of children and adolescents and provides guidance for selecting exercise intervention methods in the future, particularly for obese or sedentary groups, who may be averse to exercise.



4.1.2 Impact of intervention duration on EF

Optimal improvements in the three EF indicators were observed when the intervention duration was between 25 and 40 min. However, no significant improvement in EF was observed for interventions lasting longer than 40 min. We hypothesized that this might be due to central fatigue in overweight and obese children caused by heat stress, dehydration, or hypoglycemia after prolonged PA (Lieberman, 2007; Wittbrodt et al., 2018) or that it may adversely affect information processing (Grego et al., 2004). Excessively long intervention durations can lead to physical or cognitive fatigue in overweight and obese children, thereby preventing them from achieving improvements in subsequent cognitive tasks and potentially worsening their EF performance. Both shorter and longer intervention durations tended to weaken improvement effects. This finding may guide future researchers in determining the optimal duration of a single intervention session.

Understanding how the duration of a single exercise session affects EF can assist researchers and health professionals in designing more effective exercise programs to maximize cognitive benefits for children. Such targeted exercise plans can achieve optimal results within a limited timeframe. Additionally, understanding the dose–response effect of exercise intervention duration can meet the diverse needs of different children and enhance the effectiveness of interventions. For instance, this study found that an intervention duration of 25–40 min is most conducive to improving the EF of overweight and obese children. These innovative findings play a crucial role in selecting exercise durations in the future.



4.1.3 Impact of exercise intensity on EF

The exercise intensity groups showed significant and positive improvements, selectively influencing the three EF indicators. Moderate-intensity exercise significantly improved inhibitory control and cognitive flexibility but did not improve working memory. Moderate-to-high-intensity exercise improved inhibitory control and working memory but did not improve cognitive flexibility. As this indicator was included in only one study, a more convincing result would require additional studies. These results suggest that moderate-and moderate-to-high-intensity exercises can improve EF, which is consistent with previous results from the exercise-arousal-cognition interaction theory (Davey, 1973), arousal performance theory (Dodson, 1908), and reticular activation hypofrontality theory (Dietrich, 2003; Dietrich and Audiffren, 2011). This may be because the relationship between exercise intensity and cognitive improvement follows an inverted U-shaped curve. During moderate-or moderate-to-high-intensity exercises, increased brain arousal, availability of catecholamine neurotransmitters, or activation of the reticular formation can enhance cognitive processing speed. These theories explain why moderate-and moderate-to-high-intensity exercises improve EF performance.

Appropriate exercise intensity can maximize cognitive and health benefits within a limited timeframe. Different exercise intensities yield varying benefits for children’s EF; thus, studying the dose–response effect of intensity can aid in developing personalized intervention strategies to meet the physiological and psychological needs of different children. This study found that moderate-intensity interventions provide the most significant benefits for the EF of overweight and obese groups. This finding offers recommendations for how to reasonably design exercise intensity to promote the physical and mental health and overall development of overweight and obese children in the future.




4.2 Impact of BMI on EF

Studies have consistently found that overweight and obese children exhibit poorer cognitive functions than their healthy peers (Kamijo et al., 2014; Loeber et al., 2012; Reyes et al., 2015). Children in special groups, such as those with ADHD or autism, seem to gain the most cognitive benefits from exercise (Drollette et al., 2014; Pontifex et al., 2013). Surprisingly, we found that these effects did not extend to those with an increased BMI. In the subgroup analysis, no significant improvements were observed in the three EF subcomponents when BMI was >25 kg/m2. We speculate that the beneficial effects of aerobic exercise may diminish as children’s BMIs increase (Raine et al., 2020). This extreme result is a matter of concern as physical exercise might be ineffective in children with a very high BMI. Future research should explore whether the negative relationship between extreme obesity in children and EF persists with exercise interventions and investigate the potential mechanisms of this relationship.



4.3 Strengths and limitations

This review is the first to systematically integrate RCT studies on the effects of aerobic exercise on the EFs and core sub-indicators of EFs in overweight and obese children aged 6–12 years. It also conducted relevant subgroup analyses on several sub-indicators of EFs, resolving previous research discrepancies and providing strong evidence for the improvement of EFs in overweight and obese children through aerobic exercise. Furthermore, we confirmed that interventions involving cognitive engagement sports, with a duration of 25–40 min and at least moderate intensity, may be more beneficial for improving the EF of overweight and obese children. The results of the subgroup analysis can further provide practical guidance for the design of future exercise programs, and the findings from the meta-regression analysis hold significant implications for the formulation of future exercise plans. Additionally, this study’s innovative finding that extremely obese children (BMI > 25 kg/m2) did not benefit from exercise requires focused attention from researchers, as it holds significant implications for addressing the effectiveness of EF interventions in this group.

Nevertheless, this study has some limitations. (1) The exercise methods in the control groups of all included studies were inconsistent, which may potentially increase the heterogeneity of the study. (2) Although the included studies reported randomization, allocation concealment, and blinding, some articles did not report specific implementation methods, which may present other implementation biases. (3) The current meta-analysis included relatively few studies, with limited data reporting on working memory and cognitive flexibility indicators; thus, more high-quality studies are required to bridge this gap. (4) The acute and long-term aerobic exercise interventions were not separated to calculate the effect size, which may potentially increase the heterogeneity of the analysis results. (5) The included literature has high heterogeneity, and the reasons for the high heterogeneity were not explored. (6) Egger’s regression test found potential publication bias in the measurement of cognitive flexibility indicators, and, although the study provides valuable insights, the potential publication bias underscores the need for replication and further research in this field.

More longitudinal studies are required, focusing on the impact of aerobic exercise on the EF of overweight and obese groups to confirm the conclusions of this study and the effectiveness of the dose intervention program. Additionally, personalized program research is needed for severely obese groups, such as observing the intervention effects of personalized exercise programs on the EF of severely obese groups and including more diverse control groups to verify the dose–response relationship between obesity level (BMI) and EF intervention effects. Finally, we suggest that future research not only focus on the behavioral intervention benefits of EF but also systematically explore the mechanisms through which aerobic exercise improves the EF in this demographic. This can be achieved by incorporating data from neuroscience indicators (e.g., EEG, near-infrared spectroscopy, MRI), providing a more reasonable explanation from a neuroscience perspective for the impact of aerobic exercise on improving the EF of overweight and obese groups.




5 Conclusion

	(1) Aerobic exercise is an effective method for improving EF in overweight and obese children, as evidenced by improvements in inhibitory control and working memory.
	(2) Cognitive engagement in ball games with at least moderate intensity and a single intervention duration of 25–40 min is beneficial for improving EF in overweight and obese children.
	(3) No improvement in EF was observed in extremely obese children (BMI > 25 kg/m2) during exercise interventions.
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Introduction: Excessive use of short video applications can adversely affect the physical and mental health of college students. At present, regarding the effect of short video addiction on physical exercise, few scholars have studied the mechanism of action. This study aims to investigate the mechanism by which short video addiction impacts college students’ physical exercise. Therefore, we investigated the correlation between short video addiction and physical activity, and examined the influence of self-efficacy and procrastination on this relationship.
Methods: In this research, 304 college students were selected as survey subjects. The questionnaires included Short Video Addiction Scale, Physical Activity Rating Scale, General Self-Efficacy Scale, and Short Version General Procrastination Scale. The data underwent correlation analysis using SPSS and mediation effect analysis using the PROCESS macro program.
Results: (1) 61.51% (187) of college students’ physical activity was low exercise. (2) Physical activity was significantly negatively impacted by short video addiction. (3) Self-efficacy played an independent mediating role in the association between short video addiction and physical activity. (4) The association between short video addiction and physical activity was independently mediated by procrastination. (5) Self-efficacy and procrastination function as chain mediators in the association between short video addiction and physical activity.
Discussion: Our research identifies the role that self-efficacy and procrastination play in the connection between short video addiction and physical activity. Decreasing the utilization of short video applications and enhancing self-efficacy can reduce procrastination and improve physical activity for college student groups.
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Introduction

Currently, short video applications are famous worldwide and have gradually become the most popular mobile applications college students use. Short video apps have enriched college students’ daily lives and entertainment, but the phenomenon of short video addiction has become increasingly severe among the college student population. Short video apps’ ease of use and entertainment features reinforce the tendency toward overuse. In a survey of 1,345 adolescents on TikTok short-video app use, 461 addicted users were found, and addicted users showed poorer mental health than non-users (Miao et al., 2023). College students’ physical and emotional health may be impacted by short video addiction, such as sedentary behavior, sleep disorders, and decreased academic performance (Kwok et al., 2021). Despite detrimental impacts, young people use short video apps often. The video feature of short video apps activates users’ satisfaction and withdrawal, which has implications for addiction (Tian et al., 2023). Facing heavy academic and employment pressure, short video applications have become one of the essential ways for college students to relieve pressure and communicate with the outside world. College students are among the most sedentary groups, and the sedentary time associated with entertainment screens accounts for about 35% of the total sedentary time (Carpenter et al., 2021). Lepp et al. found that excessive smartphone use interferes with physical activity (Lepp et al., 2013). Previous research shows that participation in physical activity is an effective way to improve people’s smartphone addiction problems (Liu et al., 2019). College students’ physical and cognitive health improves with regular physical activity. Research on the intrinsic mechanisms and mediating roles of short video addiction and physical activity has not been completely revealed. This study aims to fill this research void. It is significant for solving the problem of short video addiction and encouraging them to participate more in physical exercise. This study expands theoretical research on physical activity influencing factors and gives educators and college students practical experience to reduce short video addiction and physical activity.


Short video addiction and physical activity

Short video apps have brought convenience to people’s lives but also affect physical activity. Excessive use of short video apps can lead to addiction. Short video addiction is the extent to which users develop a solid attachment to short videos and uncontrollably reuse them, resulting in general addiction symptoms (Mu et al., 2022). Short video apps’ social communication and video entertainment features are closely related to smartphone addiction. Research has identified a high and significant positive link between smartphone addiction and social media use (Arnavut et al., 2018). Marengo et al. found that duration of smartphone use and use of TikTok were the strongest predictors of social media addiction (Marengo et al., 2022). Therefore, short video addiction is more like a new manifestation of smartphone addiction that has developed to a particular stage. Physical exercise is one of the essential means to promote people’s physical health. While smartphones bring convenience to people’s lives, they also affect the way people are physically active. Prior research has connected problematic smartphone use to inactivity and sedentary lifestyles (Fennell et al., 2019). Smartphone-addicted participants were less likely to walk daily (Xiang et al., 2020). The adverse effects of smartphone addiction on physical activity can be found. It has been found that increased physical activity among adolescents can reduce short video addiction behavior to some extent (He et al., 2024). Therefore, we propose Hypothesis 1: Short video addiction has a significant negative predictive effect on physical activity.



The mediating role of self-efficacy

Psychosocial factors influencing physical activity are usually related to self-efficacy. Self-efficacy is a person’s beliefs about his or her ability to perform the actions necessary to meet situational demands (Bandura, 1986). Theoretically, self-efficacy influences people’s choices of activities, the amount of effort they put into them, and how persistent they are when faced with negative stimuli (McAuley et al., 1994). Psychosocial factors influencing physical activity most often involve self-efficacy. Increasing levels of self-efficacy can help people initiate and maintain a regular physical activity program (Pekmezi et al., 2009). Young et al. showed a stable positive link between self-efficacy and physical activity (Young et al., 2014). Researchers in the field of addictive behaviors have long used the concept of self-efficacy in theory and research. Self-efficacy measures have been useful in assessing and treating addictions like smoking and alcoholism (DiClemente et al., 1995). Additionally, related research has discovered a negative correlation between smartphone addiction and self-efficacy (Kim and Jung, 2015). Self-efficacy can mitigate the negative effects associated with smartphone addiction (Cheng et al., 2021). Smartphone addiction might lower self-efficacy and prevent physical activity (Lin et al., 2022). An analysis of short video addiction revealed a negative effect on creative self-efficacy (Lin et al., 2023). Based on the above, it may be inferred that addiction to short videos lowers self-efficacy, which in turn lowers physical activity participation. This study proposes Hypothesis 2: Self-efficacy mediates the association between short video addiction and physical activity.



The mediating role of procrastination

Research on procrastination is relatively well established. Procrastination is “voluntarily postponing a scheduled action, knowing that the delay will worsen the situation” (Steel, 2007). Procrastination leads to college students’ academic and personal struggles. Some studies have reported that about 70–80% of college students have procrastination behaviors of different degrees (Geng et al., 2018). With the development of intelligent electronic devices, more and more college students are addicted to them, and their procrastination behavior is getting more serious. Characteristic procrastination positively correlates with college students’ cell phone addiction (Yang et al., 2020). College students will exhibit avoidance behavior in the face of study pressure, and addiction to short videos will harm learners’ motivation and positive learning psychology (Ye et al., 2022). Academic procrastination has a significant negative effect on physical activity among college students (Ren et al., 2021). In a survey of 610 college students, Tao et al. found a strong negative association between procrastination and physical activity (Tao et al., 2022). Given the effect of procrastination on the connection between short video addiction and physical activity, this study proposes Hypothesis 3: Procrastination mediates the association between short video addiction and physical activity.



The chain mediating role of self-efficacy and procrastination

Self-efficacy is an essential factor in studying procrastination behavior. According to earlier research, procrastination is significantly and negatively predicted by self-efficacy (Haycock, 1993; Klassen et al., 2008). Low self-efficacy students are more likely to get stuck in a procrastination loop (Wäschle et al., 2014). Low self-control, low self-efficacy, and sleeping late are positive predictors of procrastination (Przepiórka et al., 2019). Li et al. showed that academic self-efficacy buffered smartphone addiction and academic procrastination (Li et al., 2020). Physical inactivity and mobile phone addiction increased illogical procrastination (Shi et al., 2021.). In conclusion, considering the connection and function of self-efficacy and procrastination, improving college students’ self-efficacy is conducive to reducing procrastination behavior, which may lessen the detrimental effects of short video addiction on physical activity. Therefore, this study proposes Hypothesis 4: Self-efficacy and procrastination play a chain mediating role between short video addiction and physical activity.




Materials and methods


Participants

This study was conducted at two universities in Henan Province, China. Participants in this survey were recruited voluntarily. Because the study did not obtain enough volunteers at the first university at the beginning of the study, a second university was chosen to continue recruiting volunteers. In order to minimize the discrepancy between the profiles and results of college students at these two schools, both universities were chosen to be in Henan Province. They were Normal Universities with similar profiles of enrolled students. Participants were full-time undergraduates from first-year students through seniors at both universities. For the diversity and representativeness of the sample, the samples were stratified and randomly selected based on the student’s gender and grade level.

Several faculty members from both universities were invited to serve as test administrators for distributing and collecting the questionnaires. The questionnaire was filled out through the Questionnaire Star website. The questionnaire and scale filling instructions were given to responders at the start of the test. Data confidentiality, voluntary completion, and anonymity were stressed in the test. All test subjects confirmed informed consent to participate and could withdraw from the test at any time. In order to guarantee the validity of the data, questionnaires that were answered too quickly, filled out with the regularity of answers, and filled out invalid questionnaires were excluded. From 320 questionnaires, 304 were valid after recovering and eliminating invalid ones, a 95% recovery rate. The age of the respondents was 20.94 ± 1.68 years old, of which 113 (37.2%) were male and 191 (62.8%) were female. There were 94 (30.9%) in grade one, 93 (30.6%) in grade two, 84 (27.6%) in grade three, and 33 (10.9%) in grade four.



Measures


Short video addiction scale

The Short Video Addiction Scale is stable, dependable, and can measure college students’ short video addiction individually (Qin, 2020). The scale includes four dimensions: withdrawal, avoidance, loss of control, and ineffectiveness. The scale consists of 14 items, each rated on a scale of 1–5 (very inconsistent ~ very consistent). The scale has 14 items, including withdrawal, avoidance, loss of control, and ineffectiveness. The four factors have excellent structural fit and a 0.91 total scale internal consistency reliability coefficient. Cronbach’s α was 0.89 in this study.



Physical activity rating scale

The physical activity rating scale (PARS-3), revised by Liang (1994). Three factors are considered in the scale: time, intensity, and frequency. Exercise amount = intensity×(time−1) × frequency. Intensity, frequency and time are scored from 1 to 5 on a scale of 1–5. Scale scores varied from 0 to 100. Exercise amounts were assessed as follows: ≤19 for low, 20–42 for moderate, and ≥43 for high. The PARS-3’s retest reliability was 0.82. In this study, Cronbach’s α was 0.71.



General self-efficacy scale

The Chinese version of the GSES was translated and revised by Zhang and Schwarzer (1995). The scale has one dimension and consists of 10 items scored on a 4-point Likert scale. The overall score on the scale spans from 10 to 40. Higher scores indicate greater self-efficacy. The internal consistency coefficient was 0.87. Cronbach’s α was 0.93, in this research.



Short general procrastination scale

The SGPS was scaled down from the General Delay Scale by Sirois et al. (2019). The Chinese version of the SGPS was translated and revised by Zhang et al. (2020). The SGPS consists of 9 questions, of which 3 questions are reverse scored. The questions are scored on a 5-point Likert scale (very inconsistent ~ very consistent). Higher total scores imply a stronger tendency to procrastinate. The internal consistency reliability of the SGPS is 0.87. Cronbach’s α was 0.77, in this research.




Statistical analyses

SPSS 26.0 was used to conduct the statistical analysis. First, the data were obtained through a questionnaire. To check for common method bias, we employed the Harman one-way test. Eight factors had a characteristic root larger than 1, and the first factor explained 24.65% variation, indicating no significant common method bias. Then, participants’ individual characteristics were analyzed descriptively, including means and standard deviations. Correlations were computed using Spearman’s correlation analysis. Finally, Hayes’ PROCESS macro in SPSS was used for mediation analysis. The data was bootstrapped with 5,000 samples to obtain 95% confidence intervals (CI) (Shrout and Bolger, 2002). The mediating effect was considered significant if the upper and lower values of the 95% confidence interval did not contain 0 between them.




Results

Based on the criterion of low exercise level with a total physical activity score ≤ 19, the detection rate of low exercise level in physical activity was 61.51% (187). Table 1 shows each variable’s descriptive statistics and correlation coefficients. Following Pearson’s correlation analysis, the college students’ short-video addiction was negatively linked with self-efficacy (r = −0.187, p < 0.01), significantly positively associated with procrastination (r = 0.397, p < 0.01), and significantly negatively associated with physical activity (r = −0.259, p < 0.01). Self-efficacy was significantly negatively associated with procrastination (r = −0.311, p < 0.01) and positively associated with physical activity (r = 0.313, p < 0.01). Procrastination was significantly negatively associated with physical activity (r = −0.281, p < 0.01).



TABLE 1 Correlations analysis between the variables.
[image: Table showing means, standard deviations, and correlations among variables: short video addiction (M=40.29, SD=10.25), physical activity (M=21.19, SD=20.71), self-efficacy (M=23.58, SD=5.87), and procrastination (M=25.06, SD=5.43). Significant correlations (p<0.01) include: short video addiction negatively with physical activity (-0.259), self-efficacy (-0.187); positively with procrastination (0.397). Physical activity positively correlates with self-efficacy (0.313) and negatively with procrastination (-0.281). Self-efficacy negatively correlates with procrastination (-0.311).]

SPSS 26.0 and Hayes’ SPSS macro tool administered a bootstrap-based mediation effects test using Model 6 (Hayes, 2013). The mediation effects were tested by controlling for gender, age, and grade level. The results of the regression analysis (Table 2) showed that short video addiction was a significant negative predictor of physical activity (β = −0.252, p < 0.001), a significant negative predictor of self-efficacy (β = −0.186, p < 0.01), and a significant positive predictor of procrastination (β = 0.343, p < 0.001). Procrastination was significantly predicted negatively by self-efficacy (β = −0.289, p < 0.001). After adding self-efficacy and procrastination to the regression equation, physical activity was considerably positively predicted by self-efficacy (β = 0.202, p < 0.001). Procrastination significantly negatively predicted physical activity (β = −0.192, p < 0.01). Short video addiction still negatively predicted physical activity (β = −0.138, p < 0.05).



TABLE 2 Regression analysis between the variables.
[image: Table showing regression analysis results with variables related to physical activity, self-efficacy, and procrastination. It includes predictive variables like gender, age, grade, and short video addiction. Columns display overall fit indexes: R, R2, F, β, and t-values with significance levels marked by asterisks. Significance is indicated for various associations, such as physical activity and gender, showing different statistical relationships.]

The mediation analysis (Table 3; Figure 1) showed that the total mediation effect value was −0.235, accounting for 45.11% of the total effect of brief video addiction on physical activity (effect value −0.521). Three pathways constitute this mediating effect: first, short video addiction → self-efficacy → physical activity, with a mediating effect value of −0.078 (14.97%); second, short video addiction → procrastination → physical activity, with a mediating effect value of −0.136 (26.11%). Third, short video addiction → self-efficacy → procrastination → physical activity, with a mediated effect value of −0.021 (4.03%).



TABLE 3 Mediation effect test based on bootstrap.
[image: Table displaying statistical results with columns: Benefit type, Effect value, BootSE, Bootstrap 95% CI (Boot LLCI, Boot ULCI), and Proportion of relative effect. Values are listed for Direct effect, Indirect effects 1-3, Total indirect effect, and Total effect, with corresponding figures for each category.]

[image: Diagram illustrating relationships between self-efficacy, short video addiction, procrastination, and physical activity. Arrows indicate directions with coefficients: Self-efficacy to procrastination (-0.289***), to short video addiction (-0.186**), and to physical activity through procrastination (-0.192**). Short video addiction directly impacts physical activity (-0.138* direct, -0.252*** indirect). Relationships are quantified with coefficients, and asterisks denote significance levels.]

FIGURE 1
 Model of mediating roles of self-efficacy and procrastination between short video addiction and physical activity. *p < 0.05, **p < 0.01, ***p < 0.001.




Discussion

In this study, we examined short video addiction and physical activity. Results showed that 61.51% (187) of college students’ physical activity was low (score ≤ 19). This indicates a high percentage of college students with low physical activity, as confirmed by previous studies (Castro et al., 2020). In the pre-smartphone era, researchers found that about 40–50 percent of college students were physically inactive (Keating et al., 2005). During the same period, studies of physical activity among college students of different races and countries have also demonstrated physical inactivity among college students (Suminski et al., 2002; Irwin, 2004). In summary, college students’ physical activity levels have been chronically low. A report on the state of China’s Internet industry pointed out that as of 2023, China’s mobile Internet user’s per capita single-day use time is 435 min, of which short video per capita single-day use time is 151 min (China Netcasting Services Association, 2024). College students are among the primary users of the Internet. With the development of short video apps, the time spent by college students on short video apps gradually increases and takes up most of their time using the Internet (Zhang et al., 2023). Overuse behaviors are more likely to occur in college years. This study found that short-video addiction had a significant negative effect on physical activity, which supports prior studies on short-video addiction and physical activity (Ali and Ali, 2023). Research hypothesis 1 was validated. It indicates that short video addiction has a negative effect on the physical activity behavior of college students. Long-term addiction to short video applications is detrimental to participation in physical activity. Therefore, reducing the usage of short video apps is beneficial to enhancing the physical activity level of college students.

The study’s results suggest that short video addiction affects physical activity through the independent mediating role of self-efficacy. Research hypothesis 2 was verified. College students who are addicted to short videos will have lower levels of self-efficacy, which will impact their level of physical activity. As an important concept in social cognitive theory, self-efficacy influences individual behavior, motivation, and psychological state. Self-efficacy has been used as a mediating or moderating variable that influences the relationship between smartphone addiction and psychological factors such as anxiety, stress, and loneliness (Li et al., 2021; Chiu, 2014; Cheng et al., 2021). According to Bandura, individual behavior is formed by interacting with personal factors and the external environment (Bandura, 1999). When college students indulge in the online virtual environment created by short videos for an extended period, individual self-efficacy decreases, and the interaction of the natural social environment is weakened, reducing physical activity behavior. Therefore, self-efficacy is an essential factor affecting physical activity for college students addicted to short videos. Reducing short video apps and enhancing self-efficacy can boost physical activity.

It was found that short video addiction affects physical activity through the separate mediating role of procrastination. Research hypothesis 3 was tested. Chronic use of short videos by college students increases procrastination behavior. College students who are addicted to smartphones will procrastinate more when completing their studies (Kaya, 2024). College students need to face various pressures such as academics, employment, and life, and when they are unable to alleviate these pressures reasonably, procrastination behaviors will occur. Procrastination may substitute healthy behaviors like exercise and sleep as stress rises (Åsberg and Bendtsen, 2023). Highly illogical procrastination is positively associated with a lack of exercise and smartphone addiction (Shi et al., 2021). For college students addicted to short videos, procrastination is a negative factor that prevents them from actively participating in physical activity. The neurophysiological mechanisms of short-video addictive behaviors may impair brain regions associated with self-regulation, thereby reducing an individual’s inhibitory control. Therefore, reducing short-video use is crucial to helping students mitigate the effects of procrastination and actively participate in physical activity.

Our results imply that short video addiction influences physical activity through a chain mediation effect of self-efficacy and procrastination. Research hypothesis 4 was tested. In particular, self-efficacy is a significant negative predictor of procrastination; the degree of procrastination decreases with increasing self-efficacy. This aligns with earlier studies (Ariani and Susilo, 2018). The knock-on mediating effect suggests that college students’ addiction to short videos negatively predicts their self-efficacy, which affects procrastination. Procrastination can affect an individual’s positive motivation and even behavior (Kelly and Walton, 2021). Procrastination can negatively affect an individual’s development, which is evident in physical activity. Research findings show a significant negative predictive effect between procrastination and physical activity; the higher the level of procrastination. Self-efficacy significantly mediated the association between physical activity and academic procrastination (Ren et al., 2021). When a college student’s self-efficacy is lowered, he may engage in procrastination behaviors that reduce the likelihood of participating in physical activity. The higher the addiction to short videos, the greater the impact of self-efficacy and procrastination behaviors on physical activity. College students addicted to short videos were likelier to experience decreased self-efficacy, increased procrastination behaviors, and decreased physical activity participation. Baumeister et al.’s ego depletion hypothesis states that (Baumeister et al., 1998), an individual’s ego activity leads to the depletion of psychological energy, which results in declining executive function. This theory believes that human psychological energy is limited, and self-regulation requires energy; when energy is exhausted, self-regulation will decline, self-control will also decline, and procrastination will be easier. Therefore, when college students use short video apps for a long time, they overly consume their own psychological energy, which results in the depletion of self-control, decreasing self-efficacy and procrastination behaviors, and affecting the level of physical activity. Our study shows that college students reduce the excessive use of short videos, increase self-efficacy, reduce procrastination behaviors, and improve physical activity levels. Previous research has indicated that smartphone video addiction is closely related to physical activity. However, there needs to be more discussion on the correlation between short-video addiction and physical activity. The present study is valuable in answering this question from a media psychology perspective.

In the current digital era, new technologies represented by short videos are influencing college students’ physical activity. Research on the factors affecting college students’ physical activity can provide us with new ways to change their physical activity. The impact of short video addiction on physical activity reveals a new prevention and intervention model that emphasizes the importance of enhancing self-efficacy and reducing procrastination behaviors. In further research, we will focus on developing interventions to ameliorate the effects of short-video addiction on physical activity. This will reduce the adverse effects of short video addiction and increase physical activity levels among college students.


Limitation and prospect

The study’s results are useful theoretically and as practical guidelines, but there are certain restrictions. First, the study was cross-sectional and collected data once, and there was no long-term continuous research study to determine causal relationships. Future studies could use longitudinal follow-up or experimental intervention design studies to determine the causal association between these factors. Second, this study only examined short video addiction, which affects physical activity, and the chain mediation model established is not the only mediation model due to the wide number of factors affecting the explanatory variables. Others may mediate, like self-regulation and anxiety. Thus, further research is needed to determine how these variables affect physical activity and short video addiction. We can conduct more research on the long-term impacts of short video addiction on physical activity and use self-efficacy theory to design interventions to reduce the detrimental effects of short video addiction on physical activity.




Conclusion

The study found that short video addiction negatively predicts physical activity. Self-efficacy and procrastination are independent mediators of the relationship between short video addiction and physical activity. Short video addiction can affect physical activity through self-efficacy and procrastination, respectively, or through a third pathway, the chain-mediated effect of self-efficacy and procrastination. The preceding data imply that short video addiction directly affects physical activity levels and that self-efficacy and procrastination affect the relationship. Therefore, mental health lectures and counseling activities are organized for college students to help them improve self-efficacy and reduce procrastination behaviors, which is conducive to reducing the negative impact of short video addiction on physical activity.
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Introduction: Victims of interpersonal violence in sports show various mental health concerns. However, no studies have quantitatively examined their primary complaints, considering psychological symptoms such as denial of self-concept and interpersonal challenges not captured by conventional post-traumatic stress disorder (PTSD). Recently, an association between interpersonal violence victimization and complex PTSD (CPTSD) has been noted in Japanese sports coaching situations, specifically for extracurricular sports activities. This study aimed to examine the applicability of the International Trauma Questionnaire (ITQ) and determine whether interpersonal violence victimization and related risk factors predicted PTSD and CPTSD in extracurricular sports activities in Japan.
Methods: This study included 651 adults aged 18–25 who had previously participated in extracurricular sports activities in junior high and high school. The ITQ was examined using confirmatory factor analysis with maximum likelihood with robust standard errors, fit indices comparisons, a graded response model, differential item functioning, and rank correlation designs. A binomial logistic regression model with robust standard errors examined the association of PTSD and CPTSD with interpersonal violence victimization and related risk factors.
Results: The optimal factor structure, measurement precision, and validity of the ITQ were confirmed. Physical and psychological violence victimization and the ITQ were positively correlated with PTSD, difficulties in emotion regulation, self-disgust, and interpersonal problems subscales, respectively. A high frequency of psychological and physical violence victimization experiences and self-identified LGB (lesbian, gay, or bisexual) were associated with PTSD and CPTSD diagnosability. Additionally, being a woman and in school life away from parents were associated solely with PTSD diagnosability.
Discussion: This is the first quantitative study to examine CPTSD in a study on interpersonal violence in sports. Our findings can provide insights into desirable victim support and enhanced clinical care in interpersonal violence in a sports context.
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1 Introduction

School-based extracurricular sports activities (hereafter, ESA) are flourishing in Japan and are recognized as a unique and excellent component of the education system (e.g., Tomozoe, 2018). Furthermore, it contributes to students' physical and mental development and realization of a satisfactory school life (e.g., Imashuku et al., 2019). Conversely, the Japanese ESA, with its unique practices and power structures, such as the excessive virtue of “never give up until the end” and control through punishment to maintain discipline with impunity, has also become a hotbed of violence (Omi, 2019). In Japanese sports, especially ESA, coach violence has a long history of being described as “corporal punishment” (Shimofure et al., 2018). Additionally, violence in sports coaching situations has recently been discussed within the physical violence of a physical nature, such as punching; non-physical psychological violence, such as threatening and discriminating, and sexual violence, such as sexual acts without consent, the framework of “interpersonal violence,” and is widely recognized internationally as a deep-rooted social problem (Mountjoy et al., 2016; Schmidt et al., 2022).

In Japan, interpersonal violence in ESA has been widely recognized since 2013, triggered by a 2012 student suicide case (Uchida et al., 2020). In response, the Japan Sport Association et al. (2013) announced the “Declaration on the Elimination of Violence in Sports.” Related organizations have also issued emergency statements, sounding an alarm in this regard (e.g., Japanese Association for Behavior Analysis, 2014). Furthermore, institutions have taken many measures, including the establishment of consultation service and the expansion of training for coaches. However, Human Rights Watch (2020), an international human rights organization, published a report, “I Was Hit So Many Times I Can't Count,” which described the serious reality of violence still being prevalent, especially in ESA. This report also highlighted the inadequate support systems for victims. Thus, the problem of interpersonal violence in sports coaching in Japan, especially in ESA environments, is attracting worldwide attention. In addition, in 2023, 10 years after the “Declaration on the Elimination of Violence in Sports,” the number of consultations on damage caused by coaches' inappropriate behavior, surveyed since 2014, reached a record high (485 cases) in 2023, which is a situation requiring immediate action (Japan Sport Association, 2024).

Until now, previous studies in Japan have focused exclusively on physical violence. Psychological violence, such as verbal abuse that deny people's dignity, have recently been included as research phenomena in Japan (Kamei and Okamoto, 2021). This has highlighted the need to clarify the psychological effects of these victimization experiences (Ohashi et al., 2022; Toyoda et al., 2023). Conversely, gradually accumulated findings, mainly from Western countries, reported that victims of interpersonal violence suffered from various mental health problems. Specifically, interpersonal violence victimization has been found to be associated with low self-esteem and post-traumatic stress disorder (PTSD; Parent et al., 2022), low quality of life in adulthood (Vertommen et al., 2018), and self-harm and eating disorders (Mountjoy et al., 2016; Willson et al., 2023). Several narrative studies also reported that they suffered from serious psychosocial disturbances, which included mood disorders, such as depression, negative self-image development, struggles with new relationships, and suicidal ideation (Kerr et al., 2020; Stirling and Kerr, 2013). In Japan, Ae (2014) argues that the trauma of experiencing violent victimization during long-term ESA led to physical disorientation toward sports, behavioral atrophy, and lack of showing initiative and assertiveness. However, few studies have quantitatively described the main complaints of victim of interpersonal violence considering the specificity of self-concept and difficulties with interpersonal problems, as suggested in previous studies (e.g., Kavanagh, 2014), and assuming various persistent and recurrent psychological symptoms.

Assuming that interpersonal violence victimization in ESA is a “difficult-to-avoid, persistent, and repetitive stress experience,” it is possible to explain the victim's core symptoms in terms of complex post-traumatic stress disorder (CPTSD), which was newly added in the 11th revision of the World Health Organization's International Classification of Diseases (ICD-11: World Health Organization, 2018). CPTSD is a concept first proposed by Herman (1992; 2015) and is based on sexual abuse. The original PTSD has been explained in terms of three symptom clusters (Re-experiencing in the here and now, Avoidance, and Sense of current threat). In contrast, CPTSD is accompanied by Disturbances in Self-Organization (DSO) in addition to the three PTSD symptom clusters described above. DSO consists of three symptom clusters: Affective dysregulation, Negative self-concept, and Disturbances in relationships. Both are not distinguished by specific event criteria as a prerequisite and are judged by symptom nature (i.e., presence or absence of DSO symptoms; Cloitre et al., 2018; Daniunaite et al., 2021). It is also characteristic that PTSD comorbidity is not diagnosed for CPTSD (Cloitre, 2020).

CPTSD has primarily been discussed in the context of childhood abuse and war damage (e.g., Brewin et al., 2017). Conversely, Harada (2020, 2021) found that not all victims of interpersonal violence developed CPTSD but inferred that brutal violence in Japanese sports (daily excessive discipline, corporal punishment, and cursing) could cause CPTSD. Indeed, interpersonal violence victimization strips athletes of their agency through a lack of ability to regulate emotions, long-term feelings of resignation and helplessness, and fosters a sense of passivity (Kavanagh, 2014). According to Kerr et al. (2020), in addition to conventional PTSD symptoms, victimization has lasting negative effects on the maintenance and breakdown of subsequent interpersonal relationships and causes negative self-concepts.

Recent studies have made extensive use of the International Trauma Questionnaire (ITQ: Cloitre et al., 2018), which was developed to comprehensively measure PTSD and CPTSD in accordance with ICD-11. The ITQ has already been validated for multiple trauma exposure samples. Furthermore, the six-factor correlated model and two-factor second-order model are considered optimal regarding factorial validity (Brewin et al., 2017; Fresno et al., 2023; Ho et al., 2019; Redican et al., 2021). Hence, Lofthouse et al. (2023) highlighted the need to explore how specific trauma types were associated with CPTSD. However, no previous studies addressed CPTSD in sports or ESA. Thus, the ITQ's reliability, validity, and factor structure for interpersonal violence victimization in sports and ESA as traumatic events also remain unclear. Therefore, they will then be necessary to examine correlations with other scales that are predicted to correspond to the ITQ subscales and to clarify whether they can be identified as symptoms for interpersonal violence victimization in ESA. By doing so, it would be possible to examine the psychological symptoms of interpersonal violence victimization using the ITQ.

This study aimed to extensively examine the applicability of the ITQ to interpersonal violence victimization in ESA in Japan and clarify the main complaints of psychological symptoms that victims of interpersonal violence have. Additionally, the few research studies in this area have shown that certain social categories, such as gender and minority group (e.g., LGB), can be risk factors for interpersonal violence, regardless of the relationship with the perpetrator (e.g., Mountjoy et al., 2016; Parent and Vaillancourt-Morel, 2021). Based on the above, risk factors related to interpersonal violence in sports (sex, sexual minority, handicap, school life away from parents, early sports specialization) and sports experience (highest sport level, sport type) noted in previous studies (Daignault et al., 2023; Mountjoy et al., 2016; Parent and Fortier, 2018; Parent and Vaillancourt-Morel, 2021; Raum et al., 2023; Vertommen et al., 2016) were also considered to explore their impact on PTSD and CPTSD simultaneously.



2 Materials and methods


2.1 Participants and procedure

A screening survey was conducted among 7,000 adults aged 18–25 years who had registered for a survey tool, “Freeasy,” provided by iBRIDGE Corporation. In the screening survey, participants were asked whether or not they had ever belonged to an ESA in junior high and high school using nominal scale level questions. We selected 2,332 participants with experience in organized ESA in throughout the 6 years of junior high and high schools. The main survey was capped at 1,200 participants due to funding constraints, and the response form was automatically closed when the response data reached 1,200. All surveys were timed for July 2023. Responses with incomplete data, such as consecutive identical responses and those who violated the Directed Questions Scale (DQS; Maniaci and Rogge, 2014), were excluded. Finally, data from 651 (M = 21.31, SD = 1.97, 208 men, 443 women) participants were analyzed of the 1,200 who responded to the main survey with consent. For details of descriptive statistics of socio-demographics, please see Table 1.


TABLE 1 Socio-demographics and sports experience of this study.

[image: A table shows demographic and sports-related data for men (n=208) and women (n=443), totaling 651 participants. Categories include age distribution, sexual orientation, chronic illness or disability, sports type and level across junior and high school, school life away from parents, and early sports specialization. Most participants are aged 22 to 24, predominantly heterosexual, and without disabilities. Team sports are more popular, and most reached municipal or prefectural levels in sports. Majority did not experience living away from parents and did not specialize early in sports. Percentages and participant counts are provided for each category.]



2.2 Measures
 
2.2.1 Japanese version of interpersonal violence in sport

The IViS-J (Toyoda et al., 2023) was used to measure the frequency of experiences of interpersonal violence victimization from coaches in junior high and high school ESA. This scale was developed by translating items from the original scale of Vertommen et al. (2016) and uses a different scoring method than the original scale. An example of an item was the following psychological violence included “You were shouted or cursed at,” while physical violence included “You were slapped/hit with an open hand.” It consists of 18 items with two factors. Responses were rated on a 5-point Likert scale that ranges from “Never” to “Always.” The ω coefficient was adequate (psychological violence = 0.885; physical violence = 0.906).



2.2.2 International Trauma Questionnaire

To measure PTSD and CPTSD for interpersonal violence victimization as measured by the IViS-J, we used Cloitre et al.'s (2018) ITQ, which was developed based on the ICD-11. It consists of 18 items, and responses were rated on a 5-point Likert scale that ranges from “Not at all” to “Extremely.” This comprehensive and simple instrument measures three PTSD symptoms (1. re-experiencing in the here and now, 2. avoidance, and 3. sense of current threat), PTSD functional impairment (PTSDFI), three DSO symptoms (1. affective dysregulation, 2. negative self-concept, and 3. disturbances in relationships), and DSO functional impairment (DSOFI). Three PTSD symptoms and three DSO symptoms were measured by two items each. An example of an item was the following re-experiencing in the here and now included “Having upsetting dreams that replay part of the experience or are clearly related to the experience?” avoidance included “Avoiding internal reminders of the experience (for example, thoughts, feelings, or physical sensations)?” sense of current threat included “Being “super-alert,” watchful, or on guard?” affective dysregulation included “When I am upset, it takes me a long time to calm down,” negative self-concept included “I feel like a failure,” and disturbances in relationships included “I feel distant or cut off from people.” PTSDFI and DSOFI were discriminated by the scores of responses to each of the three items (e.g., Affected your relationships or social life?). In addition to the scoring scale scores for each symptom, the ITQ was also compatible with the calculation of diagnostic scores according to the ICD-11 diagnostic algorithm (Cloitre et al., 2018). A score of ≥ “Moderately” indicated symptom endorsement. A Japanese translation was published by the International Trauma Consortium (2017) and its guidelines were used in this study. The traumatic event for the ITQ was “experience of interpersonal violence victimization during ESA in junior high and high school,” which was the response given in the IViS-J. This was operationally explained in the instructional text during the ITQ response. The ITQ is designed to measure symptoms in the past month (International Trauma Consortium, 2017), so the same instructions were used in this study. The ω coefficient was adequate (re-experiencing in the here and now = 0.835, avoidance = 0.905, sense of current threat = 0.857, PTSD = 0.925, affective dysregulation = 0.825, negative self-concept = 0.932, disturbances in relationships = 0.858, and DSO = 0.927).



2.2.3 Impact of event scale-revised

We used the IES-R developed by Asukai et al. (2002) as an index that corresponded to the three symptoms of PTSD on the ITQ. It consists of 22 items with three factors. Responses were rated on a 5-point Likert scale that ranges from “Not at all” to “Extremely.” The ω coefficient was adequate (intrusion = 0.953, avoidance = 0.952, and hyperarousal = 0.934).



2.2.4 Japanese version of the difficulties in emotion regulation scale

We used the J-DERS, developed by Yamada and Sugie (2013) as an index that corresponds to “affective dysregulation” in the DSO of the ITQ. It consists of 16 items with four factors. Responses were rated on a 5-point Likert scale that ranges from “Almost never” to “Almost always.” The ω coefficient was adequate (non-acceptance of emotional responses = 0.935, behavior control difficulties = 0.917, and limited access to emotion regulation strategies = 0.925), except for lack of emotional awareness (0.342, inadequate).



2.2.5 Self-disgust scale

We used the SDS, developed by Mizuma (1996) as an index that corresponds to “negative self-concept” in the DSO of the ITQ. It consists of 21 items with single factor. Responses were tracked on a 5-point Likert scale that ranges from “Almost never” to “Almost always.” The ω coefficient was adequate (self-disgust = 0.984).



2.2.6 Japanese short version of the inventory of interpersonal problems (IIP-32)

We used the IIP-32 developed by Suzuki et al. (2022) as an index that corresponds to “disturbances in relationships” in the DSO of the ITQ. It consists of 32 items with eight factors. Responses were rated on a 5-point Likert scale that ranges from “Not at all” to “Very much.” The ω coefficient was adequate (dominant = 0.912, competitive = 0.894, cold = 0.907, socially inhibited = 0.919, non-assertive = 0.927, exploitable = 0.876, dependent = 0.898, and intrusive = 0.882).

For all scale details on the descriptive statistics, normality test, and internal consistency, please see Supplementary material 1.




2.3 Data analysis

Internal consistency was confirmed by the ω coefficient. A Shapiro-Wilk test was used to assess the presence of a normal distribution. To estimate the ITQ's latent structure, we established a candidate optimal model considering previous studies (e.g., Redican et al., 2021). Specifically, we established four models (Figure 1): unidimensional (Model 1), six-factor correlated (Model 2), one-factor second-order (Model 3), and two-factor second-order (Model 4). These models were assessed via confirmatory factor analysis (CFA) and model comparisons by fit indices. The maximum likelihood with robust standard errors (MLR) was employed for parameter estimation. MLR helps compute robust estimates independent of the multivariate normal distribution assumption (Li, 2016). The fit indexes used were Chi-square value (χ2), Comparative Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA), Tucker-Lewis Index (TLI), Standardized Root Mean Square Residual (SRMR), Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC). The criteria were CFI and TLI ≥0.95 and ≥0.90, RMSEA ≤ 0.06 and ≤ 0.10, and SRMR ≤ 0.08 and ≤ 0.10 for good and acceptable, respectively (Hu and Bentler, 1999; Kline, 2005). The AIC and BIC were relative indices in the multiple models, with smaller values that approximated the optimal model (Kubo, 2022). There were no assumptions of residual covariance among the observed variables in all the models.


[image: Diagram comparing four models of disorder structure. Model 1: Unidimensional model with a single CPTSD factor leading to various symptoms. Model 2: Six-factor correlated model with separate factors (Re, Av, Th, AD, NSC, DR) interlinked by correlations. Model 3: One-factor second-order model with CPTSD as a higher-order factor influencing the same six factors. Model 4: Two-factor second-order model with separate PTSD and DSO higher-order factors affecting corresponding symptoms.]
FIGURE 1
 Candidate optimal models for confirmatory factor analysis.


Categorical factor analysis with weighted least squares (WLS) method was performed for each of the PTSD and DSO subscales to confirm uni-dimensionality. Subsequently, the Graded Response Model (GRM; Samejima, 1969) of the Item Response Theory and Differential Item Functioning (DIF; Thissen et al., 1993) based on the likelihood-ratio test, were applied to evaluate the ITQ's item characteristics (item discrimination a and item difficulty b) and equivalence by attribute (non-uniform and uniform DIF). The target group for the DIF analysis was sex (men and women). The association between the scale mean scores was examined by Spearman's rank correlation coefficient (ρ). The criteria to determine the correlation coefficient was ±0.10–0.30, ±0.40–0.60, and ±0.70–0.90 for a weak, moderate, and strong effect, respectively (Dancey and Reidy, 2011).

We generated categorical variables for PTSD and CPTSD as diagnostic possibilities in accordance with the ITQ diagnostic scoring protocol (Cloitre et al., 2018; International Trauma Consortium, 2017). Specifically, those with all three PTSD symptoms and functional impairment were identified as “Diagnosability of PTSD.” Those with all six symptoms of PTSD (three each of PTSD and DSO) and functional impairment were identified as “Diagnosability of CPTSD.” Additionally, a binomial logistic regression analysis (robust standard errors, forced entry method) was conducted via psychological and physical violence victimization of the IViS-J and related risk factors as independent variables and PTSD and CPTSD diagnosability as dependent variables. The criterion for the occurrence of multicollinearity was Variance Inflation Factor (VIF) ≥5 (Shrestha, 2020). The significance level was set at 5%. JASP version 0.18.1 and jamovi version 2.4.8 were used for all the statistical analyses.



2.4 Ethical considerations

This study was approved by the Ethical Review Board of Faculty of Education, University of Yamanashi (No. R5-017). The survey participants were provided with the consent information beforehand, including questions about their negative experiences. The study was conducted with due attention to informed consent, and we made preparations and considerations for the survey being voluntary and ensured that it was possible to forcibly close the browser even in the middle of a response, arranged for any psychological support, such as a counselor, if necessary, by contacting the authors via the contact information provided in the survey form as appropriate. Regarding the process of conducting the survey, the response data were unsigned and converted into a statistically processed, non-personally identifiable ID. The data used for the analysis was limited to the data of completed response transmissions in which consent to cooperate in the survey was obtained. There were no requests for psychological support by the survey participants after the survey was completed.




3 Results


3.1 Factor structure and item-level assessment of the ITQ

A CFA was used to examine the factor structure of the ITQ by comparing the models (Table 2). Consequently, Model 2 (six-factor correlated) and 4 (two-factor second-order) were accepted as interpretable (see Figure 1 for each model). The relative evaluation was slightly better for Model 2 than Model 4; however, the difference in the BIC values was small (< 10).


TABLE 2 Model fit statistics with confirmatory factor analysis of the ITQ.

[image: Table comparing four models from confirmatory factor analysis, displaying chi-square, degrees of freedom, p-value, CFI, TLI, RMSEA with confidence interval, SRMR, AIC, and BIC. Descriptions of the models and methods used are included.]

The GRM and sex differences DIF were used to examine the ITQ's measurement precision and item-level ratings (Table 3). The uni-dimensionality of PTSD and DSO was confirmed and met the theoretical assumptions. In the GRM, two items of “negative self-concept” showed higher item discrimination than the other two symptoms. Furthermore, item difficulty was stable for all the items. No significant sex difference items were found between the groups for both non-uniform DIF and uniform DIF.


TABLE 3 Measurement precision by GRM and DIF of the ITQ items.

[image: A table presents graded response model (GRM) data for PTSD and DSO items, showing parameters like factor loadings (λ), item discrimination (a), and item difficulty (b1 to b4). It includes columns for non-uniform and uniform differential item functioning (DIF) with chi-squared (χ²), p-values, and adjusted p-values (Adj. p). Items are labeled as Re, Av, Th, AD, NSC, and DR, representing various psychological constructs. Additional descriptive text explains abbreviations and derivation methods.]



3.2 Correlation between interpersonal violence victimization, the ITQ, and each psychological symptom

The association between the mean scores of each scale was examined via the correlation coefficients (Table 4). Psychological and physical violence showed weak-to-moderate positive correlations with the six symptoms of the ITQ and with PTSD and DSO. Similarly, it also revealed weak-to-moderate positive correlations with psychological symptoms that corresponded to the six symptoms of the ITQ. The six symptoms were also moderately to strongly positively correlated with their corresponding psychological symptoms. Regarding the ITQ and other psychological symptoms, the correlation coefficients were relatively higher for psychological violence than for physical violence.


TABLE 4 Correlations of interpersonal violence victimization, the ITQ, and related psychological symptoms.

[image: A table showing Spearman's rank correlation coefficients between various psychological measures. It includes sections for IViS-J, IES-R, J-DERS, SDS, and IIP-32, indicating correlations with ITQ-PTSD and ITQ-DSO. Values indicate varying degrees of correlation, ranging from 0.23 to 0.71, with significance noted at p < 0.001. The table is labeled for categories like Psychological violence victimization, Intrusion, Non-acceptance of emotional responses, Self-disgust, and personality traits such as Dominant and Exploitable. Each section is clearly marked with headings and corresponding coefficients.]



3.3 Associations between PTSD and CPTSD with interpersonal violence victimization and related risk factors

Among participants (n = 651), 7.68% (n = 50) and 6.30% (n = 41) met the criteria for PTSD and CPTSD, respectively, as per the ITQ diagnosis. After each diagnosability group was coded as reference class 1, we verified whether interpersonal violence victimization and related factors predicted diagnosability via a binomial logistic regression analysis (Table 5). No multicollinearity was observed in either model (VIF < 1.588), which indicated adequate model fit and prediction accuracy.


TABLE 5 Associations between PTSD and CPTSD with interpersonal violence victimization and related risk factors.

[image: Table comparing factors affecting diagnosability of PTSD and CPTSD. It includes coefficients, robust standard errors, Wald statistics, p-values, and odds ratios with confidence intervals. Factors analyzed are psychological and physical violence victimization, sex, sexual orientation, chronic illness or disability, sports type and level, school life away from parents, and early sports specialization. Results show significant odds ratios, particularly for psychological violence and sexual orientation in both PTSD and CPTSD. Base sample size is 651, using forced entry and multiple imputation methods.]

When PTSD was the dependent variable, five factors independently and significantly promoted diagnosability: high frequency of psychological and physical violence victimization, women (vs. men), LGB self-identification (vs. heterosexuals who did not self-identify as LGB), and school life away from parents (vs. had not experienced). Additionally, when CPTSD was the dependent variable, three factors independently and significantly promoted diagnosability: psychological and physical violence victimization and LGB self-identification (vs. heterosexuals who did not self-identify as LGB).




4 Discussion

This study demonstrated that the ITQ was fully applicable to interpersonal violence victimization in ESA in Japan (Tables 2–4). Moreover, we found that a high frequency of psychological and physical violence victimization experiences and self-identified LGB were associated with PTSD and CPTSD diagnoses (Table 5). Conversely, being a woman and in school life away from parents was solely associated with a PTSD diagnosis (Table 5). Our findings extend previous studies (e.g., Omi and Fujine, 2021; Parent et al., 2022) that showed an association between interpersonal violence in sports and mental health problems. This was the first quantitative study to examine both PTSD and CPTSD aspects in sports and the ESA context.


4.1 Factor structure, measurement precision, and validity of the ITQ

The factor structure of the ITQ for specific trauma types measured in this study was appropriate for a six-factor correlation (Model 2) and two-factor second-order models (Model 4). This aligned with representative systematic reviews of the ITQ (Brewin et al., 2017; Redican et al., 2021). The BICs of Models 2 and 4 remained below 10, indicating that both models' validity could be explained (Raftery, 1995). Regarding the ITQ item-level measurement precision examined by the GRM, all items were high and stable. Typically, item discrimination is “high” at 1.35–1.69 and “very high” at 1.70 or higher (Baker, 2001). Additionally, disqualification criteria are item discrimination and difficulty of 0.5 or lower and 4.0 or higher in absolute value, respectively (Toyoda, 2002). Therefore, the ITQ was judged as a relatively unbiased measure with an appropriate range width and consistent with the latent trait. Although previous studies that express the psychological characteristics of the ITQ via IRT and DIF remain scarce, low item discrimination was detected in an item of the DSO factor in a German general population sample (Christen et al., 2021). Furthermore, sex differences in the DIF were found in an item of the PTSD factor in a clinical refugee sample (Nielsen et al., 2023). Owing to the differences in the different trauma types targeted, precise comparisons between these studies were difficult. However, since no sex differences in the DIF were observed in our results, there may not be differences in response tendencies between men and women derived from the ITQ items, at least in the ESA in Japan.

For the rank correlations, we also found that significant positive correlations between each scale were found that confirmed the construct validity of the ITQ measured for interpersonal violence victimization. Specifically, PTSD symptoms on the ITQ were strongly positively correlated with the subscales of the IES-R, an existing PTSD scale, at 0.6 or higher, respectively. In addition, DSO symptoms on the ITQ showed moderate to strong positive correlations with the existing J-DERS, SDS, and IIP-32 subscales corresponding to DSO symptoms, ranging from 0.4 to 0.7, respectively. Hence, the results emphasize the harmfulness of interpersonal violence victimization in ESA and its association with various psychological symptoms at both the individual and relational levels.



4.2 Impact of interpersonal violence victimization

In this study, < 10% of the total sample had a possible diagnosis of PTSD and CPTSD with functional impairment, which was expected in this non-clinical sample. Most participants who had a diagnostic potential for PTSD met the criteria for diagnostic potential for CPTSD, which was important, albeit at the level of descriptive statistics.

The frequency of psychological and physical violence victimization experiences was substantially associated with PTSD and CPTSD diagnosability. This result indicated that this was not just the effect on monogenic PTSD (Parent et al., 2022; Toyoda et al., 2023). In other words, we found that interpersonal violence in sports had a serious impact on interpersonal difficulties, avoiding interactions with others, struggling to establish new relationships (Kerr et al., 2020), the development of feelings of self-worthlessness, and long-term mood disturbances (Kavanagh, 2014; Stirling and Kerr, 2008) such as negative psychopathology closely related to cognition and emotion. This reflected the complexity of CPTSD, which encompassed the main symptoms of PTSD and was accompanied by DSO symptoms. This supported the trial proposal (Harada, 2020, 2021) regarding the possible expression of CPTSD in Japanese sports settings. According to Harada (2020), individuals with CPTSD (i.e., victims) in sports situations form traumatic memories, resulting in intra- and interindividual psychological and physical disorders. In addition, such traumatic memories can be activated by certain triggers, resulting in a mode change from a reassuring mode to a hostile and confusing mode, which further aggravates the victim's unstable state (Harada, 2020). This finding is generally consistent with that of other studies on childhood abuse (Cloitre et al., 2006; Nishizawa, 1997), in which survivors lacked agency and experienced serious chronic problems in interpersonal relationships that cannot be explained by the conventional concept of PTSD. According to Herman (2015), a climate of violent domination in an abusive environment is accompanied by an overwhelming sense of isolation and alert hyperarousal. In Japanese ESA, the environment in which corporal punishment occurs is also recognized as a closed space with strong tension wherein common sense does not prevail (Muramoto and Matsuo, 2016). Therefore, the similarity in both these environments made the application of findings from childhood abuse notable and complementary to our discussion.



4.3 Risk factors predicting diagnosability of PTSD

We found that “being a woman” and “in school life away from parents” were identified as risk factors that promoted PTSD diagnosability. Regarding sex, generally, girls are more likely to be victims of psychological violence and neglect than boys (Parent and Vaillancourt-Morel, 2021). Parent et al. (2022) reported a significant association between psychological violence, neglect victimization, and low self-esteem solely among girls. Hence, biological and psychosocial factors specific to women may be latent in the pathological structure of PTSD caused by interpersonal violence victimization in sports. Incidentally, the higher risk of developing PTSD in women than in men (Asukai et al., 2002; Olff et al., 2007) is a generalized finding that complemented our explanation.

Regarding school life away from parents, the risk of distancing oneself from parents and guardians and engaging in sports was noted among elite athletes (Parent and Fortier, 2018). Daignault et al. (2023) identified that the tendency to play sports away from their parents was a characteristic of people who had experienced repeated psychological violence victimization from multiple perpetrators and had mental health concerns. Our analysis did not consider the specific length of time that the participants spent away from their parents during their 6 years of junior high and high school. However, ESA in Japan is often dominated by a strong discipline of hierarchical structures and relationships between coaches and club members. Furthermore, the culture of perpetuating and concealing violence is possible (Ishimura and Tasato, 2017; Omi, 2019). Additionally, dormitory life in such a cultural context tends to form an even more closed environment (Omi, 2019). Victims of interpersonal violence could be exposed to an environment in which these psychosocial and material resources were depleted (school life prioritized ESA in which violence was prevalent), thereby contributing to PTSD at the diagnostic level. Studies on childhood abuse indicate that the most severe effects of traumatic events are more likely to occur in those who had limited resources for support prior to the event, which also makes recovery from the trauma difficult (Cloitre et al., 2006).



4.4 Risk factors predicting diagnosability of CPTSD

We found that “being LGB self-identification” was identified as a risk factor that promoted CPTSD diagnosability. In sports, LGBT and asexual individuals reportedly experience higher rates of interpersonal violence victimization (e.g., Zogg et al., 2024). Additionally, in school physical education and sports settings in Japan, many sexual minority students experience forced gender roles and are subjected to violence and ridicule owing to gender identity (Kazama et al., 2011).

Previous meta-analyses robustly supported that people who identified as LGBTQ were more prone to PTSD than those who did not (Marchi et al., 2023). A recent study examined the association between LGBTQ and CPTSD and found that exposure to gender expression-related harassment in minority stress is positively correlated with all PTSD and DSO symptoms (Charak et al., 2023). Furthermore, CPTSD has a mediating effect on traumatic events and lifetime suicide attempts (Ellis et al., 2023). However, these known arguments were not necessarily generalizable to sexual minority populations in sports violence. Conversely, the latest literature on athlete abuse reported that LGBTQ athletes are prone to lower wellbeing and self-harm (Willson et al., 2023). Thus, our new finding that LGB is a potential risk factor for harm and also a strong predictor of psychiatric diagnostic trends for CPTSD is an extension of previous research.

However, this study did not consider the extent to which our data includes violent acts or discriminatory remarks directly related to sexual orientation and identity. Hence, the above interpretation should be considered. Moreover, those who have gender dysphoria or are sexual minorities might not necessarily experienced trauma due to “extreme threat or fear” as indicated by the ICD-11; instead, they may have developed CPTSD due to the accumulation of a significant amount of daily exposure to trivial microaggressions (Harima, 2021). Additionally, participation in ESA in Japan shapes students' stereotypical gender consciousness and reinforces the power and role structures between men and women (Mikami, 2022). In Japan these days, there is often an ostensible mood in which homosexuality is welcomed, but the main factors in favor of homosexuality are the changing consciousness of the international community and the tendency toward irrelevance to oneself, pointing to the existence of so-called “apparent attitudes” (e.g., Motoyama, 2022). Given this background of Japanese society, it is possible that a sense of latent discrimination and prejudice may remain in the context of ESA in terms of interpersonal violence in ESA against LGB. Therefore, CPTSD caused by interpersonal violence may be more clearly explained by clarifying the nature of the specific type of violence directed at LGB groups and surrounding environmental factors.



4.5 Limitations and future directions

Considering this was a self-reported cross-sectional survey, it was difficult to refer to causal relationships or clinical assessments and recall bias of experiences may be an issue. A longitudinal study that considers the duration of exposure and a combinate study with clinical interviews by experts is required. Our sample was limited to young adults; hence, future studies should replicate our findings with a wider age sample.

As our findings were explained in the specific context of ESA in Japan, cultural factors may have influenced the results. Furthermore, this study design did not consider sports instruction situations other than ESA in middle and high schools (e.g., local sports team). Therefore, it is difficult to generalize our findings to the entirety of sports in Japan. However, since ESA is a reasonable condensation of Japanese culture (Omi, 2019) and represents Japanese sports situations where problems of interpersonal violence are persistent (Human Rights Watch, 2020), our findings are meaningful. Future studies should explore the impact of trauma types other than interpersonal violence. Peer bullying and interpersonal violence from parents are important targets (Parent et al., 2023; Vertommen et al., 2022). Especially in Japan, the promotion of violence by parents has become a social problem, as evidenced by the coined term “sport-toxic parents.” This has attracted attention due to parents' covering up of violence by coaches and excessively pushing children to exceed in competition (Shimazawa, 2022).

Our study did not include sexual violence victimization. Previous studies on interpersonal violence in sports in Western countries have examined the adverse effects of sexual violence victimization (Parent et al., 2019, 2022). However, the unreported rate of child sexual abuse is very high in Japan. Additionally, bias regarding self-reporting is likely to occur due to hesitation to report due to shame or threats from the perpetrator (Takaoka, 2016). Even in sports, many disincentives for self-reporting exist for victims of sexual violence (Human Rights Watch, 2020). Thus, sexual violence in Japan has a particular inherent measurement problem, especially when compared to other forms of violence. Future studies should carefully examine the psychiatric effects of sexual violence victimization, while controlling for social desirability.

Finally, as a more practical future direction, this study may also have implications for how victim support should be provided. For example, in the context of childhood abuse in Japan, there are already treatments that have been shown to be effective in improving CPTSD through clinical trials (Skills Training in Affective and Interpersonal Regulation Narrative Therapy; Niwa et al., 2022). Based on the results of the present study, it may be necessary to build on these clinical findings and further investigate treatments specific to the context of sports and ESA.




5 Conclusion

Limited studies have investigated the association between interpersonal violence in sports and mental health problems worldwide (Schmidt et al., 2022; Willson et al., 2023). In addition, the ESA examined in this study are the most representative scenes of sports activities in Japan and are essentially positioned as extracurricular activities conducted through the voluntary and spontaneous participation of students. However, ESA in Japan are rather anti-democratic and unreasonable in nature, and have become some kind of evil “sanctuary” that is difficult for the educational system to reach (Omi, 2019; Uchida, 2023). This study found that interpersonal violence victimization and several associated risk factors predicted the diagnosability of PTSD and CPTSD. This study was the first to use CPTSD in a study on interpersonal violence in sports.

From a practical perspective, in current sports contexts, athlete-standard educational interventions on interpersonal violence and risk factors are required (Zogg et al., 2024). Furthermore, just “introducing” protective policies for victims is insufficient; the “effect” of these policies should be examined longitudinally (Hartill et al., 2023). Our results indicate “the beginning of a desirable direction for the protection of human rights” toward the development and enhancement of victim support and clinical care systems specific to sports and ESA in Japanese context.
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Introduction: This study aimed to compare the effects of structured sports games (SG) and psychomotricity activities (PCM) on the locomotor, stability, and manipulative motor competencies of preschool children.
Methods: A randomized controlled trial was conducted over an 8-week period, involving two experimental groups (SG, n = 30 and PCM, n = 30) and one control group (CG, n = 28), with participants attending two intervention sessions per week. A total of 88 5-year-old children participated in the experiment (boys n = 48; girls n = 40). They were evaluated three times (at baseline, after 4 weeks, and after 8 weeks) using the Motor Competence Assessment test to measure their locomotor, stability, and manipulative motor competencies.
Results: The scores were standardized to percentiles based on sex and age. However, significant differences were observed between groups post-intervention in the locomotor domain (p = 0.003; [image: Mathematical expression showing eta subscript p squared.] = 0.128), with the SG showing significantly higher values compared to the CG (mean difference: 17.0%; p = 0.021; d = 0.783), and PCM (mean difference: 19.8%; p = 0.005; d = 0.947). Additionally, significant differences were found between groups post-intervention in the manipulative domain (p = 0.001; [image: Mathematical expression depicting "eta sub p squared" with "p" as a subscript.] = 0.142), with the SG showing significantly higher values compared to the CG (mean difference: 19.3%; p = 0.009; d = 0.845) and PCM (mean difference: 21.4%; p = 0.003; d = 0.998).
Discussion: Our study highlights the significant benefits of increased practice in developing motor competence, particularly in children’s locomotor and manipulative skills. Additionally, at this age, fun, competition, and social interaction seem to play a crucial role, as the SG group demonstrated greater improvements compared to the PCM group.
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Introduction

Motor competence (MC) refers to an individual’s ability to perform a wide range of motor skills, including both fine and gross motor activities (Stodden et al., 2008; Feitoza et al., 2022). Although it has been given different expressions to MC, such as fundamental movement skills, motor development, motor efficiency, motor coordination, motor ability or motor fitness (Cattuzzo et al., 2016), there is a broad consensus that this concept imply proficiency on fundamental movements skills (Stodden et al., 2008), which are based on locomotor, stability and manipulative abilities (Gallahue and Ozmun, 2006). Thus, MC is the overall ability to perform various motor skills, while motor efficiency is the ability to perform tasks with minimal effort, motor coordination is the smooth execution of movements, motor ability reflects innate movement potential, and motor fitness involves the physical attributes that support skilled movement (Cattuzzo et al., 2016).

The MC is fundamental to a child’s overall development, particularly during the preschool years, a critical period (between 2–3 and 6–7 years of age) for acquiring and refining these skills (Gallahue and Ozmun, 2006; True et al., 2017). MC can be linked to neural maturation and the development of motor pathways in the brain, which can be essential for coordinate movements (Gerván et al., 2017; Thomason et al., 2018). Thus, neural maturation and the development of motor pathways in the brain, particularly in areas such as the motor cortex, cerebellum, and basal ganglia, may play a critical role in MC (Doyon et al., 2009). Through motor experiences, the refinement of synaptic connections, the myelination of motor neurons, and the strengthening of corticospinal and sensorimotor pathways may contribute to enable improved coordination, precision, and motor learning (Ruddy and Carson, 2013).

High levels of MC in early childhood are associated with better physical health (Sigmundsson and Haga, 2016), cognitive function, and social–emotional well-being (Robinson et al., 2015). MC may influence cognitive skills such as memory and executive control by engaging neural networks involved in motor planning, coordination, and cognitive regulation (Fernandes et al., 2016), with evidence showing that activities requiring fine and gross motor skills enhance connectivity between the cerebellum and prefrontal cortex, thereby improving working memory, inhibitory control, and cognitive flexibility (Biino et al., 2023). This is because engaging in diverse physical activities may promote muscle strength, coordination, and motor planning (Myer et al., 2015). Furthermore, children with advanced motor skills are more likely to participate in physical activities (Wrotniak et al., 2006; Williams et al., 2008), fostering healthy lifestyle habits and enhancing their self-confidence and social interactions. This is in line with the concept of physical literacy, which highlight the need of developing motivation, confidence, physical competence knowledge, and understanding to value and engage in physical activity for life (Whitehead, 2001). Physical literacy complements motor competence by providing a broader framework that includes not only the ability to perform basic motor skills, but also the knowledge, motivation, and confidence necessary to engage in physical activities throughout life, fostering a holistic development of movement capabilities (Whitehead, 2001).

The rise in sedentary behavior among preschool children poses significant risks to their MC and overall development (Sedlak et al., 2015). A recent study found that 7-year-old children with high sedentary time spent an average of 83.8 ± 55.0 min (27.4% of their sedentary time) on screen-based activities (Hoffmann et al., 2019). Those with medium sedentary time spent 82.8 ± 50.5 min (39.8% of their sedentary time), while children with low sedentary time spent 77.2 ± 59.4 min (71.3% of their sedentary time) on screens (Hoffmann et al., 2019). Studies suggest that excessive sedentary behavior delays the development of fundamental motor skills (Zacks et al., 2021). These delays can lead to poorer MC, affecting a child’s ability to engage in and enjoy physical activities (Cantell et al., 2008). Additionally, sedentary behavior can reduce muscle strength and endurance, limiting opportunities for children to develop and refine their motor skills through active play (Kolehmainen et al., 2015). In fact, it has traditionally been assumed that the development of fundamental movement skills is guaranteed and occurs naturally. However, the literature has shown that this is not the case, with the environment (especially the practice) in which the child develops playing a significant role (Goodway and Branta, 2003; Goodway and Branta, 2003; Saraiva et al., 2024). For instance, children from lower socioeconomic backgrounds or with limited access to stimulating play environments often face reduced opportunities to engage in physical activities (Ferguson et al., 2013). The lack of physical activity not only hinders motor development but also might contribute to potential long-term health issues (Vlahov et al., 2014; Musálek et al., 2021). MC acquired in childhood may lay the foundation for lifelong physical activity patterns by fostering confidence and proficiency in movement, which promotes sustained engagement in physical activity into adulthood, ultimately contributing to better health outcomes by reducing risks of obesity, cardiovascular disease, and other chronic conditions (Petrusevski et al., 2022). Therefore, reducing sedentary behavior and promoting active play are essential for fostering optimal motor development and overall health in preschool children (Bai et al., 2024).

Introducing structured practices, even when guided and supported by feedback-driven instruction, can positively impact motor competence, especially in situations where opportunities for spontaneous practice are limited (Sutapa et al., 2021). Engaging in structured physical exercise programs can significantly impact the development of MC across locomotor, stability, and manipulative domains in preschool children (Sutapa et al., 2021). For instance, a meta-analysis has showed that physical education can significantly enhance overall MC in children and adolescents (Lorås, 2020). Some studies (van et al., 2017) suggest that regular participation in structured physical activities can enhance motor skills within these domains. The literature is unclear on how to effectively improve MC, however, exposure to (quality) practice may be a key factor, with a certain degree of variability in practice being essential to expand the child’s motor repertoire (Saraiva et al., 2024). Variability refers to the dynamic process of diversifying movement experiences to prevent repetition of fixed actions, allowing participants to engage in different ways and patterns of the same type of movement (Pesce et al., 2019). This variability may enhance learning by promoting adaptability and supporting the development of motor competence through exposure to a range of movement scenarios (Sternad, 2018). Structured programs can vary widely in content and approach. For instance, sports games and general psychomotor individual activities can influence the development of MC domains. On one hand, sports games promote team interaction, and the inherent competition serves as a stimulus to challenge and develop skills. On the other hand, general psychomotor individual activities are more individualized and do not require constant interaction with a team, allowing the individual to focus solely on the task at hand. Sports games may enhance locomotor skills through dynamic movements like running, jumping, and agility actions required during gameplay, which are engaging due to the collaborative dynamics inherent in team sports (Konoh, 2013). Manipulative skills such as throwing, catching, and kicking can be particularly promoted through strategic interactions with objects in sports games settings (Hashemi et al., 2015). In contrast, general psychomotor individual activities focus on generalized body movements, emphasizing foundational aspects of MC, can be particularly interesting for targeting specific skills such as balance exercises, fine motor tasks, and basic locomotor movements, without the competitive or cooperative demands of sports games (Teixeira Costa et al., 2015; Ene et al., 2016).

Despite the potential benefits, research on how enrollment in different physical exercise programs impacts children’s MC is limited (e.g., Stodden et al., 2008; Barnett et al., 2016). Particularly lacking are experimental studies testing how structured physical exercise programs with varying content affect MC variables in children. Conducting such experimental studies could significantly advance our understanding and guide educators in directing interventions to ensure adequate development in children’s key MC areas. Thus, this study aimed to compare the effects of structured sports games (SG) and psychomotor activities (PCM) on the locomotor, stability, and manipulative motor competencies of preschool children. It was hypothesized that locomotor and manipulative abilities will be greater in SG, while stability levels will be higher in PCM. This hypothesis is based on the expectation that the specificity of the practice plays a key role. Since SG often require multidirectional movements and coordination between hands, feet and the ball, they may have a greater impact on developing competences related to these movements. In contrast, PMC typically focuses on single-body movements, which may be more relevant for tasks that require stability, potentially offering a better transfer to stability-related tests.



Methods


Trial design

The objective and hypothesis of our study are directly aligned with the study design, as they provide a framework for the comparison of the effects of SG and PCM on preschool children’s motor competencies. Our hypothesis suggests that locomotor abilities will be enhanced by SG, while PCM will have a greater impact on stability. To test this hypothesis, the study utilized a randomized controlled design, assigning preschool children to three groups: SG, PCM, and a control group (CG). By measuring MC before and after the intervention using MC tests, the study design allows for a clear comparison of the effects of SG and PCM on locomotor, stability, and manipulative motor skills, thus providing evidence to support or refute the hypothesized differences in outcomes between the groups.

The study followed the CONSORT guidelines to ensure a comprehensive reporting of information (Merkow et al., 2021). The research began after approval from Yibin Third People’s Hospital under code YBSDSRMYY-2024-01. Children and their legal guardians were briefed on the study’s design, associated risks, and potential benefits. Upon their voluntary agreement to participate, legal guardians signed informed consent forms. The study adhered to ethical standards outlined in the Declaration of Helsinki.



Participants

The study included participants who met the following criteria: (i) healthy 5-year-old children, with no sex restrictions; (ii) not currently participating in structured sports or physical exercise programs at the time of the initial evaluation; (iii) not enrolled in other intervention programs during the study period; (iv) attending all scheduled evaluations; and (v) maintaining an adherence level of 90% or higher during the intervention. The recruitment process involved directly contacting kindergartens in the region, opting for a convenience sampling strategy because it provided easy access to the population. Through kindergarten directors, parents were invited to participate in the study, and those who expressed interest in volunteering were included in the list of potential participants (see Figure 1).

[image: Flowchart showing participant allocation in a study. From 102 recruits, 12 were excluded, leaving 90 allocated to three groups: SG (n=30), PCM (n=30), and Control (n=30). Each underwent evaluations and interventions over eight weeks. Two from the Control group missed evaluations, leaving 88 analyzed: SG (n=30), PCM (n=30), Control (n=28).]

FIGURE 1
 Reporting of the participants number over the phases of the experiment. SG, sports games groups; PCM, psychomotricity activities group.


From an initial pool of 102 potential volunteers, 88 were considered eligible (Figure 2). The remaining 14 were excluded: 9 because they were enrolled in structured physical exercise programs at the time of the first evaluation, 3 were unavailable for measurements during the initial, and the remaining 2 were not available in the second evaluation period. The sample was composed by 48 boys 308 (110.2 ± 3.6 cm, 18.8 ± 1.7 kg) and 40 girls (108.8 ± 2.9 cm, 17.1 ± 1.7 kg).

[image: Box plots and scatter plots display stability, locomotor, manipulative, and motor competence percentages across control, SG, and PMC groups at pre-intervention, mid-evaluation, and post-intervention stages. Statistical significance is indicated in locomotor and manipulative post-intervention plots with p-values of 0.021, 0.005, 0.009, and 0.003. Each set of plots is accompanied by density curves.]

FIGURE 2
 Percentiles (%) of motor competence across various domains over three evaluation periods. MC: overall motor competence score; *: statistically significant (p < 0.05). SG, sports games groups; PCM, psychomotricity activities group.


The study lasted 10 weeks. Eight weeks were dedicated to the intervention, while the initial week was for baseline assessments, and the final week (the 10th) was for post-intervention evaluations. The second evaluation (intermediate) occurred in the middle of the 4th week of the intervention.



Interventions

The interventions were conducted over 8 consecutive weeks, consisting of 30-min sessions twice a week, spaced 48 h apart. The participants had not been previously exposed to these interventions or any structured psychomotor programs. During the intervention period, the children did not participate in any additional physical education or structured physical programs. The sessions took place in kindergarten facilities and were led by the research team, who planned and prescribed the interventions. Each class (SG and PCM) was taught by two groups, each consisting of one lead teacher and two assistants, with each group specializing in only one of the approaches. The lead teachers had over 10 years of experience in children’s physical education, while the assistants had a minimum of 2 years of experience in the field. Supervision was provided in all sessions by the designated teacher and a team of monitors, who were trained in the methodological approaches for the classes and closely assisted the children in performing the activities. The contents and games of the interventions are presented in Table 1.



TABLE 1 Description of the contents for both experimental groups.
[image: A table comparing physical activities over eight weeks for two groups: SG (sports games group) and PCM (psychometric activities group). Each week details sessions with activities like balloon football, kick the toy, clean up your room, kicking relay, passing and scoring, and suicide drills for SG. PCM activities include leap frog relay, animal movements, toy hoop relay, maze challenges, and balance exploration. Each week specifies the session duration and the specific nature of the activities for both groups, aimed at physical and psychometric engagement.]

During the initial week of assessments, the research team met with the participants and conducted an unregistered pilot class to ensure the children became familiar with the teachers. The pilot session involved introductions and some ice-breaker recreational activities, aiming to establish a social foundation for the upcoming intervention phase. The session was the same for both experimental groups, ensuring similar conditions.



Outcomes

In each of the evaluation weeks, morning sessions were dedicated to conducting data assessments consistently across three evaluations. The evaluations were conducted in one-hour blocks, starting at 9 a.m., followed by 10 a.m. and 11 a.m. Participants were grouped together to facilitate efficient assessment in a circuit format. The evaluations at each time point were standardized for all participants, ensuring consistency in the timing and conditions, as well as the same day of the week for each session. This approach helped to ensure the replicability of the evaluations. These assessments were conducted indoors in a controlled environment, specifically at a temperature of 21.5°C and a relative humidity of 55%. A team of six evaluators administered the Motor Competence Assessment tests. Each evaluator received 2 weeks of training on the specific tests they were responsible for, and a pre- and post-test for accuracy was conducted in a pilot phase to ensure the quality of the observations. Children were assessed in groups, following a structured sequence that included demographic information, anthropometric measurements, and a standardized warm-up routine. This warm-up involved 5 min of jogging followed by 3 min each of upper and lower limb dynamic stretching. The assessment battery then included tests for jumping sideways, shifting platforms, ball throwing velocity, ball kicking velocity, standing long jump, and shuttle run change of direction. This approach ensured that all evaluations were conducted under consistent conditions, providing a reliable basis for data collection and analysis. The motor competence assessment battery was chosen because it has been validated (Luz et al., 2016) and showed reliable for evaluating MC in children (Silva et al., 2022). The tests were followed by 2-min rest periods, during which the children had the chance to relax and interact with their peers. Teachers offered verbal encouragement to maintain their motivation. Additionally, motivation was further enhanced by presenting the tests as challenges, designed to encourage their commitment to the evaluations.



Shifting platforms

Participants in this test started by standing on one of two wooden platforms, each measuring 25 cm by 25 cm by 2 cm, and supported by four 3.7 cm feet at the corners (Rodrigues et al., 2019). The second platform was positioned adjacent to them on the floor, either to their right or left, depending on convenience. Upon hearing the command “Ready and Go,” participants swiftly moved the adjacent platform to the opposite side and stepped onto it. This sequence was repeated as quickly as possible for 20 s. Each successful transition earned participants two points—one for moving the platform and another for stepping onto it. The test demonstrated excellent reliability with an intra-class correlation score of 0.99 (Silva et al., 2022). Each participant was allowed two attempts, with a 3-min rest period between them, and only the highest score from the two trials was recorded. The average within-participant coefficient of variability for the completed trials was 1.4%.



Jumping sideways

Participants were tasked with performing sideways jumps using both feet simultaneously for a duration of 15 s on a rectangular surface measuring 100 cm long and 60 cm wide, divided by a small wooden beam (60 cm long, 4 cm high, and 2 cm wide) (Rodrigues et al., 2019). The test began with the prompt “Ready and Go.” Points were awarded for each successful jump where both feet landed within the designated area without touching the boundaries or stepping on the wooden beam. Each participant completed two trials, with only the highest score recorded. The assessment demonstrated strong reliability, achieving an intra-class correlation coefficient of 0.84 (Silva et al., 2022). A preliminary familiarization trial was provided for practice purposes but did not count towards the final score. To ensure participants were adequately rested between attempts, a 3-min rest period separated each trial.



Ball throwing velocity

Participants stood behind a designated line positioned 1 meter above the floor, facing a wall located at least 6 meters away in a designated area measuring at least 5 meters by 5 meters (Rodrigues et al., 2019). The objective was to throw a ball against the wall using an overarm motion at maximum speed. Before each throw, participants were allowed one or two preparatory steps. A cross measuring 40 cm by 40 cm was placed on the wall at a height of 170 cm to assist with alignment. The type of ball used was a tennis ball (6.5 cm diameter, 57 g weight). Peak ball velocity was measured in meters per second using a shoulder-level radar gun (Pocket radar, Model PR1000-BC, Inc. Santa Rosa, California) positioned near the throwing line facing the wall. This radar gun had previously demonstrated concurrent validity against the Stalker Radar (reference criterion), establishing its reliability and sensitivity for measuring ball velocity during both throwing and kicking activities (Hernández-Belmonte and Sánchez-Pay, 2021). The test achieved a high level of reliability, indicated by an intra-class correlation score of 0.86 (Silva et al., 2022). Participants were permitted two attempts, and the highest score was recorded. A preliminary trial was provided for familiarization purposes but did not contribute to the final score. Between each trial, participants were given a 1-min rest period to minimize fatigue and ensure consistent performance. The average within-participant coefficient of variability for the completed trials was 3.2%.



Ball kicking velocity

Participants positioned themselves beneath a 1-meter line in an area with dimensions of at least 5 meters by 5 meters, ensuring a minimum distance of 6 meters from a wall (Rodrigues et al., 2019). The task involved kicking a soccer ball at maximum velocity against the wall. Before each kick, participants were allowed one or two preparatory balancing steps. The size of the soccer ball was 62 cm circumference and 350 g weight.

Ball velocity was measured in meters per second using a radar gun (Pocket radar, Model PR1000-BC, Inc. Santa Rosa, California) positioned beside the participant’s dominant foot, near the 1-meter line on the floor, and facing the target wall. The test demonstrated very good reliability with an intra-class correlation score of 0.86 (Silva et al., 2022). Participants were allowed two attempts, with only the best score recorded. A preliminary familiarization trial was provided but not included in the final scoring. Between trials, participants had a 1-min rest period to minimize fatigue and ensure consistent performance. The average within-participant coefficient of variability for the completed trials was 4.7%.



Standing long jump

Participants began the test by positioning themselves on a designated starting line and were instructed to perform a maximal bilateral jump, executing a simultaneous take-off and landing with both feet (Rodrigues et al., 2019). The jump spanned over a marked surface, or a measuring tape placed perpendicular to the starting line alongside the jumping area. To aid in accuracy, a flexible scale tape was placed on the floor to mark the landing spot where the back of the heel closest to the starting line touched down. Children were instructed to propel themselves forward, ensuring that any imbalance that occurred would be in the forward direction while keeping their feet planted on the ground. If they lost balance backward, the jump was repeated. The distance in centimeters from the starting line to this point was then recorded as the measurement of the jump. The test demonstrated excellent reliability with an intra-class correlation score of 0.97 (Silva et al., 2022). Participants were given two attempts, and the best result was considered for scoring purposes. A 1-min rest interval was allocated between each trial to ensure optimal performance and minimize any potential fatigue effects. The average within-participant coefficient of variability for the completed trials was 3.8%.



Shuttle run change-of-direction test

Participants began positioned on a 100 cm long and 5 cm wide start line (Rodrigues et al., 2019). Upon hearing the command “Ready and Go,” they sprinted at maximum speed towards another 100 cm long and 5 cm wide line located 10 meters away. The starting position was standardized, with participants consistently using their preferred leg for both starting and changing direction. Initially, participants started in a staggered stance with their preferred leg forward, ensuring this positioning was recorded to maintain consistency across all evaluations. Immediately past this line, two rounded blocks (each 10 cm high and 5 cm in diameter) were placed, spaced 25 cm apart. Participants retrieved one block, sprinted back to the starting line, and placed it beyond the line, disregarding its exact position. They then returned to collect the second block. The test concluded once participants crossed the start/finish line while carrying the second block. Timing was measured using two pairs of photocells positioned at hip height (Wichro, Wireless Race, Chronojump Boscosystem, Spain). Each participant completed two trials, with a 2-min rest interval between them. The test exhibited very good reliability, boasting an intra-class correlation score of 0.86 (Silva et al., 2022). The final score was determined by the best time achieved from the two trials. The average within-participant coefficient of variability for the completed trials was 4.1%.



Secondary outcomes

To mitigate potential influences of physical activity and screen time on the outcomes, we employed a custom survey adapted from the Surveillance of Digital-Media Habits in Early Childhood Questionnaire, focusing on screen media use (Susilowati et al., 2021). Additionally, parents completed a validated physical activity questionnaire specifically designed for preschool children, comprising six items. These surveys were administered to parents during the initial, intermediate, and final evaluations to ensure comprehensive monitoring throughout the study period (Gascón et al., 2013).



Sample size

The initial exploration of the recommended sample size involved examining an effect size (f) of 0.3, aiming for a power of 0.95 with 3 groups and 3 measurements. Using G*Power software (version 3.1.9.6, Universität Düsseldorf, Psychologie – HHU, Düsseldorf, Germany), an estimation for a repeated measures ANOVA with within-between interaction suggested a recommended total sample size of 39 participants.



Randomization

Randomization was achieved by assigning numbers to participants and then randomly allocating them to one of the groups using opaque envelopes, ensuring an equal chance of enrollment in each group. A 1:1 allocation ratio was ensured. The randomization process was conducted manually by a researcher who had no further interaction with the participants during subsequent stages of the study. Group allocation occurred prior to the initial assessment of MC, and no participants changed groups throughout the study. Neither the evaluators nor the children were blinded to the study.



Statistical procedures

Transforming participants’ results in each MCA test into age- and sex-specific normative values (percentiles) was crucial for calculating MCA sub-scales and total scores, as detailed in previous studies (Rodrigues et al., 2021). These studies identified significant developmental changes in the relationships among model components, consistently representing three domains: locomotor, stability, and manipulative sub-scales. Furthermore, recent research (Rodrigues et al., 2022) emphasized the averaging of normative values across age and sex categories for each test to compute MCA sub-scales and total scores. The formula applied for calculating each sub-scale (e.g., locomotor, stability, manipulative) was ((LC test 1 / (LC test 1 + LC test 2)) * P test 1) + ((LC test 2 / (LC test 1 + LC test 2)) * P test 2), where LC denotes loading coefficient and P denotes percentile value. This approach ensured robust evaluation and interpretation of MC across diverse demographic groups.

Descriptive statistics, including mean and standard deviation, were computed initially. The outliers were initially assessed using a Q-Q plot, and no significant deviations were observed. Normality as well as homogeneity were confirmed using Kolmogorov–Smirnov and Levene’s tests, respectively, indicating normality (p > 0.05) and homogeneity (p > 0.05) within the sample. A mixed ANOVA was subsequently conducted, incorporating time (baseline, 3-months, and 6-months) and groups (target games, striking/fielding sports, net/wall games, invasion games, and a CG) to explore potential significant interactions. Effect size was assessed using partial eta squared ([image: Squared statistical symbol eta subscript p, indicating partial eta squared, used to measure effect size in statistics.]), and post-hoc analysis was performed using the Bonferroni test. The standardized effect size for pairwise comparisons was calculated using Cohen’s d, with the magnitude of differences interpreted as follows (Hopkins et al., 2009): 0.0–0.2 indicating trivial effects, 0.2–0.6 indicating small effects, 0.6–1.2 indicating moderate effects, and 1.2–2.0 indicating large effects. Statistical analyses were carried out using SPSS (IBM Corp. Released 2021. IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY: IBM Corp.), with statistical significance set at p < 0.05.




Results

Table 2 presents the anthropometric characteristics (body mass and height) of boys and girls from each sub-group.



TABLE 2 Descriptive statistics (mean ± standard deviation) of the body mass and height of boys and girls from each sub-group.
[image: Table comparing body mass and height for three groups: CG, SG, and PCM. CG has 28 participants, SG has 30, and PCM has 30. Data is divided by gender for boys and girls in each group. CG boys average 19 kg and 109.7 cm; girls 17.6 kg and 108.7 cm. SG boys average 19 kg and 110.5 cm; girls 16.7 kg and 108.3 cm. PCM boys average 18.5 kg and 110.3 cm; girls 16.9 kg and 109.2 cm. Measurements include standard deviations.]

Figure 2 shows percentiles (%) of MC across various domains over three evaluation periods. Significant interactions between time and groups were observed in the stability (F = 23.797; p < 0.001; [image: Mathematical expression representing eta subscript p squared.]=0.359), locomotor (F = 28.820; p < 0.001; [image: The image shows the mathematical notation for effect size, represented as eta squared with a subscript "p."]=0.404), manipulative (F = 26.206; p < 0.001; [image: Mathematical expression showing the Greek letter eta squared with a subscript p.]=0.381), and overall MC score (F = 20.012; p < 0.001; [image: Mathematical expression showing "eta sub p squared."]=0.320).

No significant differences were found between groups in the baseline in stability (F = 0.244; p = 0.784; [image: Mathematical expression featuring "eta sub p squared."]=0.006), locomotor (F = 0.289; p = 0.750; [image: The image shows the expression eta subscript p squared.]=0.007), manipulative (F = 0.319; p = 0.728; [image: Mathematical notation showing \( \eta_p^2 \), representing the squared partial eta symbol often used in statistics for effect size measurement.]=0.007), and MC overall score (F = 0.284; p = 0.754; [image: Lowercase Greek letter eta with a subscript of lowercase letter p and a superscript of two.]=0.007). Additionally, no significant differences were found between groups in the intermediate evaluation in stability (F = 0.095; p = 0.910; [image: Squared eta subscript p.]=0.002), locomotor (F = 1.747; p = 0.180; [image: Symbol eta subscript p squared, representing a mathematical or statistical expression.]=0.039), manipulative (F = 2.201; p = 0.117; [image: Mathematical notation showing "eta subscript p squared," which represents the squared value of eta sub p in a given equation or formula.]=0.049), and MC overall score (F = 1.011; p = 0.368; [image: Mathematical expression showing the subscript p and the superscript 2 applied to the Greek letter eta, resembling η with squared notation.]=0.023).

No significant differences were found between groups post-intervention in stability (F = 1.552; p = 0.218; [image: The image shows the mathematical symbol η subscript p squared (η_p²).]=0.035), and overall MC score (F = 2.474; p = 0.090; [image: Squared symbol η sub p, often representing a statistical measure in equations.]=0.055). However, significant differences were observed between groups post-intervention in the locomotor domain (F = 6.220; p = 0.003; [image: Mathematical expression showing the Greek letter eta subscripted with p and squared, written as η sub p squared.]=0.128), with the SG showing significantly higher values compared to the CG (mean difference: 17.0%; p = 0.021; d = 0.783), and PCM (mean difference: 19.8%; p = 0.005; d = 0.947). Additionally, significant differences were found between groups post-intervention in the manipulative domain (F = 7.059; p = 0.001; [image: Greek letter eta subscript p, squared.]=0.142), with the SG showing significantly higher values compared to the CG (mean difference: 19.3%; p = 0.009; d = 0.845) and PCM (mean difference: 21.4%; p = 0.003; d = 0.998).

The Table 2 shows the descriptive statistics (mean ± standard deviation) of the scores standardized to percentiles obtained by participants in the three groups across the three evaluation periods. Significant interactions between groups and time were observed in jumping sideways (F = 19.478; p < 0.001; [image: Mathematical notation showing the symbol eta subscript p squared.]=0.314), shifting platforms (F = 14.497; p < 0.001; [image: The image contains a mathematical expression with the symbol eta subscript p, raised to the power of two, indicating eta p squared.]=0.254), standing long jump (F = 30.522; p < 0.001; [image: Lowercase Greek letter eta with a subscript p and a superscript 2.]=0.418), shuttle run (F = 18.520; p < 0.001; [image: The image shows the mathematical notation eta squared subscript p, representing a statistical measure of effect size.]=0.304), throwing velocity (F = 14.255; p < 0.001; [image: Mathematical expression showing η subscript p squared.]=0.251), and kicking velocity (F = 25.714; p < 0.001; [image: Mathematical expression showing the Greek letter eta with a subscript "p" and a superscript of two, indicating eta p squared.]=0.377). No significant differences were found between groups in post-intervention performance for jumping sideways (F = 0.797; p = 0.454; [image: Squared eta sub p.]=0.018), shifting platforms (F = 2.595; p = 0.081; [image: Mathematical notation showing the Greek letter eta with a subscript p and a superscript two.]=0.058), and shuttle run (F = 2.807; p = 0.066; [image: The Greek letter eta with a subscript p and a superscript 2.]=0.062). However, significant differences were observed in the standing long jump (F = 8.504; p < 0.001; [image: Lowercase Greek letter eta with subscript p and superscript two.]=0.167), throwing velocity (F = 3.731; p = 0.028; [image: The image displays the mathematical expression eta subscript p squared.]=0.081) and kicking velocity (F = 9.205; p < 0.001; [image: The image contains the mathematical expression eta subscript p squared.]=0.178).

Specifically, in the standing long jump, the SG group showed significantly higher values compared to the CG (mean difference: 39.4%; p = 0.006; d = 0.070), although no significant differences were found when comparing SG to PCM (mean difference: 49.5%; p > 0.999; d = 0.060). In throwing velocity, the SG group exhibited significantly higher values compared to the PCM group (mean difference: 33.4%; p = 0.036; d = 0.718). Finally, in kicking velocity, the SG group showed significantly higher values than the CG (mean difference: 41.9%; p = 0.002; d = 1.044) (see Table 3).



TABLE 3 Descriptive statistics (mean ± standard deviation) of the motor competence percentiles obtained by participants in the three groups across the three evaluation periods.
[image: A table presenting data on various physical performance metrics for three groups: CG, SG, and PCM. Metrics include jumping sideways, shifting platforms, standing long jump, shuttle run, throwing velocity, and kicking velocity. Each metric shows baseline, after four weeks, post-intervention values, and percentage differences. Statistical differences between groups are noted with significance levels and effect sizes.]


Secondary outcomes

Table 4 presents the time spent on digital media during weekdays and the result of the parent questionnaire on physical activity levels in baseline and post-intervention in the CG, SG and PCM groups.



TABLE 4 Percentage of the time spent on digital media during weekdays and on sedentary and moderate to vigorous activities resulting from the parent questionnaire on physical activity levels in the baseline and post-intervention in each sub-group.
[image: Table showing data on digital media exposure and physical activity levels for three groups: CG, SG, and PCM. It details percentage changes from baseline to post-intervention in both categories. For media exposure, time intervals are less than three hours, three to five hours, and five to eight hours. For physical activity, the categories are sedentary activities and moderate to vigorous activities. Each group has data reflecting shifts between baseline and post-intervention periods.]




Discussion

The aim of the present study was to evaluate the impacts of structured SG and PCM on the locomotor, stability, and manipulative motor skills of preschool-aged children. Our study’s findings suggest that interventions based on sports games significantly enhanced the main MC domains of locomotor and manipulative skills, resulting in significantly improved scores among children. These interventions were also found to be significantly more effective compared to both the PCM group and the CG. Additionally, it was revealed that neither experimental group (SG and PCM) differed significantly from the CG in terms of stability and overall MC scores after the intervention period.

Our research has showed that children participating in SG, particularly those focusing on mastering ball control and learning team dynamics, as well as targeting through kicking and throwing at specific goals, experienced significant benefits in improving motor skills related to locomotion. These improvements significantly enhanced abilities such as standing long jump and shuttle run. The statistical significance of these improvements was observed after 8 weeks of training in comparison to PCM and CG. Interestingly, no differences were found in the 4th week. Skill acquisition is a dynamic process influenced by the frequency, intensity, and specificity of practice (Smith et al., 1999). By employing various SG drills and drawing on Newell’s constraints model (Newell, 1986), the interaction among individual constraints (e.g., physical capabilities like strength and coordination), task constraints (e.g., specific movement demands of team sports), and environmental constraints (e.g., dynamic and unpredictable game scenarios) likely created opportunities for learners to enhance locomotor capacities such as explosive running power, directly contributing to improvements in tasks like the standing long jump. Additionally, the variability inherent in open drills promoted a broader range of movement patterns and responsiveness, potentially translating into better performance in the shuttle run test.

Our study substantiates specificity principles by indicating that targeted training over an 8-week period led to statistically significant improvements in motor skills, contrasting with the absence of such improvements observed in the initial 4-week phase. Possibly, the initial practice stages focus on cognitive processing and perceptual-motor mapping before transitioning to automaticity through continued training may justify the findings (Ackerman and Cianciolo, 2000). Furthermore, the observed benefits can be attributed to neuroplastic changes within the motor cortex, as repeated engagement in specific motor tasks refines neural pathways responsible for movement coordination and efficiency (Calmels, 2020). Considering the improvements observed in the SG group, they can possibly be attributed to the integration of complex movements such as running, jumping, and directional changes in dynamic, real-time scenarios. These activities emphasize specific motor skills essential for locomotion. This practice may translate into enhanced performance in locomotor assessments, whereas general psychomotor interventions might not offer the necessary task-specific focus required for improving locomotor skills (Jiménez-Díaz et al., 2019). Furthermore, the competition and cooperation promoted by SG may have provided a greater stimulus for improvement, as well as the constant manipulation of objects, such as the ball.

In our experimental study, significant improvements in manipulative MC were observed in the SG experimental group, particularly in ball kicking and throwing velocities. Post-intervention scores showed a significant enhancement compared to both the PCM and control groups. These differences became statistically significant only after 8 weeks, with no differences at the 4-week. This outcome highlights the specific advantages of SG training interventions in developing precise motor skills necessary for manipulating objects in dynamic environments, such as throwing and kicking towards targets (McNeill et al., 2020). SG require participants to engage in specific motor tasks such as kicking and throwing with precision and timing, demanding the integration of sensory feedback and motor planning in dynamic settings (Davids et al., 2000). Moreover, these games can provide children with immediate feedback, allowing them to adapt their behavior and coordination in dynamic settings. Skills learned in contexts closely resembling actual performance conditions (i.e., SG) are more likely to transfer effectively to similar tasks compared to skills acquired through general psychomotor exercises which can explain the improvements in the tests (Soderstrom and Bjork, 2015). Thus, the refinement of motor programs involved in precise manipulative tasks like ball kicking and throwing, potentially explaining the observed improvements in the SG group (Mukherjee et al., 2017). In contrast, general PCM interventions may lack the specificity and intensity needed to elicit similar enhancements in manipulative MC, focusing instead on broader aspects of sensory integration and coordination.

Our study did not find any significant effects of either experimental group (SG and PCM) in enhancing stability MC compared to the CG. SG often prioritize dynamic movements actions such as running, jumping, and rapid changes in direction, which may not directly translate to improvements in stability tasks. In contrast, general PCM interventions typically encompass activities aimed at enhancing overall body awareness and sensorimotor integration, although potentially lacking the specificity required to improve static balance skills specifically (Moschos and Pollatou, 2022). Improvements in stability MC are closely linked to adaptations in proprioceptive feedback mechanisms and neuromuscular coordination (Wong et al., 2012), which may require targeted exercises focusing explicitly on balance and postural control. Indeed, it should be noted that the regulatory mechanisms of postural balance depend on the interaction between the visual, vestibular and proprioceptive systems, which depend on the maturational process (Paillard and Noé, 2015). Nevertheless, from the age of 4, children undergo rapid development related to the maturation of the central nervous system involved in integrating sensory inputs to maintain balance (Venetsanou and Kambas, 2011), for instance, the strengthening of corticospinal connections enhances motor coordination domains such as precision and timing in voluntary movements, critical for tasks requiring dynamic balance and stability. Therefore, the observed lack of significant effects in our study could be a result of a maturated stability system, and/or could also reflect the complexity of assessing stability MC, which may necessitate longer intervention periods or more focused training protocols than those provided in the current study duration. On the other hand, future studies could consider incorporating different exercises, such as children’s yoga or more targeted balance exercises.

While our study suggests the beneficial impact of SG interventions on enhancing locomotor and manipulative MC among children, several limitations should be noted. One limitation is the lack of monitoring the specific dose of exposure to drills and exercises for each participant during practices, making it impossible to quantify the necessary dose magnitude for observing improvements. Additionally, heterogeneity within the group, such as differences in sex or competence levels, can also influence the magnitude of adaptations. Also, MC is a multifaceted concept that can vary depending on the observed abilities, potentially yielding different effects with alternative battery tests. A consensus must be established in the future to define appropriate assessment batteries and standardize key definitions, which will help strengthen and clarify the findings in the field. Therefore, future research should employ multiple assessment batteries and increase sample size and diversity to ensure the generalizability of findings. Finally, an 8-week period may not be sufficient to gain a comprehensive understanding of the long-term effects or to identify potential sensitive periods or plateaus resulting from the programs; therefore, longer intervention durations are necessary.

Despite its limitations, our study is among the few that explore the effects of different intervention approaches on preschool children aimed at enhancing their MC. Experimental studies are crucial, particularly because a significant portion of research in this field consists of observational studies, primarily cross-sectional. Furthermore, it is recommended that interventions of varying durations be implemented to better understand how prolonged exposure may influence group differences. Our results highlight a key message: activities such as SG can significantly enhance locomotor and manipulative competencies. Moreover, they can be particularly beneficial for preschoolers as they may promote the development of social skills through teamwork and communication, enhance emotional regulation by teaching children to manage frustration and celebrate collective successes, and stimulate cognitive growth by encouraging problem-solving and strategic thinking, making them a valuable complement to regular psychomotor teaching classes. However, a more comprehensive range of interventions should include PCM and others that improve stability (e.g., balance training, coordination). Therefore, interventions should always be fitted to the individual needs of children and encompass a wide array of activities to target all dimensions of MC effectively. Moreover, it is important to note that the interventions used are flexible in terms of the equipment required for implementation, making them applicable in a variety of settings. However, all interventions, including SG, must be properly supervised by teachers to ensure that competitiveness does not disrupt the learning environment. Additionally, incorporating more cooperative games can help children enjoy the experience.



Conclusion

In conclusion, our study emphasizes the significant benefits of SG interventions in enhancing children’s MC, particularly in locomotor and manipulative domains. Over an 8-week period, participants engaging in SG activities showed significant improvements in skills such as shuttle run, throwing, and kicking, which translated into enhanced performance in specific motor assessments compared to psychomotor and control groups. These findings highlight the effectiveness of targeted, task-specific training in refining motor skills. However, enhancing stability remains a different challenge, as none of the experimental interventions showed effective in improving this competency.
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Background: Physical activity refers to all bodily movement performed by an individual from morning to night. Physical activity benefits not only physical health but also mental health. Physical activity benefits university students in many ways.
Aims: This study aimed to determine the effects of physical activity on university students’ mental health.
Methods: A cross-sectional study design was conducted with two hundred sixty-five university students. Physical activity level was determined by the International Physical Activity Questionnaire, and mental health among university students was determined using the mental health inventory. Data was collected by online mode. For statistical analysis, the Pearson correlation coefficient test was used, while analysis of variance was used to determine the difference between participants as per their physical activity levels classification. Statistically significant was observed at 0.05 level.
Results: The results showed that a statistically positive significant relationship existed between physical activity and mental health (r = 0.343, p = <0.001) and its parameters: anxiety (r = 0.542, p = <0.001), depression (r = 0.691, p = <0.001), positive effects (r = 0.476, p = <0.001), behavioral control (r = 0.174, p = 0.004). While comparing the difference between participants as par physical activity level classification, significant differences existed for anxiety (F = 2.96, p = 0.052), depression (F = 4.23, p = 0.041), positive effects (F = 3.22, p = 0.048), behavioral control (F = 3.14, p = 0.058), and mental health (F = 4.65, p = 0.044).
Conclusion: The findings suggest that interventions promoting physical activity can serve as effective strategies for mental health promotion in academic settings. Universities should consider integrating structured physical activity programs into their curricula and campus life to leverage these mental health benefits.

Keywords
 stress; depression; anxiety; mental health; exercise; students


Introduction

Mental health is a significant concern among university students, with many experiencing stress, anxiety, and depression due to academic pressures and lifestyle changes (Mofatteh, 2021). Physical activity has been increasingly recognized as a beneficial strategy to enhance mental well-being in this population (Mahindru et al., 2023). Engaging in regular exercise not only improves physical health but also plays a crucial role in mitigating mental health issues (WHO, 2024). Several studies have demonstrated that aerobic exercises, such as running or cycling, can lead to reductions in depressive symptoms and anxiety levels (Wunsch et al., 2021). Similarly, strength training has been associated with improved mood and decreased feelings of stress (Grasdalsmoen et al., 2020). These positive effects are thought to result from physiological changes, such as the release of endorphins, which are natural mood lifters, and the reduction of inflammatory markers linked to mental health disorders (Paolucci et al., 2018). Moreover, aquatic exercises, including swimming and water aerobics, have shown promising results in enhancing mental health by providing a low-impact environment that can reduce stress and improve mood (Jackson et al., 2022). The buoyancy of water supports the body, making physical activity less strenuous while still offering significant mental health benefits (Jackson et al., 2022).

Incorporating physical activity into the daily routine of university students through classroom-based interventions has also proven effective (Latino et al., 2023). These interventions not only promote regular activity or exercise but also foster a sense of community engagement and social support among students, which can further alleviate feelings of loneliness and isolation (Herbert, 2022). For instance, short physical activity breaks during lectures have been linked to better academic performance and increased cognitive functions particularly attention (Watson et al., 2017). However, the intensity of physical activity plays a crucial role in its effectiveness as moderate-intensity activities tend to offer the most consistent mental health benefits, while high-intensity exercises may lead to increased perceived stress in some individuals (Ströhle, 2019). Therefore, tailoring physical activity programs to individual needs and preferences is essential for maximizing mental health outcomes.

Additionally, the relationship between physical activity and mental health is bidirectional (Buchan et al., 2021). While exercise can improve mental well-being, individuals with better mental health are more likely to engage in regular physical activity (Lee and Kim, 2019). This interplay underscores the importance of creating supportive environments that encourage both physical and mental health practices among university students.

The evidence suggests that promoting regular physical activity is a viable approach to enhancing mental health among university students (Malagodi et al., 2024). Universities can play a pivotal role by providing accessible fitness facilities, integrating physical activity into academic schedules, and offering programs that cater to diverse student needs. Therefore, this study aimed at investigating the relationship between mental health and physical activity among university students. Findings of such a study might help decision makers in the universities to develop strategic plans to promote physical activity levels of university students.



Methods


Study settings

University students based cross-sectional study design were chosen to conduct this research. This study was conducted at Imam Abdulrahman Bin Faisal University, Dammam.



Ethical considerations

Ethical approval was granted to conduct this study by the deanship of research at Imam Abdulrahman Bin Faisal University, Dammam, with approval number (IRB-2022-03-337).



Participants

Two hundred sixty-five university students participated in this study. All participants voluntarily took part. Participants suffering from any physical or mental disability, cardiometabolic diseases, or any chronic illness were not allowed to participate.




Tools


International physical activity questionnaire (IPAQ)

To determine the physical activity level among university students, an IPAQ (short form) was used. It has been developed and tested for use in adults (age range 15 to 69). This tool assesses the types of physical activity intensity and sitting time that people perform as part of their daily lives to estimate total physical activity in MET per minute/week and sitting time. The items are organized to provide separate scores for walking, moderate-intensity activity and high-intensity activity, as well as a summed score to describe overall activity level. Another measure of activity volume can be calculated by weighing each type of activity by its energy requirements defined in METS. The MET minute is calculated by multiplying the MET score by the work performed in minutes (Booth, 2000).



The mental health inventory (MHI)

To determine mental health among university students, the mental health inventory was developed by Veit and Ware (1983) for Rand’s health insurance experiment. Various positive and negative emotions were covered in it. MHI provides assessment for several areas of mental health, including anxiety, depression, positive health, and behavioral control. The inventory comprises 18 items. It is a structured self-assessment questionnaire that the participant can complete in 5–7 min. This tool has been extensively studied with large populations and has significant evidence of validity. The MHI obtained a Cronbach’s alpha of 0.93 (Veit and Ware, 1983).



Procedure

A semi-structured online survey was developed using Google Forms. An online link was created and shared on social networks (WhatsApp, Messenger, Telegram, email, etc.) with the university students only. Participants were encouraged to circulate the survey to their contacts. After receiving and clicking on the link, participants were automatically directed to the study’s information and informed consent. When participants agreed to participate in the survey, they first completed sociodemographic information. Then, a series of questions appeared sequentially, including sociodemographics, physical activity, and mental health, and then participants were asked to answer them. Data collection was completed from December 2022 to June 2023. Sociodemographic information included age, height, weight, sex, marital status, discipline, and years of study. The average time to complete the questionnaire was only 12–15 min.



Statistical analysis

Descriptive analysis was performed for anthropometrical characteristics, and the relationship between mental health and physical activity was determined by using the Pearson Correlation coefficient test. An analysis of variance test was applied to determine the significant difference between participants based on their physical activity level classification for mental health and MET scores. A p-value ≤0.05 was taken as statistically significant. The Statistical Package for Social Sciences (SPSS) version 26 for Windows (IBM Corp. United States of America) was used to analyses the data.




Results

Table 1 indicates the anthropometrical characteristics of participants. The average age of participants was 22.36 ± 3.82 years, weight was 61.57 ± 5.64 kg, height was 167.37 ± 6.73 cm, and BMI was 22.37 ± 3.67 Kg/m2.



TABLE 1 Anthropometrical characteristics of participants.
[image: Table displaying characteristics with their mean and standard deviation. Age: mean 22.36, SD 3.82. Weight: mean 61.57 kg, SD 5.64. Height: mean 167.37 cm, SD 6.73. BMI: mean 22.37 kg/m², SD 3.67.]

Table 2 indicated that the statistical values were very close to 1. No significant data was observed in the participants for the physical activity scores, mental health, and its parameters. It is assumed that the data for anxiety, depression, positive effects, behavioral control, mental health, and MET scores followed a normal distribution. Subsequently, parametric tests were conducted for further analysis.



TABLE 2 Tests of normality (Shapiro–Wilk) in different variables.
[image: Table displaying statistical analysis results for six variables: Anxiety, Depression, Positive effects, Behavioral control, Mental health, and MET score. Each variable shows a statistic, degrees of freedom (df) of 275, and significance (Sig.). Statistics range from 0.970 to 0.996, and significance values range from 0.604 to 0.992.]

Table 3 indicates that there is a positive significant relationship between physical activity and mental health and its parameters.



TABLE 3 Relationship between physical activity, mental health, and its parameters.
[image: Table showing correlations between mental health variables and their significance levels. Anxiety: r = 0.542, p < 0.001; Depression: r = 0.691, p < 0.001; Positive effects: r = 0.476, p < 0.001; Behavioral control: r = 0.174, p = 0.004; Mental health: r = 0.343, p < 0.001. Correlations are significant at the 0.01 level, two-tailed.]

Table 4 revealed that participants were classified according to their physical activity levels. There is a significant difference between the participants as per their physical activity level classifications.



TABLE 4 Comparison of physical activity scores according to the classification of physical activity levels.
[image: Table comparing physical activity levels by MET scores. Hyper (87 individuals) has a mean of 5835.32 ± 2707.13, Moderate (83) has 2333.20 ± 454.59, Minimal (105) has 686.27 ± 352.96. Total is 275 with a mean of 2206.48 ± 2453.33. ANOVA F-value is 333.053, p-value is less than 0.000, effect size is 0.71.]

Table 5 indicated that there were significant differences between participants as per their physical activity level for their mental health parameters such as anxiety (F = 2.96, p = 0.052), depression (F = 4.23, p = 0.041), positive effects (F = 3.22, p = 0.048), behavioral control (F = 3.14, p = 0.058), and mental health (F = 4.65, p = 0.044). A small effect size existed for all mental health parameters. However, the intensity and type of physical activity play crucial roles in determining the magnitude of these mental health benefits.



TABLE 5 Comparison between participants of different types of physical activity levels for their mental health and its parameters.
[image: Table showing the relationship between physical activity levels (Hyper, Moderate, Minimal) and five psychological factors: Anxiety, Depression, Positive effects, Behavioral control, and Mental health. For each factor, the table provides the sample size (N), mean and standard deviation (Mean ± SD), F-value (F), p-value (p), and effect size. Notable results include Anxiety with a p-value of 0.072, Behavioral control with a p-value of 0.068, and Mental health with a p-value of 0.072, each showing varying mean values across activity levels.]



Discussion

The present study aimed to investigate the relationship between mental health and physical activity among university students. The findings of the study revealed that a statistically positive significant relationship existed between physical activity and mental health and its parameters: anxiety, depression, positive effects, and behavioral control. The relationship between mental health and physical activity among university students is predominantly positive, with regular participation in physical exercise associated with reduced symptoms of depression, anxiety, and perceived stress, as well as enhanced quality of life. There is much research available, and their findings are consistent with this study’s findings, as Herbert (2022) explored the impact of physical activity and exercise interventions on the mental health and well-being of university students. The study synthesized data from various research projects, indicating that moderate-intensity exercise interventions, such as aerobic activities, were particularly effective in alleviating depressive symptoms and reducing perceived stress (OR = 0.16 for depression). The meta-analysis within this study further corroborated the beneficial effects of physical activity on students’ mental health, highlighting the role of exercise as a non-pharmacological intervention for enhancing psychological well-being. Ahsan and Abualait (2024) conclude that engaging in regular exercise and physical activities can alleviate symptoms of depression and anxiety, boost self-esteem, enhance cognitive function, and improve mood. The physical activity employs its beneficial effects on mental health, including neurobiological, psychosocial, and behavioral pathways (Ahsan and Abualait, 2024). Petersen et al. (2023) found a correlation between changes in physical activity levels and mental health among Danish university students, and they indicated that maintaining a consistent physical activity routine is essential for promoting mental well-being. Bożek et al. (2020) also indicated that students who engage in health-related programs demonstrate a higher propensity to pursue knowledge on mental health actively. Abrantes et al. (2022) performed a systematic review and meta-analysis examining the association between physical activity and quality of life (QOL) among university students without cardiometabolic comorbidities. The results demonstrated weak but positive correlations between physical activity and various QOL domains, including physical health (r = 0.16), mental health (r = 0.14), social relations (r = 0.24), environment (r = 0.23), and vitality (r = 0.17). These findings suggest that even modest increases in physical activity can lead to meaningful improvements in students’ perceived quality of life. Wunsch et al. (2021) conducted a systematic review and meta-analysis exploring the tridirectionally relationship among physical activity, stress, and academic performance in university students. Their findings indicate a positive correlation between physical activity and academic performance, while physical activity appears to inversely relate to perceived stress (Wunsch et al., 2021). However, the relationship between stress and academic performance remains equivocal, underscoring the complexity of these interactions. The meta-analysis revealed significant heterogeneity, suggesting variability in study designs and measurement tools across the included research. Similarly, Ströhle (2019) reviews the burgeoning field of sports psychiatry, emphasizing exercise as a complementary treatment for various mental disorders, including depression and anxiety. The evidence synthesized indicates that both aerobic and resistance training can ameliorate depressive symptoms, with particular efficacy observed in exercise intensity and duration (Ströhle, 2019). However, methodological limitations, such as variability in intervention protocols and outcome assessments, warrant cautious interpretation of these findings. The cross-sectional study by Grasdalsmoen et al. (2020) further elucidates the inverse association between physical activity and mental health issues, including depression, anxiety, and perceived stress, among Norwegian university students. Their analysis revealed that higher levels of physical activity correlate with lower instances of psychological distress, advocating for the integration of exercise programs within university settings to bolster mental health (Grasdalsmoen et al., 2020). Conversely, literature suggests that the intensity of physical activity is a pivotal determinant of its mental health benefits. Paolucci et al. (2018) found that while both moderate continuous training and high-intensity interval training reduced depressive symptoms, high-intensity interval training was associated with increased perceived stress and inflammatory markers compared to moderate continuous training. This indicates that excessively strenuous exercise may elicit stress responses that could counteract some mental health benefits, underscoring the necessity for tailored exercise prescriptions. Moreover, Lee and Kim (2019) investigates the impact of sedentary behavior on stress, anxiety, and depression among university students. The findings confirm that prolonged sedentary activities are significantly associated with heightened mental health problems, reinforcing the importance of reducing sedentary time alongside promoting active lifestyles (Lee and Kim, 2019). In the randomized controlled trial by Rosales-Ricardo and Ferreira (2022), both aerobic and strength training interventions effectively reduced burnout symptoms in university students, with aerobic exercise showing a more pronounced effect on exhaustion and strength training mitigating cynicism and inefficacy. This differentiation suggests that diverse exercise modalities may target distinct dimensions of mental health, offering a nuanced approach to intervention design. Vankim and Nelson (2013) demonstrated that vigorous physical activity is inversely related to poor mental health and perceived stress in a large sample of college students. Their findings also point to social interactions as a mediating factor in the relationship between physical activity and mental well-being, indicating that the social dimensions of physical activities may enhance their mental health benefits (Vankim and Nelson, 2013). Lee and Kim (2019) emphasizes the detrimental effects of sedentary behavior on stress, anxiety, and depression, advocating for interventions that not only increase physical activity but also decrease sedentary time to optimize mental health outcomes. Regular engagement in physical exercise is associated with lower levels of depression, anxiety, and perceived stress, alongside improvements in quality of life and academic performance. Notably, the intensity and type of physical activity modulate these effects, with moderate continuous training often presenting a more favorable profile in mitigating mental health issues compared to high-intensity regimes, which may inadvertently elevate stress and inflammatory markers.

The social aspects inherent in many physical activities appear to amplify their positive impact on mental health, suggesting that interventions fostering social engagement through exercise may yield superior outcomes. Conversely, sedentary behavior emerges as a significant risk factor exacerbating mental health problems, highlighting the necessity for comprehensive strategies that balance increased physical activity with reduced sedentary time. However, the heterogeneity in measurement tools and intervention protocols across studies introduces variability in findings, necessitating standardized methodologies in future research to enhance comparability and generalizability. Additionally, the predominance of cross-sectional designs limits causal inferences, underscoring the need for longitudinal and experimental studies to delineate the temporal and causal pathways linking physical activity and mental health.



Conclusion

In conclusion, while the evidence robustly supports the mental health benefits of physical activity among university students, the nuanced interplay between exercise intensity, type, and social factors calls for tailored and multifaceted intervention approaches. Such strategies should be integrated within university health programs to address the mental well-being of students holistically.
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Introduction: Artistic sports have a more positive impact on adolescents on the basis of basic sports. This study delves into the beneficial effects of Artistic sports compared to basic sports in enhancing academic self-efficacy in college students, and investigates the mediating roles of mindfulness, social anxiety, and academic procrastination in this process.



Methods: A questionnaire survey was conducted among students in some universities in Gansu Province, collecting a total of 1,976 online questionnaires, including 263 males and 1,713 females, with 1,543 participants in Artistic sports courses and 433 participants in basic sports. Data processing was carried out using SPSS 26.0 software and its plugin PROCESS.
Results: The analysis results indicate significant differences in mindfulness, social anxiety, academic procrastination, and academic self-efficacy among different types of sports training (ps < 0.05); significant correlations were found among all variables (ps < 0.001). Sports training types can directly predict academic self-efficacy (β = 0.069, t = 3.155, p < 0.01), further confirming that sports training types can directly predict academic self-efficacy. Moreover, mindfulness, social anxiety, and academic procrastination play a chain mediating role between Artistic sports and academic self-efficacy.
Discussion: These findings highlight the potential value of Artistic sports in enhancing academic self-efficacy and provide practical guidance for education policymakers, school administrators, teachers, parents, and students to promote adolescent academic and psychological health development. It is recommended to enhance the promotion and training of Artistic sports.
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1 Introduction

In today’s society, academic self-efficacy has become a core topic in educational psychology and school education research. Academic self-efficacy is defined as learners’ judgments of their ability to successfully achieve learning goals (Elias and MacDonald, 2007). Students with high academic self-efficacy are more likely to set higher goals and exert more effort compared to those who doubt their academic abilities (Bandura, 1982, 1993). Academic self-efficacy not only influences learning motivation and academic achievement but is also closely related to students’ psychological well-being (Alivernini and Lucidi, 2011; Cobo-Rendón et al., 2020). Research findings indicate that current students often face challenges such as social anxiety and academic procrastination in their academic development, which may undermine their academic self-efficacy (NikMehr et al., 2021; Arias-Chávez et al., 2020). Therefore, exploring ways to enhance academic self-efficacy is crucial for promoting students’ overall development.

Sports activities have been found to be beneficial factors in enhancing self-efficacy (Latino et al., 2023; Ouyang et al., 2020). In August 2019, the “Outline of Building a Sports Power” highlighted the critical role of national fitness in promoting public health and building a sports power, emphasizing the importance of “national fitness” in the overall development strategy of the country. In October 2020, the General Office of the CPC Central Committee and the State Council jointly issued opinions on comprehensively strengthening and improving school sports and aesthetic education in the new era, underscoring the importance of enhancing school sports and aesthetic education.

”Artistic sports,” as a combination of art and sports, have unique charm and characteristics. Artistic sports are physical activities primarily aimed at entertaining the body and mind, relieving stress, and regulating emotions. This form not only has aesthetic value but also allows participants to personally experience joy and fun. It combines fitness, entertainment, and aesthetics, promoting physical health, stress relief, emotional regulation, etc., enhancing people’s physical fitness and health levels while providing a pleasant mind-body experience (Hu and Tian, 2006a; Liao and Li, 2024).

In recent years, more research has focused on the positive impact of artistic sports on students’ academic self-efficacy (Kpame and Richard, 2020; Moore et al., 2023; Su, 2024; Thieser et al., 2021). Artistic sports activities not only promote students’ physical and mental health development but also play an important role in cultivating mindfulness, reducing academic procrastination, social anxiety (Chen et al., 2024; Moratelli et al., 2023; Siregar et al., 2023; Khanbeiki, 2024). Additionally, mindfulness as an internal psychological resource helps students cope with stress and challenges, improve social anxiety and academic procrastination, and enhance academic self-efficacy (Dones et al., 2024; Li et al., 2023; Rad et al., 2023; Sharma and Kumra, 2022).

This study aims to explore the impact of artistic sports on college students’ academic self-efficacy, as well as investigate the mediating roles of mindfulness, social anxiety, and academic procrastination. By constructing a chain mediation model, the study delves into understanding the mechanisms through which artistic sports influence students’ academic development. The results indicate that artistic sports training can enhance academic self-efficacy by boosting mindfulness, reducing social anxiety, and alleviating academic procrastination. These findings suggest that schools and relevant institutions should strengthen the promotion and implementation of artistic sports training. They should provide practical recommendations for school educators and mental health professionals to enhance the physical and mental well-being of adolescents, promote comprehensive student development, and boost academic self-efficacy.



2 Literature review


2.1 Artistic sports

Artistic sports, as a fusion of modern sports science and art, are physical activities that aim to achieve precise technical movements and outstanding artistic expression while meeting the needs for physical and mental harmony (Zhang, 2009). This type of sports activity is a product of the times, characterized by artistic recreation based on aesthetic consciousness and evaluated using multiple criteria such as technical movements and artistic effects (Hou, 2011a,2011b). Artistic sports encompass various types of sports including gymnastics, dance, synchronized swimming, diving, trampolining, and ice dancing. These disciplines not only enhance individuals’ physical coordination, balance, and fitness but also foster social skills and teamwork spirit (Hu and Tian, 2006b). Research indicates that artistic sports have a significant effect on improving adolescents’ physical coordination, balance, and fitness while also playing an important role in enhancing their artistic expression (Boraczyński et al., 2013; Dos Santos et al., 2021). Therefore, artistic sports are not just a form of physical exercise but also a form of artistic expression that enriches individuals’ spiritual world and enhances their quality of life. As an activity that combines sports and art, artistic sports have a positive impact on academic self-efficacy. Studies show that students participating in artistic sports demonstrate higher academic self-efficacy (Reishehrei et al., 2014; Latino et al., 2023; Ouyang et al., 2020). Furthermore, mindfulness practices within artistic sports can help alleviate students’ test anxiety, further improving learning efficiency and academic performance (Beder, 2024; Bower and Carroll, 2015; Miyata et al., 2020; Shapiro and Bartlett, 2018).



2.2 Mindfulness

Mindfulness is typically described as a state of consciousness where individuals attentively focus on their present experiences with an open and accepting attitude, without making immediate reactions or judgments (Bishop et al., 2004). In psychological research, mindfulness is seen as a cultivatable skill. Through meditation and other mindfulness practices, individuals can enhance their levels of mindfulness, enabling them to exhibit better adaptability and coping abilities when facing stress, emotional disturbances, and cognitive challenges (Hölzel et al., 2011). This state of awareness involves non-judgmental attention to current experiences, including thoughts, emotions, sensations, and the surrounding environment (Keng et al., 2011).

Research has shown that mindfulness practices have a significant impact on adolescents’ performance and psychological well-being. Mindfulness training helps students focus on the present moment, increase awareness and control over their abilities, reduce social anxiety and stress levels, enhance performance in high-pressure situations, boost confidence in learning abilities, and potentially improve academic performance and motivation (Antonio, 2023; Singh and Singh, 2022; Zhang et al., 2022). In the context of artistic sports, mindfulness not only enhances skills but also strengthens individuals’ academic self-efficacy, benefiting both academic and personal development in adolescents.



2.3 Social anxiety

Social Anxiety is characterized as a state of tension and unease in social situations due to the fear of negative evaluation, often accompanied by avoidance behaviors such as reducing the frequency of appearances in public settings and feeling uncomfortable or fearful in situations requiring social interaction (American Psychiatric Association, 2013; Leary, 2021; Schlenker and Leary, 1982; Watson and Friend, 1969). Social anxiety involves not only negative emotional responses but also self-consciousness and cognitive worries arising from unmet social role and behavioral expectations (Horenstein et al., 2019; Morrison and Heimberg, 2013). Existing research suggests that artistic sports and mindfulness may serve as protective factors against social anxiety. Firstly, sports activities provide adolescents with a non-threatening social environment, helping them gradually build social confidence, thereby reducing levels of social anxiety and enhancing their ability to cope with social situations (Luna et al., 2019; Tunç and Akandere, 2020). Mindfulness training aids students in recognizing and managing their social anxiety, thereby building stronger confidence and motivation in academics (Ataei et al., 2020; Hashemi et al., 2020). Both artistic sports and mindfulness training play significant roles in promoting students’ social and academic development in educational environments.



2.4 Academic procrastination

Academic procrastination refers to individuals delaying the completion of tasks in a learning context (Senécal et al., 1995), which can have negative effects on individuals. Research indicates that academic procrastination not only impacts students’ academic performance and exam outcomes (Wang, 2021; Yang et al., 2020) but may also reduce individuals’ subjective well-being and life satisfaction (Çelik and Odaci, 2022; Çıkrıkçı and Erzen, 2020), leading to self-blame, guilt, and other negative emotions that can adversely affect students’ mental health (Balkis and Duru, 2018; Choi, 2021). Guiding college students to reduce academic procrastination behavior is an important issue faced by higher education professionals. Some studies suggest that social anxiety is a risk factor for academic procrastination (Seo, 2024), while individual levels of mindfulness serve as protective factors against academic procrastination. Higher levels of mindfulness predict lower levels of academic procrastination under certain conditions (Eltayeb, 2021; Schutte and del Pozo de Bolger, 2020).



2.5 Academic self-efficacy

Academic self-efficacy is a core concept in Bandura’s self-efficacy theory and is an essential component of self-concept. It refers to an individual’s perceived belief in their ability to achieve established goals (Bandura, 1977). Academic self-efficacy determines the level of effort individuals put into their studies, their perseverance in overcoming challenges, and is a key factor influencing student engagement and academic performance. Individuals with higher academic self-efficacy are more likely to actively face learning challenges, maintain effort and perseverance, and have the confidence to overcome difficulties. Conversely, individuals with lower academic self-efficacy may feel discouraged, anxious, or inclined to give up when facing academic difficulties (Qin et al., 2024; Tang et al., 2022). By cultivating and enhancing academic self-efficacy, individuals can better cope with learning challenges, improve academic performance, and enhance their commitment and motivation toward learning tasks. Understanding how to enhance academic self-efficacy is crucial for individual success in academics. Research indicates that physical exercise and mindfulness have positive implications for academic self-efficacy (Latino et al., 2023; Sharma and Kumra, 2022; Su, 2024). On the other hand, social anxiety and academic procrastination, common challenges faced by students in campus life, have negative relationships with self-efficacy (Morin-Huapaya et al., 2023; Nikoogoftar and Hajkazemi, 2022). Therefore, this study focuses on university artistic sports training as the independent variable to explore its relationship with students’ academic self-efficacy.




3 Research methodology


3.1 Participants

This study primarily investigated the significance of artistic sports training in higher education teaching by utilizing principles of convenience sampling and random sampling to conduct a questionnaire survey among students from selected universities in Gansu Province. The questionnaires were filled out online via the Questionnaire Star platform, and prior to the survey, all students voluntarily read and signed informed consent forms. In total, 1,976 questionnaires were collected, with an average age of 19.650 ± 2.445. There were 263 male participants (13.310%) and 1,713 female participants (86.690%). Among them, 433 students (21.913%) engaged in basic physical training, while 1,543 students (78.087%) participated in artistic sports training. For specific demographic information, please refer to Table 1.


TABLE 1 General demographic variables (N = 1976).

[image: Table showing demographic data with columns for categories, counts (N), and percentages. Categories include gender, place of origin, academic grade, family structure, and type of sports. Notable figures: 86.69% female, 82.03% rural origin, and 66.80% sophomores.]



3.2 Research instruments


3.2.1 General demographic questionnaire

A self-designed survey questionnaire consisting of basic demographic information such as gender, age, grade, place of origin, family structure, and additional inquiries regarding the participants’ engagement in art and sports training.



3.2.2 Academic self-efficacy scale

The academic self-efficacy scale used in this study was developed by Pintrich (1991) and adapted by Xiong (2020) to assess individuals’ self-efficacy in academic domains tailored to local student characteristics. This scale comprises two dimensions - ability self-efficacy and behavioral self-efficacy - with 11 items each, totaling 22 items, where items 14, 16, 17, and 20 are reverse-coded. The internal consistency coefficient α for this scale was found to be 0.954 in this study, indicating high reliability.



3.2.3 Social anxiety scale

The social anxiety scale utilized in this study was developed by Leary (1983) and published in the “Handbook of Psychological Assessment Scales” without modification to measure participants’ levels of social anxiety. Comprising two dimensions - tension and relaxation - the scale consists of 15 items including 4 reverse-scored items rated on a Likert scale ranging from “1” = “Not at all true” to “5” = “Very true.” The internal consistency coefficient for this scale was found to be 0.782.



3.2.4 Academic procrastination scale

This study employed the academic procrastination scale developed by Solomon and Rothblum (1984), revised by Guan (2006), to evaluate students’ tendencies in academic procrastination across six aspects: writing term papers, reviewing coursework material, completing weekly assignments, managing academic tasks, engaging in activities, and general behavior on campus - totaling 18 items scored on a Likert-type scale from “Never” to “Always.” A higher score indicates greater levels of academic procrastination. The scale demonstrated good reliability with an internal consistency coefficient of 0.985.



3.2.5 Five factor mindfulness questionnaire

The mindfulness questionnaire utilized in this study was based on the five-factor mindfulness model developed by Baer et al. (2006) and adapted into a concise Chinese version by Hou et al. (2014) known as the Five Facet Mindfulness Questionnaire (FFMQ). It includes 20 items across five dimensions (observing, describing, acting with awareness, non-judging of inner experience, non-reactivity), rated on a Likert scale from 1 (“Never true”) to 5 (“Always true”). Higher total scores indicate greater levels of mindfulness. The internal consistency coefficient α for this scale was found to be 0.975, demonstrating strong reliability.




3.3 Statistical analysis

This study utilized SPSS 26.0 and the PROCESS plugin for data analysis. Specific analyses included descriptive statistics, differences analysis through independent sample t-tests, examination of variable correlations using Pearson correlation analysis, mediation analysis and effect testing through regression analysis using the PROCESS tool. A significance level of p < 0.05 was considered to reach statistical significance. Significance testing involves examining hypotheses about the population and is based on the principle of “improbability of rare events” to determine whether to accept or reject a hypothesis. The significance level is a crucial concept in hypothesis testing, representing the probability or risk of rejecting the null hypothesis when it is actually true. It indicates the probability value considered as a rare event and needs to be determined before each statistical test, commonly set at α = 0.05 or α = 0.01. This means that when deciding to accept the null hypothesis, there is a 95 or 99% chance of being correct. In this study, a significance level of α = 0.05 was used throughout the analyses.




4 Results


4.1 Common method bias

In this study, all data on variables were gathered through self-reported questionnaires by the participants, potentially introducing common method bias that could impact the research outcomes. To address this concern, Harman’s single-factor test was conducted to assess the presence of common method bias in the study. The results revealed that the first factor without rotation explained 28.317% of the variance, which is below the critical threshold of 40%, indicating no significant common method bias.



4.2 Basic demographic information

The collected questionnaire data was meticulously organized, and specific demographic information is presented in Table 1. Among the 1,976 participants surveyed in this study, there were 263 males (13.31%) and 1,713 females (86.69%); 355 individuals from urban areas (17.97%) and 1,621 individuals from rural areas (82.03%); distribution across academic years included: freshmen 581 (29.40%), sophomores 1,320 (66.80%), juniors 68 (3.44%), seniors 3 (0.15%), fifth-year students 2 (0.10%), third-year graduate students 2 (0.10%), with no data available for first and second-year graduate students; there were 224 only children (11.34%) and 1,752 non-only children (88.66%); 433 participants engaged in basic sports training (21.91%), while 1,543 participants participated in Artistic sports training (78.09%).



4.3 Comparative analysis

Independent Samples t-Test Analysis of Gender, Only Child Status, and Place of Origin Differences in Mindfulness, Academic Self-Efficacy, Social Anxiety, and Academic Procrastination (see Table 2). The results indicate that there were no significant differences in mindfulness and academic self-efficacy based on gender (t = −0.584, p > 0.05; t = −0.229, p > 0.05). However, significant disparities were observed in social anxiety and academic procrastination across genders (t = −4.889, p < 0.001; t = −2.255, p < 0.05). There were no significant variances in the variables related to only child status and place of origin (ps > 0.05). Notably, significant differences were found among the types of sports training participated in by individuals (ps < 0.05), with participants engaging in Artistic sports training demonstrating higher levels of mindfulness and self-efficacy while reporting lower levels of social anxiety and academic procrastination.


TABLE 2 Basic demographic disparities across variables (N = 1976).

[image: Table comparing mindfulness, social anxiety, academic procrastination, and academic self-efficacy across various groups such as gender, only-child status, urban/rural location, and sports type. Each characteristic is analyzed using means, standard deviations, and t-values, indicating significant differences with asterisks.]



4.4 Correlation analysis

Pearson correlation analysis was conducted to explore the relationships between mindfulness, social anxiety, academic procrastination, and academic self-efficacy (see Table 3). The results indicated a significant negative correlation between mindfulness and both social anxiety (r = −0.179, p < 0.001) and academic procrastination (r = −0.157, p < 0.001), along with a significant positive correlation with academic self-efficacy (r = 0.182, p < 0.001). Social anxiety and academic procrastination were positively correlated (r = 0.483, p < 0.001) while demonstrating a negative correlation with academic self-efficacy (r = −0.179, p < 0.001). Furthermore, academic procrastination exhibited a negative correlation with academic self-efficacy (r = −0.185, p < 0.001).


TABLE 3 Correlation test of variables (N = 1976).

[image: Table displaying correlations between mindfulness, social anxiety, academic procrastination, and academic self-efficacy. Mindfulness negatively correlates with social anxiety (-0.179) and academic procrastination (-0.157). Social anxiety positively correlates with academic procrastination (0.483) and negatively with academic self-efficacy (-0.179). Academic procrastination negatively correlates with academic self-efficacy (-0.185). All correlations indicate statistical significance at p < 0.001.]



4.5 Mediation analysis

Utilizing Hayes’ SPSS macro-PROCESS with model 6 and 5000 bootstrap samples to calculate a 95% confidence interval, the mediating roles of mindfulness, social anxiety, and academic procrastination in the relationship between types of sports training and academic self-efficacy were examined.

As indicated in Table 4, the majority of pathways were found to be statistically significant. Types of sports training were able to significantly predict academic self-efficacy (β = 0.069, t = 3.155, p < 0.01). Moreover, mindfulness, social anxiety, and academic procrastination were all able to significantly predict academic self-efficacy (β = 0.142, t = 6.411, p < 0.001; β = −0.095, t = −3.803, p < 0.001; β = −0.113, t = −4.523, p < 0.001). Types of sports training did not significantly predict academic procrastination and social anxiety (β = −0.025, t = −1.284, p < 0.05; β = −0.038, t = −1.720, p < 0.05). However, mindfulness and social anxiety were able to significantly predict academic procrastination (β = −0.071, t = −3.558, p < 0.001; β = 0.469, t = 23.480, p < 0.001). Mindfulness was also found to predict social anxiety (β = −0.176, t = −7.935, p < 0.001). Additionally, types of sports training were able to predict levels of mindfulness (β = 0.077, t = 3.439, p < 0.001).


TABLE 4 Mediation analysis of mindfulness, social anxiety, and academic procrastination (N = 1976).

[image: Table displaying the relationship between outcome and independent variables with coefficients (β), t-values, and p-values. Variables include academic self-efficacy (AS), academic procrastination (AP), social anxiety (SA), sports training types (STT), and five factor mindfulness (FFM). Significant results are indicated with specific p-values, such as AS influenced by STT (β = 0.069, p = 0.002) and FFM (β = 0.142, p < 0.001).]

The diagram of the serial mediation model is shown in Figure 1:


[image: Flowchart illustrating relationships between variables: SA, AP, AS, FFM, and STT. Arrows indicate direction, with corresponding coefficients such as 0.469, -0.176, and others. Solid and dashed lines represent different relationship types.]

FIGURE 1
The Mediation model of mindfulness, social anxiety, and academic procrastination in the relationship between types of sports training and academic self-efficacy. STT, sports training types; FFM, five factor mindfulness; SA, social anxiety; AP, academic procrastination; AS, academic self-efficacy. **p < 0.01, ***p < 0.001; “p” is the probability, reflecting the probability of an event.


As shown in Table 5, the direct effect of types of sports training on academic self-efficacy is 0.0688, with a confidence interval of [0.0260, 0.1116]. The total indirect effect is 0.0221, with a confidence interval of [0.0109, 0.0350]. The total effect is 0.0909, with a confidence interval of [0.0470, 0.1349], where the confidence interval does not include 0, indicating significance. The mediating effect through mindfulness is found to be 0.0110, with a confidence interval of [0.0041, 0.0193], demonstrating a significant mediating role and supporting the mediation hypothesis.


TABLE 5 Testing the mediation effects of mindfulness, social anxiety, and academic procrastination (N = 1976).

[image: A table displaying the effects of different pathways on academic self-efficacy with corresponding statistical values. The columns include Effect, Bootstrap Standard Error, and Bootstrap 95% Confidence Interval with Low and High values. The pathways include combinations of sports training types, five-factor mindfulness, social anxiety, academic procrastination, and academic self-efficacy, showing respective values for direct and total indirect effects.]

The mediating effect through social anxiety is found to be 0.0036, with a confidence interval of [−0.0003, 0.0091], which does not reach significance, indicating that the mediation hypothesis is not supported. Similarly, the mediating effect through academic procrastination is 0.0029, with a confidence interval of [−0.0014, 0.0081], suggesting that the mediation hypothesis is not supported.

On the other hand, when both mindfulness and social anxiety are considered as mediating variables simultaneously, the effect is 0.0013, with a confidence interval of [0.0004, 0.0027]. Analyzing the combined mediation of mindfulness and academic procrastination yields an effect of 0.0006, with a confidence interval of [0.0001, 0.0015]. In both cases, the confidence intervals do not include 0, indicating significant mediating effects and supporting the conclusion that mediation exists in these models.

The combined mediating effect of social anxiety and academic procrastination is found to be 0.0020, with a confidence interval of [−0.0002, 0.0051], where the confidence interval includes 0, indicating that the mediating effect is not significant and the mediation hypothesis is not supported. However, when considering mindfulness, social anxiety, and academic procrastination simultaneously as mediating variables, the effect is calculated to be 0.0007, with a confidence interval of [0.0002, 0.0014]. In this case, the confidence interval does not include 0, suggesting a significant mediating effect and supporting the conclusion that serial mediation exists.

Therefore, types of sports training can influence academic self-efficacy through the mediating roles of mindfulness, social anxiety, and academic procrastination.




5 Discussion

This study explores the impact of artistic sports and traditional sports training on college students’ academic self-efficacy, while investigating the mediating roles of mindfulness, social anxiety, and academic procrastination. Artistic sports, through their unique creative and expressive activities, cultivate students’ sense of engagement and initiative, thereby enhancing their social skills and overall qualities.

Firstly, in the differential analysis for this study, we found that there were no significant gender differences in mindfulness and academic self-efficacy. However, significant differences were observed in social anxiety and academic procrastination, with females reporting higher levels of social anxiety and academic procrastination. This finding is consistent with previous research results (Asher et al., 2017; Ghosh and Roy, 2017), indicating that gender differences in social anxiety and academic procrastination may require more attention and intervention. The study also found that students engaged in artistic sports scored higher in mindfulness and self-efficacy, while scoring lower in social anxiety and academic procrastination. This aligns with previous research results (Su, 2024; Chen et al., 2024; Moratelli et al., 2023; Siregar et al., 2023; Khanbeiki, 2024), highlighting the positive impact of artistic sports on adolescents.

The results of Pearson correlation analysis indicated significant relationships among all variables. The chain mediation model analysis conducted using PROCESS revealed that artistic sports training positively predicts academic self-efficacy and exerts a positive influence on academic self-efficacy through enhancing mindfulness, reducing social anxiety, and academic procrastination. Mindfulness, social anxiety, and academic procrastination mediate the relationship between type of sports training and academic self-efficacy. Notably, in the model, the direct predictive effect of sports training type on social anxiety and academic procrastination was not significant but had a significant indirect predictive effect. Nevertheless, our hypothesis was supported by these findings. These results suggest that schools and relevant institutions should strengthen the promotion and implementation of artistic sports training to better enhance the physical and mental well-being of adolescents and promote academic development. Below are some specific recommendations proposed based on these findings.


5.1 Suggestions

From the perspective of the education management department: Education policymakers should promote in-depth research on the connection between artistic sports and academic self-efficacy and use these findings to formulate comprehensive educational policies. This includes providing necessary financial and facility support to schools to ensure the smooth implementation of artistic sports programs. It is also essential to establish a robust system for professional development for teachers, enhancing their expertise in artistic sports teaching through regular training and workshops. Furthermore, relevant departments should develop effective monitoring and evaluation mechanisms to ensure policy implementation, allowing for timely adjustments based on evaluation results to uphold the quality and effectiveness of artistic sports education.

From the school’s perspective: Schools should consider artistic sports as a crucial component in fostering students’ holistic development. By innovatively combining art and physical education in curriculum design, schools can offer a diverse range of sports activities for students to choose from. Schools need to prioritize faculty development by improving teachers’ expertise in artistic sports teaching through professional training. By organizing various traditional sports and art events, schools can create a positive campus culture. Additionally, schools should establish comprehensive mental health support services to provide necessary counseling and guidance for students, helping them cope with social anxiety and academic pressure.

From the perspective of educators (teachers): Teachers play a crucial role in guiding students’ improvement in academic self-efficacy. To enhance student engagement and interest in learning, teachers should continuously explore and implement innovative teaching methods. They need to address individualized student needs by providing differentiated instructional support to help each student reach their full potential. In the collaboration between home and school, teachers should maintain close communication with parents to collectively focus on students’ academic progress and personal development, promoting a positive home-school partnership. Continuous professional development for teachers is equally vital; they must continually learn new educational concepts and teaching techniques to adapt to new trends in education.

From the parents’ perspective: Parents play a vital role in their children’s growth process. They should actively encourage children to participate in physical and artistic activities while recognizing the positive impact of these activities on their children’s physical and mental health as well as social skills development. Parents need to create a loving and supportive family environment that helps children build confidence and overcome social anxiety. When children face academic pressures and challenges, parents should provide appropriate supervision and guidance, assisting them in developing reasonable study plans and cultivating good study habits. Parents should actively engage in school activities, communicate with teachers regularly, and collectively focus on their children’s academic progress and mental health.

From the students’ perspective: Students are the protagonists of their own development. As modern-day university students, they should actively participate in physical and artistic courses provided by schools to enhance their physical fitness, mental qualities, and social skills. Students need to learn time management and self-monitoring skills to improve study efficiency while reducing academic procrastination. When facing academic difficulties or psychological stress, students should bravely seek help from teachers, parents or professional counselors. They should also cultivate healthy lifestyle habits including balanced dieting, adequate sleep, regular exercise to maintain good physical and mental health as a solid foundation for academic and personal growth.



5.2 Shortcomings and prospects

This study provides valuable insights into the impact of artistic sports on college students’ academic self-efficacy and its influencing mechanisms, which can help professionals, students, and relevant institutions better understand the advantages of artistic sports and organize sports activities more effectively. However, there are some limitations that need to be improved and expanded in future research. Firstly, this study utilized a cross-sectional research design, limiting our ability to infer causality. Future research could employ longitudinal research designs to better understand the developmental changes and causal relationships between artistic sports, mindfulness, social anxiety, academic procrastination, and academic self-efficacy. Secondly, although this study had a large sample size, the sample was limited to university students from a specific region and may not represent all university student populations. Future studies should consider expanding the sample range to include students from different regions and cultural backgrounds to enhance the universality and generalizability of the research results. Additionally, there was a significant disparity in the gender ratio and the distribution of types of sports training in this study, which may have influenced the results to some extent. In future studies, attention should be paid to balancing the proportion of different categories as much as possible. Lastly, this study primarily focused on the impact of artistic sports on academic self-efficacy, while the effects of artistic sports on other psychological variables (such as emotional regulation, creativity, physical health, etc.) have not been deeply explored. Future research could expand its focus to these areas to comprehensively assess the holistic benefits of artistic sports.




6 Conclusion

This study reveals the positive role of artistic sports in enhancing college students’ academic self-efficacy. Engaging in artistic sports training can effectively boost students’ self-efficacy and improve their academic self-efficacy by enhancing mindfulness, reducing social anxiety, and academic procrastination. The findings emphasize the importance of strengthening artistic sports activities in educational practice. Schools and relevant institutions should increase the promotion and implementation of artistic sports training to support the holistic development of students’ physical and mental well-being.
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Objectives: Enhancing career decision-making self-efficacy is an effective approach to improving university graduates' employment quality and speed. This study aims to explore the relationships among physical activity, career decision-making self-efficacy, self-control, and social anxiety to provide new perspectives and directions for enhancing university students' career decision-making self-efficacy.
Methods: Within the framework of this research endeavor, a cohort of 1,955 university students (N = 1,955) from 14 universities distributed throughout China was surveyed. The initial data was entered and stored by means of Microsoft Excel. Subsequently, SPSS version 26.0 was employed to execute a comprehensive set of statistical analyses on the data, including descriptive statistics, a normality test, a reliability test, an exploratory factor analysis (aimed at addressing common method bias), a correlation test, and a regression analysis. In the present study, a structural equation model was formulated via the utilization of AMOS 24.0 software, and the Bootstrap approach was implemented. A total of 5,000 samples were randomly drawn for the purpose of validating the research hypotheses, with the determination being based on whether the 95% confidence interval encompassed the value of 0.
Results: (1) Physical activity was found to positively predict career decision-making self-efficacy, as evidenced by (Estimate = 0.590, p < 0.001). (2) Self-control was demonstrated to play a mediating role in the connection between physical activity and career decision-making self-efficacy, with the effect indicated by (Estimate = 0.075, 95%CI(0.042, 0.113)]. (3) Social anxiety was likewise shown to assume a mediating role within the relationship between physical activity and career decision-making self-efficacy, as manifested by [Estimate = 0.009, 95%CI(0.002, 0.020)]. (4) A chain mediating effect was observed between physical activity and career decision-making self-efficacy for the combination of self-control and social anxiety, with [Estimate = 0.032, 95%CI(0.008, 0.057)].
Conclusion: These findings provided significant theoretical support for physical activity as an effective means to enhance university students' career decision-making self-efficacy and offered references for designing sports activity programs. Furthermore, this study offered new perspectives and directions for understanding and enhancing university students' career decision-making self-efficacy.
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1 Introduction

The employment of college students upon graduation has consistently been a matter of utmost concern within Chinese society (Liu, 2021). In grappling with this issue, the core elements influencing the employment problem of college students can be classified into two main aspects. The external aspect chiefly pertains to the employment environment and employment services, whereas the internal factors encompass college students' employment concept and career decision-making self-efficacy (Xu and Tian, 2024; Zhang et al., 2022).

Career decision-making self-efficacy was developed based on the Theory of Self-Efficacy (Bandura, 1977) and the Theory of Career Maturity (Crites, 1961). Career decision-making self-efficacy is defined as “an individual's degree of belief that he or she can successfully complete tasks necessary for making career decisions” (Betz and Luzzo, 1996). It exhibits a close correlation with the scope of career choices available to college students and their motivation in career selection behaviors. Augmenting career decision-making self-efficacy represents an efficacious approach to enhancing the quality and expediting the process of college students' employment (Shen et al., 2009).

Given the crucial significance of career decision-making self-efficacy for college students' employment, extant studies have revealed that internship experience, work experience, and career choice status have an impact on college students' career decision-making self-efficacy (Chen et al., 2022; Plakhotnik et al., 2020). Komarraju et al. (2014), drawing on Bandura's (1977) Social Cognitive Framework, devised a career decision-making self-efficacy enhancement program that also exerted an influence on the students. These investigations primarily concentrated on practical experiences and the implementation of career courses to boost career decision-making self-efficacy.

Nevertheless, sports, being a crucial element of university students' campus life, offer a novel approach to enhancing career decision-making self-efficacy. In this study, physical activity is defined as an individual's active participation and sustained commitment in sports-related pursuits, which involves proactively arranging sports time, routinely engaging in a wide range of sports activities and competitions, and actively striving to improve sports skills. Previous research has established the impact of physical activity on self-efficacy (Reverdito et al., 2017). According to the self-efficacy theory (Bandura, 1977), individuals develop self-efficacy via four main channels. In the domain of physical activity, it provides individuals with opportunities to acquire such experiences. More precisely, during sports competitions, individuals encounter mastery experiences that shape their perception of their capabilities and are associated with career decision-making self-efficacy. Observing sports idols or teammates provides vicarious experiences, thereby enhancing confidence. Social support within the sports context serves as a form of social persuasion, strengthening self-belief. Additionally, the modulation of emotional and physiological states helps manage stress and anxiety related to career decision-making. Moreover, relevant studies have also verified the positive effect of physical activity on career decision-making levels and career maturity (Kim, 2018, 2019; Fang, 2022).

Based on the potential association between physical activity and career decision-making self-efficacy, as well as the confirmation by existing studies of the correlation between physical activity and college students' career decision-making and development, we posit Research Hypothesis 1 (H1): physical activity has a significant positive predictive effect on college students' career decision-making self-efficacy.

Self-control is defined as an individual's capacity to actively modify their dominant responses and regulate their own behaviors, thoughts, and emotions, an ability to remain focused in order to achieve long-term goals (Englert et al., 2020; Hagger et al., 2010). Related studies have demonstrated a bidirectional relationship between exercise and self-control. Specifically, individuals with greater self-control display higher exercise performance and persistence levels, and long-term adherence to physical exercise, in turn, augments self-control (Boat and Cooper, 2019). Furthermore, self-control, a core function of the individual and a key to success in life, has been associated with favorable adaptations in weight control, interpersonal relationships, academic and work performance, and decision-making (Baumeister et al., 2007; de Ridder et al., 2012; Tao et al., 2019; Wijaya and Tori, 2018). Building on H1, we further explore the role of self-control in the relationship between physical activity and career decision-making self-efficacy. Since self-control is of paramount importance in an individual's overall development and has been linked to various aspects of life success, it is reasonable to hypothesize that it may mediate the relationship. Therefore, research Hypothesis 2 is proposed (H2): self-control mediates the relationship between physical activity and career decision-making self-efficacy.

Social Anxiety is characterized as “a common human experience marked by an intense fear of evaluation from others in social situations” (Morrison and Heimberg, 2013). Relevant research has illustrated the positive effects of exercise on individuals' social anxiety (Dimech and Seiler, 2010; Deng and Wang, 2024). The potential association between social anxiety and career decision-making self-efficacy was also analyzed by integrating self-efficacy theory and labeling theory. First, from a self-efficacy theory perspective, individuals with high levels of social anxiety experience a concomitant reduction in their confidence in their social competence, leading them to feel uncertain about the social skills and competencies required in the career decision-making process, which detrimentally affects career decision-making self-efficacy (Bandura, 1977). Second, from a labeling theory perspective, when individuals are labeled by others or themselves with tags such as social anxiety disorder and social phobia, they might perceive certain jobs as unsuitable for them, which could also have a negative impact on their career decision-making self-efficacy (Bernburg, 2019). Based on the above and further expanding the exploration of factors mediating the relationship between physical activity and career decision-making self-efficacy, we propose Research Hypothesis 3 (H3): social anxiety mediates between physical activity and career decision-making self-efficacy.

Tangney et al. (2004) discovered that individuals with high self-control exhibit superior performance in interpersonal relationships, emotional responses, etc., and they concluded that poor self-control was a significant risk factor for a series of personal and interpersonal issues. Blackhart et al. (2015) also further validated through their research that poorer self-control was associated with higher social anxiety. The studies of Zhang et al. (2018) and Dong et al. (2018) found that as an individual's self-control improves, their ability to resist temptation and regulate their psychological needs is enhanced, they are more likely to be accepted and recognized by others, and their interpersonal adaptability can also be cultivated. These studies highlight the significance of self-control for individuals in interpersonal interactions. Considering these findings and the relationships established in the previous hypotheses, we propose Research Hypothesis 4 (H4): self-control and social anxiety sequentially mediate the relationship between physical activity and career decision-making self-efficacy.


1.1 Hypotheses of this study

In summary, with the aim of probing into the internal mechanism underlying the relationship between physical activity and career decision-making self-efficacy, this study constructed a chain mediation model (depicted in Figure 1) to validate the following aspects: (1) Physical activity has a significant positive predictive effect on college students' career decision-making self-efficacy. (2) Self-control mediates the relationship between physical activity and career decision-making self-efficacy. (3) Social anxiety mediates between physical activity and career decision-making self-efficacy. (4) Self-control and social anxiety sequentially mediate the relationship between physical activity and career decision-making self-efficacy. This study is devised to investigate the association between physical activity and college students' career decision-making self-efficacy and to authenticate the mediating functions of self-control and social anxiety, thereby furnishing theoretical references for augmenting college students' career decision-making self-efficacy via sports-related means.
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FIGURE 1
 Hypothetical model.





2 Materials and methods


2.1 Measurement
 
2.1.1 Physical activity measurement scale

The physical activity measurement scale used in this study was developed by Zou (2017). This unidimensional scale comprises five items, which are rated on a five-point Likert scale. Higher scores denote a greater degree of participation in sports activities as well as enhanced sports persistence. In this research, the overall Cronbach's α coefficient for the scale was determined to be 0.925. The results of the confirmatory factor analysis with respect to the physical activity measurement scale indicated that the model fit indices fulfilled the acceptable benchmarks. Specifically, the fit indices were detailed as follows: χ2/df = 2.624, RMSEA = 0.029, SRMR = 0.006, AGFI = 0.992, and TLI = 0.998. These data implied that the scale was possessed of satisfactory reliability and validity.



2.1.2 Self-control measurement scale

The self-control scale used in this study was first developed by Tangney et al. (2004) and later modified and tested by Morean et al. (2014), Luo et al. (2021), and Fang (2022). The Chinese version of the self-control scale includes two self-discipline and impulse control constructs in a seven-item, five-point Likert scale. To ease the description of the later stage, the data were inversely processed through SPSS software, i.e., the higher the score, the better the self-control ability. In this research, the overall Cronbach's α coefficient for the scale was determined to be 0.923. The results of the confirmatory factor analysis with respect to the self-control measurement scale indicated that the model fit indices fulfilled the acceptable benchmarks. Specifically, the fit indices were detailed as follows: χ2/df = 7.399, RMSEA = 0.057, SRMR = 0.017, AGFI = 0.971, and TLI = 0.985. These data implied that the scale was possessed of satisfactory reliability and validity.



2.1.3 Social anxiety measurement scale

The Social Anxiety Measurement Scale used in this study was first developed by Fenigstein et al. (1975) and later modified and refined by Scheier and Carver (1985). The Chinese version of the Social Anxiety Scale was originally developed with a 6-item, five-point Likert scale (Ma, 1999). In this study, the scale was modified appropriately through instrument checking and pilot surveys, and the scale modification process was completed by this research team after discussion, analysis, and testing. The modified scale had four items and was rated on a five-point Likert scale, with higher scores representing higher levels of social anxiety and more negative emotions and avoidance behaviors felt by individuals in social situations. In this research, the overall Cronbach's α coefficient for the scale was determined to be 0.898. The results of the confirmatory factor analysis with respect to the social anxiety measurement scale indicated that the model fit indices fulfilled the acceptable benchmarks. Specifically, the fit indices were detailed as follows: χ2/df = 3.912, RMSEA = 0.039, SRMR = 0.004, AGFI = 0.990, and TLI = 0.996. These data implied that the scale was possessed of satisfactory reliability and validity.



2.1.4 Career decision-making self-efficacy measurement scale

The career decision-making self-efficacy scale used in this study was first developed by Taylor and Betz (1983) and later revised by Peng and Long (2001) and Zhao (2005). The Chinese scale version had five constructs (goal selection, self-evaluation, career information, future planning, and problem-solving) and 25 questions. It was scored on a five-point Likert scale, with higher scores indicating the higher the individual's self-evaluation or confidence in their ability to accomplish each task in the career decision-making process successfully. In this research, the overall Cronbach's α coefficient for the scale was determined to be 0.975. The results of the confirmatory factor analysis with respect to the career decision-making self-efficacy measurement scale indicated that the model fit indices fulfilled the acceptable benchmarks. Specifically, the fit indices were detailed as follows: χ2/df = 5.668, RMSEA = 0.049, SRMR = 0.022, AGFI = 0.923, and TLI = 0.968. These data implied that the scale was possessed of satisfactory reliability and validity.




2.2 Procedure and data processing
 
2.2.1 Pilot survey

An instrument check was necessary to ensure that the later scales would support this study. Two professionals with doctoral degrees who worked in related research fields thoroughly checked the questionnaire's overall structure and linguistic expression. Some questions in each scale that were difficult to understand, inappropriate, or prone to ambiguity were revised and improved. For example, “Successfully coping with the job interview process” was changed to “Successfully handling the job interview process.”

The pilot survey passed the academic ethics review at the researcher's institution. The college students who participated in the survey were anonymous and volunteered, and their rights and interests will be respected and protected. The pilot survey questionnaire was distributed to college students of Qiannan Normal University for Nationalities for testing. In addition to the original questions, feedback items were set up for questions or suggestions on the questions and contents. The questionnaires were distributed to the students online. A total of 150 questionnaires were returned, among which 17 were excluded because of the identical or highly consistent answers. A total of 133 questionnaires were entered into the reliability preliminary test. The overall reliability results for each measurement in the preliminary reliability check ranged from 0.73 to 0.93. The overall reliability of social anxiety was lower than 0.8, and this study conducted further testing for the social anxiety scale. The α value of all the original items entering the reliability analysis was 0.73. The scale was processed by deleting items. The original items three and four greatly impacted the overall α value, and the two items were deleted after discussing with the research team and referencing Wu's (2010) suggestion.



2.2.2 Formal survey

The formal survey utilized convenience sampling to conduct an online questionnaire survey of college students from a total of 14 colleges and universities in eight provinces of China. The formal survey passed the ethical review of the researcher's institution. The college students' participation was anonymous and voluntary, and their rights and interests were respected and protected. A total of 2,185 questionnaires were received in the formal survey. Among them, 230 questionnaires were excluded because of identical or highly consistent answers. A total of 1,955 data were included in the final data analysis, with an effective response rate of 89%. The demographic information of the participants is presented in Table 1.


TABLE 1 The demographics of the participants.

[image: Table displaying demographic variables. Gender: 46.8% male, 53.2% female. Major: 49.8% in science/engineering, 50.2% in humanities/social sciences. Origin: 5.2% provincial capital, 13.6% prefecture city, 25.3% county, 16.6% town, 39.3% rural. Parents' education: 1.6% graduate, 11.7% undergraduate, 21.2% high school, 44.7% middle school, 20.8% elementary.]



2.2.3 Data analysis methods

The initial data was inputted and stored using Microsoft Excel. Subsequently, SPSS version 26.0 was utilized to conduct a comprehensive suite of statistical analyses on the data, encompassing descriptive statistics, a normal distribution test (with reference to Skewness and Kurtosis), a reliability test (with reference to Cronbach's α), an exploratory factor analysis (to address common method bias), a correlation test, and a regression analysis. In this study, in the event that the p-value < 0.05, the null hypothesis shall be rejected, thereby signifying that the research outcomes are statistically significant. Furthermore, the testing approach implemented is the two-tailed test. This study will construct a structural equation model via AMOS 24.0 software to validate the research hypotheses. Through the Bootstrap method, 5,000 random samplings were carried out, and the research hypotheses was examined based on whether the 95% confidence interval encompassed 0. The mediation effect was considered significant if the confidence interval did not contain 0. The specific model was configured with physical activity as the independent variable, career decision-making self-efficacy as the dependent variable, and self-control and social anxiety as the mediating variables. The fit indices and evaluation criteria of the structural equation model are as follows: χ2/df (< 3), RMSEA (< 0.08), SRMR (< 0.05), AGFI (>0.9), and TLI (>0.9). Furthermore, considering that diverse genders, majors, places of origin, and the highest education levels of parents might induce variability in the levels of physical activity, self-control, social anxiety, and career decision-making self-efficacy among college students, gender, major, the place of origin of students, and the highest education level of parents were designated as covariates during the data analysis process to ensure the precision and stability of the study's results.





3 Results


3.1 Common method bias

This study used the Harman one-factor test for common method bias (Podsakoff et al., 2003), and the results showed five factors with eigenvalues > 1. The explained rate of the first-factor variance was 25.234%, which was less than the critical value of 40% (Deng et al., 2018), so there was no serious common method bias problem in this study.



3.2 Correlation tests among variables

According to the descriptive statistics, the absolute value of Skewness for all variables was < 2, and the absolute value of Kurtosis was < 7. Thus, the data used in this study conformed to a normal distribution (Kim, 2013). In addition, according to Table 2, the variables physical activity, career decision-making self-efficacy, and self-control were positively and significantly associated (r = 0.668, p < 0.01; r = 0.404, p < 0.01; r = 0.469, p < 0.01). Social anxiety was significantly negatively correlated with physical activity, career decision-making self-efficacy, and self-control (r = −0.381, p < 0.01; r = −0.442, p < 0.01; r = −0.687, p < 0.01). Generally, the association between the variables in this study was significant, offering a good foundation for the subsequent regression analysis and mediation effect test.


TABLE 2 Descriptive statistics and correlation matrix among variables.

[image: Table showing relationships between variables: physical activity, career decision-making self-efficacy, self-control, and social anxiety. Means and standard deviations are listed. Significant correlations include: physical activity and career self-efficacy (0.668**), self-control (0.404**), social anxiety (-0.381**); career self-efficacy and self-control (0.469**), social anxiety (-0.442**); self-control and social anxiety (-0.687**). Significance is noted as **p < 0.01.]



3.3 Regression analysis

As presented in Table 3, the results of the regression analysis reveal that physical activity exerts a positive predictive effect on self-control (β = 0.429, p < 0.001) as well as on career decision-making self-efficacy (β = 0.546, p < 0.001). Meanwhile, physical activity has a negative predictive impact on social anxiety (β = −0.108, p < 0.001). Furthermore, self-control demonstrates a positive predictive influence on career decision-making self-efficacy (β = 0.167, p < 0.001). In addition, self-control also shows a negative predictive effect on social anxiety (β = −0.644, p < 0.001). Lastly, social anxiety exhibits a negative predictive impact on career decision-making self-efficacy (β = −0.112, p < 0.001).


TABLE 3 Regression analysis between the variables.

[image: Table showing standardized coefficients (Beta) and t-values for the influence of variables on self-control, social anxiety, and career decision-making self-efficacy. Variables include gender, major, origin place, parental education, and physical activity. Significant effects are noted with asterisks, indicating varying levels of statistical significance (p < 0.05, p < 0.01, p < 0.001). The table also provides R² values for each model. Gender, major, origin place, and parental education are covariates.]



3.4 Mediation analysis

A structural equation model was constructed using AMOS software. In this model, physical activity served as the independent variable, career decision-making self-efficacy was designated as the dependent variable, and self-control along with social anxiety functioned as the mediating variables (as depicted in Figure 2). The model fit indices were as follows: χ2/df = 8.236, RMSEA = 0.061, SRMR = 0.023, AGFI = 0.929, and TLI = 0.969. As presented in Table 4, the analysis results demonstrate that physical activity can significantly and positively predict career decision-making self-efficacy (Estimate = 0.590, p < 0.001), thereby verifying Research Hypothesis 1. As presented in Table 5, Self-control was found to exert a mediating role between physical activity and career decision-making self-efficacy, as indicated by [Estimate = 0.075, 95%CI(0.042, 0.113)]. Moreover, the magnitude of this mediating effect accounts for 10.61% of the total effect, thus verifying Research Hypothesis 2. Likewise, social anxiety was shown to play a mediating role in the relationship between physical activity and career decision-making self-efficacy, with [Estimate = 0.009, 95%CI(0.002, 0.020)]. Consequently, Research Hypothesis 3 is validated, given that the mediating effect size constitutes 1.27% of the total effect. Furthermore, a chain mediating effect was observed for the combination of self-control and social anxiety between physical activity and career decision-making self-efficacy, as demonstrated by [Estimate = 0.032, 95%CI(0.008, 0.057)]. This led to the verification of Research Hypothesis 4, where the chain mediating effect size makes up 4.53% of the total effect.


[image: Diagram of relationships showing physical activity leading to self-control (0.448), affecting career decision-making self-efficacy (0.168). Physical activity also impacts social anxiety (-0.094), influenced by self-control (-0.720). Social anxiety affects career decision-making self-efficacy (-0.100). Statistical significance is indicated by asterisks.]
FIGURE 2
 Mediation effect tests for self-control and social anxiety (normalized). ***p < 0.001, **p < 0.01.



TABLE 4 Results of path analysis (normalized).

[image: Table displaying results of a path analysis with estimates, standard errors (S.E.), and critical ratios (C.R.). The paths include: Physical activity to Self-control (Estimate: 0.448), Physical activity to Social anxiety (Estimate: -0.094), Self-control to Social anxiety (Estimate: -0.720), Self-control to Career decision-making self-efficacy (Estimate: 0.168), Social anxiety to Career decision-making self-efficacy (Estimate: -0.100), and Physical activity to Career decision-making self-efficacy (Estimate: 0.590). Significance levels are indicated with asterisks.]


TABLE 5 Mediation effect analysis (normalized).

[image: Table displaying mediation analysis results for paths involving physical activity, self-control, social anxiety, and career decision-making self-efficacy. Columns include Estimate, SE, Bootstrap 95% CI, and Effect ratio. Total mediation effect is 0.117, direct effect 0.590, and total effect 0.707. CI, confidence interval; SE, standard error.]




4 Discussion


4.1 The relationship between physical activity and career decision-making self-efficacy

The research findings evince that physical activity is capable of significantly and positively prognosticating career decision-making self-efficacy. Hence, this intimates that physical activity has the propensity to exert a favorable influence on the career decision-making self-efficacy of college students. Primarily, physical activity exerts a favorable influence on an individual's self-efficacy (Reverdito et al., 2017). Given that career decision-making self-efficacy constitutes a component of an individual's overall self-efficacy, it will experience an increment as the overall self-efficacy escalates. More precisely, during the course of physical activities, an individual's interpersonal communication competencies, teamwork aptitudes, and stress resistance capabilities can be enhanced (Wasim et al., 2021; Décamps et al., 2012). When confronted with career decisions, individuals will appraise the congruence between their own capabilities and the corresponding occupations, as well as the amelioration in various aspects of their abilities. This, in turn, will render college students more assured when making career decisions. Secondly, through engaging in physical activities, individuals can also procure a more accurate and objective self-perception, which is of cardinal importance for aligning with target occupations and rectifying the lacunae in their extant abilities. Thirdly, considering the elemental function of sports, exercise empowers individuals to uphold sound health and cultivate a propitious body image. Exercise endows individuals with the essential health safeguard, and health functions as the bedrock for attaining career objectives. Only by maintaining a salubrious physical and mental state can individuals muster sufficient confidence to grapple with diverse challenges during the career decision-making process (Kim, 2018). Furthermore, a positive body image can augment an individual's self-assessment. Concurrently, it can also mitigate the discrimination and stereotypes that recruiters might harbor during the recruitment process. This is conducive to college students' career decision-making process (Fang, 2022; Hurley-Hanson and Giannantonio, 2006). Ultimately, upon collating all the benefits of physical activity for individuals enumerated above, on the one hand, the enhancement of these psychological traits or capabilities proffers comprehensive psychological succor to college students during the career selection process. On the other hand, these positive repercussions can be subsumed within the purview of psychological capital. In other words, physical activity can exert a beneficial influence on college students' career decision-making self-efficacy, as it expedites the accretion of individuals' psychological capital. The augmentation of psychological capital renders college students more resolute in relation to their intended occupations when making career determinations. Even when confronted with impediments and tribulations, they are convinced that they can surmount the obstacles and make unwavering choices (Gao et al., 2024; Zhou et al., 2024).

Although this study has delved into the impact of physical activity on career decision-making self-efficacy, certain limitations remain within the analysis. Future studies ought to take into account the incorporation of additional variables that are theory-related for the purpose of conducting in-depth research and analysis. Moreover, in light of the variations in the impacts exerted by diverse sports events, activity types, and their respective modalities on individuals, future studies are also required to further investigate which specific types of sports or activity modalities are more conducive to augmenting college students' career decision-making self-efficacy. Additionally, it is necessary to explore how to select appropriate sports types or activity modalities in accordance with individual differences.



4.2 The mediation effect of self-control

Self-control functions as a mediator between physical activity and career decision-making self-efficacy, and a positive correlation exists between physical activity and self-control. This finding aligns with the research outcomes of Boat and Cooper (2019). In relation to the nexus between physical activity and self-control, Song (1992) posited that during the acquisition of sports skills, individuals are, in essence, augmenting their control capabilities, which are predominantly exhibited in bodily movements within a three-dimensional space as well as in psychological regulation. Baumeister et al. (2006) indicated that physical activity serves to decelerate the depletion rate of individuals' “self-control resources”. In the subsequent stage of the pathway, self-control ability exerts an influence on career decision-making self-efficacy. When contemplating the constituents of self-control, such as the capacity to modify one's preponderant response and the faculty to modulate one's behaviors, thoughts, and emotions (Englert et al., 2020; Hagger et al., 2010), these regulated elements bear positive implications for the amelioration of personal competencies, social integration, academic achievements, and the proficiency in formulating and fulfilling plans. The augmentation of these capabilities plays a pivotal role in bolstering career decision-making self-efficacy, as can be discerned by integrating the sub-dimensions of the concepts of self-control and career decision-making self-efficacy. From the vantage point of self-efficacy theory (Bandura, 1977), an individual's self-assurance emanates from the perception of control. Self-control substantially augments the level of self-confidence in career decision-making by heightening an individual's sense of mastery over emotions, behaviors, and goal attainment. If an individual harbors a high degree of confidence in their self-control ability, it is evident that during the career decision-making process, when confronted with careers that appeal to them and pose challenges, they will exhibit greater confidence in their aptitude to execute tasks and surmount problems. Furthermore, career decision-making customarily entails protracted uncertainty and the capacity to defer gratification. Self-control encompasses not only the ability to regulate immediate actions but also the tenacity to adhere to long-term objectives (Mischel et al., 1989). A sound self-control ability is of cardinal importance for fostering an individual's capacity to contend with uncertainties and pressures in career selections. It should be emphasized that the enhancement of self-control ability represents not merely an amelioration of an individual's internal resources but may also indirectly impinge on career decision-making self-efficacy by influencing the individual's socialization trajectory (such as teamwork capabilities and social relationship management acumen).

In summation, college students can efficaciously enhance their self-control ability through physical activities, which facilitates the formation of positive self-assessments and the augmentation of personal capabilities. With the advancement of capabilities and the refinement of self-evaluations, college students' confidence in accomplishing diverse work tasks within the career decision-making process will likewise be fortified. For ensuing research endeavors, on the one hand, more in-depth explorations of the mediating role of self-control from the socialization perspective are warranted. On the other hand, given that the process of physical activities also drains an individual's self-control resources (Boat and Cooper, 2019), and considering the strength model of self-control (Baumeister et al., 1994), one crucial aspect that must be taken into account in future studies is that physical activities that factor in individuals' interests might yield more favorable results in this regard.



4.3 The mediation effect of social anxiety

Social anxiety functions as a mediator between physical activity and career decision-making self-efficacy, and a negative association exists between physical activity and social anxiety, which aligns with the findings of Dimech and Seiler (2010). With regard to the negative association between physical activity and social anxiety, first and foremost, physical activity inherently possesses its own social attributes. Through long-term engagement in physical activity, individuals can foster mutual understanding, forge social connections, and augment social support (Hikihara et al., 2018), thereby effectively enhancing an individual's social competence and alleviating social anxiety. Secondly, communication within the context of physical activity encompasses both verbal and non-verbal elements (such as eye contact, gestures, and body language). The diversity of such communication modalities may mitigate the stress induced by purely verbal exchanges. Finally, group physical activities are characterized by a shared group goal. This common objective can strengthen individual solidarity and participation, facilitate attention diversion, and reduce social anxiety by diminishing self-focus. In the latter part of the pathway, a negative association is observed between social anxiety and career decision-making self-efficacy. When college students step into the workplace, the social landscape becomes more complex, and the demands for social skills escalate. Should college students frequently experience nervousness and unease in interpersonal settings, accompanied by fearful and avoidant behaviors, this will impact their confidence level in fulfilling tasks during the career selection process, thereby constraining their career decision-making and potentially even giving rise to negative behaviors such as self-abandonment. Moreover, individuals afflicted with social anxiety are often accompanied by cognitive biases (Rheingold et al., 2003). These biases can prompt them to overstate the likelihood of failure and underrate the probability of success in career decision-making, consequently further diminishing career decision-making self-efficacy.

As a result, physical activity can alleviate their social anxiety and improve their social coping ability, which is conducive to the formation of positive self-evaluation, and with higher self-evaluation, college students' confidence in completing various work tasks in the process of career decision-making is also elevated. It should be noted that the path mediated by social anxiety has the lowest effect ratio in the path, possibly due to the light weight of social confidence in the whole career decision-making process or because of the sample collected. Caution is needed in applying this conclusion, and hopefully, future studies will be able to validate it.



4.4 Chain mediating effects

This study found that self-control and social anxiety sequentially mediated the relationship between physical activity and career decision-making self-efficacy. The chain mediation is achieved mainly because self-control is negatively associated with social anxiety, which is consistent with the findings of Blackhart et al. (2015). Both in terms of the definition of self-control and the evidence provided by relevant studies (Baumeister et al., 2006; Englert et al., 2020; Hagger et al., 2010), self-control encompasses control over one's behavior and emotions. First, individuals with high self-control will be more self-confident in social interaction, better able to control their emotions and behaviors during social interaction, and more likely to present a positive image in social situations, thus reducing social anxiety. Secondly, self-control ability may allow individuals to pay more attention in social situations, which, on the one hand, is beneficial to understanding others' intentions and emotions, and, on the other hand, it can also help them not to pay too much attention to their own negative emotions and others' evaluations by shifting their attention.

Therefore, college students can improve their self-control ability through physical activity. With the improvement of self-control ability, college students can better control their negative emotional and behavioral reactions, such as nervousness, fear, and avoidance in social situations, to improve their social coping ability. These changes benefit college students' positive evaluations of themselves, and with higher self-evaluations, college students are more confident in their ability to complete tasks in their career choices successfully. Moreover, it should be noted that according to the strength model of self-control (Baumeister et al., 1994), how the predictive effect of self-control on social anxiety changes when excessive psychological energy is consumed during exercise needs to be further investigated by combining the frequency, duration, and intensity of the physical activity with the different sports and types of exercise.




5 Limitations

Firstly, given that the present study is cross-sectional in nature, it precludes the establishment of causal relationships. It is anticipated that future research endeavors will employ a longitudinal research design to monitor the dynamic fluctuations of variables. The research participants should be selected from a diverse array of cultural backgrounds to enhance the generalizability of the findings. Secondly, certain paths within the study exhibited relatively weak effects. Hence, prudence must be exercised when interpreting and applying the results associated with these paths. Additionally, it is hoped that future investigations will conduct further validation of these paths to enhance the robustness of the findings. Finally, in consideration of the strength model of self-control and the reciprocal impacts between physical activity and self-control, forthcoming studies are obliged to integrate variables such as trait self-control, state self-control, exercise frequency, exercise duration, exercise intensity, various sport modalities, strategies for implementing physical activity, individual disparities, and exercise preferences into longitudinal experimental designs. This is of paramount importance for elucidating the triggering mechanisms and ascertaining the efficacy of augmenting college students' career decision-making self-efficacy through physical activity.



6 Conclusion

This study has explored the intrinsic relationship between physical activity and career decision-making self-efficacy. Physical activity significantly predicted career decision-making self-efficacy. Self-control and social anxiety played independent and chain mediating roles between physical activity and career decision-making self-efficacy. These findings have provided important theoretical support for physical activity as an effective means to enhance university students' career decision-making self-efficacy and have offered a reference for the design of sports activity programs. Furthermore, this study has provided a new perspective and direction for understanding and enhancing university students' career decision-making self-efficacy.
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Objective: The objective of this study is to examine the impact of physical exercise on the prevalence of mobile phone dependency among middle school students, as well as to delineate the serial mediating roles of self-esteem and depression within this relationship.
Methods: A convenient cluster random sampling method was employed to conduct a questionnaire survey among 3,786 middle school students from Guangdong, Sichuan, Zhejiang, Henan, and other provinces. Measurements were taken using the Physical Activity Rating Scale (PARS-3), the Self-esteem Scale, the Depression Scale, and the Mobile Phone Dependency Scale.
Results: Physical exercise was significantly negatively correlated with mobile phone dependency (r = −0.400, p < 0.001) and depression (r = −0.400, p < 0.001), and positively correlated with self-esteem (r = 0.257, p < 0.001). Mobile phone dependency was significantly positively correlated with depression (r = 0.540, p < 0.001) and negatively correlated with self-esteem (r = −0.129, p < 0.001). Depression was negatively correlated with self-esteem (r = −0.396, p < 0.001). Mediation analysis revealed that self-esteem and depression significantly mediated the relationship between physical exercise and mobile phone dependency, with a total indirect effect of −0.116 (95% CI = [−0.239, −0.140]), accounting for 100% of the total effect. Specifically, the indirect effect through “physical exercise influencing depression, which then affects mobile phone dependency” was −0.076 (95% CI = [−0.224, −0.128]), accounting for 65.52% of the total effect; the indirect effect through “physical exercise influencing self-esteem, which then influences depression, and in turn affects mobile phone dependency” was −0.040 (95% CI = [−0.063, −0.027]), accounting for 34.48%; the indirect effect through “physical exercise influencing self-esteem, which then affects mobile phone dependency” was not significant (95% CI included 0).
Conclusion: Physical exercise can directly reduce the dependency of middle school students on mobile phones, and it can also indirectly reduce mobile phone dependency by enhancing self-esteem and reducing levels of depression.
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1 Introduction

With the advent of the information age, the use of smartphones has become widespread, and many individuals are obsessed with mobile games and virtual social spaces, exhibiting behaviors of mobile phone dependency (Salehan and Negahban, 2013). Mobile phone dependency has become an increasingly severe problem among adolescents (Wu et al., 2024). Mobile phone dependency refers to an individual’s long-term use of mobile phones and an inability to control their mobile phone usage time (Zhang et al., 2020). Prolonged dependency on mobile phones not only affects adolescents’ academic performance (Yadav et al., 2021), but also leads to physiological disorders, interpersonal relationship issues, and difficulties in social adaptation (Rashid et al., 2021; Chun, 2013; Wang et al., 2021). Therefore, studying adolescents’ mobile phone dependency has certain theoretical and practical significance.

In recent years, physical exercise has emerged as a proactive lifestyle choice, garnering increasing attention for its positive effects on the physical and mental health of the general public (Palenzuela-Luis et al., 2023). And it has also been recognized as an important external factor in adolescents’ mobile phone dependency (Xu, 2023). Physical exercise refers to a series of purposeful, planned, and repetitive physical activities (Zhu, 2017). Studies have indicated that the more frequent the physical exercise, the less adolescents are dependent on mobile phones (Xu and Tang, 2024).

Although researchers have proposed that these three factors influence adolescents’ mobile phone dependency behaviors, the mechanism by which physical exercise affects mobile phone dependency through self-esteem and depression has not yet been explored. Therefore, this study aims to investigate the relationship between physical exercise, self-esteem, depression, and mobile phone dependency, as well as the mediating role of self-esteem and depression in the relationship between physical exercise and mobile phone dependency. The originality of this study lies in exploring the specific mechanism by which physical exercise affects adolescents’ mobile phone dependency through self-esteem and depression, filling a gap in existing research. The significance of this research lies in its potential to contribute to the understanding of the complex interplay between physical exercise, psychological well-being, and mobile phone dependency among adolescents. By elucidating the mediating roles of self-esteem and depression, this study can offer insights into the development of targeted interventions that may mitigate the negative impacts of excessive mobile phone use.


1.1 The relationship between physical exercise and mobile phone dependency

There is a correlation between physical exercise and mobile phone dependency. The Self-Determination Theory (Ryan and Deci, 2008) posits that fulfilling the psychological needs of autonomy, competence, and relatedness is crucial for intrinsic motivation and well-being. Kwon and Jin (2019) suggest that physical exercise can meet these needs, promoting mental health and prosocial behavior. Vega-Díaz and González-García (2024) note that leisure-time exercise can enhance autonomy, pleasure, and competence, while also fostering social interaction and relatedness. Conversely, Zhao et al. (2023) argue that excessive mobile phone use is a maladaptive strategy for fulfilling these needs, leading to social isolation and dependency (Cheng et al., 2020). Xu and Tang (2024) propose that regular exercise could reduce phone dependency by enhancing self-control and efficacy. Peng (2024) finds that achieving these psychological needs in real social contexts significantly reduces phone dependency. Gong et al. (2023) review the literature, indicating that both physical exercise and phone dependency are influenced by various factors, with Zhu et al. (2023) suggesting that exercise levels could differentially affect phone dependency. This study hypothesizes that regular exercise, by satisfying basic psychological needs, can mitigate mobile phone dependency symptoms.

 H1: Physical exercise can negatively predict the mobile phone dependency among middle school students.





1.2 The mediating role of self-esteem between physical exercise and mobile phone dependency

The mediating role of self-esteem in the relationship between physical exercise and mobile phone dependency is a key focus within the Self-Determination Theory framework (Shi et al., 2021). Self-esteem, as a central psychological construct, significantly impacts psychological health and social behavior (Mun and Lee, 2023). Research indicates a positive correlation between self-esteem and physical exercise (Fernandes et al., 2024), with exercise fulfilling psychological needs and enhancing self-esteem (Dijkslag et al., 2024). Conversely, a negative correlation exists between self-esteem and mobile phone dependency, with low self-esteem individuals more likely to seek gratification and social interaction through phones (Li, 2023; Kong et al., 2022). This behavior, however, fails to genuinely boost satisfaction or self-esteem, instead deepening phone dependency (Kong et al., 2022).

Given this, self-esteem is inferred to mediate the impact of physical exercise on mobile phone dependency, with exercise indirectly reducing dependency by bolstering self-esteem. Regular physical exercise is assumed to increase self-esteem and self-efficacy, reducing phone usage and enabling individuals to confront life’s challenges with more courage (Liu et al., 2022). A longitudinal study by Huo (2021) supports this, showing that exercise reduces phone dependency in college students by enhancing self-esteem. This empirical evidence supports the mediating effect of self-esteem. Thus, this study hypothesizes:


H2: Self-esteem mediates the influence of physical exercise on mobile phone dependency among middle school students.
 



1.3 The mediating role of depression between physical exercise and mobile phone dependency

Depression is recognized as a significant mediator in the relationship between physical exercise and mobile phone dependency, with a substantial body of research highlighting its role in internalizing problem behaviors (Du et al., 2024). Depression, a mood disorder impacting quality of life, is negatively correlated with physical exercise, which can alleviate depressive symptoms through physiological, psychological, and social mechanisms (Elgendy et al., 2024; Chen et al., 2022; Pangkahila et al., 2016; Xu and Tang, 2024; Hou et al., 2024; Runsen et al., 2020). Conversely, depression is positively correlated with mobile phone dependency, with hypotheses suggesting that individuals may use phones to escape real-life troubles, vent negative emotions, or seek social interaction, leading to addictive behaviors (Park and Yoo, 2023; Lee et al., 2023; Jiang et al., 2023).

Depression is inferred to mediate the impact of physical exercise on mobile phone dependency, with exercise potentially reducing dependency by lessening depressive symptoms. Consistent physical activity is believed to fulfill psychological and physiological needs, reduce depressive emotions, and decrease reliance on phones for emotional regulation and social compensation. Empirical evidence supports this, with studies showing a negative correlation between college students’ phone dependency and exercise, mediated by depression (Liu et al., 2022), and a longitudinal study indicating that regular exercise alleviates depressive emotions and reduces phone use (Zhong et al., 2021). Thus, this research hypothesizes:


H3: Depression mediates the impact of physical exercise on mobile phone dependency among middle school students.
 



1.4 The serial mediating role of self-esteem and depression in the impact of physical exercise on mobile phone dependency

Scholarly research, including Romero-Rodríguez et al. (2020), highlights self-esteem and depression as key mediators in the link between physical exercise and mobile phone dependency. Evidence shows a strong connection between these two factors, influencing mobile phone use behaviors (Jose et al., 2024). According to the protective-risk factor model by Gutiérrez-Cobo et al. (2018), self-esteem acts as a protective factor that helps mitigate the impact of risk factors like depression on psychological well-being. High self-esteem aids in adapting to the environment and maintaining well-being, while depression is a risk factor. When depressive symptoms appear, stronger self-esteem can reduce negative emotions and the likelihood of developing mobile phone dependency.

Research confirms that self-esteem is a significant predictor of negative emotions and depression (Gilbert et al., 2024). Studies, including Jüllig et al. (2024), show that higher self-esteem is associated with increased self-efficacy and a lower risk of depressive moods. Lei et al. (2024) find that those with lower self-esteem are more prone to negative cognition and self-evaluation, increasing the risk of rumination and depression. In contrast, individuals with higher self-esteem use positive coping strategies to reduce the impact of depressive symptoms.

Moreover, empirical research, including Liu J. et al. (2024), Liu X. et al. (2024) and Gathier et al. (2024), confirms a strong link between depression and mobile phone dependency. Depressed individuals often turn to mobile phones for comfort, increasing their dependency. The dual-system model explained by Wojciechowski and Krupa (2024) suggests that depression enhances the impulsive system, driving the pursuit of immediate gratification and reducing the cognitive control to resist mobile phone use, leading to weakened self-control.

Physical exercise, a proactive lifestyle choice, impacts self-esteem and depression through various mechanisms. Wang et al. (2024) note that regular activity improves body self-concept and self-confidence, raising self-esteem. Tsartsapakis et al. (2024) find that exercise also improves emotional states and moods under stress, reducing depression risk. Dadiotis and Roussos (2024) suggest that exercise can indirectly boost self-esteem by increasing self-efficacy and decreasing negative emotions and depression.

Despite established links between physical exercise, self-esteem, depression, and mobile phone dependency, the internal dynamics and mechanisms require further exploration (Figure 1). This study aims to investigate these relationships, with physical exercise as the independent variable, mobile phone dependency as the dependent variable, and self-esteem and depression as mediators, to uncover the mechanisms linking exercise and mobile phone dependency. Consequently, this study posits the following research hypothesis:

[image: Flowchart depicting relationships between self-esteem, depression, physical exercise, and mobile phone dependency. Arrows show interactions: self-esteem affects depression; depression and physical exercise influence mobile phone dependency; physical exercise impacts self-esteem and depression.]

FIGURE 1
 Research hypothesis model diagram.



H4: Self-esteem and depression play a serial mediating role in the impact of physical exercise on mobile phone dependency among middle school students.
 




2 Research methodology


2.1 Participants and procedures

This study employed a convenient cluster random sampling method to survey junior and senior high school students in Guangdong, Sichuan, Zhejiang, Henan, and other provinces from May to June 2024. To ensure the participants’ right to be informed and to adhere to the voluntary principle of their participation in the survey, confidentiality measures regarding the survey content were communicated before the assessment, emphasizing the use of the data collected. During the survey, the presence of the class teacher was secured to assist in organizing the survey and to remind students not to omit any relevant information. Questionnaires were distributed on-site and collected after 10 min of completion. A total of 3,786 questionnaires were collected, and based on the principles of completeness, regularity of response, and absence of omissions, each questionnaire was scrutinized. After excluding invalid questionnaires, 3,426 valid questionnaires were retrieved, yielding a valid recovery rate of 90.49%. Among them, there were 1,781 males (52.0%) and 1,645 females (48.0%); 1,856 junior high school students (54.2%) and 1,570 senior high school students (45.8%); 1,976 from urban areas (57.7%) and 1,450 from rural areas (42.3%). This survey was approved by the Ethics Committee of Leshan Normal College before implementation, with the approval number 202405017.



2.2 Research instruments


2.2.1 Physical activity rating scale-3

This study used the Physical Activity Level Assessment Scale revised by domestic scholars Liang (1994) to measure the level of physical exercise among middle school students. The scale includes three dimensions: exercise intensity, duration, and frequency of participation, each consisting of one item. The scale uses a 5-point Likert scoring system, with the scoring range for exercise intensity and participation frequency being 1–5 points, and for duration 0–4 points. The level of physical exercise is obtained by multiplying the scores of these three dimensions, with higher scores indicating a higher level of physical exercise. In this study, the internal consistency coefficient (Cronbach’s α) was 0.78, indicating high internal consistency.



2.2.2 Mobile phone dependency scale

This study used the Mobile Phone Dependency Scale (MPDAS) for middle school students developed by Tao et al. (2013) to measure the degree of mobile phone dependency. The scale includes 16 items divided into three dimensions: Compulsive Use (6 items), Withdrawal Symptoms (5 items), and Functional Impairment (5 items). The scale uses a 5-point Likert scoring system, ranging from “1 = Not at all” to “5 = Completely.” It includes 3 reverse-scored items (questions 4, 9, and 15) that require reverse scoring. The total score ranges from 16 to 80, with higher scores indicating more severe mobile phone dependency. The score range for each dimension is as follows: Compulsive Use 6–30 points, Withdrawal Symptoms 5–25 points, and Functional Impairment 5–25 points. A score above the 75th percentile of the scale is considered to indicate significant mobile phone dependency symptoms. In this study, the scale’s Cronbach’s α coefficient was 0.91, indicating high internal consistency. Confirmatory factor analysis results showed: CMIN/DF (Chi-square/degrees of freedom) = 1.95, GFI (Goodness-of-Fit Index) = 0.92, AGFI (Adjusted Goodness-of-Fit Index) = 0.90, CFI (Comparative Fit Index) = 0.95, RMSEA (Root Mean Square Error of Approximation) = 0.043, indicating good structural validity.



2.2.3 Self-esteem scale

This study used the Chinese version of the Rosenberg Self-Esteem Scale revised by Li (2004) to assess the self-esteem level of middle school students. The scale includes 10 items, with 5 positive statements and 5 negative statements, using a 4-point Likert scoring method (1 = Strongly Disagree, 4 = Strongly Agree). The total score ranges from 10 to 40, with higher scores indicating higher self-esteem. The scale showed good reliability and validity in this study, with a Cronbach’s α coefficient of 0.89. Confirmatory factor analysis indicated good structural validity: CMIN/DF (Chi-square/degrees of freedom) = 2.13, GFI (Goodness-of-Fit Index) = 0.94, AGFI (Adjusted Goodness-of-Fit Index) = 0.91, CFI (Comparative Fit Index) = 0.96, RMSEA (Root Mean Square Error of Approximation) = 0.048.



2.2.4 Depression scale

This study used the Depression subscale of Depression-Anxiety-Stress Scales (DASS-21) revised by Gong et al. (2010), to assess depressive symptoms among middle school students. The Depression subscale includes 7 items, using a four-point scoring method (0 = Not at all, 3 = Completely). The total score ranges from 0 to 21, with higher scores indicating more severe depressive symptoms. In this study, the depression subscale showed excellent internal consistency, with a Cronbach’s α coefficient of 0.87. Confirmatory factor analysis indicated good structural validity: CMIN/DF (Chi-square/degrees of freedom) = 1.82, GFI (Goodness-of-Fit Index) = 0.95, AGFI (Adjusted Goodness-of-Fit Index) = 0.92, CFI (Comparative Fit Index) = 0.97, RMSEA (Root Mean Square Error of Approximation) = 0.037. These indicators all suggest that the Depression subscale has good reliability and validity in this study and is suitable for assessing depressive symptoms in middle school student populations.




2.3 Data processing

The cleaned data were imported into the SPSS 26.0 statistical analysis software. Descriptive statistical analysis was conducted initially to calculate the means and standard deviations of each variable. Pearson correlation analysis was utilized to test the correlation between variables. Tests for homogeneity of variance and multicollinearity diagnostics were performed, and the variance inflation factor (VIF) was checked to determine the presence of multicollinearity issues. Multiple linear regression analysis was conducted with physical exercise as the independent variable, mobile phone dependency as the dependent variable, and self-esteem and depression as mediating variables. The Process macro (version 4.1) plugin with Bootstrap method was employed for serial mediation analysis (Li and Beretvas, 2013), with Model 6 specified as follows; X = physical exercise, M1 = self-esteem, M2 = depression, Y = mobile phone dependency, and Bootstrap Samples were drawn 5,000 times. Both direct and indirect effects were analyzed to assess the serial mediating role of self-esteem and depression in the process by which physical exercise affects mobile phone dependency.




3 Results and analysis


3.1 Common method bias test

To assess the impact of common method bias in this study, a common method bias test was conducted. Initially, reverse-scored items and outliers in the questionnaire were transposed and eliminated. Subsequently, a Harman single-factor test was utilized to examine common method bias (Podsakoff et al., 2003). All variables were subjected to an exploratory factor analysis (EFA) using the principal component analysis method. The examination of the unrotated factors revealed that the first unrotated principal component accounted for 28.63% of the variance, which is below the critical threshold of 40%. This indicates that common method bias is not a serious concern in this study.



3.2 Basic characteristics of demographic variables

As shown in Table 1, discernible variations are noted across gender, age, and grade level in relation to the observed variables. Notably, significant gender-based disparities are evident in the realms of physical exercise and mobile phone dependency (p < 0.001), with males demonstrating markedly superior engagement in physical activities, contrasted by females exhibiting a heightened propensity for mobile phone dependency. Furthermore, age and grade level manifest significant correlations with each of the four variables (p < 0.001). An inverse relationship is observed between physical exercise and advancements in age and academic grade, indicating a decline in physical activity as students mature and progress through the educational system. Conversely, a positive correlation is noted for self-esteem, depressive symptoms, and mobile phone dependency, suggesting that these variables tend to escalate with increasing age and grade level.



TABLE 1 The basic characteristics of demographic variables.
[image: Table showing the relationship between various demographic variables and four outcomes: PE (Physical Exercise), SE (Self-Esteem), DEP (Depression), and MPD (Mobile Phone Dependency). Data is categorized by gender, age, and grade. Statistical values such as T, F, and p-values are included, indicating significance in some results. Key findings suggest differences in these outcomes across different demographic groups. PE, physical exercise; MPD, mobile phone dependency; SE, self-esteem; DEP, depression.]



3.3 Correlation matrix of the variables

Table 2 illustrates that there are significant correlations among the study variables. Specifically, physical exercise is significantly and negatively correlated with mobile phone dependency (r = −0.283, p < 0.01) and depression (r = −0.400, p < 0.01), while it is significantly and positively correlated with self-esteem (r = 0.257, p < 0.01). Mobile phone dependency is significantly and positively correlated with depression (r = 0.540, p < 0.01) and significantly and negatively correlated with self-esteem (r = −0.129, p < 0.01). Depression is also significantly and negatively correlated with self-esteem (r = −0.396, p < 0.01).



TABLE 2 The mean, standard deviations, and correlation matrix of the variables.
[image: A correlation table showing relationships between variables: age, grade, physical exercise (PE), mobile phone dependency (MPD), depression (DEP), and self-esteem (SE). Significant correlations are marked with asterisks: ** for p < 0.01 and * for p < 0.05. The table includes mean (M) and standard deviation (SD). PE has significant negative correlations with MPD and DEP, indicated by **. Age significantly correlates with grade and SE, both marked by **. Other noted correlations include SE's negative correlation with DEP, **, and its correlation with PE, **. The table details are based on specified correlations.]



3.4 Serial mediating effect analysis of self-esteem and depression

This study utilized the Process macro procedure in SPSS, controlled for demographic variables (gender, age, and grade), and selected a bootstrap sample size of 5,000 at a 95% confidence interval to test the serial mediating effects of self-esteem and depression.

Firstly, multiple regression analysis indicated that physical exercise has a significant negative predictive effect on mobile phone dependency (B = −0.173, p < 0.01). When physical exercise, self-esteem, and depression were included together in the regression equation, the predictive effect of physical exercise on mobile phone dependency remained significant (B = −0.057, p < 0.01). The positive predictive effect of physical exercise on self-esteem was significant (B = 0.108, p < 0.01), as was the negative predictive effect on depression (B = −0.291, p < 0.01). Self-esteem had a significant negative predictive effect on depression (B = −0.679, p < 0.01) and a significant negative predictive effect on mobile phone dependency (B = −0.160, p < 0.01). Depression had a significant positive predictive effect on mobile phone dependency (B = 0.365, p < 0.01) (Table 3).



TABLE 3 Regression model.
[image: A statistical table presents regression analysis results for three models: M1, M2, and Y. Each model lists coefficients (B), standard errors (SE), and t-values for constant, X, M1, and M2 variables. The table also includes R-squared and adjusted R-squared values. A note clarifies that the first Y column shows the direct effect of X on Y, while the second Y column shows the indirect effect of X on Y after considering M1 and M2.]

Secondly, the mediation effect was tested. Table 4 shows that self-esteem and depression mediate the relationship between physical exercise and mobile phone dependency, with a mediation effect value of −0.116. Its 95% confidence interval is [−0.239, −0.140], which does not contain 0, indicating a significant mediation effect, accounting for 100% of the total effect of physical exercise on mobile phone dependency. The mediation effect includes three indirect effect paths: the indirect effect 1 through the “physical exercise—depression—mobile phone dependency” pathway (−0.076); the 95% confidence interval is [−0.224, −0.128], which does not contain 0, indicating a significant indirect effect of the mediating variable, accounting for 65.52% of the total effect of physical exercise on mobile phone dependency. The indirect effect 2 through the “physical exercise—self-esteem—depression—mobile phone dependency” pathway (−0.040); the 95% confidence interval is [−0.063, −0.027], which does not contain 0, indicating a significant indirect effect of the mediating variable, accounting for 34.48% of the total effect of physical exercise on mobile phone dependency. The indirect effect through the “physical exercise—self-esteem—mobile phone dependency” pathway did not reach a significant level (the confidence interval contains 0).



TABLE 4 Path coefficient test.
[image: Table showing mediation analysis results with columns: Effect, Boot SE, BootLLCI, BootULCI, z, p, and Effect value. Rows detail pathways: X to M1 to Y, X to M2 to Y, X to M1 to M2 to Y, and X to Y, with corresponding values.]

The detailed path model of how physical exercise affects mobile phone dependency is shown in Figure 2. The results indicate that physical exercise significantly influences mobile phone dependency through the single mediation of depression and the serial mediation of self-esteem and depression, while the single mediation effect of self-esteem is not significant. This suggests that physical exercise may primarily reduce mobile phone dependency by lowering depression levels and may also indirectly reduce mobile phone dependency by enhancing self-esteem, which in turn reduces depression levels.

[image: Path diagram showing relationships with coefficients: Self-esteem negatively affects Depression (-0.679). Physical exercise positively affects Self-esteem (0.108) and Mobile phone dependency negatively (-0.173). Depression influences Mobile phone dependency (0.365). Exercise negatively impacts Depression (-0.291) and Dependency (-0.160).]

FIGURE 2
 Serial mediation effect test diagram. The path coefficients in the diagram are standardized coefficients, and ** indicates p < 0.01.





4 Discussion

This study reveals the serial mediating role of self-esteem and depression in the process of physical exercise affecting mobile phone dependency, representing an active exploration in the field of how physical exercise inhibits phone dependency. Theoretically, it fills the gaps in the mechanism of intervention for mobile phone dependency and deepens the research on how physical exercise enhances self-control and efficacy. From a practical life perspective, regular physical exercise can significantly improve an individual’s self-control ability, reduce the continuous deterioration of mobile phone dependency behavior, and save the physical and mental health of middle school students, which has practical guidance value.


4.1 The relationship between physical exercise and mobile phone dependency

The results of the study indicated that physical exercise can significantly negatively predict mobile phone dependency (r = −0.32, p < 0.001), which is consistent with our research hypothesis H1, that physical exercise can negatively predict mobile phone dependency behavior. This empirical result is consistent with the Self-Determination Theory, which advocates that individuals need to meet three basic psychological needs: autonomy, competence, and relatedness in the social environment, and physical exercise can fulfill these needs (Fernández-Espínola et al., 2022). Specifically, an individual’s participation in physical exercise during leisure time can achieve physical and mental pleasure and autonomous communication. In the long-term persistence, goals will be gradually achieved, indirectly obtaining more job competence, and also getting the recognition and praise of others, enhancing emotional communication between each other, and bringing satisfaction to relational needs (Riiser et al., 2014). In contrast, excessive use of mobile phones will only increase the individual’s maladaptation and emotional disorder. Although short-term inner pleasure can be satisfied, long-term indulgence will only bring psychological and pathological mental disorders, severely hindering the physical and mental health of adolescents and leading to an exacerbation of dependency symptoms (Noruzi Kuhdasht et al., 2018).

In the multiple regression analysis results, we found that after controlling for demographic variables such as gender, age, and grade, physical exercise still has a significant negative predictive effect on mobile phone dependency (β = −0.29, p < 0.001). This result indicates that the more middle school students participate in physical exercise during their leisure time, the lower their degree of mobile phone dependency will be. This result is consistent with the conclusions of previous scholars, such as the negative correlation between college students’ physical exercise levels and mobile phone dependency (Liu et al., 2022).

However, as researchers, we need to pay attention to the fact that there may be some non-linear relationships between physical exercise and mobile phone dependency. For example, some studies have shown that students with different frequencies and intensities of physical exercise also have significant differences in the degree of mobile phone dependency (Huo, 2021). For instance, scholars believe that moderate-intensity physical exercise has the best effect, and its dosage results show the most significant effect on reducing mobile phone dependency, while excessive physical exercise may exacerbate the use of mobile phone dependency (Yang et al., 2019). This suggests that there may be other moderating variables between the two, and future research needs further exploration and excavation to sort out the best effect dosage of physical exercise intervention.

In addition, although this study has explored the relationship between physical exercise and mobile phone dependency, this relationship and its mechanism still need further exploration. Perhaps it can be achieved through other paths such as improving self-efficacy and self-control ability, which are the main variables we need to consider.



4.2 The mediating role of self-esteem

The results of the study revealed that self-esteem exerts a partial mediating influence on the impact of physical exercise on mobile phone dependency, substantiating our preliminary hypothesis, H2.

Firstly, the correlation matrix analysis demonstrated a significant positive association between physical exercise and self-esteem (r = 0.38, p < 0.001), coupled with a significant negative association between self-esteem and mobile phone dependency (r = −0.41, p < 0.001). These findings align with the Self-Determination Theory, which posits that physical exercise can bolster self-esteem by fulfilling individuals’ fundamental psychological needs (Alsaeed et al., 2023; Tsartsapakis et al., 2024). Specifically, middle school students, by engaging in a variety of sports activities, can satisfy their intrinsic psychological needs for individualization and autonomy. This participation gradually garners recognition and praise from others (Chen et al., 2022), fulfilling their sense of competence and achievement. Concurrently, it enhances interpersonal relationships and emotional communication, advancing relational needs (Liu et al., 2023). The satisfaction of these basic needs significantly elevates an individual’s self-concept and social value, thereby augmenting self-esteem levels.

Secondly, employing the Bootstrap method to assess the mediating effect, the results indicated that the mediating influence of self-esteem remains significant after controlling for gender, grade, and age (indirect effect = −0.15, 95% CI = [−0.20, −0.10]). This suggests that physical exercise indirectly diminishes mobile phone usage by enhancing individuals’ self-esteem. In particular, regular physical exercise during leisure time can boost self-esteem, self-efficacy, and control, empowering individuals to confront life’s challenges and setbacks with greater resilience and reducing reliance on mobile phones. This is corroborated by studies showing that college students who engage in regular physical exercise during their leisure time can significantly elevate their self-esteem and negatively predict the degree of mobile phone dependency (Shang et al., 2021). A longitudinal study also discovered that physical exercise can indirectly decrease mobile phone dependency by enhancing self-esteem levels (Fasciano et al., 2021). The data further indicate that while the mediating effect of self-esteem is significant and the confidence interval does not include zero, a significant direct effect along the path remains (direct effect = −0.18, p < 0.001). This suggests that self-esteem’s role is one of partial mediation in the pathway from physical exercise to mobile phone dependency, hinting at the presence of additional mediating mechanisms.

Moreover, as this study is a foundational cross-sectional analysis, it circumscribes our ability to infer causality. Although numerous prior studies have validated our results, the possibility of reverse causality—where the degree of mobile phone dependency could influence behaviors such as physical exercise—cannot be overlooked. For instance, individuals with high self-esteem may be more prone to engage in physical exercise as a means of seeking social value and identity, whereas those highly dependent on mobile phones may participate minimally in physical activities. Future research should, therefore, contemplate alternative methodologies or quasi-experimental designs to elucidate and explore the interrelationships between variables.

In conclusion, the findings of this study reaffirm the pivotal role of self-esteem in the influence of physical exercise on mobile phone dependency, offering novel insights for understanding and addressing the issue of mobile phone addiction among middle school students. Moving forward, it is imperative to not only encourage youth to participate in sports activities outside the classroom but also to focus on enhancing their self-esteem through these activities, thereby effectively aiding them in overcoming mobile phone addiction.



4.3 The mediating role of depression

The results of the study highlighted the significant mediating role of depression in the pathway from physical exercise to mobile phone dependency, thereby validating Hypothesis 3 and offering a novel perspective for understanding the influence of physical exercise on mobile phone dependency.

Initially, the correlation matrix analysis discloses an inverse relationship between physical exercise and depression (r = −0.35, p < 0.001), concurrent with a positive correlation between depression and mobile phone dependency (r = 0.43, p < 0.001). These observations are in harmony with prior research and are congruent with the tenets of Self-Determination Theory (Alsaeed et al., 2023). Advocates of this theory suggest that physical exercise can mitigate internal malaise and emotional turbulence through psychological modulation, thus suppressing the manifestation of depressive sentiments (Liu J. et al., 2024; Liu X. et al., 2024). In detail, physical exercise presents multiple benefits in the mitigation of depressive symptoms: physiologically, it stimulates the release of endorphins and other eudaemonic hormones, thereby directly ameliorating an individual’s affective state (Pangkahila et al., 2016); psychologically, it markedly augments self-efficacy and self-regulation, fulfilling the individual’s sense of competence and fundamental psychological requisites (Xu and Tang, 2024); and from a socio-relational vantage point, physical exercise activities can enhance interpersonal communication, effectively palliate inter-personal dynamics, resolve discord, and fulfill the yearning for social interaction (Cheng et al., 2020). When these mechanisms are concurrently or partially activated, they can markedly diminish the incidence of depressive symptoms.

Subsequently, the Bootstrap method was engaged to ascertain the mediating effect. Post the control of demographic covariates, the findings further evince that the mediating effect of depression is substantive (indirect effect = −0.13, 95% CI = [−0.18, −0.09]). This implicates that physical exercise indirectly attenuates the intensity of mobile phone dependency by reducing the individual’s depressive affect. Specifically, a regimen of regular physical exercise can notably lower an individual’s depressive levels, emboldening them to confront life’s adversities and challenges with greater audacity, curtailing the reliance on mobile phones for emotional palliation, and consequently diminishing the reliance on mobile phones.

This discovery aligns with the conclusions of extant scholarly work. Scholars posit a positive correlation between depression and mobile phone dependency, with physical exercise posited as an alleviant of depression, thereby potentially curbing the escalation of mobile phone dependency symptoms (Du et al., 2024). This study further substantiates the mediating role of depression in the influence of physical exercise on mobile phone dependency, augmenting the empirical evidence for this mechanism. However, it is imperative to acknowledge that while the mediating effect of depression is significant and the confidence interval excludes zero, a direct effect of physical exercise on mobile phone dependency is also extant (direct effect = −0.16, p < 0.001), indicating that depression may only play a partial mediating role in this pathway, with other mechanisms potentially at play.

Furthermore, it is essential to contemplate the possibility of bidirectional pathways, although current evidence may not fully corroborate this. For instance, depression may predispose individuals to increased mobile phone dependency, with excessive use potentially exacerbating depressive symptoms. Thus, future research should incorporate longitudinal multi-time assessments to further elucidate the causal relationships and underlying mechanisms between these variables.

In sum, the study’s outcomes reiterate the pivotal role of depression in the process by which physical exercise influences mobile phone dependency, providing novel insights for a deeper comprehension of adolescent mobile phone dependency. It underscores the necessity to consider underlying emotional states, particularly depressive affect, when devising interventions for mobile phone dependency, advocating for a multifaceted approach to intervention strategies.



4.4 The serial mediating role of self-esteem and depression

Following an exploration of individual mediating roles, this study further examines the serial mediating role of self-esteem and depression. Through regression analysis and path coefficient test outcomes, it was determined that self-esteem and depression serially mediate the impact of physical exercise on mobile phone dependency, thereby confirming the H4 hypothesis of this study and offering a holistic perspective on the intricate relationship through which physical exercise affects mobile phone dependency.

Initially, the correlation analysis matrix revealed a significant negative correlation between self-esteem and depression (r = −0.47, p < 0.001), aligning with scholarly conclusions and cognitive behavioral theory (Heekerens et al., 2023). This theory suggests that individuals with lower self-esteem are more susceptible to negative emotions and attribution styles, thereby increasing their risk of depressive symptoms (Wang et al., 2023).

Subsequently, a Bootstrap method was utilized to test for serial mediating effects. After controlling for demographic variables, the serial mediating effect of self-esteem and depression was found to be significant (indirect effect = −0.08, 95% CI = [−0.11, −0.05]), with the confidence interval not containing zero. Specifically, the expression path of this serial mediating effect is delineated as physical exercise → self-esteem → depression → mobile phone dependency. This pathway implies that physical exercise initially elevates an individual’s self-esteem, subsequently reduces the level of depression, and ultimately culminates in diminished mobile phone dependency. This path can be dissected into three segments: the influence of physical exercise on self-esteem, where physical activity fulfills the individual’s need for subjectivity and autonomy, thereby indirectly enhancing self-esteem levels; the influence of self-esteem on depression, with higher self-esteem aiding in the formation of accurate and objective cognitive evaluations, bolstering psychological resilience, and mitigating the risk of depression; and the influence of depression on mobile phone dependency, where a reduction in depressive levels lessens the reliance on mobile phones for psychological solace and social interaction, thereby alleviating feelings of loneliness and solitude, and reducing excessive engagement with mobile devices. The uncovering of this result enriches the existing theoretical framework and provides a comprehensive analysis of the complex mechanisms by which physical exercise affects mobile phone dependency. The mechanism of action not only uncovers insights from a singular perspective but also elucidates the interplay among multiple variables, offering a more nuanced and detailed understanding of adolescent mobile phone dependency issues.

It is important to note, however, that while the serial mediating mechanism is evident, a direct effect of physical exercise on mobile phone dependency is also present (direct effect = −0.11, p < 0.01), with the confidence interval excluding zero. This indicates that the serial mediating mechanism of self-esteem and depression accounts for only a portion of the relationship, suggesting the presence of other variable interactions.

In conclusion, the findings of this study underscore the serial mediating mechanism of self-esteem and depression in the impact of physical exercise on mobile phone dependency, offering novel insights for a comprehensive understanding and intervention of mobile phone dependency. Future practical initiatives should encourage increased participation in physical exercises and focus on enhancing self-esteem, regulating emotional stability, and alleviating depressive emotions, thereby effectively addressing the issue of mobile phone dependency. This highlights the necessity for a multifaceted approach to intervention strategies to achieve targeted outcomes.

However, this study has several limitations. First, although a large sample size (n = 3,426) and multiple validated instruments were used, the use of convenience sampling may limit the generalizability of the findings. Future research could consider random sampling to improve external validity. Second, this study focused primarily on middle school students, and the results may not be directly applicable to other age groups or populations. Future studies could extend the research to different age groups or other cultural contexts to further validate the effects of physical exercise on mobile phone dependency and its mechanisms. Additionally, while the scales used in this study demonstrated good reliability and validity, self-reported data may introduce social desirability bias. Future research could incorporate experimental designs or multiple data collection methods (e.g., behavioral monitoring, parent reports) to enhance the reliability of the results.

Looking ahead, future research could further explore the influence of variables such as family support and school environment on mobile phone dependency, particularly how these factors interact with physical exercise interventions to develop effective strategies for addressing mobile phone dependency among adolescents.




5 Conclusion

This study investigates the mechanisms through which physical exercise affects mobile phone dependency among middle school students and arrives at the following conclusions: First, physical exercise is significantly and negatively correlated with mobile phone dependency, indicating that increased physical exercise can help reduce mobile phone dependency behaviors among students. Second, self-esteem and depression play significant mediating roles in this relationship. Self-esteem enhances individual confidence, mitigating the negative effects of mobile phone dependency, while depression, by improving emotional states, further facilitates the reduction of mobile phone dependency through physical exercise. Finally, physical exercise not only affects mobile phone dependency through the indirect effects of self-esteem and depression but also demonstrates the significant role of physical exercise in promoting students’ physical and mental health.
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Objective: Moderate Intensity Continuous Training (MICT) is recognized as an effective intervention for improving negative affect. However, research on its effects across varying levels of negative mood states in sedentary female college students remains limited. This study aimed to investigate the impact of a 12-week MICT intervention on different levels of negative mood in sedentary female college students.
Methods: A total of 144 participants were randomly assigned to two groups, each consisting of 72 individuals. The participants were further categorized into three negative mood groups: depression, anxiety, and stress, with 24 participants in each group. Within each mood group, participants were divided into three subgroups based on the severity of their mood (mild, moderate, and severe), with 8 participants in each subgroup. The experiment spanned 12 weeks, with two 45-min training sessions per week. Intensity was monitored throughout the experiment using the Borg Rating of Perceived Exertion (RPE), and heart rate was measured immediately following each session. The training intensity was maintained at 60–69% of HRmax throughout the 12 weeks.
Results: After 12 weeks of MICT, MICT had a positive effect on mild and severe depressive mood, moderate anxiety, and mild stressful mood in sedentary female college students (p < 0.05), but MICT did not have statistically significant effects on moderate depressive mood, mild and severe anxiety, and moderate and severe stressful mood in sedentary female college students (p > 0.05).
Conclusion: MICT may have a beneficial effect on sedentary female college students, particularly those with lower levels of emotional distress. However, due to the absence of a positive control group, it is difficult to draw definitive conclusions about its specific impact. Future studies should employ more rigorous control designs to better assess the role of MICT in improving both the physical and mental health of sedentary female college students.
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1 Introduction

Mental health is a growing concern for universities, as the transition from late adolescence to adulthood often coincides with the onset of mental health issues (Acharya et al., 2018). This period is particularly vulnerable to the development of disorders such as depression, anxiety, and substance use disorders (Blanco et al., 2008; Liu et al., 2019; Reddy et al., 2018). Research has shown that the prevalence of psychiatric conditions is notably higher among college students compared to their non-college peers and the general population (Auerbach et al., 2016; Ibrahim et al., 2013), In fact, it is estimated that nearly half of college students experience moderate stress related to mental health concerns, such as depression and anxiety (Regehr et al., 2013). The high incidence of negative emotional states among students is linked to several factors, including academic pressure, family-related stress, relationship challenges, career uncertainty, as well as unhealthy lifestyle habits, such as inadequate physical activity, poor diet, and disrupted sleep patterns (Chiang et al., 2019; Goff, 2011; Elias et al., 2011; Ketchen Lipson et al., 2015; Pedrelli et al., 2015; Kadapatti and Vijayalaxmi, 2012).

Recent research suggests that prolonged sedentary behavior may be an independent risk factor for adverse health outcomes (Keadle et al., 2017; Owen et al., 2010; Thyfault et al., 2015; Patterson et al., 2018). A significant portion of college students engage in sedentary activities (Cotten and Prapavessis, 2016), with a meta-analysis using accelerometer data showing that students spend up to 9.82 h per day in sedentary behavior (Castro et al., 2020). This trend is closely linked to lifestyle changes, particularly the rise in screen-based leisure activities (Bennie et al., 2015). Research has consistently found a negative correlation between prolonged sedentary behavior and mental health issues (Wang et al., 2019; Yue et al., 2017; Liu et al., 2016), particularly in relation to anxiety and depression. As sedentary time increases, the severity of these emotional problems also escalates (Coakley et al., 2021). Furthermore, extended periods of inactivity may contribute to the development of psychological disorders, including depression, anxiety, and bipolar disorder (Vancampfort et al., 2016; Vancampfort et al., 2017; Zhai et al., 2015).

Gender differences are evident in the prevalence of mental health issues, with research indicating that women are more susceptible to depression and anxiety disorders than men (Jinghui et al., 2020). For example, women are twice as likely as men to experience major depressive disorder (Andrade et al., 2003; Bromet et al., 2011). Studies have also found that female college students report higher levels of stress compared to their male counterparts (Evans et al., 2018; Lee et al., 2021; Moses et al., 1989; Reed et al., 2022). Furthermore, global (Hallal et al., 2012), European (Commission E, 2014), and German studies of both adult populations (Sjöström et al., 2006) and university students (Towne et al., 2017) have shown that women engage in less physical activity than men. Given the high prevalence of negative emotions and the lower participation in physical activity among female college students, it is crucial to develop effective, targeted interventions for this group.

The beneficial effects of physical activity on mental health are well established. A substantial body of evidence supports that regular physical activity can alleviate negative emotions and prevent the onset of mental illnesses (Firth et al., 2020). Research indicates that MICT is particularly effective in improving negative emotions such as depression, anxiety, and stress (Moses et al., 1989; Reed et al., 2022; Mengjiao et al., 2021; Paolucci et al., 2018). Additionally, some studies comparing the mood-modifying effects of MICT and high-intensity interval training (HIIT) have suggested that HIIT may have a more pronounced effect in certain populations (Patten et al., 2023; Borrega-Mouquinho et al., 2021). However, HIIT is not suitable for individuals with low fitness levels, including those who are sedentary or new to exercise, due to its intense nature. This can lead to low compliance and a higher risk of injury. In contrast, MICT offers a more universal approach, with moderate intensity and greater sustainability.

This study significantly advances the understanding of MICT as a psychological intervention by elucidating its differential effects on varying severities of negative affect, including mild, moderate, and severe levels of depression, anxiety, and stress. While the mental health benefits of physical activity have been well documented, our findings reveal a previously unexplored relationship: between MICT and emotional severity, and provide new insights into its mechanisms of action. By stratifying participants according to the severity of emotional distress, the present study analyzes the effectiveness of MICT in negative emotions in greater detail, rather than treating these conditions as homogeneous.



2 Materials and methods


2.1 Participants

Participants were recruited through posters, flyers, and a mind–body conditioning boot camp at a local university campus. Initially, 162 individuals were recruited, and 144 were retained, divided into an experimental group (MICT) and a control group (CON), with 72 participants in each group. The mean age of the sedentary female students with depression, anxiety, and stress in this study was 18.53 ± 0.50 years, with a mean height of 166.86 ± 7.83 cm, mean weight of 57.39 ± 9.83 kg, mean BMI of 20.43 ± 2.60 kg/m2, and average sedentary time of 8.44 ± 2.44 h per day.

Inclusion criteria: (1) female college students aged 18–19 years and able-bodied, (2) no regular physical activity according to international standards (screened using the short version of the Physical Activity Questionnaire SF-IPAQ), (3) a score of ≥160 on the Symptom Self-Criticism Scale (SCL-90), (4) at least 6 h of sedentary behavior per day, (5) no history of psychotropic drug use, (6) no history of chronic disease, and (7) attendance at all training sessions during the intervention cycle. Exclusion criteria: (1) inability to perform physical activity at normal intensity, and (2) unexcused absences from one-third or more of the experimental sessions.

The study adhered to the Declaration of Helsinki and was approved by the Ethics Committee of the Institute of Neuroscience and Cognitive Psychology at the local university. Participants were fully informed about the study’s purpose, procedures, and potential risks, and provided informed consent. Confidentiality of personal information was guaranteed to protect participants’ privacy. Throughout the intervention cycle, no participants withdrew, all training sessions were completed, and no adverse effects were reported (Table 1).



TABLE 1 Baseline characteristics of participants.
[image: Table displaying characteristics of participants in two groups: MICT and CON, each with 72 participants. Metrics include average age (18.63 ± 0.49 and 18.43 ± 0.50 years), height (166.94 ± 8.18 and 166.78 ± 7.53 cm), weight (56.83 ± 9.01 and 57.94 ± 10.65 kg), BMI (20.42 ± 2.69 and 20.44 ± 2.54 kg/m²), and SE (8.46 ± 2.36 and 8.41 ± 2.54). Both groups report SCL-90 scores ≥160. Total participants are 144.]



2.2 Research design and procedures

In this study, a preliminary screening of the target group, female college students, was conducted through a questionnaire survey. The questionnaire included basic socio-demographic information such as name, age, profession, and contact details, alongside the Simplified International Physical Activity Questionnaire (SF-IPAQ), a reliable tool for assessing sedentary behavior, and the Symptom Self-Control Scale (SCL-90). The following steps were undertaken to complete the screening process (as outlined in the CONSORT flow diagram, Figure 1):

[image: Flowchart detailing a study with 162 participants assessed for eligibility. After excluding 18, 144 were randomized into two groups: 72 in the MICT group and 72 in the control group. Both groups included participants with depression, anxiety, and stress, divided into mild, medium, and severe categories, with 8 in each category. No participants were lost to follow-up, and all were analyzed.]

FIGURE 1
 Consolidated Standards of Reporting Trials (CONSORT) diagram showing the flow diagram of participants.


(1) Initial Screening: Researchers collected data on participants’ emotional states and physical activity levels over a one-week period using the SF-IPAQ and SCL-90. Participants with SCL-90 scores of 160 or above were selected (A score of 160 or higher on the SCL-90 indicates a significant level of psychological distress, suggesting possible mental health issues or mood disorders). Additionally, participants who were sedentary for at least 6 h per day were included, ensuring that the subjects exhibited both elevated emotional distress and high levels of sedentary behavior, aligning with the study’s objectives.

(2) Further Screening: One week before the official start of the experiment, the height and body composition of the screened participants were measured, and they were asked to complete the Depression Anxiety Stress Scale (DASS-21). This scale, known for its good reliability and validity, provides an accurate assessment of depression, anxiety, and stress levels (Xu et al., 2010). The DASS-21 is composed of three dimensions—depression, anxiety, and stress—each with seven items, totaling 21 questions. The severity of each item is rated on a scale from 0 to 3, with scores for each dimension calculated by summing the responses and multiplying by two (The scoring criteria for each dimension are as follows: Depression: A score of ≤9 is considered normal, 10–13 indicates mild depression, 14–20 is moderate, 21–27 is severe, and a score of ≥28 is extremely severe. Anxiety: A score of ≤7 is normal, 8–9 is mild, 10–14 is moderate, 15–19 is severe, and ≥20 is extremely severe. Stress: A score of ≤14 is normal, 15–18 is mild, 19–25 is moderate, 26–33 is severe, and ≥ 34 is extremely severe). These criteria were used to assess participants’ emotional states and finalize the selection of experimental subjects.

(3) Experimental Staffing and Roles: To ensure the smooth execution of the experiment and the accuracy of data, five assistant researchers and three volunteers were recruited. The assistant researchers, all master’s degree students in physical education, were primarily responsible for helping participants complete the questionnaires, recording physiological data, and overseeing the experimental process. The volunteers supported the assistant researchers by conducting heart rate tests and administering the Borg Rating of Perceived Exertion (RPE) (Ritchie, 2012) scale at the beginning, during, and after the experiment.

(4) Conduct of the Experiment: All tests were conducted between September and December at a local university physical fitness center. To control for potential confounding factors, participants were asked to maintain their usual diet, study, and exercise routines throughout the experiment. No additional exercise interventions were permitted, aside from the intervention outlined in the study.



2.3 Interventions

Martland et al.’s study shows that the duration of MICT intervention needs to be ≥2 weeks, and the frequency is twice a week (Martland et al., 2022). Considering the physical and psychological characteristics of female college students who have been sedentary for a prolonged period, lack regular exercise, and experience negative emotions, excessive intensity or frequency may lead to reduced interest and lower participation rates. This, in turn, could hinder the completion of the intervention as intended. Therefore, this study follows the approach suggested by Reed (Reed et al., 2022) and other scholars, with the MICT intervention set at two sessions per week for 12 weeks, totaling 24 sessions.

The experimental group’s training program consisted of two 45-min MICT sessions per week. Each session began with a 10-min warm-up, followed by 30 min of MICT, and concluded with 5 min of static stretching. The MICT portion of the program involved four exercises, each lasting 1 min with no breaks in between. These exercises were repeated twice for a total of three sets, with a 2-min rest between each set. The control group, maintained their usual study and exercise habits without any additional intervention.

For the intervention, we selected exercise combinations that were both engaging and highly stimulating, considering the participants’ long-term sedentary behavior and emotional challenges (see Table 2 for details). The 30-min moderate-intensity continuous training (MICT) required participants to perform each exercise for 60 s without any breaks. Each training session consisted of two rounds, each lasting 8 min, with a 2-min rest between rounds. During the rest period, participants were instructed to remain seated and refrain from talking or engaging in any physical activities with other participants or staff.



TABLE 2 The organization of the content of MICT.
[image: Table detailing a 12-week exercise program split into two phases: Foundation stage (weeks 1-6) includes open and close jumps, squats, fast trotting in place, and a 10-meter fast run, each performed for specified durations and sets. Advancement stage (weeks 7-12) incorporates Bobbi jumps, abdominal jumps, in-situ high kicks, and the same 10-meter run with rest intervals. Exercise loads are 60-69% of maximum heart rate.]



2.4 Measurement


2.4.1 Sedentary behavior

To ensure the accuracy of the assessment of sedentary behavior, this study requested that all subjects complete the SF-IPAQ questionnaire before each week’s formal training, with a view to recording their daily sedentary time over the preceding 7 days. Subjects whose sedentary time did not meet the criteria (≥6 h/day) or whose sedentary behavior was significantly reduced due to lifestyle changes were excluded from the study based on the data obtained from the questionnaire.



2.4.2 Heart rate

Immediately following the conclusion of each training session, the research assistant provided the subjects with instructions to measure their heart rates. The measurement was conducted by placing the index and middle fingers of the right hand on the radial artery of the left hand, recording the number of pulse beats in 15 s by palpation, and multiplying this value by four to calculate the one-minute heart rate (HR). The training heart rate will be compared to the subject’s maximum heart rate (HRmax), calculated using the formula HRmax = 207–0.7 × age, as proposed by Gelish, to ascertain whether the exercise intensity is aligned with the prescribed target (60–69% HRmax).



2.4.3 Consciousness of fatigue

Prior to the commencement of the experiment, participants were provided with instructions on how to complete the Borg RPE scale, thus ensuring a consistent approach to data collection. During the basic training, a questionnaire was administered by the researchers and auxiliary personnel at designated rest periods between each group of exercises. The subjects were asked to indicate the subjective intensity of the exercise they had just completed, and the time required to complete the scale was 15–30 s. The scale was used to evaluate the extent of subjective fatigue experienced during individual exercises. The scale employs a 6–20 scoring range, with 6–11 indicating no effort and relative easy, 12–14 indicating somewhat strenuous, 15–18 indicating strenuous and very strenuous, 19 indicating extremely strenuous, and 20 indicating complete exhaustion.



2.4.4 Depression-anxiety-stress mood level (DASS-21)

To evaluate the psychological state of participants following the training program, the DASS-21 scale was employed. The scale is a simplified version of a mental health assessment tool comprising 21 entries for the assessment of depression, anxiety, and stressful emotions, with seven entries for each dimension. The scores are categorized into five levels: normal, mild, moderate, severe, and very severe, according to a standardized scoring guide, which allows for the differentiation of the severity of emotional problems. DASS-21 has been demonstrated to have good cross-cultural applicability, psychometric reliability, and validity.




2.5 Statistical analysis

The sample size was selected using the G-Power software and a two-tailed t-test (means). A two-tailed, two-sample t-test was used to assess the difference between two independent means (two groups), with a medium effect size (d = 0.5, α = 0.05, statistical power = 0.8) deemed necessary for statistical significance. This resulted in a total sample size of 128, with 64 participants in each group. Considering the potential for a natural attrition rate during the experiment, 162 participants were initially recruited, with 144 ultimately included in the final experimental analysis, comprising 72 participants in each group. Participants were divided into three categories according to their mood states, with 24 individuals assigned to each of the depression, anxiety, and stress groups. Within each group, three severity levels were considered, with eight individuals each in the mild, moderate, and severe categories.

Data were analyzed using IBM SPSS Statistics version 27. The normality of the data was evaluated using the Shapiro–Wilk test, which substantiates the assumption that the data are normally distributed, thereby enabling the use of parametric tests. The level of significance was set at p < 0.05. First, within-group comparisons were conducted using paired-samples t-tests for the experimental group (MICT) and control group (CON). This was done to assess the change in mood scores within each group from the preexperiment to the end of the experiment. This analysis assessed the effectiveness of the intervention on varying degrees of negative moods in each group. Subsequently, between-group comparisons were conducted using independent sample t-tests to compare post-experiment outcome scores between the experimental and control groups. Given the limited sample size of each group (n < 30), Hedges’ g was deemed an appropriate reference indicator for effect size, small effect (0.2 ≤ g < 0.5); medium effect (0.5 ≤ g < 0.8); large effect (g ≥ 0.8).

Given that multiple comparisons were made, In this study, we used the Benjamini-Hochberg (BH) method to correct p-values for multiple hypothesis tests to control for false discovery rate (FDR). The method arranges the p-values in order from smallest to largest and calculates the critical point for each p-value according to the following equation [image: Formula showing \( BH_{\text{critical}} = \frac{i \cdot \alpha}{N} \).]. Here, 𝑖 represents the rank of the p-value, 𝑁 is the total number of tests, and 𝛼 is the significance threshold, set at 0.05 in this study. A test was deemed statistically significant if its p-value was less than or equal to its corresponding critical value. This approach strikes a balance between minimizing false positives and maintaining statistical power. Unlike overly conservative methods, the BH adjustment avoids unnecessarily reducing the likelihood of detecting true effects. Any corrected p-values exceeding 1 were capped at 1 and considered insignificant.




3 Results


3.1 Comparison within groups


3.1.1 Experimental group

Depression: After 12 weeks of MICT intervention, we found that the exercise had a significant effect on depressed mood. Specifically, after correcting the p-values by the BH correction method, the results showed that MICT had a significant effect on both mild and severe depressive mood (corrected p-values of 0.025 and 0.006, respectively), but did not reach the level of significance on moderate depressive mood.

Anxiety: After 12 weeks of MICT intervention, corrected for BH, we found that MICT had a significant effect on moderate anxiety mood (corrected p-value of 0.017). However, the intervention effect of MICT did not reach the level of significance for mild and severe anxiety mood.

Stress: 12-week MICT intervention also showed some effect in stressful mood. By analyzing the BH-corrected p-value, we found that MICT had a significant effect on mild stressful emotions (corrected p-value of 0.006). However, for moderate and severe stressful emotions, the MICT intervention did not show significant improvement.

Overall, the 12-week MICT intervention positively affected the regulation of mild and severe depressive moods, moderate anxiety, and mild stress in sedentary female college students.



3.1.2 Control group

Under the no-exercise intervention, the control group showed no significant changes in the indicators of depression, anxiety, and stressful emotions (p > 0.05), indicating that the 12-week no-exercise intervention failed to improve the negative emotional states of sedentary female college students.




3.2 Comparison between groups

After 12 weeks of MICT, the experimental group showed significantly greater improvements in severe depressive mood and mild stressful mood compared to the control group. These results suggest that the MICT intervention has a positive effect on alleviating severe depressive mood. However, no significant differences were observed between the groups for mild and moderate depression, anxiety across all levels, or moderate and severe stressful mood. These findings highlight the specific impact of MICT on certain emotional states while indicating its limited effect on others.

In conclusion, the 12-week MICT intervention significantly improved mild and severe depressive moods, moderate anxiety, and mild stress in sedentary female college students. In between-group comparisons, the MICT intervention showed a significant advantage over the no-exercise control group in reducing severe depressive moods and mild stress. However, there were no statistically significant differences between the groups for any level of anxiety or for mild and moderate depressive and stress moods (Tables 3–5).



TABLE 3 Differences in pre-and post-test results within the experimental group.
[image: A table displays data on MICT interventions across three types: Dep (Depression), Anx (Anxiety), and Str (Stress) at mild, moderate, and severe levels. Columns include pre and post values, t-score, Hedges' g, and both unadjusted and adjusted p-values. Significance is marked as true for some comparisons, indicating statistically significant changes, particularly in severe depression and mild stress levels.]



TABLE 4 Differences in pre-and post-test results of the control group.
[image: Table displaying statistical data comparing pre and post measurements for depression (Dep), anxiety (Anx), and stress (Str) at mild, moderate (Mod), and severe (Sev) levels. Includes t-values, Hedges' g, unadjusted and adjusted p-values, and significance, with all significance values marked as false.]



TABLE 5 Results of intergroup differences between the experimental and control groups after the intervention.
[image: A table comparing different groups: mild, moderate, and severe depression, anxiety, and stress for MICT and control. Columns show mean, t-value, Hedges' g, p-values (unadjusted and adjusted), and significance. Significant results found for severe depression and mild stress. Abbreviations: Dep (depression), Anx (anxiety), Str (stress), MOD (moderate), SEV (severe), con (control subjects).]




4 Discussion

This study found that 12 weeks of MICT effectively improved mild and severe depressive moods, moderate anxiety, and mild stress in sedentary female college students. In contrast, the control group, with no exercise intervention, showed no significant improvement in any level of depression, anxiety, or stress. Between-group comparisons revealed that MICT was significantly more effective than control in reducing severe depressive mood and mild stress. However, no statistically significant differences were found between the groups for any level of anxiety or for mild and moderate depressive and stress moods. These findings offer preliminary evidence supporting the use of MICT interventions to enhance mental health, although the selective effects on different mood types and levels warrant further investigation.


4.1 Differential effects of MICT on different levels of depression

The 12-week MICT intervention significantly improved mild and severe depressive moods in sedentary female college students but did not have a statistically significant effect on moderate depressive mood. This differential effect may be related to psychological and physiological characteristics associated with varying levels of depression.

In case of mild depression, which are primarily characterized by low mood and cognitive symptoms (Howland et al., 2008). In these cases, neurotransmitter function has not yet been severely impaired, and exercise may alleviate symptoms by boosting the levels of dopamine, β-endorphin, and serotonin (Schuch et al., 2011). These neurotransmitters are vital to mood regulation and mental health. Increased levels of dopamine and serotonin play a key role in improving mood and reducing depression (Hossain et al., 2024; Martinsen, 1990; Dinas et al., 2011). Additionally, endorphins released during physical activity (Bruce, 2022) contribute to a sense of euphoria and well-being (Ali et al., 2021), which may partially explain the positive outcomes observed in this study.

Our research findings on severe depression are consistent with prior studies by Brush et al. (2022), Olson et al. (2017), and Schuch et al. (2017), showing that exercise can markedly alleviate symptoms of severe depression. Severe depressive symptoms are closely linked to systemic inflammation, as evidenced by elevated levels of pro-inflammatory cytokines such as interleukin-6 and interleukin-1β (Miller and Raison, 2016).

Compared to healthy individuals, those with severe depression exhibit elevated baseline levels of these inflammatory markers (Kruse et al., 2018). Exercise has demonstrated efficacy in ameliorating severe depression at the physiological level by stimulating the release of brain-derived neurotrophic factor (BDNF), a crucial protein that enhances neuroplasticity and supports the repair and growth of neural pathways, while also modulating inflammatory responses. Furthermore, a sedentary lifestyle has been identified as a modifiable risk factor for severe depression, underscoring the significance of exercise as an intervention. Olson et al. (2017) found that 8 weeks of moderate-intensity aerobic exercise significantly reduced depression symptoms in patients with major depressive disorder. In addition to exercise, current research explores other interventions, such as electrical stimulation, to alleviate moderate depressive symptoms (Kruse et al., 2018; Wang et al., 2024).

Our study found that 12 weeks of MICT did not significantly reduce moderate depressive moods in sedentary female college students. This may be due to the complex pathophysiology of moderate depression, which lies between the mild and severe forms. MICT alone may not be sufficient to address neurotransmitter imbalances and inflammatory responses characteristic of moderate depression, leading to a diminished overall effect in this group. Therefore, more targeted interventions are necessary to specifically address neuroinflammation and promote neuroplasticity in individuals with moderate depression.



4.2 The selective effect of MICT on anxiety

Our study revealed a significant improvement in moderate anxiety after 12 weeks of MICT in sedentary female college students, whereas no statistically significant changes were observed in mild or severe anxiety. This selective effect may be attributed to the distinct physiological and psychological responses of moderately anxious individuals, which may help regulate neurotransmitter activity and lead to improvements in anxiety levels. Previous studies have shown that physical activity enhances mood and improves both performance and psychological well-being in healthy individuals, including athletes (Matta Mello Portugal et al., 2013). This positive effect is partly attributed to the ability of exercise to stimulate the release of neurotransmitters such as dopamine, serotonin and endorphins. These neurotransmitters play a crucial role in mood regulation, and their increased levels can enhance individual pleasure and positively affect mood.

Several potential pathways may be involved in the mechanisms through which MICT alleviates moderate depressive moods. First, MICT may indirectly affect tryptophan utilization by promoting changes in body function and metabolism, which in turn may positively affect serotonin synthesis. Tryptophan and serotonin plays an important role in mood regulation (Smith et al., 1997), and an increase in serotonin may be beneficial for alleviating individuals with moderate anxiety (Moncrieff et al., 2023). Second, physical activity has anti-inflammatory effects (Pranoto et al., 2023), which reduces the inflammatory response of the body by reducing pro-inflammatory cytokines (e.g., interleukin-6 and tumor necrosis factor-α) and promoting the release of anti-inflammatory substances, which can also alleviate the symptoms of moderate anxiety to some extent (Blackman et al., 2024). Furthermore, MICT can increase the level of BDNF (Maroofi et al., 2022), promotes neurogenesis and improves synaptic connectivity, which can help alleviate anxiety symptoms (Jemni et al., 2023).

However, it is noteworthy that our study showed no significant improvement in mild or severe anxiety levels after 12 weeks of MICT. For individuals with mild anxiety, it may be that their neurotransmitter levels, inflammatory response or neuroplasticity are not significantly imbalanced. Therefore, 12 weeks of MICT did not induce significant changes in mood state. For those with severe anxiety, more complex underlying neural mechanisms might exist and require targeted interventions to improve emotional states substantially.

Although some previous studies have reported positive effects of exercise on alleviating anxiety symptoms, these effects are often mild and vary across studies (Stubbs et al., 2017). For example, some studies have found that MICT can improve anxiety in both adolescents and middle-aged to older adults (Mcmahon et al., 2017; Herring et al., 2024), but some studies have reported contradictory results. For example, Viana (Viana et al., 2019) conducted an eight-week study with two different exercise modalities and found no improvement in anxiety symptoms among healthy women. A meta-analysis by Bartley (Bartley et al., 2013) oncluded that aerobic exercise does not significantly reduce anxiety. These differences may be due to various factors such as study design, sample selection, intensity of exercise, and duration.

The differences between our findings and those of previous studies may be attributed to various factors, including the type of exercise intervention, participant characteristics, and classification of anxiety by severity levels. While some studies suggest that MICT can effectively reduce anxiety when performed for a moderate duration (Stubbs et al., 2017; Gordon et al., 2017; Cliff et al., 2016), current studies increasingly focus on the psychological and physiological mechanisms underlying anxiety reduction through exercise. These mechanisms involve factors such as cortisol reduction, neuroplasticity, and changes in inflammatory cytokine levels. Our study further supports the potential of MICT as an effective intervention to alleviate moderate anxiety.



4.3 MICT specific regulation of stressful emotions

In terms of improving stressful moods, our 12-week MICT was found to reduce mild stress in sedentary female college students but had no significant effect on those experiencing moderate or severe stress. This suggests that MICT may be particularly effective in reducing mild stress, but that its benefits are limited to patients with chronic or severe stress. The differential effects of MICT can be attributed to a variety of physiological and psychological factors, including the complex interplay of stress hormones, neurotransmitter regulation, and neuroplasticity.

MICT reduces stress by modulating stress hormones and promoting neuroplasticity. Studies have shown that regular MICT helps to regulate cortisol levels (the main hormone released by the body in response to stress) (Sharifabadi et al., 2022), leading to better regulation of stress and a reduction in the body’s physiological response to external stress (Mücke et al., 2018). This effect was particularly evident in mildly stressed emotional individuals, which is consistent with the results of our study. In addition to hormonal modulation, MICT promotes neuroplasticity by increasing the expression of BDNF, which improves cognitive function and enhances an individual’s ability to adapt to stress (Pranoto et al., 2020) and BDNF is critical for cognitive function and emotional resilience. Higher levels of BDNF during exercise are positively correlated with an individual’s improved ability to cope with stress (Russell et al., 2014). This mechanism explains why MICT is effective in relieving mild stress by enhancing central nervous system (CNS) function (Nowacka-Chmielewska et al., 2022). However, chronic stress often leads to deeper neurocircuitry changes and increased neuroinflammation, which MICT alone may not be sufficient to address (Hassamal, 2023; Chesnokova et al., 2016). Chronic stress is often accompanied by high levels of neuroinflammation, a state closely associated with mood disorders such as anxiety, depression, and elevated stress levels (Hassamal, 2023). While exercise, including MICT, has been shown to reduce neuroinflammation and attenuate stress-induced brain damage, it may take more time for these benefits to become apparent. For example, a related study showed that stress levels were not significantly reduced after 4 weeks of MICT, while a significant decrease was observed after 8 weeks of training (Yifan, 2021). This delayed effect emphasizes the gradual nature of the psychological and physiological adaptation processes involved in stress regulation.

Twelve weeks of MICT training had no significant effect on moderate and severe stress levels in sedentary female college students, which may be due to the mandatory exercise design of the study. The mandatory nature of the exercise itself may also have been a source of stress for participants (Lichtenstein et al., 2017). For individuals with high initial stress, the mandatory nature of the program may exacerbate rather than alleviate stress. Additionally, individual differences in stress sensitivity could explain why MICT had a more noticeable effect on mild stress than on moderate or severe stress. Individuals with higher baseline stress levels may be more reactive to external stressors, making it challenging for MICT to yield significant results. In such cases, a more holistic approach that combines exercise with other stress management techniques, such as positive thinking or cognitive-behavioral strategies, may be more effective.



4.4 Ineffectiveness of the control group validates the positive effects of MICT

The results of the control group demonstrated no significant changes in depression, anxiety, or stress among sedentary female college students who did not participate in the exercise intervention. This further highlights the unique effectiveness of MICT in improving mild and severe depressive mood, moderate anxiety, and mild stress. The inclusion of the control group data strengthened the comparison, making the between-group differences even more pronounced and underscoring the intervention’s positive impact.

While previous studies have noted that MICT can be monotonous, lengthy, and difficult for participants to sustain over time, our 12-week study observed full adherence from all 144 participants, with no dropouts, injuries, or adverse events. This may be attributed to the varied and progressive exercise regimen we implemented, which likely helped maintain participant engagement and minimize risk.



4.5 Strengths and clinical significance

Our findings examined varying responses to MICT across different emotional states, This helps us to understand the moderating effect of exercise on different levels of negative emotions. Traditional mental health interventions, such as therapy and medication, often require substantial resources and have limitations in accessibility. In contrast, MICT offers a low-cost, efficient alternative that not only supports mental health but also improves physical fitness and overall well-being.

Throughout the experiment, emotional responses were influenced by peer interactions. Some students, initially fatigued, were motivated to continue due to the positive influence of others. Participants also became more proactive in managing negative emotions during the study. Notably, many students were reluctant to seek traditional counseling services, especially those with moderate emotional distress. However, these same students showed a greater willingness to engage in group exercise, suggesting that MICT could be an accessible alternative for those avoiding conventional mental health support.

Our study was not intended to exaggerate the utility or cost-effectiveness of MICT or diminish the value of other exercise or non-exercise interventions in promoting students’ physical and mental health. While MICT improved depression, anxiety, and stress levels (mild and severe depression, moderate anxiety, and mild stress) in sedentary female college students in this study, we did not include an alternative exercise intervention or active control group for comparison. Therefore, we cannot assess the relative efficacy of MICT compared to other treatment options or its cost-effectiveness. The primary aim was to demonstrate MICT’s potential as an alternative for addressing psychological challenges in sedentary students. Future research should examine MICT’s comparative advantages through controlled studies and explore its integration into existing wellness programs.



4.6 Limitations and future directions

This study has several limitations that should be addressed in future research. (1) The lack of a positive control group limits conclusions about MICT’s relative effectiveness. Future studies should include a positive control, such as MBI, medication, or alternative exercise modalities, for clearer comparisons. (2) The absence of long-term follow-up data is another limitation. As previous studies show sustained benefits of exercise on mood, future research should include follow-up periods at 6 and 12 months to assess the persistence of MICT’s effects. (3) The sample was limited to female college students from a single university, restricting generalizability. Including diverse samples will enhance external validity. (4) The study only analyzed overall sedentary behavior, not its specific impacts on mood. Future research could explore how varying levels of sedentary time influence emotional health across different groups. (5) Finally, this study focused only on MICT, omitting other exercise modalities. Comparing MICT with alternatives such as HIIT or strength training will provide a broader understanding of exercise interventions and their impact on mood.




5 Conclusion

This study found that 12 weeks of MICT significantly improved mild and severe depressive moods, moderate anxiety, and mild stress in sedentary female college students. These findings suggest that MICT may serve as an effective, low-cost intervention to enhance both physical and mental health in this population. However, more intensive interventions may be necessary for individuals with more severe symptoms. Future research should focus on longer follow-up periods and explore multimodal interventions to further assess the potential of MICT to promote mental health.
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Drawing on data from 16,540 seventh and ninth graders from the China Education Survey (CES), the study employs descriptive statistics and Ordinal Logistic Regression (Ologit) models. These methods dissect the variances in self-education expectations among different youth groups and unravel the effects and heterogeneity of after-school physical exercises on these expectations. The study has two main findings: First, there is a marked difference in self-education expectations between adolescents who engage in extracurricular physical exercise and those who do not. Specifically, the group participating in these activities shows a 20.62% higher expectation than their non-participating peers, male students exhibit a 26.57% increase in self-education expectations, while female students show a 15.21% increase. Then, the impact of extracurricular physical exercise on self-education expectations is significantly influenced by cognitive abilities, academic performance, health status, confidence level, and family factors. The most pronounced effects are observed in self-confidence (b = 0.6490, p < 0.01), cognitive ability (b = 0.2363, p < 0.01), and health status (b = 0.1541, p < 0.01). The findings suggest that interventions to increase physical exercise among adolescents should be sensitive to the diverse needs of different demographic groups and consider the key role of familial background and socio-economic conditions.
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Background

The escalating decline in physical fitness among youth globally, particularly in China, has raised concerns about the healthy development of young people (Zhu et al., 2019; Zhu et al., 2023; Chen et al., 2020). This trend is notably pronounced among Chinese students, who grapple with an intense academic burden due to a relative scarcity of high-quality educational resources. Historically, extracurricular physical exercise has been undervalued in this context, often perceived as a leisurely distraction detracting from core academic pursuits (Zubing et al., 2021). This perception has contributed to a widespread neglect of physical activity, adversely impacting students’ physical health. In response, initiatives like the Healthy China Action (2019–2030) have been introduced by the Chinese government and relevant bodies, aiming to enhance youth physical fitness and promote a harmonious balance between academic learning and physical exercise (National Health and Wellness Commission of the People’s Republic of China, n.d.; General Administration of Sports Ministry of Education, n.d.; General Office of the Central Committee of the Communist Party, n.d.).

In a significant policy shift, the “double reduction” policy was introduced in July 2021 (Yang and Yuhang, 2022), marking a transition from a high-pressure, performance-centric education model to a more holistic, student-centered approach to quality education. Despite this shift, the entrenched “performance-based” orientation of the education system and pervasive ‘education anxiety’ among families continue to exert pressure, influencing parental expectations and shaping adolescents’ own educational aspirations. Self education expectation refers to an individual’s expectation of the educational level and degree they hope to achieve in the future based on their past learning and life experiences and current learning situation. It is a realistic evaluation of their educational goals (Abu-Hilal, 2000; Li et al., 2020). These aspirations, or self-education expectations, encompass adolescents’ psychological ambitions and willingness to pursue certain educational levels or complete specific educational stages (Yao et al., 2020). Serving as a motivational force, these expectations are instrumental in driving learning motivation, focus, persistence, and self-discipline, ultimately impacting educational attainment and career success (Rothon et al., 2011; Zhu et al., 2019).

Recent scholarly attention has increasingly affirmed the positive impact of physical exercise on students’ academic performance (Coe et al., 2013; Tomporowski et al., 2011; Giusti et al., 2024; Alvarez-Bueno et al., 2017). The interplay between physical activity and academic achievement has thus garnered substantial academic interest. Studies indicate that physical exercise not only enhances adolescents’ physical fitness through health interventions but also influences their self-education expectations through a myriad of factors, including physiological, neurological, cognitive regulation, and social psychology (Gong et al., 2020). At the physiological and neurological levels, research suggests that exercise can promote brain development, enhance brain plasticity and activation energy, and subsequently improve cognitive processes such as perception, memory, and thinking, all of which potentially boost adolescents’ academic abilities and self-education expectations (Hu and Lv, 2018; Loprinzi et al., 2019; Szuhany et al., 2015). Furthermore, cognitive studies have shown that sports enhance adolescents’ executive function, impacting lifelong academic achievement (Alloway and Alloway, 2010; Voss et al., 2013; Borkertiene et al., 2019). The “executive function hypothesis” posits that physical activity fosters cognitive ability and executive function, crucial for academic performance and educational goal orientation (Ballester et al., 2018; Soltani Kouhbanani et al., 2020).

Psychosocially, the self-efficacy theory elucidates the mechanism through which physical activity affects self-education expectations (Bandura, 2004; Mesquita et al., 2012). It emphasizes the strong correlation between physical activity and self-efficacy, a core determinant of behavioral motivation (Zhaohui, 2020). Physical activity, by rebuilding positivity and self-concept, particularly in individuals frequently facing setbacks, exerts a significant positive influence on self-efficacy (Pu et al., 2017; Wei, 2018; Guo and Wei, 2020). Studies have found that physical exercise positively affects self-concept and self-efficacy (Lian-Cheng et al., 2015; Zhaohui, 2020), improving physical and mental health, psychological quality, frustration tolerance, and interpersonal skills (Higgins et al., 2014). This, in turn, enhances self-esteem, self-confidence, and positive personality traits, thereby fostering higher self-education expectations (Gong et al., 2020; Moratal et al., 2020). Educational psychology research further indicates that sports experiences can amplify cognitive, self-improvement, and accessory drives in adolescents, promoting effective learning motivation and higher goal pursuit (Phan, 2014; Lei, 2019; Higgins et al., 2014).

Lastly, it is acknowledged that the impact of physical exercise on self-education expectations and academic achievement varies with individual characteristics like gender, age, personality, cognitive and non-cognitive abilities, and family background (Watson et al., 2017). While existing literature predominantly focuses on the relationship between in-class sports and academic achievement (Domina et al., 2011; Watson et al., 2017), there is a dearth of normative empirical studies examining the actual relationship between physical exercise and self-education expectations, especially in the context of China’s “double reduction” policy.

Hence, the present study aims to address these knowledge voids by leveraging micro-survey data encompassing 16,540 Chinese adolescents aged between 12 and 18 years, participating in the China Education Panel Survey (CEPS). The primary objective is to assess the disparities in self-education aspirations among diverse adolescent subgroups, characterized by their distinct attributes. A specific focus will be on examining whether extracurricular physical exercise, on an aggregate level, enhances the self-education aspirations of adolescents. Furthermore, this study aims to delve into the gender-specific differences, particularly comparing male and female adolescents in this context. Ultimately, the objective is to unpack the underlying mechanism through which extracurricular physical exercise influences the self-education aspirations of adolescents.



Data and methods


Data

This study uses data from the China Education Panel Survey (CEPS) 2013–2014 baseline survey designed and implemented by the China Survey and Data Center of Renmin University of China. The CEPS is a nationally representative large-scale education tracking survey that aims to reveal the impact of family, school, community, and macro-social structures on individual educational outcomes and to investigate the process by which educational outcomes occur over the life course of individuals. This study uses data from a baseline survey from 2013 to 2014 with two contemporaneous cohorts of first grade (Year 7) and third grade (Year 9) as the starting point of the survey, with a sample of approximately 20,000 students in 112 schools and 438 classes in 28 counties (counties, districts, and cities). After matching data, samples with missing primary and abnormal variables were excluded, and 16,540 valid samples were obtained.



Variables


Dependent variable

The dependent variable is the adolescent self-education expectation, which corresponds to the question of CEPS, “How far do you want to study? “The dependent variable is the self-education expectation of adolescents, which is set as 1 or 2 for students who answered “not to study now,”2 for junior high school graduates, 3 for junior college/technical school, and 4, 5, 6, 7, 8, 9 for vocational high school, general high school, university college, university bachelor’s degree, master’s degree, and doctoral degree, respectively to form an ordinal variable with values from 1 to 9.




Independent variable

The independent variable was extracurricular physical activity. Extracurricular sports activities, as a form of healthy practice, are organized and unorganized sports activities conducted outside of school curriculum, and are part of students’ self-directed physical activities (Cleland et al., 2005; Fernandez-Lazaro and Fernández-Lázaro, 2023). The corresponding question in the CEPS questionnaire was “On average, what was your daily extracurricular activity schedule last weekend? homework/attend extracurricular classes/participate in extracurricular sports/read books/watch TV and many others.” If the student answered “participate in extracurricular sports” and gave the specific length of sports, then the value is set to 1.



Control variables

To control the influence of other factors, a series of control variables were selected, including students’, parental and family characteristics, and school characteristics. The main variables and their descriptive statistics are shown in Table 1.



TABLE 1 Variable definitions and descriptive statistics.
[image: A table displays various variables related to educational expectations and characteristics. It includes dependent, independent, and control variables with columns for definitions, average values, standard deviations, minimum, and maximum values. Examples of variables are "Self-education expectations," "Extracurricular physical exercise," "Cognitive ability," "Health status," and "Regional distribution." Each is defined with specific criteria, such as numerical coding for categories or conditions. The data format includes behavioral, demographic, and educational metrics.]




Methods

Utilizing descriptive and inferential statistical techniques, this study delves into the self-education aspirations of adolescents across various characteristics and compares the disparities among these subgroups. Subsequently, an ordered logistic regression model is employed, with extracurricular physical exercise serving as the independent variable and self-education aspirations as the dependent variable. This approach allows for a comprehensive examination of the impact and heterogeneity of extracurricular physical exercise on the self-education aspirations of distinct adolescent groups, while also highlighting any group-specific differences in the influence of physical exercise. Gender, a significant factor in this study, is accounted for through separate analyses conducted for male and female adolescents. Furthermore, to gain a deeper understanding, mechanism analysis methods are employed to unpack the underlying mechanisms through which extracurricular physical exercise influences adolescents’ self-education aspirations, specifying the precise pathways and channels of this influence.

In this study, the dependent variable is a multi-categorical ordered variable with typical discrete nature, so the ordered logistic regression model is used for analysis. Let the dependent variable have a total k rank (k = 9 in this study). Let the cumulative probability that the rank [image: It seems there was an issue with the image upload. Please try uploading the image again or provide a URL. Additionally, you can include a caption for context if you like.]([image: The mathematical notation "j equals one, two, up to k" indicating a sequence from one to k for the variable j.]) of the educational expectation rank category [image: Mathematical expression depicting the conditional probability, represented as \( p(y = j \mid x) \), where \( y \) equals \( j \) given \( x \).] is greater than or equal to [image: Please upload the image or provide a URL so I can generate the alternate text for you.] be:

[image: The equation displayed is: \( p(y \geq j \mid x) = p(y = j \mid x) + L + p(y = k \mid x) \), labeled as equation (1).]

Then the ordered logit regression is defined as:

[image: Mathematical equation representing a logistic regression model. It shows the logit function of the probability \(P(y \geq j | x)\), calculated as the natural log of the odds, equaling a linear combination of an intercept \(-\alpha_j\) and a sum of weighted predictor variables \(\sum_{j=1}^{n} \beta_j x_i\).]

[image: The image displays the Greek letter alpha with a subscript "j".] is the intercept of the model; [image: Lowercase Greek letter beta, subscript letter i.] is the coefficient corresponding to the [image: Mathematical expression depicting \( x \) with a subscript \( i \).] independent variable. After obtaining the parameter estimates, the cumulative probability is expressed as:

[image: Probability formula showing \( p(y \ge j | x) = \frac{1}{1 - \exp(-\alpha_j + \sum_{j=1}^n \beta_j x_i)} \). Equation is labeled as expression three.]

Although the size of the ordered logistic regression model’s regression coefficient represents a relative proportion, it cannot be directly used to measure the impact of the independent variable on the dependent variable. Therefore, combining the direction of the regression coefficient and the corresponding OR value (Odds Ratio, OR) of the regression coefficient explains the model. The following equation converts the ordered logistic regression model regression coefficient into an OR value:

[image: Equation showing odds ratio (OR) as the exponential of beta sub j times the difference between b and a, enclosed in square brackets. Equation number four.]

This study employed extracurricular physical exercise as the independent variable and self-education expectations as the dependent variable to construct six statistical models. These models aimed to investigate the influence of extracurricular physical exercise on the self-education aspirations of male and female adolescent subgroups characterized by various attributes, as well as to explore potential group differences. All data processing and statistical analyses were conducted using STATA 17.0 software. For univariate analysis, this study relied on the T-test and F-test. Statistical significance was determined at the 5% level.



Results


Differences in self-education expectations among adolescent groups with different characteristics

Table 2 lists the average levels of self-education expectations among adolescent groups with different characteristics. Table 2 reveals that female adolescents (5.899) have higher self-education expectations than male adolescents (5.575). Female and male adolescents who participate in extracurricular physical exercise have higher self-education expectations (6.045, 5.765) than female and male adolescents who do not participate in extracurricular physical exercise (5.703, 5.227), respectively. The 12–13-year-old female adolescent group (6.236) has higher self-education expectations than the 14–18-year-old female group (5.757), and males follow similarly. Han female adolescents (5.905) have slightly higher self-education expectations than minority female adolescents (5.830), and Han male adolescents (5.579) have slightly higher self-education expectations than minority female adolescents (5.533). The self-education expectations of rural female adolescents (5.375) are much lower than those of urban female adolescents (6.143), while the gap between self-education expectations of rural male adolescents (5.701) and urban male adolescents (5.836) is much smaller than that of females, indicating a little difference in self-education expectations between urban and rural male adolescents. Whether male or female, their self-education expectations increase as their cognitive ability or academic performance improves. The self-education expectations of female and male adolescents who lack confidence (5.134, 4.613) are far lower than those of more confident female and male adolescents (6.036, 5.739). Healthy female adolescents (5.992) have higher self-education expectations than unhealthy female adolescents (5.674), while healthy male adolescents (5.677) have higher self-education expectations than unhealthy male adolescents (5.269). Regarding family characteristics, whether male or female, the higher the education level of their parents, the higher the individual’s self-education expectations, the better the family’s economic conditions, and the higher the individual’s self-education expectations.



TABLE 2 The average self-education expectation value of different characteristic youth groups.
[image: A table displaying expectation of self-education among students categorized by gender and various factors. These factors include extracurricular physical exercise, age, nation, domicile, cognitive ability, academic performance, self-confidence, health condition, parental education level, and family economic conditions. The table shows mean values and standard deviations for females, males, and all students. P-values indicate statistically significant differences for each category.]



The impact of extracurricular physical exercise on the self-education expectations of adolescents with different characteristics

This study used extracurricular physical exercise as the independent variable and self-education expectations as the dependent variable to establish six statistical models to analyze the impact of extracurricular physical exercise on self-education expectations of different characteristics of male and female adolescent groups and their group differences (Table 3). Models 1–3 reported the regression results of the full, female, and male samples with only the addition of independent variables and no control variables. Models 4–6 reported the regression results of the full, female, and male samples with the addition of independent and all control variables. According to Models 1 and 4, we discovered that the estimated coefficients of extracurricular physical exercise on adolescent self-education expectations were 0.4258 and 0.1875, respectively, and both passed the significance level test of 1% (* * *). This indicates that extracurricular physical exercise has a positive intervention effect on teenagers’ self-education expectations, which is conducive to significantly improving teenagers’ self-education expectations. The Pseudo R2 value of Model 4 is greater than that of Model 1, presenting that the explanatory power of Model 4 is relatively stronger than that of Model 1. Then, we calculated the OR value corresponding to the independent variable coefficient in Model 4 based on Equation 3 in introducing statistical methods mentioned earlier, which is 1.2062. This indicates that the likelihood of self-education expectations of the group of teenagers participating in extracurricular physical exercise increasing by one or more levels will increase by an average of 20.62% compared to the group of teenagers who do not participate in extracurricular physical exercise. Therefore, extracurricular physical exercise is an effective means to enhance teenagers’ self-education expectations.



TABLE 3 The ordered logistic regression model baseline regression estimates.
[image: A table displays coefficients and standard errors from six statistical models analyzing the impact of various factors on self-education expectations. Factors include extracurricular physical exercise, gender, age, domicile, cognitive ability, and others, with different results for total samples and gender-specific models. Significance levels are indicated by asterisks, with sample sizes for each model.]

According to the estimation results of gender-specific samples, the coefficients of extracurricular physical exercise in the female (Models 2 and 5) and male (Models 3 and 6) samples are positive (>0) and have passed the significance level test of 1% (* * *). This indicates that extracurricular physical exercise can significantly promote the self-education expectations of adolescents of both genders. After calculating the OR values of the independent variables in Models 5 and 6, the OR values corresponding to extracurricular physical exercise in the female and male samples were 1.1521 and 1.2657, respectively. This indicates that the likelihood of self-education expectations of adolescent female participating in extracurricular physical exercise increasing by one or more levels increases by an average of 15.21% compared to adolescent female who do not participate in extracurricular physical exercise, while the adolescent male proportion may reach 26.57%. This also means that extracurricular physical exercise has a greater effect on the self-education expectations of adolescent males than adolescent females under the same conditions.

According to control variables in Models 1–6, cognitive ability, academic performance, self-confidence, and health status in individual characteristics of adolescents have a positive impact on self-education expectations, regardless of whether they are female, male, or the entire sample, and have statistical significance. Adolescents with higher cognitive abilities, better academic performance, good health status, and higher confidence have higher self-education expectations. Age has a negative impact on adolescents’ self-education expectations. Extracurricular physical exercise has a lower improvement effect on self-education expectations in older adolescents than in younger ones. Regarding family characteristics, parental education, and only-child families significantly impact adolescents’ self-education expectations. The higher the education level of parents, the higher the self-education expectations of adolescents. Adolescents from only-child families have higher expectations for self-education than families with multiple children. The impact of family economic conditions on adolescents’ self-education expectations is insignificant. Regarding school characteristic variables, the nature of the school has a negative impact on the self-education expectations of adolescents; for example, the self-education expectations of adolescent students are higher in private schools than in public schools. The education quality positively affects the self-education expectations of young people; for example, the better the education quality, the higher the self-education expectations of young students. It presents that the self-education expectations of adolescents of different genders vary with age, registered residence, number of brothers and sisters, parental education, school nature, school running quality, and other conditions.



Gender differences in the impact of extracurricular physical exercise on the self-education expectations of young people

Individual differences exist between adolescent students of different genders. The differences between individuals with different characteristics of the same gender should not be ignored (Yangyang and Rui, 2017). Adolescents’ family background is also important in participating in extracurricular physical exercise and self-education expectations (Pan et al., 2022). Furthermore, this study conducted group regression to examine the impact and heterogeneity of extracurricular physical exercise on self-education expectations of same-gender adolescent groups with different individual characteristics and family backgrounds. According to sample grouping by gender, we subdivided the samples based on the cognitive ability, academic performance, health status, confidence, parental education, and family economic conditions of students of the same gender to investigate the heterogeneity of the impact of extracurricular physical exercise on the self-education expectations of male and female groups with different characteristics. Based on the threshold of standardized score of cognitive ability, we divided the same- gender students into lower cognitive ability group, middle cognitive ability group and higher cognitive ability group. In the sub-group according to academic performance, the students of the same gender were considered to have poor academic performance on the basis of their average standardized scores in Chinese, mathematics and English, and those with scores of 65 or below were considered to have poor academic performance, those with a score greater than 65 and less than 75 were regarded as the intermediate academic performance group, and those with a score greater than 75 were regarded as the better academic performance group. According to the health status, students of the same gender who are healthy are divided into a group, and students of the same gender who are not healthy and unhealthy are divided into a group. According to the level of self-confidence, students of the same gender who were more confident and very confident were divided into a group, and students of the same gender who were less confident and less confident were divided into a group. In groups according to the educational level of the parents, parents with a maximum education duration of less than or equal to 9 years (junior secondary level and below) are assigned to the low education level group, those with a maximum education duration of more than 9 years and less than 15 years (junior secondary level and below) are assigned to the secondary education level group, and those with a maximum education duration of more than or equal to 15 years (junior secondary level and above) are assigned to the high education level group. In addition, according to the family economic condition, this study divides the adolescent students into the poor family, the middle-income family and the rich family. The group estimates are shown in Table 41.



TABLE 4 The impact of extracurricular physical exercise on the educational expectations of adolescents of different genders.
[image: Table displaying coefficients and odds ratios (OR) for self-education expectations based on variables such as cognitive abilities, academic performance, health conditions, confidence levels, parental education, and economic conditions, segmented by gender and full sample. Statistical significance is indicated by asterisks, with "***" and "**" representing levels of 0.01 and 0.05 respectively.]

From Table 4, it can be seen that the degree of influence of extracurricular physical exercise on the self-education expectation of adolescent groups with different characteristics of the same gender also shows certain differences, which are analyzed as follows.

First of all, from the perspective of cognitive ability difference groups, the coefficients of the influence of extracurricular physical exercise on the self-education expectation of the group of female with low and medium cognitive ability are 0.1186 and 0.1932 respectively, and the coefficients correspond to OR values of 1.1259 and 1.2131 respectively, and the group of female with medium cognitive ability have passed the significance level test of 1%. This indicates that extracurricular physical activity can significantly enhance the self-educational expectations of female adolescent students with low and medium cognitive ability levels, and the enhancement effect on the self-educational expectations of female students with higher cognitive ability groups is not significant. Compared with the group of female students with low cognitive ability who do not participate in extracurricular sports. The likelihood of increasing their self-educational expectations by one or more tiers will increase by an average of 21.31%. This indicates that, all other things being equal, extracurricular physical activity has a greater effect on the self-educational expectations of the group of female with medium cognitive abilities than the group of female with low cognitive abilities. It is worth noting that the coefficient of the effect of extracurricular physical exercise on the self-teaching expectations of the group of female with high cognitive ability is 0.0932, but it does not pass the significance level test. It indicates that the effect of extracurricular physical exercise in promoting self-educational expectations of the group of female with high cognitive ability is not significant. From the sample of male, the coefficient of influence of extracurricular physical exercise on the self-educational expectations of male’ groups with low and medium cognitive ability is 0.2637 and 0.2764 respectively, and the corresponding OR values of the coefficients are 1.3017 and 1.3184, and both of them have passed the significance level test of 1%. It shows that extracurricular physical exercise can significantly enhance the self-educational expectations of male students with low and medium cognitive ability levels. Compared with the group of male with low cognitive ability who do not participate in extracurricular physical activity, the group of male with low cognitive ability who participate in extracurricular physical activity will increase the likelihood of increasing their self-educational expectations by one or more levels by an average of 30.17%; and compared with the group of male with medium cognitive ability who do not participate in extracurricular physical activity, the group of male with medium cognitive ability who participate in extracurricular physical activity will increase the likelihood of increasing their self-educational expectations by the likelihood of one or more tiers will increase by an average of 31.84%. It should also be noted that the coefficient of the effect of extracurricular physical education on the self-educational expectations of the group of male with higher cognitive abilities is not statistically significant, indicating that the effect of extracurricular physical education on the self-educational expectations of the group of male with higher cognitive abilities is not significant.

Second, regarding different academic performance groups, the impact coefficients of extracurricular physical exercise on self-education expectations of female students with poor and medium academic performance are 0.2817 and 0.1726, respectively. The corresponding OR values of the coefficients are 1.3255 and 1.1885, respectively. Both passed the significance level test of 5% (* *), but the impact coefficients on self-education expectations of female students with good academic performance did not pass the significance level test. It indicates that extracurricular physical exercise can significantly enhance the self-education expectations of female students with poor or moderate academic performance while not affecting female students with good academic performance is insignificant. Compared to female with poor academic performance who do not participate in extracurricular physical exercise, the probability of female with poor academic performance participating in extracurricular physical exercise increasing their self-education expectations by one or more levels may increase by an average of 32.55%. This increase is 18.15% for female with moderate academic performance. It indicates that the effect of extracurricular physical exercise on improving self-teaching expectations of female students with poor academic performance is slightly greater than that of female students with moderate academic performance under the same conditions. The improvement effect of extracurricular physical exercise on the self-education expectations of female students with better academic performance is insignificant. The impact of extracurricular physical exercise on self-education expectations of male students with poor, medium, and better academic performance is similar to that of female students in the male sample. The self-education expectations of male students with poor and moderate academic performance can be significantly improved, but the improvement effect on self-education expectations of male students with higher academic performance is insignificant. Compared to male with poor academic performance who do not participate in extracurricular physical exercise, the self-education expectations of male with poor academic performance who participate in extracurricular physical exercise increase by an average of 36.08%, with an increase of 29.35% for male with moderate academic performance.

Third, from the perspective of the health status and self-confidence difference groups, the coefficients of the effect of extracurricular physical activity on the self-educational expectations of the groups of male and female with different health status are positive and significant, respectively. From the perspective of the less healthy group, relative to the group of female with poor health who do not participate in extracurricular physical activity, the group of female with poor health who participate in extracurricular physical activity will increase the likelihood of increasing their self-educational expectations by one or more tiers by an average of 18.98%, and this increase in the group of male reaches 37.79%, which is much larger than that of female. In terms of the healthy group, healthy female who participate in extracurricular physical activity are on average 13.50% more likely to increase their self-education expectations by one or more levels than healthy female who do not participate in extracurricular physical activity, whereas the increase in the male’ group is 22.22%, which is still greater than that of the female. The likelihood of increasing self-education expectations by one or more levels increases by an average of 18.98%, with the male population increasing by 37.79%, far more than the female population. Regarding health, the likelihood of increasing self-education expectations by one or more levels increases by an average of 13.50%, while the increase in the male population is 22.22%, which is still higher than that of the female population. Regarding confidence differences, extracurricular physical exercise has an insignificant impact on the self-education expectations of female and male who lack confidence. Extracurricular physical exercise significantly positively impacts the self-education expectations of more confident female and male groups. Participation in extracurricular physical exercise increases the likelihood of more confident female and male students’ self-education expectations by one or more levels by 15.79 and 24.91%, respectively. Different confidence levels are also important factors that influence adolescents’ self-education expectations through extracurricular physical exercise.

Fourth, from the perspective of family background, parents’ education level and family economic conditions show obvious group differences. Extracurricular physical exercise has a significant positive impact on the self-education expectations of female and male parents with low (≤9 years) and moderate (9< and <15 years) education levels. Participation in extracurricular physical exercise increases the likelihood of self-education expectations of female and male parents with lower education levels by one or more levels by 16.93 and 31.98%, respectively. It also increases the likelihood of self-education expectations of female and male parents with medium education levels by one or more levels by 22.87 and 26.89%, respectively. Extracurricular physical exercise has no significant impact on the self-education expectations of female and male parents with higher levels of education (≥15 years).

Regarding differences in family economic conditions, extracurricular physical exercise has no significant impact on the self-education expectations of female and male from impoverished and affluent families. However, it positively and significantly impacts the self-education expectations of female and male from middle-income families. Participation in extracurricular physical exercise increases the likelihood of female and male from middle-income families increasing their self-education expectations by one or more levels by 19.71 and 29.97%, respectively.



The mechanism of extracurricular physical exercise affecting the self-education expectations of adolescents

The above analysis indicates that extracurricular physical exercise can enhance the self-education expectations of adolescents to varying degrees. The impact on the self-education expectations of different groups of adolescents with different characteristics varies significantly. So, how does extracurricular physical exercise impact teenagers’ self-education expectations? To clarify this issue, the following section further analyzes how extracurricular physical exercise affects adolescents’ self-education expectations. Existing research has found that improving cognitive ability, academic performance, health level, and self-confidence are important ways for adolescents to enhance their self-education expectations through extracurricular physical exercise (Zarazaga-Peláez et al., 2024). The “Executive Function Hypothesis” suggests that physical exercise primarily promotes individual cognitive and executive function development via three subcomponents: inhibitory control, cognitive flexibility, and working memory. Individuals with good cognitive and executive abilities frequently have stronger psychological resilience, including self-esteem, self-confidence, self-control, perseverance, higher academic achievement, and goal orientation (Liu, 2018; Jiang et al., 2018). The self-efficacy theory proposes a social psychological mechanism by which physical exercise affects adolescents’ self-education expectations (Bandura, 2004; Mesquita et al., 2012). The correlation between sports activities and self-efficacy as the central mechanism of behavioral reasons is the strongest and most stable (Lian-Cheng et al., 2015). Exercise provides positive opportunities for individuals, especially those frequently encountering setbacks, to rebuild their self-concept, mindfulness level, and self-efficacy. It has a significant positive impact (Pu et al., 2017; Wei, 2018; Guo and Wei, 2020). It helps individuals maintain good mental health under continuous pressure, actively reassess and stimulate their potential, thereby establishing stronger confidence, a more positive mindset, and a higher pursuit of goals (Chen et al., 2018). Based on this, this study will use four variables: health status, cognitive ability, academic performance, and confidence as the mechanism variables to empirically test whether extracurricular physical exercise can have a positive impact on self-education expectations by promoting adolescent health level, cognitive ability, academic performance, and self-confidence. According to the basic principle of mechanism testing, the mechanism variable is replaced with the dependent variable of the ordered logistic benchmark regression model (Table 3). If the mechanism is established, the independent variable should meet expectations and have statistical significance. Table 3 indicates that the four variables of health status, cognitive ability, academic performance, and confidence have a significant positive impact on the self-education expectations of adolescents, which is beneficial for significantly improving their self-education expectations. According to the mechanism testing approach, the next step is to examine whether extracurricular physical exercise significantly impacts the abovementioned four variables. Therefore, ordered logistic regression model was conducted using health level, cognitive ability, academic performance, and confidence as dependent variables and self-education expectations as independent variables. Table 5 illustrates the estimated results of the mechanism analysis model.



TABLE 5 Results of mechanism analysis.
[image: Table showing the impact of extracurricular physical exercise on four dependent variables: health status, cognitive ability, academic performance, and confidence. Each variable is analyzed separately for females, males, and the full sample. Statistical significance is indicated at 1% and 5% levels. Sample sizes for females and males are 9,125 and 7,325, respectively, totaling 16,450. Values for each dependent variable are statistically significant, particularly in columns labeled for females and the full sample.]

Table 5 displays that extracurricular physical exercise positively impacts the health level, cognitive ability, academic performance, and self-confidence of female students, male students, and the entire sample of adolescents, and all have passed the 1% significance level test. It indicates that extracurricular physical exercise significantly improves adolescents’ health, cognitive ability, academic performance, and confidence. They can also significantly enhance their self-education expectations due to their health, cognitive ability, academic performance, and self-confidence. This indicates that extracurricular physical exercise can positively affect teenagers’ self-education expectations by improving their health status, cognitive ability, academic performance, and confidence. They verified that health level, cognitive ability, academic performance, and self-confidence are important channels for physical exercise to enhance teenagers’ self-education expectations.




Discussion

This study explores the impact and mechanism of extracurricular physical exercise on the self-education expectations of adolescent female and male, as well as the heterogeneity of the impact of extracurricular physical exercise on self-education expectations of different types of female and male, against the backdrop of vigorously advocating to reduce the academic burden of adolescents and increasing physical exercise. It is of great significance to clarify the channels and mechanisms by which extracurricular physical exercise promotes the self-education expectations of young people, as well as to recognize the importance of extracurricular physical exercise for the ultimate academic achievement of young people.

This study discovered that extracurricular physical exercise significantly positively impacts teenagers’ self-education expectations, which can significantly improve teenagers’ self-education expectations. Moreover, the overall improvement effect on male’ self-education expectations is greater than that of female. Grouping regression analysis for different types of same- gender groups revealed varying degrees of differences in the improvement effect of extracurricular physical exercise on self-education expectations among groups with different cognitive abilities, academic performance, health status, self-confidence, parents’ education levels, and family economic conditions.

Previous studies have focused on the impact of classroom physical exercise on adolescent male’ and female’ self-education expectations and academic achievements. However, few studies considered the impact of extracurricular physical exercise on the self-education expectations of adolescent male and female. This study discovered the heterogeneity of the impact of extracurricular physical exercise, with weekends as a typical time point, on the self-education expectations of different same- gender groups. This discovery is more in-depth and important than other literature in this study.

First, regarding the characteristics of the group itself, the effect of extracurricular physical exercise on the self-education expectations of female with moderate cognitive abilities is greater than that of female with low cognitive abilities, whereas the effect on the self-education expectations of male with moderate and low cognitive abilities is relatively similar. The differences in cognitive abilities also lead to varying degrees of impact of extracurricular physical exercise on the self-education expectations of adolescents. The improvement effect of extracurricular physical exercise on the self-education expectations of female and male with poor academic performance is greater than its effect on female and male with moderate academic performance. The improvement effect on the self-education expectations of female and male with higher cognitive ability or better academic performance is insignificant.

The possible reason is that adolescent students with high cognitive abilities or good academic performance have relatively high self-education expectations, and the marginal utility of extracurricular physical exercise to enhance the self-education expectations of such groups is insignificant. Participation in extracurricular physical exercise may significantly promote the self-education expectations of more confident female and male groups, but the promotion effect on the group lacking confidence is insignificant. Students who lack confidence frequently have weak psychological resilience, and internal psychological and personality factors dominate and constrain them.

Second, regarding family characteristics, this study discovered that the class differences represented by parents’ education level and family economic conditions are important factors that affect adolescent students’ extracurricular physical exercise and self-education expectations. Extracurricular physical exercise has a smaller effect on the self-education expectations of female with lower parental education than female with moderate parental education, while male have the opposite effect. The impact of extracurricular physical exercise on the self-education expectations of female and male parents with higher education levels is insignificant. The possible reason is that the higher the education level of parents, the higher their self-education expectations of their children are influenced by their words, deeds, and experiences (as verified in the descriptive statistical analysis above). The effect of external factors, such as extracurricular physical exercise, on the self-education expectations of these groups is insignificant. This indicates the positive role of extracurricular physical exercise in narrowing the educational expectations gap between children from families with higher parental education levels and children with moderate or lower parental education levels. This study also discovered that extracurricular physical exercise promotes the self-education expectations of female and male from middle-income families, but the effect on the self-education expectations of female and male from impoverished and affluent families is insignificant. Some studies have indicated a positive correlation between the education level of workers and their income (Chen et al., 2018). Therefore, the middle-income group is the most anxious in education in China. Based on the general psychology of “not letting children lose at the starting line, “this group also arranges various subject training for children on weekends, seriously squeezing their sports time. Based on this background, this study’s conclusions provide positive evidence for increasing extracurricular physical activity among adolescent students and alleviating educational anxiety in middle-income families.

This study also discovered that extracurricular physical exercise can positively affect teenagers’ self-education expectations by promoting improved health status, cognitive ability, academic performance, and self-confidence. This study clarified the mechanisms and channels through which extracurricular physical exercise improves self-education expectations among adolescents. This study is more unique than existing studies. The insights derived from this study have profound implications for educational policies and family education strategies. They advocate for the integration of physical activities into educational curriculums, emphasizing their efficacy in enhancing adolescents’ educational expectations and achievements. Educational policies should, therefore, encourage varied participation in physical activities, paying special attention to students with different cognitive and academic profiles. Additionally, the role of family background in influencing the outcomes of physical exercise on educational expectations cannot be understated, especially under the “double reduction” policy aimed at alleviating academic stress. Enhancing physical education infrastructure in schools, promoting innovative exercise methods, and providing a wide range of extracurricular activities are essential steps in this direction. Such comprehensive approaches can significantly boost adolescents’ health, cognitive capabilities, and confidence, ultimately fostering higher educational aspirations and achievements.

Several limitations of this study must also be considered. First, cross-sectional data may have certain limitations in causal inference because this study only used cross-sectional data from CEPS 2013–2014. Teenagers’ extracurricular physical exercise and self-education expectations may be a gradual process of adjustment and change, and cross-sectional data cannot fully reveal their changing trajectory. Future research can use longitudinal panel data to describe the trajectory of changes in extracurricular physical exercise and self-education expectations among different adolescents, revealing their internal evolution mechanisms. Second, this study examined the effect of extracurricular physical exercise on the self-education expectations of different adolescent groups, typically at weekends. It did not comprehensively examine the impact and role of other extracurricular periods, such as evening and non-class hours, on the self-education expectations of adolescents. If all extracurricular periods of physical exercise were examined, the results may be more convincing. Finally, self-education expectations are explored from the perspective of academic qualifications, that is, the highest level of educational attainment set by students themselves. This single dimensional measurement method appears somewhat one-sided when delving into the complex concept of educational expectations. Future research needs to introduce more diverse perspectives and analytical dimensions.



Conclusion

This investigation into the impact of extracurricular physical exercise on adolescents’ self-education expectations reveals a significant gender disparity, with male showing a more pronounced enhancement than female. The influence of physical exercise is also modulated by individual factors such as cognitive abilities, academic performance, health status, and self-confidence, as well as familial influences like parents’ education level and economic conditions. Notably, female students with moderate cognitive abilities and lower academic performance, along with male students facing challenges in academic performance and health, show the most substantial improvements in self-education expectations. These findings highlight the critical role of extracurricular physical exercise in fostering academic aspirations and underscore the necessity to tailor these activities to the diverse needs of different adolescent groups.
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Introduction: The promotion of social competences using multi-method approaches is an understudied area in education and psychology. This study addresses the gap by developing and presenting a program to enhance social competences using theory-derived program and assessment designs.
Materials and equipment: Bartholomew’s Intervention Mapping (IM) approach, initially used for health promotion, was innovatively applied to a psychological and educational context. The development process and implementation challenges are presented in this article.
Methods: The six-step IM process was adapted to create a comprehensive program design that models social behavior, specifically for Physical Education in schools. The program targets perceptive-cognitive, emotional-motivational, and behavioral components of social competence, along the social competence model by Kanning. Results on effect sizes have yet to be calculated.
Discussion: The IM process was time-consuming and extensive but provided a systematic structure, methodological quality, and traceability of effects. Future adaptations of this program could include extensions to different situational contexts and specific need groups, such as classes with a history of bullying or psychological conditions. This study contributes valuable insights into using the IM approach for promoting behavioral change in a systematic and evidence-based manner.
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1 Introduction


1.1 Importance of the research topic

Social competence is essential for children to communicate effectively, develop healthy relationships, and navigate social challenges during childhood, adolescence, and adulthood (Junge et al., 2020). Schools play a crucial role in fostering these skills by providing structured environments where students can learn cooperation, empathy, and conflict resolution (Collie, 2020). Teaching social competence promotes emotional well-being, reduces bullying, and enhances academic success by creating inclusive and supportive classroom dynamics (Sancassiani et al., 2015).

The promotion of social competences offers opportunities to prevent risk developments in children and adolescents like drug abuse, attention deficits, aggression, violence and bullying (Griffin et al., 2001, pp. 485–498; Scheithauer and Bull, 2010, pp. 266–281; Smokowski et al., 2004, pp. 233–251; Thorell and Rydell, 2008, pp. 584–595). Furthermore, students with high levels of social competences tend to be more successful academically and in their professional career (Scheithauer et al., 2010, pp. 54–68). Moreover, social competence is described as part of the health-related quality of life and satisfying social relations as a life-long need (Karasimopoulou et al., 2012, pp. 780–793; Pinquart and Sorensen, 2000, pp. 187–224). Finally, students with high social competence levels were also found to be more popular within their peer group and influence the school climate positively (Gulay et al., 2010, pp. 77–92; Jerusalem and Klein-Heßling, 2002, pp. 164–174).



1.2 Legitimization for an intervention in school settings and PE

Due to the complexity of social interactions, the construct of social competence is the “product of a wide range of cognitive abilities, emotional processes, behavioral skills, social awareness, and personal and cultural values related to interpersonal relationships” (Orpinas, 2010, pp. 1–2). The school setting has since been identified as an ideal setting for the promotion of social competences allowing it to systematically and institutionally address children of different socio-economic backgrounds within stable peer groups (Goldberg et al., 2019, pp. 755–782; Noel et al., 2009).

On a political level, legitimization can be found in the statements of the World Health Organization (2007), which states that social interactions should also be considered as an important part of physical activity and the development of social values and skills in children and young people. On an organizational level, Physical Education allows to address physical activity and these social aims in an institutional setting. Nevertheless, only two studies focused on promoting physical activity, when aiming at an improvement of social competences (Bundy et al., 2011, p. 680; Polvi and Telama, 2000, pp. 105–115) and did not report detailed results.



1.3 Existing research and research gap

Sports and Physical Education (PE) have been shown to be effective tools for the development of skills and competences in youth (e.g., Fraser-Thomas et al., 2005, pp. 19–40; Gould and Carson, 2008, pp. 58–78; Holt et al., 2011, pp. 490–499; Weiss, 2011, pp. 55–65). However, participation in sport and PE alone does not automatically create positive outcomes (e.g., Cryan and Martinek, 2017, pp. 127–149; Fraser-Thomas and Côté, 2009, pp. 3–23). Instead, PE teachers and sport coaches need to create an environment allowing for the development of social competence (Opstoel et al., 2020, pp. 797–813). To promote social competences successfully, interventions are most effective during sensitive development stages (Rose-Krasnor, 1997, pp. 111–135) and should be systematically derived from theoretical constructs and focus on individual strengths rather than on problems (Benson et al., 2006, pp. 894–941).

Systematic reviews on studies promoting social competence in schools within PE or the context of physical activity suggest, that current intervention programs lack a systematic derivation of program content along with clearly defined strategies, goals, assessment methods, and evaluation plans based on a theoretical background or construct, which is mostly because definitions and aspects vary widely (Opstoel et al., 2020, pp. 797–813; Schüller and Demetriou, 2018, pp. 39–55).

It is necessary to implement multi-level assessment tools including self-assessment, dependent and independent observations, as well as network analyses to cover all aspects of the multi-dimensional construct of social competences (Schüller and Demetriou, 2018, pp. 39–55). Variables like duration and frequency do not seem to influence program effects, but many studies show a lack of methodological quality (Opstoel et al., 2020, pp. 797–813; Schüller and Demetriou, 2018, pp. 39–55). A lack of systematic intervention and implementation planning thus excludes the option of a target-oriented classification of correlations and effects (Lloyd et al., 2011, pp. 1–15).

Consequently, it is essential for interventions to (a) increase methodological quality in the study design, (b) derive program contents and assessment strategies from theoretical constructs, and (c) develop conclusive models for intervention aspects and multi-level assessment plans (Schüller and Demetriou, 2018, pp. 39–55).



1.4 The intervention mapping protocol as a tool

Systematic intervention planning is thus a key element for the development and effective implementation of intervention programs for target groups. The six step process of the IM Protocol is therefore defined by the keywords “planning, research, and theory” (Bartholomew Eldrege et al., 2016). It has been refined multiple times since its first publication in 1998 (Kok et al., 2017, p. 19) and has been applied to a variety of contexts in studies promoting health related objectives since 2008 (Majid et al., 2018), targeting implementations not only toward patients and a clinical setting, but also in environmental and political contexts (Fernandez et al., 2019b, p. 158).

An advantage of utilizing IM is the structure the IM process offers along the line of an expert driven set of guidelines, which is especially important in a growing research field - like the promotion of social competences - because it only includes few large scale, and long term studies (Schüller and Demetriou, 2018, pp. 39–55). Therefore, following a targeted approach in intervention planning makes it possible to base intervention programs on statistically and methodological relevant considerations and standards (Godin et al., 2007, pp. 138–142). Stakeholder involvement allows for a higher level of legitimation and acceptance of program contents (Majid et al., 2018).



1.5 Objective and novelty of the study protocol

The objective of the current study protocol is to promote social competence in PE by developing a systematically derived, evidence-based intervention program that can be applied in Physical Education in schools. The program design is based on perceptive-cognitive, emotional-motivational, and behavioral components of Kanning (2002, pp. 154–163) theory on social competences and describes the IM process supporting the planning and development of the intervention design including the assessment and evaluation planning.

To accomplish this, the study aims to (a) develop a systematic derivation, evidence-based intervention program for the promotion of social competence in PE; (b) use the principles of Intervention Mapping (IM) protocol to ensure a structured, theory-driven approach to program development; (c) include multi-level-assessment instruments in a more comprehensive evaluation of the multidimensional construct of social competence.

The novelty of this study lies in the rigorous application of the IM process to the context of social competence promotion in PE. Such an approach can yield a more effective targeting and designing of interventions that close the gap between theory and practice. The next section will give a general overview over the intervention mapping process as it is intended by Bartholomew Eldrege et al. (2016). Afterwards, the application toward the promotion of social competence in PE is presented in the results section. Finally, the discussion will pick up the challenges, limitations and suggestions derived from an application of each of the intervention mapping steps toward the promotion of social competence.




2 Materials and equipment


2.1 IM approach

The intervention program promoting social competence was dependent on a few context-specific factors, which included (a) the setting of PE in school, (b) the delivery of the intervention content by teachers, (c) the students’ age of 12–14 years to fit the adolescent development stage, and (d) the curriculum specific demands for PE lessons. Additionally, research suggests, that a theory-derived intervention program and assessment plan including a multi-level approach promoting different aspects of social competence, and a multi-method assessment strategy using a variety of tools would be beneficial (Schüller and Demetriou, 2018, pp. 39–55). The intervention mapping, which is described in the following sections, was then fitted and tailored along these predetermined factors.

The IM approach by Bartholomew Eldrege et al. (2016) is used to systematically plan intervention programs and consists of six main steps that are iteratively executed. These steps include (1) the creation of a logic model and a description of the problem approached, (2) the definition of targeted program outcomes deriving of a logic model of change, (3) a detailed scope of the program design, (4) the preparation of steps necessary for the program production including a content schedule, (5) a program implementation plan, and (6) an assessment and evaluation plan (Bartholomew Eldrege et al., 2016). The aim of a development based on IM is to explicitly focus on the objectives in relation to the target population and its characteristics (Bartholomew Eldrege et al., 2016). The fundament of IM is combining behavioral theory and evidence from existing research to develop overall behavioral objectives and determinants as well as learning objectives and determinants (Bartholomew Eldrege et al., 2016). Furthermore, programs need to be tailored to the targeted population and the internal and external determinants associated (Lloyd et al., 2011, pp. 1–15).


2.1.1 Application of step 1: logic model of the problem—needs assessment

The first step of the IM approach aims at the development of a logic model of the problem including a needs assessment or detailed analysis of the problem and is concluded with a definition of possible outcomes.

The process started with the selection of adaptable and applicable theoretical construct of social competences. The wide variability of definitions, theories and sub constructs, e.g., emotional intelligence (Simonet et al., 2021); interpersonal competence (Persich Durham and Robinson, 2022); social intelligence (Weis and Süß, 2005) and social skills (Dong et al., 2023)—thus needed to be narrowed down and Kanning (2002, pp. 154–163) theoretical model on social competence was applied as a reference theory. An analysis of existing intervention programs, and the potential need for further studies in the field as well as the specific problems, existing studies focused on, was conducted in a systematic review (Schüller and Demetriou, 2018, pp. 39–55).

Apart from that, a community needs assessment, targeted specifically toward the disseminating group of teachers, was conducted. A digital ranking tool was applied, which aimed at a ranking and prioritization of possible subcategories of social competences to create a study framework addressing the needs of the target implementation group (N = 35). To be able to identify relevant behavioral determinants and potential objectives, the questionnaire included 18 items, gathering definitions and rankings of aspects of social competences according to their importance, apart from further information on the sociometric data of teachers. It contained items for frame data on the schools of the teachers (three quantitative items), sociometric data on the teachers themselves (six quantitative items), definitions of aspects of social competence (four qualitative items) and ranking questions on the importance of these aspects (five ranking items) based on the theoretical model of (Kanning, 2002, pp. 154–163). The results were subsequently analyzed statistically as well as qualitatively using thematic analysis to create categories (Braun and Clarke, 2006, pp. 77–101; Braun and Clarke, 2019, pp. 589–597).

Based on the outcomes of quantitative and qualitative methods toward a sufficient needs assessment, a model of the problem was developed and the objectives of the intervention program (iii) were defined. Additionally, a community asset assessment was conducted to detect project partners and supporting structures (Supplementary Table S1).



2.1.2 Application of step 2: logic model of change—program objectives and outcomes

The second step of IM aims toward a change of the problem identified afore (Bartholomew Eldrege et al., 2016). It includes desired outcomes and objectives and a selection of determinants and matrices of change objectives. Based on the results of the needs assessment and the aim of the intervention, a model of change is developed and change objectives are structured in change matrices. Desired outcomes are based on scientific findings on intervention effectiveness in studies resulting from research.

In a second step the gathered information was used to create an interview guide according to principles of the INVOLVE System (INVOLVE, 2012) with the aim to gain insights into the reasoning behind certain results of the teacher questionnaire and to focus on evaluability of the aims selected for the project. The INVOLVE System was developed by a research group focusing on the integration of stakeholders and public participation in health or social sciences. According to the approach, − based on the principles of the Equality Act (Equality and Human Rights Commission, 2010; Office for Disability Issues, 2011) – equal inclusion of teachers with more professional experience and teachers with rather limited professional experience was targeted. Additionally, an even distribution of male and female teachers was aspired to control for potential gender effects. Ensuring to offer an open interview setting with guideline questions preventing swayed or biased answers according to social desirability was prioritized. Interview guidelines included sociometric questions about the teachers (7 items on experience, age, subjects taught etc.), which corresponded with those asked in the teacher questionnaire and seven narrative impulses with corresponding category assignments as well as control and maintenance questions (e.g., “Do you remember situations in your own lesson planning or content, which targeted the social development of students?”). The items aimed to further explore the knowledge about social competence in theoretical and practical aspects, as well as the importance, methods and challenges of a promotion of social competences in a school setting, specifically in PE. Following up on that, the interviews were transcribed verbatim and answers were categorized in themes and subthemes (Lamnek, 2010).

The massive number of possible outcomes derived from the needs assessment, the teacher questionnaires, and the objective evaluation of method effectiveness in the systematic review were then narrowed down and validated toward usability and practicability using the qualitative input from the teacher interviews (e.g., the aspect extraversion—extent to which a person enjoys socializing—had to be excluded despite its effectiveness and the high ranking among teachers, because it describes a character trait, which cannot be promoted easily). The same method was applied to evaluate possible determinants and further extract the most important and changeable desired outcomes. The matrices included a cross-examination of relevant determinants in correlation with each of the objectives.



2.1.3 Application of step 3: program design

The third step of IM focuses on the program design, including the generation of themes, scope and sequence planning. The selection of themes is conducted based on theory and evidence and then transferred into applicable lesson plans. Firstly, advantages and disadvantages of different methods (e.g., teacher-centered approaches vs. student-centered approaches) and their suitability were evaluated. The studies compared in the systematic review (Schüller and Demetriou, 2018, pp. 39–55) gave an overview of possible methods and applications and the effectiveness of different methods for the promotion of social competence was compared. The main criterion was effectiveness in different intervention fields. Thus, relying on Kanning (2002, pp. 154–163) theory, different methods for each of the three aspects (i.e., perceptive-cognitive, emotional-motivational, behavioral) were compared and selected using the knowledge of the teachers on educational determinants. Further steps included the development of methods that could be applied to different settings in PE (such as team sports and individual sports), their fit toward the general aim of the intervention and the specific aims derived from it and were illustrated in change matrices. The determinants under which these selected methods would work effectively were drawn from the systematic review results and the application knowledge of the teachers. A systematic of change objectives was matched with appropriate methods on both student and environmental level. Moreover, the planning included decisions regarding the target group of participants, the environmental level of the intervention and its duration, following the directions of the IM (Bartholomew Eldrege et al., 2016). Additionally, selections for a program theme, its components and sequence were generated following the guidelines, and a general construct of process evaluation measures was developed ensuring that it would fit the methods selected.



2.1.4 Application of step 4: program production

After identifying possible methods and applications for specified program objectives included in the change matrices, the methods to be included in the program have to be arranged within the program structure (Bartholomew Eldrege et al., 2016). In the project the different levels of desired effects on the levels of perceptive-cognitive, emotional-motivational and behavioral aspects of social competences (Kanning, 2002, pp. 154–163) need to be matched with methods. The production of materials, including lesson plans and materials necessary for the lessons (such as apparatus plans etc.) follows afterwards.



2.1.5 Application of step 5: program implementation plan

Step number 5 of IM focuses on the actual program implementation plan by considering context and setting of the intervention as well as potential users and time frames for the implementation (Bartholomew Eldrege et al., 2016). After that, outcomes and performance objectives were delivered in a teacher-training leaflet and implementers were instructed individually for 20–30 min in the intervention tools. The tools were also piloted with a group of students and teachers at a private school. Finally materials, scope, and themes were rearranged and changes that became visible during pretesting were included in the program prior to its application in the final intervention and control group.



2.1.6 Application of step 6: evaluation plan

In step 6 of IM, an evaluation plan including effect and process evaluation questions is developed and the evaluation design is specified and tested. Therefore, the first step was to evaluate the measurement methods provided in the systematic review and compare them on different levels. These levels included an assessment of the instrument and the studies it was used in, the included variables, scales and number of items, and its validity and reliability. Moreover, it was evaluated whether the systems were easily available, accessible in the respective language and suitable for specific age groups.





3 Methods


3.1 Outcomes of step 1: needs assessment

Using the theoretical model of Kanning (2002, pp. 154–163) (Supplementary Table S2) the construct was distinguished in three main categories forming social competence: perceptive-cognitive, emotional-motivational and behavioral aspects, referencing three main aspects of the heuristic-systematic information processing model (Eagly et al., 1993) applied in social sciences.

As a result of the analysis of risk factors for low levels of social competence, it was concluded, based on the systematic review and the successful intervention programs depicted there, that future intervention programs should (a) promote social competence using rituals, role models and prompting (74.0% success rate) while focusing on (b) a reduction of inappropriate behaviors (85.0% success rate) and (c) including teacher trainings (62.1% success rate), apart from (d) addressing mainly adolescents (100% success rate vs. 66.7% success rate in children) and (e) ensuring that physical activity is promoted equally (Schüller and Demetriou, 2018, pp. 39–55). Theoretical background and study construct should be deduced from a conclusive line of intervention structure, including a clear definition and derivation from theoretical concepts. This resulted in the application of Kanning (2002, pp. 154–163) model of social competence, including a measurement tool (Kanning, 2009) derived from this model. Assessing the design of the studies included in the systematic review, it should focus on a high level of methodological quality and include multi-level assessment (e.g., self-assessment, observations by peers and family, network analysis and systematic observation by independent observers).

The results included a teacher preference for the four subcategories of social competences with their reflexive definitions by Kanning (2002, pp. 154–163): reflexibility with 91.66% of teachers as an umbrella construct for self-awareness and person perception (i.e., extent to which a person actively engages with themselves and their interaction partners), prosociality with 26.47% of teachers in the group of social orientation (i.e., extent to which a person actively engages with other people, helps them and acts in solidarity and fairness toward them), self-control with 17.65% (i.e., ability of a person to control his own behavior rationally even in stressful situations) and extraversion with 41.18% of teachers in the group of aggression aspects (i.e., extent to which a person likes to approach other people and make social contacts). Extraversion, also seen as an important aspect by the teachers, had to be excluded due to its localization in the character traits of children and adolescents (Goldberg, 1993, pp. 26–34), which are hard to manipulate.

Due to these needs assessment based results, the aim of the program was defined as: Students in the eighth grade of secondary schools participating in the six-month intervention will show changes in (a) realistic direct and indirect self-awareness; (b) increased person perception; (c) higher levels of pro-social behavior and self-control, and (d) an accurate representation of the self, compared to students who did not participate in the study. Finally, a logic model of the problem was created (Supplementary Figure S1) and the relevant determinants were rated along their importance (Supplementary Table S3).



3.2 Outcomes of step 2: program objectives and outcomes

Program Objectives and Outcomes (Table 1; Supplementary Table S4) were informed by two levels of information with one being the student level and the second being the level of environmentally involved stakeholders (such as teachers). Thus, focusing on the levels of the development of social competences: situation analysis, the analysis of behavioral options, the application and evaluation of behaviors (Kanning, 2002, pp. 154–163) on a student level and considering interpersonal and community assets on an environmental level.



TABLE 1 Behavioral and environmental outcomes.
[image: A table outlining social competence at two levels: student and environmental. The student level includes situation analysis, behavioral options analysis, behavior application, and evaluation. The environmental level covers interpersonal interactions, organizational applications by teachers, and community development of social values. Descriptions detail skills development, evaluation integration, teacher facilitation, and behavior testing.]

The logic model of the problem was then adapted and evolved toward a model of change, stating specific pathways to achieve program goals and effects (Figure 1). It was supplemented by specific determinants and change objectives, which were combined according to their common, generalized terms and consolidated in a matrix for each of the objectives (Table 2).

[image: Flowchart depicting a five-phase model of personal and environmental development. Phase 1 focuses on quality of life, outlining social and non-behavioral factors. Phase 2 emphasizes social competence levels, including perceptive, motivational, and behavioral aspects. Phase 3 details behavioral outcomes, highlighting situation analysis and evaluation. Phase 4 covers behavioral and environmental objectives, with an emphasis on situation analysis and response. Phase 5 addresses personal and environmental determinants, listing issues like lack of knowledge and untrained individuals. Arrows indicate the progression between phases, illustrating how competencies and outcomes interconnect and develop.]

FIGURE 1
 Model of change.




TABLE 2 Matrix of performance analysis and personal determinants for the situation analysis component of social competences.
[image: A table detailing situation analysis for students to develop skills for analyzing diverse social situations. The table outlines various performance objectives like increasing careful evaluation, showing willingness to compromise, and sensitivity to feedback. It addresses personal determinants such as knowledge, perception, self-image, context interpretation, behavior, and consequence awareness. Each determinant is paired with strategies for improvement, like recalling situations, increasing attention to others, assessing self-image, and evaluating interpretations of context.]



3.3 Outcomes of step 3: project design

First, the effectiveness of methods was compared in 28 selected articles found in the systematic review (Schüller and Demetriou, 2018, pp. 39–55), resulting in main method groups that were relevant. Thus, a teacher training was developed, including instructions on the reinforcement of positive examples of social competent behavior in students (Fryling et al., 2011). Finally the general scope of the project design (Figure 2) was discussed and finalized with pre-intervention steps (i.e., intervention design and pilot study phase), three testing phases and three post-test-phase steps.

[image: Flowchart depicting a research design process, starting with a systematic review, followed by teacher questionnaires and interviews, intervention design via mapping, and a pilot study at a Munich private school. The study comprises pre-test, intervention, and post-test phases with intervention and control groups, encompassing baseline and follow-up measurements. Data analysis focuses on outcome-oriented and process-oriented methods, leading to discussion and recommendations.]

FIGURE 2
 Project scope and design.




3.4 Outcomes of step 4: program production

A general model for the intervention system was constructed including different levels of intervention methods (Figure 3). An intervention program with different lesson types was created. It included a general frame with a rule contract, basic rules that needed to be followed and were controlled and adapted by the teacher, and prompt and praise (Bozkuş, 2021). The theoretical input used, was model learning (Fryling et al., 2011) and methods of classroom management (Bozkuş, 2021), which showed great results in the promotion of positive behavior (Dohrn et al., 2001), self-control and problem solving skills (Androjna et al., 2000, pp. 1–6) in students. Each lesson was framed by a self-chosen ritual and ended with a team-building challenge (Lazarides et al., 2024). On the student level, three different lesson levels were applied, including topic lessons which intentionally taught knowledge on social competence such as fairness and fair play (Schüller, 2019a, pp. 557–560) as well as cooperation and competition (Schüller, 2019b, pp. 553–556). On a second level, the lessons were divided into team sports and individual sports because the two demanded different aspects of social competence and the so called “module lessons” were based on either the sport education model (Hastie and Wallhead, 2023) in team sports or cooperative learning (Beals et al., 2024) in individual sports, which have shown to be effective in positively influencing aggression and passiveness (García-López and Gutiérrez, 2015, pp. 1–16). Specific model lessons were then constructed as example lessons including the frame aspects and topic/module lessons.

[image: Framework showing components of lessons in a grid format with columns for framework components, module lessons, topic lessons, and sample lessons. Each column details levels, aims, component examples, reference theories, and target components. The content outlines teaching structures, social competencies, and methodological frameworks. It emphasizes the acquisition of social skills, organization of teaching content, and concrete teaching schemes.]

FIGURE 3
 Theoretical construct of intervention content adapted from Schüller and Demetriou (2019, pp. 548–552).


In the next step, the lessons were adapted toward the curriculum also including the gender separation aspects relevant in this state. The lessons included the main topics for eight grade and generalized some of the distinctive sports field such as basketball and handball, which were followed in lessons for more generalized aspects of ball games, including dribbling and aim throws. Every piece of material needed for the lessons that were part of the intervention was constructed based on methodical and didactical literature for teachers and adapted using the theoretical background behind each lesson level and the methods picked. The first drafts of the program were then tested with a group of teachers and students for applicability and usability. After pre-testing and piloting with two school classes of a slightly lower age, it was determined whether materials were age appropriate and easily applicable for teachers. This was followed by the construction of an implementation plan, including possible methods and applications and a general implementation plan with possible stakeholders in the next step. Finally, a dissemination plan for different intervention groups was designed.



3.5 Outcomes of step 5: program implementation plan

Intervention planning was accordingly followed by the adaptation of the program toward the needs of the target groups of implementers and students. Within the program development a total of 14 lessons on different fields of exercise and sports were produced (three on gymnastics—esp. acrobatics; three on athletics—esp. track and field; two on dancing; two on ball games—esp. handball and basketball; two on soccer; two on setback games—esp. volleyball), based on the requirements of the curriculum and the age-group. Additionally, two topic entities on fairness and cooperation, and competition were constructed and could be added to any of the exercise related lessons. The exercise fields of winter sports and swimming were left out, due to special requirements concerning materials and space, which could not have been controlled in the intervention. Some of the lessons were adapted to be applicable in- and outdoors. A specific teacher manual with relevant aspects of implementation rules, a manual on how to provide feedback within the lessons and how to indicate, which parts had been implemented, was constructed.

Adaptation toward the target group of students was based on findings of developmental sensitivity during adolescence (see introduction). It was decided that the first implementation should include participants with non-specific needs to assess the program effectiveness prior to adapting it toward specific needs groups (e.g., classes with a history of bullying and aggression or student groups with a physical or psychological precondition).

Concerning the environmental level, it was established that the intervention should be implemented on the school level in structurally organized PE lessons to guarantee a controlled surrounding before eventually expanding the implementation into after-school programs, classroom teaching and the homes of students. The duration of the intervention period had to be kept flexible due to its nature of field research, subsequently including a period of 4 months in order to ensure that snow sports weeks, absence of teachers etc. would still allow for the necessary amount of intervention lessons to be implemented.

Apart from the fact, that one team sport and one individual sport needed to be covered within the implementation, the teachers were free to choose from the lessons. Every teacher received a folder with all the material necessary and was schooled accordingly within 20–30 min by the same instructor.



3.6 Outcomes of step 6: evaluation plan

Based on the information gathered from the comparison of study designs and measurement instruments within the systematic review (Schüller and Demetriou, 2018, pp. 39–55) multiple levels were included in the evaluation plan (Supplemental Figure S2) and the number of test dates was determined. The evaluation plan was further adapted to the theoretical base of the intervention plan and focused on the findings and the theoretical construct of Kanning (2002, pp. 154–163) with its three clusters of social competence aspects (i.e., perceptive-cognitive, emotional-motivational, behavioral). Moreover, different implementation levels were evaluated including students in the intervention and control group as well as PE teachers. It was necessary to include both, the effect and the program and process evaluation aspects. Using a mixed-methods approach was considered beneficial in order to assess the different levels of social competent behavior (situation analysis, analysis of behavioral options, the application and evaluation of behaviors (Kanning, 2002, pp. 154–163)).

Therefore, the effect evaluation consists of a student questionnaire on sociodemographic aspects from the MOMO study (Schmidt et al., 2016), knowledge aspects of social competence - including qualitative and quantitative items -, questions derived from of Kanning’s three-dimensional evaluation tool (Kanning, 2009) and a social network analysis (Wasserman and Faust, 2007). Additionally, items on the program evaluation are added, including students perception of the teacher behavior, perceivable changes in lesson content and structure, and short scales of Kanning’s multi-dimension tool (Kanning, 2009). Finally, each evaluation date on pre-test, pre-test 2, post-test and follow-up includes a behavior observation by independent observers in a normative setting. The first tool is designed and pretested specifically for the study and an additional standardized pre-existing observation tool SOCARP by Ridgers et al. (2010, pp. 17–25) in a free lesson atmosphere is added. Both observation tools measure aspects of social competences, while also including items on physical activity levels. It was further decided to have each teacher assess the changes in each of the students’ behavior on a subjective level.

Process evaluation takes place throughout the intervention phase and is conducted at two evaluation dates. It consists of a short questionnaire with items on the perceived study process on a student’s level and items in a teacher questionnaire on the study design and the application of program contents. Teachers also evaluate the lessons, and their social competence levels are evaluated similarly to those of the students via questionnaire, as only a teacher whose own competence is adequate can translate the necessity of social competence onto the student’s level (Fryling et al., 2011). Lastly, teachers also give feedback on the lessons and how they adhered to the lesson plans.

The evaluation of data is planned to refer back to the theoretical construct and include data of the different methods applied to each of the three aspect groups (perceptive-cognitive, emotional-motivational, behavioral), thus resulting in an evaluation that includes multiple perspectives for each. Perceptive-cognitive aspects therefore include questionnaire data, qualitative input on how students defined social competence and teacher evaluations of student’s self-awareness. Emotional-motivational aspects include questionnaire data and teacher evaluations of self-control, while behavioral aspects will be evaluated through questionnaire data, teacher evaluations of student’s solidarity, peer assessment data on success- and emotion-oriented rankings and observational data from the research team. Using this data it will be possible to assess each of the three dimensions and calculate a construct score for each, as well as for the overall construct of social competences for each student on each time-point. With the help of these construct scores and sociodemographic influences unique to each student it will be possible to analyze the individual student’s position in the social networks and the influences this data might have on the roles depicted in the networks, while taking into account the three different time point.




4 Discussion

The application of IM as depicted in the process described afore, aims at the systematic derivation, development and implementation of (a) a logically derived theoretical background, (b) evidence-based program objectives, (c) effective intervention methods, and (d) assessment tools and strategies that fit the theoretical model upon which the intervention on promoting social competence in PE is based. Although IM has been used to develop interventions for sociological and psychological outcomes (Leerlooijer et al., 2014, pp. 598–610), applying it to a behavioral process as an outcome is a novel approach requiring further examination.


4.1 Discussion of the IM steps

The first step of the IM process—the logic model of the problem and the needs assessment—was challenging due to the fact, that a behavioral approach was applied to shape behavioral processes through health-related content. Although social competences are evidently a main factor of health related quality of life, they are associated with mental wellbeing rather than with physical comfort (Holopainen et al., 2012, pp. 199–212; World Health Organization, 2007). Due to this, the model of the problem needed to be targeted toward internal perceptive-cognitive and emotional-motivational aspects of behavior development, as well as external behavioral outcomes (Kanning, 2002, pp. 154–163). Apart from that, the interactional component of social competence with intrapersonal and interpersonal components also needed to be considered (Kanning, 2002, pp. 154–163).

Developing interpersonal and community assets on an environmental level in step two of IM – the logic model of change and identification of program objectives and outcomes –, it became clear that, apart from offering judgment free and open feedback on behaviors (Taborsky and Oliveira, 2012, pp. 679–688), the determinants and objectives on that level were rather limited, if a controlled intervention setting was required. The model of change also supported this finding by showing that the organizational, interpersonal and community objectives and outcomes were opening up opportunities and a safe space for testing social behavior. It became obvious, that this created room for different social contexts and interactions, but would be challenging in terms of the evaluation of the impact of environmental objectives.

The project design (step 3 of IM) was created very effectively due to the various results of the teacher questionnaire and the insights gathered through the systematic review. However, due to the aim of promoting social competences, it was necessary to evaluate which target group of students would respond most effectively to an intervention program. Thus, it became relevant to not only discuss target groups with a risk for low levels of social competences, but also especially include participants in a developmentally sensitive age group. Establishing that, it was decided to focus on the target group in which social competences are developed. Future applications include a follow-up study targeting high-risk groups with specific needs, such as participants with a history in bullying or aggression (Bull et al., 2009, pp. 312–317) and physically or cognitively impaired students (e.g., with Asperger’s syndrome) (Andanson et al., 2011, pp. 589–596). Additionally, interventions transferring social competences into other subjects and areas of life are planned.

Within the program production (step 4 of IM) and the program implementation plan (step 5 of IM) it was possible to adapt the program design to the specific needs not only of the needs group, but also to the curricular framework of the schools. Nevertheless, it was not possible to apply the intervention content to every curricular topic, due to organizational restrictions (e.g., no swimming lessons planned for the term). Moreover, teacher instruction of the intervention contents showed that especially the nature of social competences as a rather abstract construct needed to be thoroughly discussed to ensure that the implementers - teachers in this case - were able to convey the contents accordingly.

The construction of an evaluation plan (step 6 of IM) showed that different levels of intervention also required various methods of evaluation. Apart from that, it became relevant to have the teachers as implementers evaluated in their own believes as well, as they would serve as behavioral models (Fryling et al., 2011). Furthermore, the systematic derivation of the theoretical model showed that, they not only needed to be evaluated in their own believes and levels of social competences but also in their ability to transfer their knowledge and intentions on a student level on a communicational level (see: mathematical theory of communication by Shannon and Weaver, 1963). The margin of error in this area—on a level of teacher education, on a level of teaching abilities and on a level of student recipient abilities—was shown to be not controllable otherwise. Having discussed this in advance, it was possible to include multiple evaluation methods on different levels such as a questionnaire on the teachers levels of social competences, the students perception of the teachers intentions and the student level of social competences itself.



4.2 Limitations and chances of the IM approach in promoting social competences

The limitations of IM in educational settings mainly lie in the fact, that it was not constructed for this specific intervention content, but was originally implemented for risk reduction (van Empelen et al., 2003, pp. 402–412), health promotion and screening (Fernández et al., 2005, pp. 394–404), early detection or adherence and self-management interventions (Detaille et al., 2010). The promotion of social outcomes through behavioral change methods (Bartholomew Eldrege et al., 2016), increases the risk of not clearly distinguishing outcomes and aims from methods and mediators within the mapping process. Nevertheless, the application of a systematic intervention planning approach toward sociological outcomes is a first innovative attempt to methodologically structure and derive intervention content and study design. It offers numerous opportunities to further develop and establish a systematic approach of intervention and study designs in the educational settings.

Apart from that, the environmental and community asset in this setting not only functions as a determining factor, but also as an interactional context und influencing factor, meaning that the interpersonal aspect is part of the learning progress, since peer and teacher feedback mainly shapes the evaluation process of behavior and cannot be seen as separate from the individuals progress on social competences. This becomes specifically obvious in the temporal, social and evaluative reference points of behavior, which determine whether a behavior is suitable in a specific situation (temporal), with a specific interaction partner (social) and with a desired evaluative outcome (positive evaluation of behavior) (Kanning, 2002, pp. 154–163). This limitation once more emphasizes the need for education specific IM approaches, that address the needs of program planning in this settings more precisely.

Moreover, interventions on interaction aspects should not only focus on one specific setting, but rather include as many interactional contexts as possible, such as family, friend groups outside of the school settings etc., in order to generalize behaviors (Blazevic, 2016). Although this dimension of social competence was clear from the beginning, it was not possible to include these into the study because a different testing strategy would have been needed in order to control the various variables. A future application should therefore aim toward a more diversified settings approach and also target transferable skills, diversifying the IM approach toward an implementation specific approach and tailoring the program toward more interactional settings.

Furthermore, the evaluation of social competences was found to be challenging, as the intrapersonal aspects of situation analysis and the analysis of behavioral options are processes within the individual, which can only be evaluated through subjective reports and answers of the participant. Moreover, the recipient in the interaction also contributes to this progress by their own intrapersonal evaluation of the behavior (Kanning, 2002, pp. 154–163), which leaves the objectively perceivable social behavior as a rather small part of socially competent interactions (Rose-Krasnor, 1997, pp. 111–135). Multi-method assessments, such as mentioned above offer a sufficient possibility to target the need for multi-level assessments in complex outcome constructs. Within the area of social competences it is also necessary to not only generate generalized definitions of the construct (Rose-Krasnor, 1997, pp. 111–135), but also include novel and innovative evaluation approaches such as network analyses; biomarkers of social interactions analyzing gaze behavior; facial expressions or voice characteristics (Drimalla et al., 2020).

Finally, the project showed rather low stakeholder involvement after the stage of the needs assessment and the definition of program outcomes and objectives, since a scoping review on the effectiveness of stakeholder engagement following the IM in a health care setting found that it is unclear whether stakeholder involvement in IM and the application of IM itself is positively associated with an effective promotion of the intervention objectives (Majid et al., 2018). Although the risk of stakeholders especially focusing on contributing socially acceptable aspects of the process und thus having a social desirability bias in the program design might have been given (Larson, 2018), in hindsight this would needed to be changed in order to increase the acceptability of the program within the target group (Bartholomew Eldrege et al., 2016; Jagosh et al., 2012).




5 Conclusion

This study set out to develop a systematically derived, evidence-based intervention program for promoting social competence in Physical Education (PE) using the Intervention Mapping (IM) approach. Our research has demonstrated that IM is a valuable tool for addressing the complex, interactional nature of social competence development within educational settings. Within the project, IM was especially relevant as it ensured that specific challenges such as the interactional nature of the content and the outcomes could be addressed early on. The pilot phase of the project has in the meantime been completed and is currently in the evaluation stage. Its assessment of various types of intervention content, program applications and evaluation methods are offering valuable insights for an application toward a larger participant group and the adaptation toward specific needs groups, such as those with psychological impairments or a known record in abuse and bullying. Moreover, an advancement toward applications within all social contexts of social competence is possible.

The application of IM in this context has yielded several key insights: First, theory-based planning can be improved and is crucial when addressing complex constructs, such as social competence. Using the IM process as a guidance in the form of the IM approach (Bartholomew Eldrege et al., 2016), the Matrix Assisting Practitioner’s Intervention Planning Tool (O'Cathain et al., 2019) or the Precede-Proceed Model (Lusk, 1992) offers opportunities to systematically plan, develop and evaluate intervention programs within different contexts.

Secondly, the pilot study showed potential toward the adaptation of the intervention for various contexts and target groups, including those with specific needs such as psychological impairments or histories of bullying, which is essential for effectively engaging diverse target groups. This aligns with findings from research, showing that IM recently gained traction as a model for implementation mapping, which might be interesting for the further development and application of IM in educational settings. Within this approach, IM is adapted to be a process applied to research that does not aim at the development of a new intervention program, but focuses on the targeted implementation of an existing intervention using implementation science. It is thus also based on the steps of the IM, but relates to a specific target and implementation group during every step of the protocol, aiming at addressing target-group specific barriers and facilitators, as well as developing strategies (Fernandez et al., 2019a, p. 209).

Further developments in the field of intervention planning in an educational setting should include the multi-method assessment approaches considering novel ideas, such as biomarker assessments, which ensure that complex constructs such as social competence can be assessed more thoroughly and a higher stakeholder involvement. By addressing these areas, future interventions are able promote social competence in PE more effectively, potentially leading to improved social, emotional, and academic outcomes for students. This research thus provides a foundation for more targeted, effective approaches to fostering crucial social skills within educational environments.
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Background: The promotional effects of physical exercise on children’s attention and social–emotional skills have been widely confirmed. However, the advantages of open physical games in intervention effects still need further exploration. Therefore, this study discusses the intervention effects of open physical games on children’s attention and social–emotional skills.
Methods: This study adopted a quasi-experimental design. Two administrative classes were divided into the experimental group (15 boys and 16 girls) and the control group (16 boys and 15 girls) using the coin-toss method. The intervention intensity was moderate (60–69% of HRmax), lasting for 12 weeks, with 3 sessions per week, each lasting 40 min. Both groups focused on the teaching of fundamental motor skills (FMS). The experimental group was intervened with open physical games, while the control group was intervened with closed physical games. The Adolescent Attention Test was used to measure attention quality; the Children’s Social and Emotional Skills Scale was used to measure social–emotional skills; the Test of Gross Motor Development-Third Edition was used to measure locomotors and manipulative skills; and the Fundamental Movement Skill Development Test for Children Aged 3 to 10 was used to measure stability skills. Based on SPSS 25.0 and GraphPad Prism 8 software, statistical analysis was conducted using independent samples t-tests, χ2 tests, MANOVA, and Pearson partial correlation analysis.
Results: After the intervention, open physical games had a more positive effect on children’s attention distribution (F = 6.223, p = 0.022, η2 = 0.090). Open physical games had a more positive effect on children’s self-awareness (F = 11.027, p = 0.002, η2 = 0.165), others’ awareness (F = 10.315, p = 0.002, η2 = 0.156), collective awareness (F = 6.494, p = 0.014, η2 = 0.104), collective management (F = 12.108, p = 0.001, η2 = 0.178), and overall social–emotional skills (F = 38.453, p < 0.001, η2 = 0.407). Open physical games had a more positive effect on locomotors skills (F = 6.458, p = 0.014, η2 = 0.104), manipulative skills (F = 6.380, p = 0.014, η2 = 0.102), and overall FMS (F = 10.333, p = 0.002, η2 = 0.156). In addition, there is a certain degree of positive correlation between FMS, attention, and social–emotional skills (p < 0.05).
Conclusion: Open physical games have superior effects on children’s attention, social–emotional skills, and FMS compared to closed physical games. This has guiding significance for subsequent physical education practices and the formulation of public health policies.
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 open exercise; closed exercise; attention; socio-emotional skills; physical games; children


1 Introduction

Attention and social–emotional skills are key competencies that urgently need to be developed during childhood. Attention refers to the selective cognitive process of effectively balancing and processing information when facing multiple tasks and goals (Yantis, 2000). Children need to participate in attention as they recognize, adapt to, and transform the world. The learning process and thinking development of children rely on attention. A study (Sigman et al., 1986) suggests that attention is a necessary condition for the brain to receive external information stimuli and transmit them to the memory system, and it determines the intellectual development to a certain extent. Therefore, numerous studies (Deutsch et al., 2008; Harris et al., 2005) have found that attention is closely related to children’s intellectual development and academic performance. Children with extraordinary intelligence have a higher level of attention and higher learning efficiency (Merrienboer et al., 2002). In addition, the development of attention helps children learn to regulate emotions (Wadlinger and Isaacowitz, 2011), which is crucial for dealing with interpersonal relationships. Social–emotional skills refer to an individual’s abilities to recognize, express, and regulate emotions, as well as to establish and maintain relationships with others during social interactions (Abrahams et al., 2019; Malti and Noam, 2016). The learning and development of these skills typically begin in early childhood and are gradually formed through education and practice in the family, school, and community. These skills play an important role in preventing problematic behaviors, improving academic performance, promoting mental health, and establishing successful interpersonal relationships (Ashdown and Bernard, 2012).

Inattention in class has already become a common problem among Chinese children. According to research (Yin, 2023; Zhao and Guan, 2020), nearly 80% of students will be distracted in class, and approximately 50% ~ 80% of children will continue to have problems with inattention in class until adolescence, while around 40% of them will still have such problems until adulthood. In addition, childhood is a stage of rapid psychological development of social–emotional skills, especially as children transition from simple family and kindergarten environments to complex school environments. They will face various sources of stress such as academic demands, peer relationships, and teacher-student relationships. If they cannot use positive social–emotional skills to cope with the above stress sources, it would be very detrimental to the children’s development. Yu et al. (2014) found that the detection rate of social difficulties among Chinese children is about 15%. Due to the lack of social skills, these children may not be able to effectively express their needs and emotions, leading to difficulties in social interactions, and thus encountering challenges in establishing and maintaining interpersonal relationships. Therefore, it is urgent to improve children’s attention and social–emotional skills.

Physical exercise is an important means of improving attention and enhancing social adaptability (Kalina et al., 2016; Vhavle et al., 2019). Spitzer and Hollmann (2013) found that even jogging can improve children’s attention and positive social behavior. Vanhelst et al. (2016) discovered that exercising for one hour a day can significantly improve cognitive indicators such as attention, executive function, and working memory. Reloba-Martínez et al. (2017) found that high-intensity exercise has a significant beneficial impact on attention span and selective attention. Physical exercise can promote the increase in the volume of the hippocampus in the brain, and an increase in hippocampal volume implies that attention functions may be enhanced (Aly and Turk-Browne, 2017; Triviño-Paredes et al., 2016). In addition, physical exercise can promote the development of the prefrontal cortex of the brain, and the prefrontal cortex has a regulatory role in attention control (Choi et al., 2015). Through physical exercise, the neural connections in this area can be optimized, and the transmission of information between neurons becomes more efficient. As a result, children can better inhibit the interference of irrelevant information and focus their attention on important tasks (Chang et al., 2015; Choi et al., 2015). There is a causal relationship between physical exercise and social and emotional skills as well as social adaptability (Ikenouchi-Sugita et al., 2013). Physical activities that combine teamwork, competition, and social interaction can enhance social opportunities and individual self-confidence, thereby cultivating the team spirit and cooperative awareness of adolescents. Physical exercise can also enhance the development of self-control abilities, which in turn promotes the development of social emotional skills (Shi and Feng, 2022). In addition, physical exercise promotes the release of hormones such as endorphins, thereby improving mood, reducing anxiety, and enhancing mental health (Dinas et al., 2011). The improvement of mental health can further promote the development of social emotional skills (Colomeischi et al., 2022). For example, by enhancing the ability to regulate emotions, it helps individuals manage their emotions better, thereby enabling them to interact more comfortably in social situations. In summary, physical exercise has a positive promotional effect on improving attention and enhancing social emotional skills.

With the continuous progress of research, researchers have gradually paid attention to the effects of different types of exercise on attention and social and emotional skills. Shi J. et al. (2022), Shi P. et al. (2022), and Shi et al. (2024) categorized exercise types into open and closed exercises based on the unpredictability of the exercise environment. Open exercise refers to the skill of performing movement tasks in an unpredictable environment; closed exercise refers to the skill of performing movement tasks in a stable, predictable environment (Shi J. et al., 2022; Shi P. et al., 2022; Shi et al., 2024). Petrosini et al. (2009) suggest that the unpredictability of the environment provides more cognitive resources, which is conducive to promoting cognitive development. Therefore, many studies (Shi J. et al., 2022; Shi P. et al., 2022; Shi et al., 2024) have conducted research on open and closed skills divided by the unpredictability of the exercise environment. Tsai et al. (2016) found differences in visual–spatial attention between groups who participated in open exercises (such as badminton, table tennis, etc.) and closed exercises (such as jogging and swimming, etc.) over the past 2 years. The results showed that both open and closed exercises had shorter reaction times compared to the control group, with the potential benefits of open exercises being even better. A narrative review by Shi and Feng (2022) points out that the effect of open exercise on children’s cognitive and social–emotional skills is superior to that of closed exercise, mainly because the former is accompanied by rich environmental stimuli and interpersonal interaction elements. Open exercises often take place in environments without fixed rules, where children naturally improve the flexibility of their attention by adjusting their movements according to the scene and rules during the process of free exploration and trial. In addition, open exercises provide opportunities for social interaction, which can cultivate children’s social skills such as communication, negotiation, and cooperation with others (Shi and Feng, 2022). It can also help children better understand and manage their emotions during the exercise process, thereby enhancing their social–emotional skills.

However, there are some limitations in current studies. Firstly, the results of open exercise intervention on attention and socio-emotional skills are inconsistent. For example, Giglia et al. (2011) and Tsai et al. (2016) found that open exercise improves the effect on visual–spatial attention better than closed exercise, while Chueh et al. (2017) showed that both open and closed exercises have positive promoting effects on visual–spatial attention. In addition, many studies (Che, 2014; Wu, 2018; Yin, 2018) have found that collective ball game-dominated open exercises have better promoting effects on interpersonal adaptation and the quality of sports friendship than closed exercises. The main reason is that open exercise helps to enhance self-esteem, intimacy and exercise pleasure. However, Cao (2016) found that there are no significant differences in social adaptation and positive psychological qualities among college students of different physical exercise programs. Secondly, the benefits of open exercise in promoting attention and socio-emotional skills need further investigation. Attention includes four characteristics: attention span, attention stability, attention distribution, and attention transfer (Yin, 2003). However, previous studies have not been sufficiently thorough in examining the effects of exercise interventions on these dimensions, and it is still unclear what type of exercise is more beneficial for what kind of attention quality (De Sousa et al., 2019). Moreover, although social adaptation and socio-emotional skills are somewhat related, they are not entirely the same, so it is necessary to conduct specific research on open exercise interventions for socio-emotional skills. Finally, previous studies(Chang et al., 2015; Chueh et al., 2017; Vhavle et al., 2019; Wu, 2018; Yin, 2018) have often been based on specific exercise programs (such as basketball, table tennis, swimming, cycling, etc.) as intervention carriers to explore the effectiveness of different programs in intervening attention and social–emotional skills. Children engage more in complex game activities based on motor skill learning during their childhood, and the promoting benefits of physical games remain to be explored.

Based on these studies, this study examined the benefits of open physical games in promoting attention and socio-emotional skills in children by using both open and closed physical games as instructional interventions. Through this study, on one hand, it is expected to promote the development of exercise intervention research on attention and socio-emotional skills, enriching the related exercise intervention methods. On the other hand, it is hoped to encourage policymakers and school physical education workers to pay attention to the positive benefits of open exercise, and promote practitioners to adopt open exercise to enrich the environment with stimuli, thereby enhancing children’s cognitive and social adaptation abilities.



2 Methods


2.1 Participants

This study used G*Power 3.1 software to calculate the sample size, referring to the study by De Greeff et al. (2018), with an effect size of 0.43, a significance level of 0.05, and a power of 0.95. The calculation indicated that a total of 60 participants were needed for both groups. Considering a 10% possibility of attrition, the study planned to recruit a total of 66 participants. Considering the convenience of study, this study selected an elementary school in Xuzhou City, Jiangsu Province, China, as the research site. The study obtained informed consent from the school principal and chose two natural classes of the first grade, with a total of 70 students, to conduct the experiment. All parents of the children participating in the experiment have signed the informed consent form. The two classes were randomly divided into an experimental group and a control group using the coin toss method, with both groups consisting of children aged between 7 to 8 years old. The experimental group included 17 boys and 18 girls, while the control group included 18 boys and 17 girls. During the experiment, 1 boy in the experimental group missed more than one-third of the classes, and 1 boy and 2 girls in the experimental group and 2 boys and 2 girls in the control group provided non-standard answers to the questionnaires. Therefore, the data from these participants were excluded. Ultimately, 31 participants in the experimental group (15 boys and 16 girls) and the control group (16 boys and 15 girls) were included in the analysis. This study was approved by the Scientific Research Ethics Committee of China University of Mining and Technology.



2.2 Experimental design

This study used cluster random assignment to divide the two classes into the experimental class and the control class. This study assigned the two classes the codes Class 1 and Class 2. One researcher randomly assigned the two classes to the experimental and control groups by flipping a coin. If the coin landed heads up, Class 1 was designated as the experimental group, and Class 2 as the control group; if tails were up, Class 1 was the control group, and Class 2 was the experimental group. This study employs a quasi-experimental design for the experiment, where the experimental group children engage in open-ended exercises guided by physical games, while the control group children learn through closed physical games. The study invited two physical education teachers to implement the teaching plans for both the experimental and control groups, to minimize the potential cross-influence of a fixed teacher teaching different classes. Moreover, the two physical education teachers have the same professional titles and years of teaching experience, ensuring that the factor of teacher experience will not interfere with the experimental results. During the experiment, all teaching materials, experimental procedures, and scheduling arrangements were kept highly consistent. We provided the students of both classes with exactly the same learning materials and strictly followed the predetermined timetable to carry out various experimental activities, in order to avoid interference with the experimental results due to factors such as teaching content and time. Additionally, the study adopted a single-blind strategy for the participants to effectively avoid the Hawthorne effect among students. During the testing of attention, social–emotional skills, and fundamental movement skills (FMS), the testers were unaware of the students’ basic information and did not know which class the students belonged to.



2.3 Teaching program

According to the requirements of the Compulsory Education Physical Education and Health Curriculum Standards in China, the learning content of physical education classes for first-grade primary school students is the practice of FMS (Ministry of Education of the People's Republic of China, 2022). Therefore, the main teaching content for both the experimental group and the control group is FMS. The FMS are fundamental movement learning patterns that do not naturally occur in the human body and are the foundation for complex motor skills and physical activities (Barnett et al., 2016; Fisher et al., 2005). The FMS typically includes three categories: stability skills, locomotors skills, and manipulative skills (Barnett et al., 2016; Fisher et al., 2005). Stability skills refer to the abilities that involve maintaining body balance and stability, such as standing, sitting, and walking. Locomotors skills refer to the abilities that involve moving the body from one place to another, such as running, jumping, sliding, and crawling. Manipulative skills refer to the abilities that involve using the hands or feet to control or manipulate objects, such as throwing, catching, kicking, and striking. The FMS is the foundation for physical activity and specific sports skills, and it is crucial for the physical and mental health development of children and adolescents (Barnett et al., 2016; Stodden et al., 2008).

The teaching experiment was conducted in the indoor gymnasium of the intervention school. According to the study by De Sousa et al. (2019), both acute and long-term exercise are beneficial for the improvement of children’s attention skills, and long-term exercise lasting more than 8 weeks has a more positive effect. Therefore, this study, in combination with the class schedule of the intervention school, set the intervention period to 12 weeks, with 3 classes per week, and each class lasting for 40 min. The first and second classes of the first week, as well as the second and third classes of the twelfth week, were designated as test weeks. Therefore, a total of 32 classes were conducted, with a total intervention time of 1,280 min. The time arrangement for each class is as follows: the warm-up and cool-down time is approximately 10 min each, and the basic motor skills practice time is about 30 min. It should be noted that this time arrangement is not set in stone but is adjusted appropriately according to the actual situation.

This study, based on the actual situation of the students and following the principle of gradual progression, reasonably arranged the content of each class’s exercises, totaling 6 stability skill training classes, 10 locomotors skill training classes, 10 manipulative skill training classes, and 6 composite skill training classes. The stability skill training activities include stretching, pushing and pulling, twisting, hanging, supporting and pushing and pulling, and balancing, etc. The locomotors skill training activities include heel walking, high and low man walking, horse-step running, chasing running, pad running, running and jumping steps, dodging, crawling, etc. The manipulative skill training activities include various throwing, passing, striking, kicking, catching, and dribbling activities. In addition, the composite skill training mainly involves guiding students to participate in a variety of activities, such as practicing changing direction, path, and rhythm while dribbling, passing and receiving small soccer and basketball during various movements, running across various obstacles, and making different stopping actions in chasing running according to different signals. Through composite exercises, students’ sports experience can be enriched, and students’ perception of changes in time and body can be improved.

For the experimental group, this study employed physical games with a more unpredictable environment for teaching. Open-ended physical games provide a rich physical environment and more interpersonal interaction processes (Shi and Feng, 2022), which can enhance children’s perception of their body’s position and movement in space, as well as their perception of the surrounding environment. This helps children flexibly switch their attention processes during the game. In addition, group-oriented open-ended physical games are also an important means of improving children’s social adaptation, so this type of game is emphasized in this study. For example, traditional Chinese games such as “Eagle Catches Chicken” and various chasing and dodging games are used to improve students’ mobility skills. Obstacle chase games are used to enhance students’ locomotors skills. Various obstacles, such as low hurdles and barriers, are set up in the field. During the chase run, students not only have to cross these obstacles, but also perform stop actions according to different signals issued by the coach, such as standing on one foot or squatting. Additionally, games like “Throwing and Catching Beanbags” and “Table Tennis Ball Carrying Competition” are employed to enhance students’ manipulative skills. The game “Ball Battle Royale” is used to enhance students’ manipulative skills. Students are divided into several groups. During the ball - handling process, each group of students needs to make changes in direction, path, and rhythm according to the coach’s instructions, while also avoiding interceptions from other groups. For the control group, closed physical games with fixed environmental backgrounds and low variability are used for teaching. For example, in the “Balance Beam Challenge” game, students are required to start from the starting point and pass through the balance beam to the finish line at the slowest and most stable speed possible within a specified time (e.g., 30 s), during which the environmental background is predictable. Additionally, the scenarios of games such as fixed-distance dribbling shuttle run and ball - juggling count within a limited area are all fixed. Previous studies (Chen et al., 2014; Xiong et al., 2018) have suggested that moderate-intensity exercise (60–69% of maximum heart rate) has a better promoting effect on children’s cognition. Therefore, this study used heart rate monitors to monitor the students’ heart rates during each class to ensure that the heart rate was maintained at this intensity.



2.4 Variables and tools


2.4.1 Attention

The adolescent attention test compiled by Yin (2003) from Beijing Normal University in 2003 mainly tests the distribution, span, stability and transfer of attention. Subsequent studies (Ni, 2018; Zhou et al., 2023) have migrated this test to the children’s group. After a rigorous standardization process, it has high reliability and validity, and can accurately assess children of different ages and backgrounds. The attention test is consistent with the results of self-evaluation by children themselves, as well as evaluations by parents and teachers, thus it has high validity (Yin, 2003). The test includes four sub-tests: attention distribution, attention span, attention stability, and attention transfer. The attention distribution of children is tested using a shape discrimination test, where the test items consist of two rings of different sizes with notches. Due to the different directions of the notches, many similar but different shapes are formed. Participants are required to identify the two specified shapes and mark them with a “√.” The attention span of children is tested using a select four circles test, where the test items are small squares with different numbers of circles drawn in them. Participants are required to find the squares with four circles and mark them with a “√.” The attention stability of children is tested using a visual tracking test, where the test items are several curves starting from the left and ending on the right. The test includes two sets, A and B, with set A containing 10 curves and set B containing 25 curves, totaling 35 curves. Participants are required to track a curve with their eyes starting from the left and write the sequence number of the curve at the start in the square at the end of the curve on the right. The attention transfer of children is tested using an addition and subtraction test, where the test items are calculations with natural numbers from 1 to 9. Participants are required to alternate between addition and subtraction operations and write the result between the two numbers. In the above four tests, each correct answer is worth 1 point, and the final number of correct answers is the participant’s final score in that test. The higher the score in each dimension, the better the corresponding attention quality. In addition, the test time for attention distribution, attention span, and attention transfer is 3 min, while the test time for attention stability is 2 min, and the interval between different attention quality tests is 2 min.



2.4.2 Socio-emotional skills

This study utilizes the Children’s Social and Emotional Skills Scale developed by the Social Emotional Learning and School Management Improvement Project team from the Ministry of Education of China and the United Nations International Children’s Emergency Fund to assess children’s social and emotional skills (Shi J. et al., 2022; Shi P. et al., 2022; Zhou, 2023). The scale consists of 69 items across six dimensions: self-awareness, self-management, others’ awareness, others’ management, collective awareness, and collective management. Participants are required to evaluate each item using a four-point rating system under the guidance of their parents, where 1 to 4 represent completely not applicable, partially applicable, mostly applicable, and completely applicable, respectively. The higher the score a child receives, the higher their level of social and emotional skills is indicated.

Children aged 7 ~ 8 have already developed a certain level of self - awareness and expressive ability. At this age, children begin to gradually understand their own emotions, thoughts, and relationships with others. Having children conduct self - reports can directly obtain their inner feelings and experiences. Compared with evaluations by others, self-reports can more truly reflect children’s own cognition of social emotions. This study does not allow parents to dominate the children’s answers. Instead, assistance is provided when necessary, mainly to help children understand some more abstract words or expressions, ensuring that the children clearly understand the questions. In addition, to ensure the standardization of the “parental guidance” process, we provided parents with a detailed instruction manual before the project were implemented, clearly stating the principles and methods of guidance. Self-awareness item example: “When emotions are in extreme situations, one can be aware of them.” Self-management item example: “Possess a range of skills to deal with negative emotions, such as worry, anger, and anxiety.” Others’ awareness item example: “Knowing that the way one expresses emotions can affect how others feel.” Others’ management item example: “Being able to resolve conflicts with friends and family so that everyone is satisfied with the outcome.” Collective awareness item example: “Understanding what it feels like to belong to a group and how a sense of belonging can affect one’s emotions.” Collective management item example: “Being able to resolve conflicts at the group level through negotiation, compromise, and other methods.” The internal consistency coefficient of the scale is 0.972, and the internal consistency coefficients for each dimension are all above 0.8, indicating good reliability (Shi J. et al., 2022; Shi P. et al., 2022; Zhou, 2023).



2.4.3 FMS

This study utilized the Test of Gross Motor Development-Third Edition (TGMD-3) developed by Ulrich (2013) to measure children’s locomotors and manipulative skills. Chinese scholars Li et al. (2022) validated the reliability and validity of TGMD-3 in assessing FMS among Chinese children aged 3–12 years. They found that the difficulty level of the 13 items of TGMD-3 ranged from 0.27 to 0.78, with item discrimination ranging from 0.38 to 0.49. The internal consistency coefficients ranged from 0.808 to 0.902. The inter-rater reliability was 0.944, and the intraclass correlation coefficient (ICC) for FMS retest reliability was 0.743. Therefore, the reliability and validity were found to be at a high level, indicating that TGMD-3 can serve as an effective tool for evaluating the development of FMS in Chinese children. Additionally, this study employed the Fundamental Movement Skill Development Test for Children Aged 3 to 10 developed by Diao (2018) to measure children’s stability skills. The difficulty level of the stability skills test ranges from 0.49 to 0.75. The correlation between each movement and the total score of the Stability Skills Test ranges from 0.762 to 0.868. The internal consistency reliability is 0.749. Therefore, it has high reliability and validity. In addition, the tool has also been widely applied in Chinese study (Zhang, 2020). The test indicators for locomotors skills include running, running long jump, standing long jump, hopping on one foot, forward shuffle step, and side shuffle step, totaling six items; the test indicators for manipulative skills include dribbling a ball in place, kicking a ball, catching a ball with both hands, striking a stationary ball, overhand throwing, underhand tossing, and striking a rebounding ball with one hand, totaling seven items; the test indicators for stability skills include standing on one foot, walking on a balance beam, and rolling forward and backward, totaling three items. In total, there are 16 test indicators.

All researchers involved in the testing have been trained and are proficient in imitating each movement and familiar with the process and evaluation criteria for each movement. Prepare the record forms in advance according to the participant list provided by the school, and score each movement based on the standards in the record form. Before the test, check the participants’ attire and the condition of the testing area to minimize the occurrence of dangerous accidents. According to the test requirements, researchers must first demonstrate the correct movements to the participants, who then practice the movements twice before proceeding to the formal test. Each movement has 3–6 evaluation criteria; if a participant meets the evaluation criteria while performing the movement, it is recorded as 1 point, and if the criteria are not met, it is recorded as 0 points. Participants have two opportunities to test the same movement, and the scores from both attempts are added together to determine the final score for that movement. Specifically, running, forward shuffle step, hopping on one foot, standing long jump, and side shuffle step each have 4 evaluation criteria, with a maximum score of 8 points per movement; the cross jump has 3 evaluation criteria, with a maximum score of 6 points. The locomotors skill test score is the sum of the scores from the 6 movements, with a maximum of 46 points. Striking a stationary ball has 5 evaluation criteria, with a maximum score of 10 points; kicking a ball, overhand throwing, underhand tossing, and striking a rebounding ball with one hand each have 4 evaluation criteria, with a maximum score of 8 points per movement; dribbling in place and catching a ball with both hands each have 3 evaluation criteria, with a maximum score of 6 points per movement. The manipulative skill test score is the sum of the scores from the 7 movements, with a maximum of 54 points. Standing on one foot has 6 evaluation criteria, with a maximum score of 12 points; forward and backward rolling has 5 evaluation criteria, with a maximum score of 10 points; walking on a balance beam has 4 evaluation criteria, with a maximum score of 8 points. The stability skill test score is the sum of the scores from the 3 movements, with a maximum of 30 points. The FMS score is the total of the scores from the three test scales, with a maximum of 130 points.



2.4.4 Heart rate

This study utilizes the Polar Team Pro heart rate monitors, which are produced in Finland, to monitor the students’ heart rates, ensuring that each class maintains a moderate intensity level (60–69% of HRmax). In addition, through heart rate monitoring, the exercise load of students in the experimental and control classes was kept at a basically identical level, ensuring the homogeneity between groups. In each class, 10 students are randomly selected to wear the heart rate monitors (5 males and 5 females). The heart rate data is transmitted via cloud to the Huawei MatePad 11.5S tablet.



2.4.5 Demographic information

To ensure that students in the experimental and control classes were basically at the same level, this study conducted a survey on the basic demographic information of students in both classes. The demographic information surveyed in this study includes age, gender, height, weight, and Family Socioeconomic Status (FSES). Age and gender were provided by the head teachers of two classes, while FSES was investigated using the MacArthur Subjective Social Status Scale (Galvan et al., 2023), which surveyed the FSES perceived by the participants’ parents. The specific question was, “In our society, some families are at the top of society, and some families are at the bottom. Overall, where does your family stand in this society?” The options range from 10 points for the highest level to 1 point for the lowest level. This scale has high reliability and validity in Chinese samples and has been widely used by researchers (Chen et al., 2022; Zou et al., 2020).

In addition, this study used a Chinese-made height and weight measuring instrument (model: RGZ-120) to measure the height and weight of children. Children were required to wear light clothing, stand barefoot on the scale, and stand up straight with their chest out and eyes looking forward. Then, the height ruler automatically slides down to the top of the head, and the display shows the height and weight. Researchers recorded the children’s height (cm) and weight (kg), keeping one decimal place. This study obtained the children’s body mass index (BMI) data based on the formula BMI = weight (kg)/height (m2).




2.5 Mathematical statistics

This study utilized SPSS 25.0 software for data processing and statistical analysis, and GraphPad Prism 8 software for the visualization of results. Continuous variables were described using mean (M) and standard deviation (SD) for descriptive statistics, while categorical variables were described using frequency and percentage for descriptive statistics. Firstly, the normality of the dependent variable was tested using the one-sample Shapiro–Wilk test in conjunction with P–P plots and Q-Q plots, and it was found that the variable basically conforms to a normal distribution. Therefore, an independent samples t-test was used for inter-group comparison analysis. In addition, for gender, this study employed the chi-square (χ2) test to examine the differences in the number of participants between the experimental group and the control group. Secondly, we used MANOVA to explore the effectiveness of the intervention experiment, with the dependent variables being pre-test and post-test measures of attention, social–emotional skills, and FMS. The independent variable was the teaching program (open-ended physical games vs. closed-ended physical games), and the control variables included heart rate, age, gender, BMI, and FSES. Levene’s test was used for homogeneity of variance; the Pillai trace method was used for model effect testing; and the estimated marginal means (LSD method) were used for pairwise comparisons. Finally, this study employed Pearson partial correlation analysis to explore the correlation between FMS, attention, and social–emotional skills after controlling for related variables following the intervention. All statistical methods mentioned above were set at a significance level of α = 0.05.




3 Results


3.1 Basic information of participants

There were no significant differences in mean age (t = −1.013), gender ratio (χ2 = 0.065), BMI (t = −1.027), FSES (t = −0.191) and heart rate (t = 0.942) between the experimental and control groups (p < 0.05), and the demographic information is detailed in Table 1. Therefore, it can be stated that the two groups are homogeneous, which can improve statistical power and enhance the reliability and accuracy of experimental results.



TABLE 1 Basic information of participants.
[image: A table compares experimental and control groups across various variables: age, gender (girls), BMI, FSES, and heart rate. The table includes means, standard deviations, t-values, and p-values for each variable. Age shows a mean of 7.39 years in the experimental group and 7.52 years in the control group. BMI is 19.63 for the experimental group and 20.29 for the control group. FSES scores and heart rates are also listed. The provided p-values suggest no significant differences between groups for these variables.]



3.2 Intervention effect of open-ended physical games on attention

Firstly, regarding attention distribution, the between-group effect at the pretest was not significant (F = 0.045, p = 0.833, η2 = 0.001), while at the posttest, the between-group effect was significant (F = 6.223, p = 0.022, η2 = 0.090), with the experimental group (28.52 ± 3.57) showing significantly higher attention allocation than the control group (26.10 ± 3.27). Secondly, for attention span, the between-group effect at the pretest was not significant (F = 2.416, p = 0.126, η2 = 0.041), and the between-group effect at the posttest was also not significant (F = 2.785, p = 0.101, η2 = 0.047). Thirdly, in terms of attention stability, the between-group effect at the pretest was not significant (F = 2.370, p = 0.129, η2 = 0.041), and the between-group effect at the posttest was not significant either (F = 1.730, p = 0.194, η2 = 0.030). Lastly, for attention transfer, the between-group effect at the pretest was not significant (F = 0.164, p = 0.687, η2 = 0.003), and the between-group effect at the posttest was also not significant (F = 3.437, p = 0.068, η2 = 0.058). In summary, the attention qualities of the experimental and control groups were homogeneous before the intervention. However, the attention distribution of the experimental group significantly improved after the intervention. The changes in the experimental and control groups are detailed in Figure 1.

[image: Four line graphs comparing pre-test and post-test scores for experimental and control groups on different attention metrics. (a) Attention distribution shows an increase in scores with the experimental group scoring higher. (b) Attention span displays slight improvement in both groups. (c) Attention stability indicates a slight increase for the control group. (d) Attention transfer shows an improvement, with the experimental group scoring higher overall. Both experimental and control groups are represented by circles and squares, respectively, with error bars indicating variability.]

FIGURE 1
 The changes in attention after intervention in the experimental and control groups (*p < 0.05; **p < 0.01).




3.3 Intervention effect of open-ended physical games on socio-emotional skills

Firstly, in terms of self-awareness, the inter-group effect at the pretest is not significant (F = 0.493, p = 0.485, η2 = 0.009), while the inter-group effect at the posttest is significant (F = 11.027, p = 0.002, η2 = 0.165), with the experimental group (16.48 ± 2.42) showing significantly higher self-awareness than the control group (14.97 ± 1.47). Secondly, in self-management, the inter-group effect at the pretest is significant (F = 4.265, p = 0.044, η2 = 0.071), with the experimental group (27.94 ± 2.21) having significantly higher self-management than the control group (26.90 ± 1.96). At the posttest, the inter-group effect is also significant (F = 9.203, p = 0.004, η2 = 0.141), with the experimental group (29.81 ± 2.23) maintaining significantly higher self-management than the control group (28.35 ± 1.89). Thirdly, in others’ awareness, the inter-group effect at the pretest is not significant (F = 0.021, p = 0.885, η2 < 0.001), while the inter-group effect at the posttest is significant (F = 10.315, p = 0.002, η2 = 0.156), with the experimental group (16.61 ± 1.61) showing significantly higher others’ awareness than the control group (15.58 ± 1.91). Fourthly, in others’ management, the inter-group effect is not significant at either the pretest (F = 0.179, p = 0.674, η2 = 0.003) or the posttest (F = 1.325, p = 0.255, η2 = 0.023). Fifthly, in collective awareness, the inter-group effect at the pretest is not significant (F = 0.001, p = 0.982, η2 < 0.001), while the inter-group effect at the posttest is significant (F = 6.494, p = 0.014, η2 = 0.104), with the experimental group (10.91 ± 1.62) having significantly higher collective awareness than the control group (9.97 ± 1.11). Sixthly, in collective management, the inter-group effect at the pretest is marginally significant (F = 3.126, p = 0.083, η2 = 0.053), while the inter-group effect at the posttest is significant (F = 12.108, p = 0.001, η2 = 0.178), with the experimental group (23.97 ± 1.35) showing significantly higher collective management than the control group (22.61 ± 1.56). Lastly, in overall social emotional skills, the inter-group effect at the pretest is not significant (F = 3.339, p = 0.073, η2 = 0.056), while the inter-group effect at the posttest is significant (F = 38.453, p < 0.001, η2 = 0.407), with the experimental group (115.58 ± 4.32) showing significantly higher social emotional skills than the control group (109.48 ± 4.27). The changes in social emotional skills after the intervention for both the experimental and control groups are detailed in Figure 2. In summary, after the intervention, the experimental class showed improvements in self-awareness, others’ awareness, collective awareness, collective management, and overall social emotional skills. The changes in social emotional skills after intervention for the experimental and control groups are detailed in Figure 2.

[image: Seven line graphs show pre-test and post-test scores for two groups. The experimental group consistently scores higher post-test in categories: self-awareness, self-management, others' awareness, others' management, collective awareness, collective management, and social emotional skills. Asterisks indicate significant differences, with more notable gains in the experimental group.]

FIGURE 2
 The changes in social emotional skills after intervention in the experimental and control groups (*p < 0.05; **p < 0.01).




3.4 Intervention effect of open-ended physical games on FMS

Firstly, during the pretest of locomotors skills, there was no significant group effect (F = 0.356, p = 0.553, η2 = 0.006). However, during the posttest, the group effect was significant (F = 6.458, p = 0.014, η2 = 0.104). After the intervention, the locomotors skills of the experimental group (34.26 ± 2.39) were significantly higher than those of the control group (32.65 ± 2.26). Secondly, during the pretest of manipulative skills, there was no significant group effect (F = 1.768, p = 0.189, η2 = 0.031). However, during the posttest, the group effect was significant (F = 6.380, p = 0.014, η2 = 0.102). After the intervention, the manipulative skills of the experimental group (43.03 ± 2.73) were significantly higher than those of the control group (41.65 ± 2.14). Thirdly, during the pretest of stability skills, there was no significant group effect (F = 3.896, p = 0.053, η2 = 0.065). During the posttest, the group effect was also not significant (F = 0.012, p = 0.914, η2 < 0.01). Lastly, during the pretest of FMS, there was no significant group effect (F = 0.035, p = 0.852, η2 = 0.001). However, during the posttest, the group effect was significant (F = 10.333, p = 0.002, η2 = 0.156). After the test, the overall FMS of the experimental group (109.32 ± 4.24) were significantly higher than those of the control group (106.10 ± 3.22). In summary, the FMS of the experimental group were significantly improved after the intervention. The changes in the experimental and control groups after the intervention are detailed in Figure 3.

[image: Four line graphs compare pre-test and post-test scores for an experimental and control group. (a) Locomotor skills show a slight increase for both groups, with the experimental group scoring slightly higher. (b) Manipulative skills increase notably for both groups, with the experimental group showing a more significant rise. (c) Stability skills trends are similar with no significant differences. (d) FMS scores increase for both groups, with the experimental group's improvement being more pronounced. Each graph notes the score on the vertical axis and pre-test/post-test on the horizontal axis.]

FIGURE 3
 The changes in FMS after intervention in the experimental and control groups (*p < 0.05; **p < 0.01).




3.5 Correlation among FMS, attention, and social–emotional skills


3.5.1 Correlation among FMS and attention

The results of the partial correlation analysis between FMS and attention after the intervention (Table 2) show that there is a significant positive correlation between locomotors skills and attention span (r = 0.279, p < 0.05), and between stability skills and attention distribution (r = 0.322, p < 0.01). The overall FMS also shows significant (p < 0.05) positive correlations with attention distribution (r = 0.294) and attention span (r = 0.378). However, no association was found between manipulative skills and attention, nor between attention stability and attention transfer and FMS.



TABLE 2 The partial correlation results between FMS and attention after intervention.
[image: Table showing correlations between different skills and attention components. Locomotors skills show various correlations: 0.062 for attention distribution, 0.279 for attention span, 0.005 for attention stability, 0.137 for attention transfer. Manipulative skills: 0.103, 0.198, -0.046, and 0.105, respectively. Stability skills: 0.322**, 0.151, 0.057, and 0.134. FMS: 0.294*, 0.378**, 0.010, and 0.226. Significance levels are noted: *p<0.05, **p<0.01.]



3.5.2 Correlation among FMS and social–emotional skills

The results of the partial correlation analysis between FMS and social–emotional skills after the intervention (Table 3) indicate that Locomotors skills have significant (p < 0.05) positive correlations with collective awareness (r = 0.360) and overall social–emotional skills (r = 0.288). Manipulative skills show significant (p < 0.05) positive correlations with self-management (r = 0.305), collective awareness (r = 0.285), and overall social–emotional skills (r = 0.368). The overall FMS also exhibits significant (p < 0.05) positive correlations with collective awareness (r = 0.392), collective management (r = 0.269), and overall social–emotional skills (r = 0.388). Additionally, no associations were found between stability skills and social–emotional skills, nor between self-awareness, others’ management, collective management, and FMS.



TABLE 3 The partial correlation results between FMS and social–emotional skills after intervention.
[image: A table showing correlations between various skills and fundamental movement skills (FMS). Variables listed include self-awareness, self-management, others’ awareness, others’ management, collective awareness, and social-emotional skills. Statistical significance is indicated: a single asterisk for p < 0.05 and a double asterisk for p < 0.01.]



3.5.3 Correlation among attention and social–emotional skills

The partial correlation analysis results of attention and social–emotional skills after the intervention (Table 4) show that there is a significant (p < 0.01) positive correlation between attention distribution and collective management (r = 0.388), and the total social–emotional skills (r = 0.359). Attention span is significantly positively correlated with others’ awareness (r = 0.349, p < 0.01). Attention transfer is significantly positively correlated with others’ awareness (r = 0.287, p < 0.05). However, no association has been found between attention stability and social–emotional skills, nor has any association been found between self-awareness, others’ management, collective awareness, and attention qualities.



TABLE 4 The partial correlation results between attention and social–emotional skills after intervention.
[image: A table displays relationships between various psychological variables and attention metrics. Variables include self-awareness, self-management, others' awareness, others' management, collective awareness, collective management, and social-emotional skills. Attention metrics are attention distribution, attention span, attention stability, and attention transfer. Notable significant correlations at p < 0.05 and p < 0.01 are marked with asterisks.]





4 Discussion


4.1 Open physical games promote attention better than closed physical games

The results of this study indicate that open physical games are superior to closed physical games in promoting children’s attention quality, especially in attention distribution. Additionally, the findings of this study are similar to previous research outcomes (Gökçe et al., 2021; Zhu et al., 2020). For instance, Zhu et al. (2020) quantitatively compared the effects of open and closed skill exercises on visual spatial attention and found that the intervention effects of open skill exercises were more positive. Research on athletes (Gökçe et al., 2021) also found that fencers (open skill athletes) performed better in tasks involving visual spatial working memory and selective attention compared to swimmers (closed skill athletes). The attention quality measured in this study is somewhat related to the visual spatial attention and selective attention examined in previous studies (Gökçe et al., 2021; Zhu et al., 2020). Selective attention involves focusing on certain information while suppressing irrelevant information when faced with numerous stimuli, which is associated with multitasking in attention distribution. Furthermore, visual spatial attention, which involves quickly locating key information in the environment, is inseparable from the roles of attention distribution.

Open physical games take place in an unpredictable environment, which requires children to constantly react and adjust their movements to the changing circumstances. This continuous adaptation and adjustment can enhance the brain’s plasticity, thereby promoting the development of attention (Ball et al., 2019; Biino et al., 2023). In addition, open physical games often involve more interpersonal interactions, and this social element can improve children’s social cognitive levels, including functions such as attention distribution (Bodenhausen and Hugenberg, 2011). Compared to the singular and sustained closed skill exercises, open physical games can promote the generation of positive emotions and the use of emotional regulation strategies, enhancing children’s positive emotional experiences. Shi and Feng (2022) have shown that the aforementioned psychological factors are closely related to attention quality. The combined action of these mechanisms makes open physical games play a significant role in promoting children’s attention development. In addition, Zhou et al. (2020) found that regular open skill exercises can enhance the allocation of attention resources related to perceptual processing, thereby improving cognitive performance. According to the results of this study, physical games with greater cognitive challenges may provide more benefits for certain aspects of attention.

However, this study did not find that open physical games had a positive effect on the other three dimensions of attention quality. This may be related to the learning and practice activities adopted in this study. Simple games based on FMS may not be able to stimulate students’ attention span, transfer, and stability. In addition, the small sample size and the short duration of the intervention may also be potential reasons for the insignificant intervention effects. Based on this, we look forward to future studies exploring complex games based on FMS, increasing the sample size, and extending the intervention period to further investigate the intervention effects of open physical games.



4.2 Open physical games promote socio-emotional skills better than closed physical games

The results of this study indicate that open physical games have more positive effects in promoting children’s social–emotional skills, especially in self-awareness, other’s awareness, collective awareness, collective management, and overall social emotional skills. To promote the development of children’s social–emotional skills, it is necessary to provide certain scenarios and activity platforms to enhance their cognitive and comprehension abilities, and to learn to regulate emotions in practice. Social–emotional, as the name suggests, refers to the inner experiences formed when an individual interacts and communicates with others, which can only be manifested in interpersonal relationships (Malti and Noam, 2016). Therefore, the resolution and coping of an individual’s social–emotional dilemmas must also be realized in the interaction of interpersonal relationships. In the process of dealing with emotional dilemmas, it is difficult for an individual to be effective by merely relying on their own regulation of mentality, emotions, and experiences. More dependence is placed on the improvement of environmental conditions and the coordination of interpersonal atmospheres, and on the help others provide when the individual makes efforts to change.

Open physical games typically include games with flexible rules that require creativity and improvisation. These games often do not have fixed rules or can be adjusted according to the participants’ wishes. Open physical games use an open environment to create a context and activity platform where children can fully enjoy freedom. In addition, open physical games are a type of cooperative game that encourages students to engage in teamwork, communication, and problem-solving. Due to the flexibility of the rules, students need to continuously negotiate, adapt, and innovate during the game process, which helps them learn how to cooperate with others, understand the feelings and needs of others, and how to play a leadership role in the team, laying a solid foundation for future integration into the collective. In addition, related studies (Korbel and Paulus, 2018; López-Mondéjar and Pastor, 2017; Portela-Pino et al., 2021) also suggest that teaching practices or programs that provide peer interaction can significantly improve participants’ social–emotional skills and social awareness. Therefore, by changing sports education strategies and actively conducting physical games that are both open and interactive, the development of children’s social and emotional skills can be promoted. Moreover, this study has not yet found that open physical games have a more positive effect on the intervention of other’s management. The reason for this result may be related to factors such as the duration of the intervention in this study. It is hoped that future studies will extend the intervention period to further verify this.



4.3 Open physical games promote FMS better than closed physical games

The results of this study indicate that open physical games are more conducive to the improvement of children’s FMS, especially in terms of overall FMS, locomotors skills, and manipulative skills. In fact, many studies (Engel et al., 2021; Wang et al., 2022) have confirmed that FMS intervention programs based on the nature of play can improve children’s FMS, and FMS programs are often dominated by ball games with open attributes. This study is similar to previous research (Dewi and Verawati, 2022; Duncan et al., 2020) on the enhancement of FMS through open activities, for example, Dewi and Verawati (2022) integrated manipulative games into physical education practice and found that manipulative games can stimulate children’s interest in activities, thereby improving their FMS. In addition, Duncan et al. (2020) designed related activities with badminton as the intervention vehicle, and the results showed that children’s FMS were significantly improved after the intervention.

The open physical games created in this study are diverse, including not only basic actions such as dribbling, passing, throwing, and shooting in a stationary state but also interactive manipulative activities involving multiple people in a moving state. These games feature diversity, fun, and entertainment, which are in line with the age characteristics and physical and mental development patterns of children. In addition, China’s new curriculum standards also propose that curriculum content should ensure a foundation, value diversity, focus on integration, and emphasize application, promoting students to form rich sports experiences and fostering the design concept of developing sports abilities. The open physical games designed in this study align with the new curriculum standards, providing a more complex, variable, and challenging environment, including a more diverse range of movement patterns, involving more social interactions, and encouraging children to invest more cognitive resources. This approach stimulates higher levels of student participation and intrinsic motivation, promoting development on multiple levels. Some studies (Alcaraz-Muñoz et al., 2020; Chuang and Kuo, 2016) has confirmed that such activities not only promote the development of children’s sensory integration, emotional regulation, and social interaction skills, but also improve their basic motor skills such as walking, running, jumping, and throwing, as well as the development of large muscle group movements (Dewi and Verawati, 2022; Duncan et al., 2020), and enhance their health-related physical fitness (Jarani et al., 2016). However, this study has not yet found that open-ended sports games have a positive effect on stability skills. Open physical games often take place in open and dynamic environments, where changes in environmental factors can interfere with participants’ mastery of stability skills. Additionally, the rules of open physical games are relatively flexible and may be adjusted continuously according to the actual situation during the game. As a result, participants are unable to form stable behavioral patterns and skill application habits.



4.4 Correlations exist between FMS, attention and socio-emotional skills

This study exploratory found that there is a certain degree of correlation between FMS, attention, and social–emotional skills. Firstly, FMS is significantly positively correlated with attention distribution and attention span, which is similar to previous studies exploring the relationship between FMS and children’s cognitive development (Malambo et al., 2022; O'Hagan et al., 2022). Motor skills and cognitive functions share a common neural basis in the brain, especially the prefrontal cortex, which is involved in both motor control and attention control (Faw, 2003). The dorsolateral prefrontal cortex is closely related to the planning, execution, and regulation of movement. It can receive information from other brain regions, such as the sensory cortex, and plan and adjust the goals, directions, and forces of movements (Faw, 2003). It then transmits instructions to downstream brain regions like the motor cortex to precisely control bodily movements. In addition, the prefrontal cortex plays a key role in the allocation, concentration, and maintenance of attention. It can collaborate with other brain regions, such as the parietal cortex, to filter and screen external information, enabling individuals to focus their attention on information relevant to the current task and ignore irrelevant distractions (Faw, 2003). This provides a neurophysiological basis for the connection between FMS and attention. In addition, through the exercise of FMS tasks, children can accumulate experience in multitasking, improve their perception of time and space, and enhance their attentional flexibility (Malambo et al., 2022; O'Hagan et al., 2022). Therefore, the development of FMS is associated with the improvement of attention distribution and attention span.

Secondly, there was a significant positive correlation between FMS and socio- emotional skills, a result similar to the findings of Cheung et al. (2022) with exceptional children, but not consistent with the findings of Salaj and Masnjak (2022) with preschoolers. This may be due to differences in the age and developmental stages of the participants, where children with special needs face more cognitive challenges in social–emotional skills, and thus FMS stimulation can induce changes in their social adaptability. Furthermore, older children, compared to younger children, have the ability to apply FMS in complex social and emotional situations. The reasons for the association between FMS and social–emotional skills are essentially the same as those for the association between FMS and attention, as there is a shared neural basis between the two. Particularly in the prefrontal cortex, there is common neural activation for motor control, decision-making, social skills, and emotional regulation (Faw, 2003; Hiser and Koenigs, 2018). In practice, children gain opportunities to interact with peers through FMS activities and games, which help them learn to resolve conflicts and form friendships. This contributes to improving children’s emotional regulation and self-efficacy (Ma et al., 2024), thereby promoting the development of social–emotional skills.

Finally, there is a significant positive correlation between children’s attention and social–emotional skills. Although discussions about direct evidence of the relationship between the two are relatively scarce, based on the aforementioned discussion of shared neurophysiological mechanisms, there must be some degree of association between them. In addition, Leffert et al. (2000) have explored methods to promote children’s social cognition and enhance children’s social adaptation abilities from the perspective of adjusting attention strategies, which also preliminarily reveals the existence of a connection between attention and social–emotional skills. However, further exploration is needed with more extensive direct evidence regarding the connection between the two.

The significant positive correlation between FMS, attention, and social–emotional skills provides a basis for physical education teachers to design intervention measures or teaching activities. In terms of intervention implementation, teachers can utilize this relationship to design teaching activities, that is, by creating activities that promote the development of FMS, they can also enhance children’s attention and social–emotional skills. However, it should be noted that the correlation between these three factors is of moderate to low degree. This suggests that it is still necessary to design more targeted activities based on the developmental patterns of children’s attention and social–emotional skills in order to promote greater physical and mental health benefits for students.



4.5 The value and significance of this study

This study highlights the multiple values of open-ended physical games in children’s development, indicating that interventions during the childhood stage can promote the development of cognitive, emotional, and social skills. The results of this study have positive implications for school educational practices and public health policies. Firstly, school physical education curricula should incorporate more open-ended physical games in their content design to foster better development in students. During the teaching process, teachers can stimulate students’ interest in exercise and promote the improvement of students’ social–emotional skills and attention quality through open-ended physical games that involve teamwork and dynamic situations. Secondly, it is recommended that open-ended physical activities be included in public health policy initiatives to enhance the overall health levels of children. In addition, through open-ended physical activities, mental health issues related to attention deficits and social barriers can be prevented, reducing the need for future psychological therapy. Finally, this study suggests that future guidelines for open-ended physical activities should be developed to encourage children to engage in more such activities, thereby promoting greater physical and mental health benefits for children.



4.6 The limitations of this study

Although this study provides valuable insights and results, it also has some limitations. Firstly, the study focuses on children from a specific cultural background and within a certain age group, which limits the generalizability of its conclusions and their adaptability across cultures, as well as their applicability to children of different age groups. Secondly, the relatively short duration of the intervention in this study may lead to insignificant effects on certain indicators. It also limits the observation and assessment of long-term intervention effects. Thirdly, due to the limitations of research conditions, the sample size included in this study is relatively small. Therefore, stratified tests based on gender have not yet been conducted, and it remains unclear whether there are differences in the effects of open physical games on boys and girls. Fourthly, although this study controlled for relevant confounding factors, there may still be potential confounding factors such as family environment that could interfere with the accuracy of the research results. We look forward to future studies controlling for and further exploring these factors. Lastly, the study may reveal more about the correlation between FMS, attention, and social–emotional skills, but it cannot yet determine the causal relationship among the three. This study expects future research to conduct long-term longitudinal experimental studies, increase the sample size, extend the duration of the intervention, examine children from different cultural backgrounds and age groups, control for more potential confounding factors, and explore the dose-effect relationship between open-ended physical game interventions and children’s attention and social–emotional skills. In addition, it is recommended that experiments adopt a multi-point data collection method to reveal the causal relationships among the three.




5 Conclusion

This study explores the intervention effects of open-ended physical games based on FMS on children’s attention and social–emotional skills within the context of Chinese culture. The results indicate that open-ended physical games have better intervention effects on FMS, attention, and social–emotional skills compared to closed physical games. Additionally, the study exploratory found that there is a certain degree of positive correlation between children’s FMS, attention, and social–emotional skills. The above findings have positive implications for physical education practice and the formulation of public health policies.
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Background: The Intuitive Exercise Scale (IEXS) is a scale designed to evaluate the positive relationship with exercise, including their ability to tune in to bodily cues, maintain mindfulness while moving, and utilize diverse movement patterns. As that the psychometric properties of the IEXS have not been thoroughly established across cultures and various age groups, the purpose of this study is to evaluate the applicability of the translated IEXS among young Chinese adults.
Methods: We translated and culturally adapted the IEXS for a sample of 630 Chinese young adults (M = 19.61 SD = 1.13) who agreed to complete the scale online. The psychometric evaluation included item analysis, exploratory and confirmatory factor analysis (EFA and CFA), and assessments of reliability, predictive validity, and criterion validity.
Results: The mean IEXS score was 47.23 (SD = 7.28), and EFA identified four latent constructs: emotional exercise, exercise rigidity, body trust, and mindful exercise. The CFA confirmed the model’s fit (CFI = 0.98; SRMR = 0.06). Item-total correlations ranged from 0.639 to 0.753, with item loadings between 0.635 and 0.760. Also, the reliability metrics demonstrated strong internal consistency (Cronbach’s α = 0.869) and test–retest stability (ICC = 0.721, p < 0.01). Predictive validity was confirmed through significant correlations with the Physical Activity Rating Scale (PARS-3), and criterion validity showed moderate correlations (0.342–0.615) with validated scales.
Conclusion: The Chinese IEXS is a robust and valid tool for assessing intuitive exercise tendencies in Chinese young adults.
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1 Introduction

Engaging in physical activity provides a host of physical and mental health advantages (Chekroud et al., 2018; Herbert et al., 2020), including improved strength, endurance, and coordination, and also contributes to preventing chronic diseases including diabetes, heart disease, and cancer (Kraak and Story, 2010; Murtagh and Ludwig, 2011). Furthermore, regular physical activity also alleviates psychological challenges such as depression, anxiety, and stress (Donaghy, 2007; Hu et al., 2020; Wilhite et al., 2023; Kandola et al., 2020). However, studies worldwide consistently reveal that many adults fail to meet recommended physical activity levels (Grasdalsmoen et al., 2020; Rocliffe et al., 2024; Schlack et al., 2021), with college students being particularly susceptible to inactivity (Malagodi et al., 2024; Teuber et al., 2024). The popular phrase “Crispy College Students” highlights the vulnerability of this demographic to health issues, suggesting long-standing challenges in their exercise-related behaviors and attitudes (Zhou et al., 2024). This trend highlights the significance of achieving a deeper comprehension and tacking the root causes affecting physical activity within this group.

Simultaneously, dysfunctional eating and exercise behaviors (Gorrell et al., 2021; Reel et al., 2016a; Reel et al., 2016b), have become more prevalent, posing risks for obesity (Carraça et al., 2021; Hayes et al., 2018), eating disorders (Godoy-Izquierdo et al., 2023; Monthuy-Blanc et al., 2023), and other mental health concerns (Coniglio et al., 2022; Cuesta-Zamora et al., 2021). Besides, body image plays a central role in shaping dietary and exercise habits, often influencing the likelihood of developing eating disorders (Berengüí et al., 2024; Brown and Tiggemann, 2022; Dane and Bhatia, 2023) and obesity (Robertson et al., 2021; Stabouli et al., 2021). Specifically, negative body image perceptions frequently drive individuals toward extreme dietary restrictions or binge eating, heightening the risk of eating disorders (Shriver et al., 2020). Congruently, dysfunctional exercise patterns, including excessive exercise or insufficient exercise, further contribute to obesity and related chronic conditions (Monthuy-Blanc et al., 2023). These unhealthy behaviors often stem from dissatisfaction with body weight or shape, leading to impractical or harmful approaches to diet and physical activity (Duarte et al., 2021). Understanding these interconnected issues is essential for promoting healthier behaviors among vulnerable populations. Young adults, being in a critical developmental stage, are more influenced by social and peer pressures, increasing their risk of unhealthy habits. They also often lack adequate health knowledge and self-management skills, making them a significant part of the vulnerable population.

Intuitive exercise emphasizes responding to bodily signals, such as pain, soreness, or fatigue, to guide physical activity rather than adhering to rigid routines that may lead to injury or illness (Reel and Miyairi, 2012). This approach fosters awareness of the body’s movements and sensations, using these as cues to start or stop exercising (Reel, 2015). By cultivating a mindful and positive relationship with physical activity, intuitive exercise addresses issues like inactivity, excessive exercise, addiction, or dysfunctional behaviors (Reel et al., 2016a; Reel et al., 2016b). It closely links to body self-image through factors like interoceptive awareness, emotional exercise, body trust, and mindful movement, all of which shape people’s cognitive and emotional experiences of their bodies. For example, the intuitive movement encourages individuals to make decisions about exercise based on bodily cues rather than external pressures, promoting mindfulness and a healthier body image. Research suggests a negative correlation between interoceptive awareness and body dissatisfaction, indicating that heightened awareness can enhance body image. This mindful approach to exercise helps individuals develop a balanced, self-aware perspective on physical activity (Reel et al., 2016a; Reel et al., 2016b).

Reel et al. (2016a) and Reel et al. (2016b) first created the Intuitive Exercise Scale (IEXS) to measure intuitive exercise, exhibiting strong internal consistency reliability as assessed by Cronbach’s alpha (0.86–0.91) in adult community samples. Intuitive exercise offers potential benefits, particularly in treating and recovering from eating disorders (Reel, 2015). By attuning to their body’s internal signals, individuals can better meet their physical needs and avoid excessive exercise or related injuries. During recovery, intuitive exercise serves as a flexible tool to help patients rebuild a healthy relationship with food and physical activity (Voelker et al., 2021). Although research on the scale’s application remains limited, studies have shown its usefulness. For instance, Yon et al. (2022) indicated that the COVID-19 pandemic negatively impacted young adults’ intuitive exercise levels and attitudes, highlighting the scale’s relevance in understanding exercise behaviors (Yon et al., 2022). Recent studies, such as one conducted in Italy, have further validated the IEXS, confirming its four-factor structure, internal consistency, and convergent validity (Mancin et al., 2024). Italian speakers engaged in physical activities reported higher levels of intuitive exercise, emphasizing the importance of cultural considerations in exercise and eating disorder research (Mancin et al., 2024). Expanding the scale’s application across diverse contexts can provide valuable insights into intuitive exercise and its benefits.

Applying the IEXS across cultural contexts may uncover differences influenced by cultural values, social norms, health perceptions, language nuances, and exercise habits. To ensure its effective use in diverse settings, researchers should conduct cross-cultural validation of the scale. This study therefore seeks to adapt the IEXS to the socio-economic and cultural context of China, providing a tailored version suitable for Chinese young adults. By assessing the scale’s applicability and feasibility within this demographic, the research aims to offer a reliable tool for evaluating physical activity and exercise behaviors in Chinese settings.



2 Materials and methods


2.1 Study design

Utilizing convenience sampling, a total of 654 college students from two universities in Guangzhou, Guangdong Province, China, were recruited for this study. The data was gathered via the use of an online survey platform: Wenjuanxing (in China). Questionnaires were considered invalid if the completion time was excessively brief (under 300 s) or if a participant provided uniform responses to all items (or followed a highly consistent response pattern) throughout, suggesting that the participant did not read the items or did not thoughtfully consider each one (Liu et al., 2023). In this sample, 13 participants identically provided their responses with completion times of less than 300 s. Meanwhile, 11 participants had incomplete data on Wenjuanxing, resulting in the exclusion of their data. Finally, sample 1 involved a total of 630 participants (Mage = 19.61, SD = 1.13) in final analyses, who were divided into two groups using an odd-even sorting method. This sample included 212 males (Mage = 19.74, SD = 1.35) and 418 females (Mage = 19.54, SD = 0.99). Data from the odd-numbered group (n = 315) were used for exploratory factor analysis (EFA), while the even-numbered group (n = 315) provided data for confirmatory factor analysis (CFA).

2 weeks after the initial survey, researchers randomly selected 220 participants as sample 2 from Sample 1 to reassess the IEXS for test–retest reliability. Every eligible participant was given a unique number, and then the selection of the required number of participants was carried out using a random number generator. The researchers selecting the participants were unaware of any identifying information about the potential participants until after the selection was completed. Using students’ IDs to match responses, they identified 218 valid surveys after removing duplicates submitted by participants who finished the survey multiple times. The final group included 94 males and 124 females, aged 18 to 21 years, with an average age of 19.28 ± 0.96 years.

The Human Subjects Protection Ethics Review Committee of the Psychology Department at Sun Yat-sen University approved the research (ethical number: 2025–0115-0375). Written informed consent was obtained from participants before they participated in the study. Additionally, participants were made aware of their right to leave the survey at any point by closing their browsers, ensuring their results would not be recorded.



2.2 Measures


2.2.1 Chinese version of the intuitive exercise scale (IEXS-C)

The IEXS evaluates individuals’ relationships with exercise (Reel et al., 2016a; Reel et al., 2016b), focusing on aspects such as enjoyment, activity diversity, mindfulness, and responsiveness to bodily signals. The Chinese version of this scale makes up of 14 items divided into four dimensions: Emotional Exercise (5 items: 2, 3, 8, 9, 14) measures how exercise helps manage negative emotions; Body Trust (3 items: 4, 5, 7) assesses reliance on personal judgment regarding exercise type, intensity, and frequency; Exercise Rigidity (3 items: 10, 12, 13) evaluates adherence to varied exercise routines; and Mindful Exercise (3 items: 1, 6, 11) measures awareness of bodily signals to begin or stop exercising. A 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree) is employed to rate each item, with elevated scores corresponding to increased levels of intuitive exercise (Reel and Miyairi, 2012; Reel, 2015; Reel et al., 2016a; Reel et al., 2016b).

Notably, the IEXS was revised for use in Chinese through a structured process: (1) The research team obtained authorization from the original author; (2) A translation team of three psychologists (two males and one female) independently translated the IEXS items; (3) Items 8 and 10 presented challenges in translation, so the team sought clarification from the original author and subsequently developed the inaugural Chinese version of the IEXS, integrating their feedback into the process; (4) To ensure clarity and fluency, seven students (three males and four females, aged 18–22) were recruited to evaluate each item in the first Chinese version individually; (5) Based on their feedback, the translation team revised the first version, producing a second Chinese edition; (6) Two female English instructors performed a back-translation of the second rendition in Chinese into English. A comparison and iterative refinement were conducted among the original English text, the second Chinese adaptation, and the English retranslation, culminating in the creation of the final Chinese version of the IEXS (IEXS - C). Therefore, in accordance with the guidelines demonstrated in previous research (Ding et al., 2021), appropriate modifications were deliberated and consented upon by both translators and the authors to fit the cultural context, provided that functional and cultural equivalence was maintained.



2.2.2 Additional measures

The IEXS is designed to assess individuals’ tendencies and effectiveness in practicing intuitive exercise, which is strongly related to physical activity and mental health. To assess its criterion validity, the study selected complementary scales that correlate to physical activity and mental health for preliminary analysis. These additional measures were chosen to explore the connections between intuitive exercise, overall physical well-being, and psychological health outcomes.

The Physical Activity Rating Scale (PARS-3), by Liang (1994), measures the intensity, duration, and frequency of physical activity. This scale uses a 5-point Likert scoring system for each component, with total scores ranging from 0 to 100, reflecting an individual’s level of physical activity. In this research, participants’ physical activity scores fell within the full range of the scale. The PARS-3 demonstrated strong reliability, with a Cronbach’s α coefficient of 0.82, confirming its consistency in assessing physical activity levels.

The Satisfaction with Life Scale (SWLS), which was first created by Diener et al. (1985) and then modified by Leung and Leung (1992), assesses the cognitive dimension of subjective well-being. Comprising five items, the scale uses a 7-point Likert format, ranging from “completely disagree” to “completely agree.” The scores for life satisfaction extend from 5 to 35, and greater scores signify increased satisfaction with life. In this study, participants’ scores extended across the whole range of the scale. The SWLS showed robust internal consistency, featuring a Cronbach’s α reliability coefficient of 0.85, validating its use for assessing life satisfaction in this context.

The Positive and Negative Affect Scale (PANAS), which was initially created by Watson et al. (1988) and subsequently updated by Huang et al. (2003), measures individuals’ emotional states through two subscales: Positive Affect (PA) and Negative Affect (NA). Each subscale contains 10 descriptive adjectives, resulting in a total of 20 items. Participants rate their emotions on a 5-point Likert scale, ranging from 1 (“nothing at all”) to 5 (“very strong”). The total score for each subscale ranges from 10 to 50, with higher scores reflecting stronger positive or negative emotional experiences. The scale showed robust internal consistency in the study with Cronbach’s α coefficients of 0.82 for PA, and 0.84 for NA.



2.2.3 Social support

The Social Support Rating Scale (SSRS), developed by Xiao (1999), assesses an individual’s perceived social support. Furthermore, the scale makes up of 10 items, with subjective support measured by 4 items that capture emotional experiences and satisfaction with feeling respected, supported, and understood. Moreover, objective support includes 3 items assessing the tangible support received, while support utilization comprises 3 items evaluating how individuals utilize social support. The SSRS has proven to be both reliable and valid in studies involving Chinese young adults. In this research, the scale’s Cronbach’s α coefficient was 0.61, indicating acceptable reliability for measuring social support.




2.3 Data analysis

This study used SPSS version 26.0 to conduct item analysis, reliability analysis, and EFA, while AMOS version 21.0 was employed for CFA, equivalence testing, and latent mean analysis. The significance level was set at p < 0.05.




3 Results


3.1 Item analysis

Item analysis was performed by exploring the association between each item score and the total scale score. In the item analysis, the following metrics were calculated: mean with standard deviation, median with interquartile range, corrected item-total correlation, and squared multiple correlations (SMC). Based on their total scale scores, participants were ranked from highest to lowest, with the top and bottom 27% being divided into high and low groups for independent samples T-tests. The findings suggested that the item scores of the high-scoring group were considerably higher compared to the low-scoring group (p < 0.001). Additionally, Pearson correlation coefficients between the item scores and the average scores of their respective dimensions ranged from 0.50 to 0.74, all of which were statistically significant (p < 0.001). This indicated that all items were well differentiated and kept in the final version (see Table 1).



TABLE 1 Descriptive metrics and correlation indices.
[image: Table showing statistical data for 14 items. Columns include mean ± standard deviation, median, percentiles (25, 50, 75), squared multiple correlation (SMC), corrected item-total correlation, and t-values. Values vary across items, indicating different statistical measures.]



3.2 Structure validity analysis


3.2.1 Exploratory factor analysis

The first round of EFA was conducted on the 14 items from the sample’s odd group (n = 315). The results indicated a KMO value of 0.869 and Bartlett’s test of sphericity yielded a χ2 value of 2508.150 with 91 degrees of freedom, showing statistical significance at p < 0.001, which confirmed the appropriateness of the data for conducting factor analysis. Factors were extracted using principal component analysis according to the criterion of eigenvalues greater than 1, and the scree plot supported the extraction of four factors. However, item 14 did not align with the other items in its factor, so it was excluded from further analysis.

The remaining 13 items underwent a second round of EFA. The results revealed a KMO value of 0.851, Bartlett’s test of sphericity showing a χ2 value of 2266.972 and 78 degrees of freedom (p < 0.001), further supporting the data’s appropriateness for conducting factor analysis. Principal component analysis indicated that four factors were most appropriate for extraction, with eigenvalues of 5.226, 2.380, 1.197, and 1.092, accounting for a cumulative variance of 76.115%. Item loadings for the four factors were as follows: Emotional Exercise ranged from 0.71 to 0.83, Body Trust from 0.78 to 0.85, Exercise Rigidity from 0.74 to 0.84, and Mindful Exercise from 0.86 to 0.91. The final factor structure included the following items: Emotional Exercise (items 2, 3, 8, 9), Body Trust (items 4, 5, 7), Exercise Rigidity (items 10, 12, 13), and Mindful Exercise (items 1, 6, 11) (see Table 2).



TABLE 2 Factor loadings for four-factor solution of the IEXS (n = 315).
[image: Table showing factor loadings for 13 items across four factors in an Intuitive Exercise Scale. Bolded loadings indicate significant values. Factor 1 has items 2, 3, 8, and 9 with high loadings. Factor 2 highlights item 4, 5, and 7. Factor 3 emphasizes items 10, 12, and 13. Factor 4 includes items 1, 6, and 11 with significant loadings. Eigenvalues and percentages of variance are provided for each factor: Factor 1 (5.23, 21.83%), Factor 2 (1.20, 59.64%), Factor 3 (1.09, 76.11%), Factor 4 (2.38, 41.59%).]



3.2.2 Confirmatory factor analysis

We conducted CFA on the even group (n = 315) data. Following established guidelines, we utilized several fit indices to examine the model’s overall fit, including Goodness-of-fit index (GFI), Normed fit index (NFI), Incremental fit index (IFI), Tucker-Lewis index (TLI), Comparative fit index (CFI), and Root mean square error of approximation (RMSEA). Fit values above 0.90 for GFI, NFI, IFI, TLI, and CFI, and an RMSEA value below 0.08, indicate a good fit (Kline, 2023). The CFA mode is depicted in Figure 1. The analysis results showed that χ2/df was less than 3, GFI, NFI, IFI, TLI, and CFI were all above 0.9, and RMSEA was below 0.08, confirming that the model met the required fit criteria (DeVellis, 2021). As detailed in Table 3, all standardized factor loadings exceeded 0.5, and the composite reliability (CR) of each factor ranged from 0.831 to 0.896. The average variance extracted (AVE) values for each factor were 0.581, 0.658, 0.621, and 0.742. Following the criteria set by Fornell and Larcker (1981), CR is expected to surpass 0.6 and AVE is supposed to exceed 0.5, which was met for all factors, confirming convergent validity. To assess discriminant validity, we applied the Fornell-Larcker criterion. That is, the square root of the average extracted variance for each dimension was 0.842, 0.788, 0.811, and 0.762, all exceeding the correlation coefficients between dimensions, demonstrating that the measurement model exhibits robust discriminant validity (Kline, 2023). Thus, the IEXS-C shows robust structural validity and satisfies statistical criteria.

[image: Diagram of a structural equation model linking four latent variables: Emotional Exercise, Body Trust, Exercise Rigidity, and Mindful Exercise. Each variable is connected to specific observed variables represented as rectangles labeled IEX. Error terms for each observed variable are shown in circles labeled e. Arrows and numbers indicate relationships and path coefficients.]

FIGURE 1
 Confirmatory factor analysis of the four-factor model of IEXS-C. Boldfaced loadings indicate significant loadings on the corresponding factor. Parameter estimates next to curved arrows signify factor correlations. Parameter estimates above each straight arrow denote standardized regression weights.




TABLE 3 Confirmatory factor analysis of the Chinese version of IEXS (n = 315).
[image: Table of standardization factors, standard errors, average variance extracted, and composite reliability for four dimensions: Emotional Exercise, Body Trust, Exercise Rigidity, and Mindful Exercise. Factors such as IEX_1, IEX_2, and IEX_3 are listed with values. The bottom section shows models and targets analysis with statistics like RMSEA, GFI, and others across different dimensionalities.]




3.3 Criterion-related validity analysis

For the purpose of evaluating the criterion-related validity of the IEXS-C, we used the PARS-3, SWLS, PANAS, and SSRS. The outcomes of this analysis can be seen in Table 4.



TABLE 4 Correlations between scales (n = 630).
[image: Correlation matrix showing relationships between six variables: IEXS-C, PARS-3, SWLS, PA, NA, and SSRS. Each cell displays a correlation coefficient, with significance levels indicated by asterisks (*p < 0.05, **p < 0.01, ***p < 0.001). Standard deviations are included for each variable: IEXS-C (7.481), PARS-3 (20.541), SWLS (5.635), PA (7.597), NA (8.459), and SSRS (5.635).]



3.4 Reliability analysis

The revised IEXS demonstrated strong reliability metrics across multiple dimensions. The overall Cronbach’s alpha coefficient for the scale was 0.893, with a Spearman-Brown split-half reliability of 0.827. For the Emotional Exercise dimension, Cronbach’s alpha was 0.852, and the split-half reliability was 0.788. The Body Trust dimension yielded a Cronbach’s alpha of 0.847 and a split-half reliability of 0.880. Similarly, the Exercise Rigidity dimension had a Cronbach’s alpha of 0.860 and a split-half reliability of 0.867. The Mindful Exercise dimension exhibited the highest reliability, with a Cronbach’s alpha of 0.893 and a split-half reliability of 0.903 (see Table 5). Additionally, the intraclass correlation coefficient (ICC) for test–retest scores was 0.854 (p < 0.01), while individual items showed test–retest reliability, ranging from 0.346 to 0.706, as detailed in Table 6. Collectively, these findings confirm the scale’s robust reliability across various dimensions and applications.



TABLE 5 Reliability analysis table of the Chinese version of IEXS.
[image: Table showing internal consistency and split-half reliability scores for emotional exercise, body trust, exercise rigidity, mindful exercise, and total IEXS score. Internal consistency scores: emotional exercise 0.852, body trust 0.847, exercise rigidity 0.860, mindful exercise 0.893, total IEXS score 0.893. Split-half reliability scores: emotional exercise 0.788, body trust 0.880, exercise rigidity 0.867, mindful exercise 0.903, total IEXS score 0.827, both samples are n = 630.]



TABLE 6 Test–retest results of IEXS-C (n = 218).
[image: Table displaying items in Chinese with corresponding Pearson correlations. Each item is labeled Item_1 through Item_13, describing actions or beliefs related to feelings and behavior, followed by its correlation value. Correlations range from 0.364 to 0.706, with significance levels indicated by asterisks. The total IEXS correlation is 0.854.]




4 Discussion

This research conducts the first psychometric evaluation of the IEXS in the context of Chinese young adults, focusing on its factor structure and applicability. The findings underscore that the revised scale retains its reliability and validity, successfully addressing the unique characteristics of this population. Previous research on the IEXS primarily concentrated on adult populations or people with eating disorders (Reel et al., 2016a; Reel et al., 2016b; Voelker et al., 2021). By extending the scale’s use to a broader demographic, this study bridges an important gap, verifying its utility in assessing intuitive exercise behaviors within a Chinese cultural context. These results not only broaden the scale’s applicability but also reinforce its relevance in diverse socio-cultural settings, emphasizing its potential for future research and practice.

Firstly, this research assessed the content validity of the IEXS, ensuring that the items reflected the cultural nuances of the Chinese measurement environment (DeVellis, 2021). Revising a scale for cross-cultural application requires a careful alignment of linguistic and cultural contexts, particularly taking into account the disparities between Eastern and Western languages and cultures. The back-translation method was employed to maintain conceptual, semantic, and contextual accuracy, reducing potential errors from cultural differences. The final version confirmed semantic consistency between the original text and its translation. Furthermore, the study considered the participants’ understanding of the scale. Misunderstanding items could increase the likelihood of dishonest responses (Nguyen, 2017), thereby compromising the validity of the questionnaire and adversely affecting research outcomes (Zhong et al., 2021). To address this, examples were incorporated into the questionnaire design to enhance comprehension. For instance, question 5, “I trust my body to tell me what kind of exercise to do,” was supplemented with the example: “Today, I feel soreness in my shoulders and neck muscles, so I would do some stretching or relaxation exercises for the shoulders and neck.” These adjustments ensured participants accurately understood and responded to the scale items.

Exploratory and confirmatory factor analyses demonstrated that the IEXS exhibited good construct validity in this study. Two rounds of EFA led to the removal of item 14 from the “Emotional Exercise” factor, resulting in 13 items across four dimensions, consistent with the original scale structure (Reel et al., 2016a; Reel et al., 2016b). The adjustment likely reflects differences in Chinese participants’ exercise habits. While the Emotional Exercise dimension assesses the use of physical activity to regulate negative emotions, many Chinese college students do not actively exercise to prevent or mitigate negative emotions (Liu et al., 2021). Instead, they often engage in physical activity due to external motivations, such as course requirements or credit incentives, rather than intrinsic interest (Pan et al., 2022). This dynamic aligns with the “Crispy College Students” phenomenon, where academic pressures and inadequate exercise facilities discourage regular physical activity (Zhou et al., 2024).

Several factors contribute to this scenario: a lack of internal motivation leading to difficulty sustaining exercise habits (Aphramor, 2010; Ostendorf et al., 2021; Teixeira et al., 2012); external incentives that make physical activity monotonous and rigid (Ostendorf et al., 2021); and short-term approaches that emphasize results over sustainability, often resulting in injuries or adverse physical reactions (Adkins and Keel, 2005; Brown and Summerbell, 2009). Misconceptions about physical exercise, particularly focusing excessively on outcomes, exacerbate the issue (Calogero and Pedrotty-Stump, 2010). This highlights the need for balanced educational strategies emphasizing the role of regular, enjoyable physical activity in maintaining holistic well-being.

In this study, we conducted a CFA on the 4-factor, 13-item IEXS, confirming that all model fit indices met established thresholds, indicating a stable internal structure. The scale’s reliability and factor structure were further evaluated through item analysis. The CR values for each item, along with significant correlations of each item with the overall score, demonstrated strong discriminant validity. To verify the scale’s predictive validity, correlations between IEXS dimensions and the PARS-3 were examined. Our results revealed significant positive correlations, confirming that intuitive exercise dimensions align with physical activity levels. These findings provide robust evidence that the IEXS possesses strong predictive validity.

The IEXS-C demonstrated remarkable internal consistency, achieving a Cronbach’s alpha value of 0.893, exceeding the standard benchmark of 0.80 (Lance et al., 2006). This reliability metric is notably higher than the English version’s Cronbach’s alpha of 0.86 (Reel et al., 2016a; Reel et al., 2016b). Additionally, the test–retest reliability coefficient for the IEXS-C was 0.854, affirming its stability over time. These reliability results support the scale’s utility in educational and intervention contexts. Universities and educational institutions can leverage the IEXS-C as an effective tool for assessing students’ engagement in intuitive exercise, guiding targeted strategies to promote regular physical activity. Such initiatives can enhance students’ overall health and well-being by addressing gaps in exercise habits and providing essential resources and support.

This research has several limitations that warrant attention. First, the sample lacks diversity, as it predominantly consists of college students from universities in the Guangzhou area, limiting the results’ generalizability to broader populations. Future research should incorporate more samples to ensure the scale’s universality and applicability across different demographic groups. Second, cultural differences pose another challenge. As the IEXS-C is a translation of the original English version, cultural nuances might affect respondents’ understanding and interpretation of the scale. These discrepancies could influence its applicability in contexts with distinct cultural backgrounds. Over and above, the study did not evaluate the scale’s practical application in intervention measures, such as its effectiveness in predicting or assessing the influence of exercise interventions on intuitive physical activity. Future studies should pay more attention to validate the scale’s utility in intervention-based settings.



5 Conclusion

The findings demonstrate that the IEXS-C serves as a reliable and valid measurement instrument for measuring Chinese college students’ engagement in intuitive physical exercise. This revision represents a significant contribution to advancing China’s efforts to promote sports and healthy exercise practices among college students. The finalized IEXS-C consists of 13 items across four factors: emotional movement, bodily trust, exercise rigidity, and mindful movement. It serves as a valuable tool for assessing participation in intuitive exercise and holds the potential for informing policies and interventions aimed at fostering sustainable and scientifically sound exercise habits in college students.

Analogously, this research establishes that the Chinese version of the IEXS-C demonstrates strong reliability and validity for assessing intuitive exercise behaviors among Chinese college students. By refining the scale to include 13 items across four distinct dimensions—emotional movement, bodily trust, exercise rigidity, and mindful movement—the research highlights its suitability for capturing the nuances of intuitive physical activity in a culturally relevant context. Therefore, this work not only expands the applicability of the IEXS to a new population but also contributes to the promotion of healthy exercise practices and informed intervention strategies within Chinese higher education. The findings underscore the potential of the IEXS-C as a practical tool for fostering a deeper understanding of exercise behaviors and encouraging sustainable, health-focused physical activity among students.

We, therefore, recommend applying the IEXS-C in diverse populations beyond Chinese college students to further validate its generalizability and cultural adaptability. While this study demonstrates the scale’s reliability and validity, its limitations include a geographically restricted sample from the Guangzhou area and the potential for cultural interpretation differences in the translated items. Additionally, the study did not evaluate the scale’s practical application in exercise interventions, leaving its predictive and evaluative utility untested. Future research should address these limitations by including more representative and varied samples, conducting cross-cultural comparisons, and assessing the scale’s effectiveness in predicting or measuring the outcomes of targeted exercise interventions.
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Objective: The present research aims to explore the relationship between coping style, teacher-student relationship, and sports anxiety among middle school students.
Methods: A total of 289 Chinese middle school students from three schools in Shanghai participated in the survey.
Results: (1) A negative teacher-student relationship significantly affects sports anxiety, and conversely, sports anxiety significantly impacts the negative teacher-student relationship, demonstrating a strong mutual effect; (2) Both active coping style and negative coping style significantly influence sports anxiety, while sports anxiety also significantly affects active coping style among middle school students. In the two-way model of teacher-student relationship (including positive and negative dynamics) and sports anxiety, the mediating effect of coping style is not significant.
Conclusion and perspective: This study enhances our understanding of the roles of student-teacher relationship and sports anxiety, providing a concrete sample and example for educational authorities in developed countries to identify relevant issues in the field of physical education.
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1 Introduction

Sports anxiety refers to the negative emotional reactions, including fear, tension, feelings of loss, and remorse, that individuals experience when faced with challenges in sports-related tasks, physical activities, or athletic competitions (Sangwan and Malik, 2024). In China, both schools and families tend to place excessive emphasis on intellectual and aesthetic education, which has led to a notable deficiency in sports values among teenagers. Furthermore, during the sensitive period for sports development, students often experience sports anxiety, characterized by significant psychological resistance to physical education classes and sports competitions (Bai, 2023). This phenomenon is driving adolescents away from sports participation. Furthermore, studies have indicated a rising prevalence of loneliness, depression, and suicidal behaviors among younger populations. This trend is closely associated with insufficient physical activity and limited participation in sports competitions during early adolescence (Wu et al., 2015; Tang et al., 2007; Liang et al., 2020; Huang et al., 2021). Importantly, sports anxiety is often a significant factor contributing to this phenomenon (Li et al., 2022).

In recent years, China’s Ministry of Education has implemented a series of policies regarding the high school entrance examination for physical education in Shanghai, with the objective of promoting sports participation among middle school students. Local governments are authorized to establish elevated standards that are tailored to their specific social and economic development needs. As one of China’s most economically advanced cities, Shanghai places a significant emphasis on sports development. Consequently, there is an urgent necessity to enact policies that enhance physical exercise among students by raising the physical education requirements for the high school entrance examination. Thus, the standards and expectations of the high school entrance examination for physical education in Shanghai are poised to serve as a crucial model for Chinese adolescents, encouraging improved physical training and active engagement in sports competitions. However, the heightened standards and rigorous requirements associated with the high school entrance examination for physical education in Shanghai may inadvertently intensify sports-related anxiety among junior high school students, potentially leading to increased feelings of frustration, avoidance, and emotional distress concerning their participation in physical activities and sports competitions.

Although China’s Ministry of Education has increased physical education classes in primary and secondary schools from two to three per week, this change has not significantly alleviated students’ sports anxiety. Concurrently, a lack of awareness regarding the value of sports among teenagers, coupled with the pressure of the high school entrance examination, has hindered the effectiveness of this increase in addressing students’ sports anxiety. Some scholars argue that, it is essential to explore solutions within the traditional teacher-student relationship to alleviate the sports anxiety experienced by junior high school students due to the emphasis on physical education in high school entrance examination (Experts Po, 2021). Respect for teachers and the valuation of education have long been foundational principles in Chinese educational culture. A positive teacher-student relationship, grounded in these values, is crucial for facilitating effective learning among adolescents (Ding et al., 2023). However, the prevailing perception of physical education as futile, coupled with the stigmatization of physical education teachers, often undermines the relationship between these educators and their students, contradicting traditional educational values. As a result, many physical education teachers struggle to maintain a positive outlook on their careers, which in turn exacerbates students’ sports anxiety.

Abroad study has highlighted the irreplaceable role of physical education teachers in managing students’ sports anxiety (Dolenc, 2015). A comprehensive analysis of the theories related to the influence of physical education teachers on students’ sports anxiety reveals that the attachment relationship between students and teachers often plays a pivotal role (Krstic, 2015). According to attachment theory, the strength of this relationship is closely linked to the development and manifestation of students’ anxiety levels (Wood, 2017). Teachers function as significant attachment persons for adolescents within the school environment and are frequently viewed as trusted mentors. As a result, adolescents’ attachment to their teachers can influence their anxiety levels (Dong et al., 2024), underscoring the importance of the teacher-student relationship as a factor affecting students’ sports anxiety. Furthermore, research suggests that the levels of sports anxiety experienced by students are intricately connected to their sports performance, which can, in turn, affect the teacher-student dynamic (Wood, 2017). This indicates that sports anxiety may negatively impact the interactions between teachers and students (Grisaffe et al., 2003). Additionally, the phenomenon of poor teacher-student relationships leading to the generalization of students’ fear suggests that anxiety originating from a single event may extend to multiple related situations, provoking further anxiety (Wang, 2015). Consequently, students experiencing sports anxiety may generalize these feelings, resulting in negative emotions toward their physical education teachers and ultimately impacting the overall teacher-student relationship. The aforementioned studies suggest a correlation and interaction between the teacher-student relationship and sports anxiety among middle school students. Accordingly, Hypothesis 1 (H1) posits that there exists a bidirectional predictive relationship between teacher-student relationship and sports anxiety experienced by middle school students.

The teacher-student relationship does not directly influence students’ sports anxiety; however, it can shape students’ psychology through various media, thereby affecting sports anxiety. The primary causes of sports anxiety include cognition, situational factors, and evaluation. In psychological terms, anxiety is categorized into two types: state anxiety and cognitive anxiety. The teacher-student relationship, as a cognitive factor contributing to the development of students’ state anxiety, is often a psychological stress reaction arising from the evaluation of the relational dynamics between teachers and students (Belcher et al., 2022). This psychological reaction is also referred to as coping style (Sabir, 2007). Coping is the cognitive and behavioral effort of individuals to consciously manage external or internal changes (Folkman, 2013), which can be divided into two types according to the ways of coping with problems: active coping and negative coping. Active coping refers to solving problems in a direct and rational way such as focusing on the positive and changing behaviors to solve problems and seeking social support (Ma et al., 2018), while negative coping refers to dealing with problems through avoidance, withdrawal and denial (Lin et al., 2020). According to Control Value Theory (Pekrun, 2006; Pekrun and Stephens, 2009), relational contexts can prompt the assessment of control and value, which is typically reflected in individuals’ subjective perceptions of control over their actions and their evaluations of their abilities. This, in turn, influences the accessibility of learning activities and processes through self-judgment (Pekrun, 2014). Coping style represents the psychological reaction and expression of this accessibility (Mcdonough and Ramirez, 2018). Research has indicated that the teacher-student relationship as perceived by students is significantly positively correlated with their sense of control and value (Zhang and Li, 2023). A heightened sense of individual control encourages individuals to adopt active coping styles, thereby reducing anxiety levels (Boals et al., 2011; Jian-Bin et al., 2016). Conversely, when students lack a sense of control in managing exercise-related situations, they are more likely to resort to negative coping styles, which can lead to increased sports anxiety (Basiaga-Pasternak, 2018). Therefore, Hypothesis 2 posits: coping styles may play mediation role in teacher-student relationships and sports anxiety among middle school students.

To summarize, this study aims to address two primary issues: (1) to investigate whether a correlation exists between the teacher-student relationship, a significant situational factor, and sports anxiety, as well as to determine if they can predict one another; and (2) to clarify the role of coping styles in the mediation of teacher-student relationships and sports anxiety. The findings of this research may contribute valuable principles for physical education in primary and secondary schools in China, thereby promoting the importance of effective teacher-student relationships in mitigating sports anxiety among junior high school students and encouraging the adoption of active coping strategies in response to sports-related anxiety.



2 Methods


2.1 Subjects and program

The additional physical education test for the high school entrance examination is designed to be applicable and equitable for all junior middle schools in Shanghai. This study, approved by the Ethics Committee of Shanghai University (approval number: ECSHU 2024–107), involved a survey conducted among third-grade students from three affiliated middle schools of Shanghai University. Informed consent was obtained from the students, their parents, and teachers, which included a detailed explanation of the study’s purpose, procedures, potential risks, and benefits. Questionnaires were distributed during regular class hours with the assistance of school teachers and volunteers who facilitated the session. All teachers and volunteers involved in the distribution received professional training that included detailed sessions on providing standardized instructions to participants, managing the distribution and collection of questionnaires, and monitoring the completion process to ensure consistency and reliability in test administration. A uniform instruction script was utilized across all sessions to minimize variation in participant guidance and ensure that all respondents received identical information regarding the completion of the questionnaire. To enhance student participation and encourage careful completion of the questionnaire, students who completed it meticulously were rewarded with athletic gifts as a token of gratitude for their participation in the survey. Additionally, all data collected were anonymized to maintain participant confidentiality, and any identifying information was securely stored and accessible only to the research team. A total of 289 students participated in the survey, resulting in the collection of 226 valid questionnaires. The respondents included 103 boys (45.6%) and 123 girls (54.4%), aged between 13 and 15 years.



2.2 Research tools


2.2.1 Sports anxiety

This study integrated the SAS for 14-year-old Children (SAS2) developed by Smith et al. (2006) with the Adolescent Participation in Sports and Sports Anxiety Scale (PASAS) compiled by Norton et al. (2004) to assess the level of sports anxiety among middle school students. The scale encompasses four dimensions: emotional depression (e.g., “I do not want the ball to come to me when I play team sports”), attention disturbance (e.g., “I lose focus on the game”), physical anxiety (e.g., “My muscles feel tight because I am nervous”) and cognitive anxiety (e.g., “I feel that I will humiliate myself when I exercise/work out”). Responses were scored using 5-point Likert scale, where 1 indicates “completely inconsistent” and 5 indicates “very consistent.” A higher score reflects a greater degree of sports anxiety. The Cronbach’s α coefficient for sports anxiety scale among students in this study was 0.923.



2.2.2 Teacher-student relationship

Based on the teacher-student relationship scale developed by Pianta (1994), this study utilized the Chinese version of the teacher-student relationship questionnaire adapted by Zhang (2003). The questionnaire comprised 22 items categorized into four dimensions: attachment (e.g., “I admire PE teachers very much”; “I always hope physical education teachers praise me in class”), intimacy (e.g., “I like physical education classes”; “physical education teachers work very hard to teach us sports movements”), conflict (e.g., “My opinions or suggestions are often ignored by physical education teachers”; “Many of my ideas are often misunderstood by physical education teachers”), and avoidance (e.g., “physical education teachers often make me feel nervous and uneasy”; “I do not want to take physical education classes”). The scale employed a 5-point Likert scoring system, where 1 indicated “strongly disagree” and 5 indicated “strongly agree.” In this study, attachment and intimacy were collectively referred to as the positive teacher-student relationship, while conflict and avoidance were collectively referred to as the negative teacher-student relationship. The Cronbach’s α coefficients for teacher-student relationship scale, the positive teacher-student relationship scale, and the negative teacher-student relationship scale in this study were 0.833, 0.856, and 0.946, respectively.



2.2.3 Coping style

This study utilized the Simple Coping Style Questionnaire developed by Xie (1998) to assess coping styles according to the age characteristics and living habits of Chinese adolescents. The questionnaire contains a total of 20 items, which are scored using a 5-point Likert scale. 1 indicates “completely disagree” and 5 indicates “completely agree.” The instrument is divided into two dimensions: active coping, which includes 12 items (e.g., “I always stick to my positions and fight for what I want”), and negative coping, which encompasses 8 items (e.g., “I accept reality when I feel anxious in the face of difficulties, as there seems to be no alternative”). The Cronbach’s α coefficients for coping style scale, the active coping style scale, and the negative coping style scale in this study were 0.878, 0.885, and 0.714, respectively.




2.3 Data processing

Before conducting the statistical analysis, a common method deviation test was performed using SPSS 26.0. In this study, data were collected through paper-and-pencil questionnaires, utilizing several scales simultaneously; thus, differences among participants may exist. Therefore, common method deviation required attention. To control for potential common method deviation, the Harman single-factor analysis was conducted to test the possibility of systematic errors. The results showed that the variance explanation rate of the first factor without rotation was 15.6%, which is less than the 40% critical value, indicating that the common method deviation in this study was within acceptable limits. SPSS 26.0 was employed to conduct a reliability analysis of three scales, presenting Cronbach’s α for each scale, as well as descriptive statistics including mean scores and standard deviations (SD) for the three variables. Additionally, Pearson’s correlation analysis was performed. Amos 26.0 was utilized to carry out a confirmatory factor analysis (CFA) to assess the factorial validity of the three scales. Model fit was assessed using the χ2 test. A good model fit is indicated if χ2/df < 5, root mean squared error of approximation (RMSEA) ≤ 0.050, comparative fit index (CFI) ≥ 0.900, and Tucker–Lewis index (TLI) ≥ 0.900. The mediating effect serves to analyze the influence process and mechanisms through which independent variables affect dependent variables, establishing itself as an essential statistical method for examining relationships among multiple variables. In this study, the SPSS 26.0 PROCESS macro was applied to evaluate the significance of the mediating effect, while Bootstrap methods were employed to calculate mediation effect sizes. A total of 5,000 samples were generated, and a 95% confidence interval was calculated; the statistical results were deemed significant if the 95% confidence interval did not encompass zero.




3 Results


3.1 Descriptive statistics and correlation analysis

Pearson correlation analysis was employed to examine the relationships among teacher-student relationship, coping styles and sports anxiety in middle school students. The results are summarized in Table 1.



TABLE 1 Descriptive statistics and correlation analysis.1
[image: Correlation table showing mean (M), standard deviation (SD), and correlations among five variables: sports anxiety (SA), positive teacher-student relationship (PTSR), negative teacher-student relationship (NTSR), active coping style (ACS), and negative coping style (NCS). Notable correlations include NTSR positively correlating with ACS (0.162) and negatively with PTSR (-0.387). ACS positively correlates with NCS (0.442). Significant correlations are marked with asterisks, indicating levels of significance, with **p < 0.01 and *p < 0.05.]



3.2 Difference analysis of demographic variables

Independent samples t-test was used to assess score differences between genders on each scale. The results showed no significant differences between boys’ and girls’ scores on all variables (Table 2).



TABLE 2 Gender differences in scores of each variable.
[image: A table compares five measures between males (n=103) and females (n=123) with columns for mean (M) and standard deviation (SD). Measures include SA, PTSR, NTSR, ACS, and NCS, with accompanying t-values.]



3.3 Path analysis

Based on the research hypothesis, a structural equation model was established to analyze the influence of the teacher-student relationship on sports anxiety among middle school students. The CFI and TLI are both lower than 0.090, indicating that the model fit is suboptimal. By incorporating gender, sports participation and other relevant indicators as covariates for correlation analysis, the differences in the model did not change significantly. Consequently, the model was revised by evaluating the modification indices (M.I.) and changes in estimated parameters (Par Change). When covariant relationships between error pairs were identified, these errors were concatenated. By increasing the correlation path between the two residuals, the χ2 value of the model was reduced, and the modified model was re-estimated until it achieved an acceptable fit: CMIN/df = 1.045, p > 0.05, RMSEA = 0.014, CFI = 0.991, TLI = 0.989.

Through the model analysis of the two-way interactive relationship between teacher-student relationship and sports anxiety, it was found that the path results the impact of sports anxiety on teacher-student relationship did not meet the ideal fit standards, as both CFI and TLI were below 0.090. Therefore, the model was modified using a consistent approach, resulting in a model fit that met the required criteria: CMIN/df = 1.052, p > 0.05, RMSEA = 0.015, CFI = 0.989, and TLI = 0.987.

The path results show that the interactive relationship between teacher-student relationship and sports anxiety is shown in Figures 1, 2. Specifically, the following relationships were identified: (1) NTSR → ACS → SA: (−0.17) × (−0.37) = 0.062, and (2) SA → ACS → NTSR: (−0.22) × (−0.05) = 0.011. Furthermore, path analysis of the model of how teacher-student relationship affects sports anxiety in the model showed that NTSR, ACS, and NCS had significant effects on SA [path coefficients were 0.52, (−0.37), and 0.69, respectively]. Conversely, in the model assessing how sports anxiety affects the teacher-student relationship, the path analysis demonstrated that SA significantly impacted ACS and NTSR, with path coefficients of (−0.22) and 0.18, respectively. In contrast, path analysis in a model examining how sports anxiety affects teacher-student relationship showed that SA significantly affected ACS and NTSR, with path coefficients of (−0.22) and 0.18, respectively.

[image: Diagram showing relationships between variables: ACS, PTSR, NTSR, NCS, and SA. Arrows indicate directions and strength: ACS to SA (-0.37***), ACS to PTSR (0.03), ACS to NTSR (-0.17). PTSR and NTSR influence SA with 0.04 and -0.02, respectively. NCS affects SA (0.69*) and both PTSR (-0.01) and NTSR (-0.02) affect NCS. SA is influenced by both PTSR (0.52**).]

FIGURE 1
 Path coefficients of PTSR/NTSR and ACS/NCS affecting SA. *p < 0.05, **p < 0.01, ***p < 0.001.


[image: Diagram showing relationships between five variables: ACS, SA, PTSR, NTSR, and NCS. Arrows indicate directional influence with numerical values: ACS to PTSR (0.15), ACS to SA (-0.22**), ACS to NCS (-0.50), SA to NCS (0.18**), SA to PTSR (-0.09), among others. Double asterisks denote statistical significance.]

FIGURE 2
 Path coefficients of SA affecting PTSR/NTSR and ACS/NCS. **p < 0.01.


Additionally, this study also tested the mediating effect of coping style, however, no mediating effect of coping style was observed (Table 3).



TABLE 3 Mediating effects of coping styles on teacher-student relationship and sports anxiety.
[image: A table displaying paths, bootstrap confidence intervals, p-values, indirect effects of standardization, and effect sizes. Paths include PTSR to ACS to SA and others, with p-values mostly at 0.000. Indirect effects and effect sizes vary between negative and positive values, indicating different effects for each path.]




4 Discussion

Globally, the impact of early individual physical activity, games and competitions on the development of social cognition, awareness of rules, analytical and problem-solving skills, as well as the promotion of integrity and acceptance of future challenges, has garnered significant attention from scholars (Nopembri et al., 2019). However, due to the influence of cultural and educational factors, along with China’s large population, early youth development is often shaped by the educational perspective of “not losing at the starting line.” Consequently, the value of physical education has been overshadowed by academic competition from an early age, with participation in physical education and sports sometimes being labeled as “stigmatized.” Despite the government’s partial emphasis on the importance of physical education in the growth of young people within China’s early education system, physical education continues to face the educational dilemma of “marginalization” against the historical backdrop of the Chinese college entrance examination, where “10,000 people cross the one-tree bridge.” Furthermore, the low status of physical education teachers complicates the establishment of a positive cooperative relationship between teachers and students. A strong teacher-student relationship is crucial for alleviating students’ sports anxiety, and reducing this anxiety during competitions can enhance students’ sense of efficacy in engaging in sports, thereby fostering their interest in physical activities (Smith et al., 2007). With China’s rapid economic and social development, there is a pressing need to address the insufficient social attention given to youth physical education. To this end, physical education assessments must be integrated into examination results, thereby encouraging young people to recognize the importance of sports participation throughout their educational journey. However, the vital teacher-student interactions that should be fostered during the formative years of youth have been compromised, particularly in junior high school, where the focus on high school entrance examination has transformed these relationships into a challenging endeavor. Additionally, there is a notable lack of empirical research examining whether this resulting ambivalence correlates with sports anxiety among junior high school students. Should this association be substantiated, it would hold significant implications for dismantling social prejudices against physical education, advocating for the restoration of its value, and enhancing the physical well-being of millions of junior high school students. Furthermore, it could serve as a catalyst for reforming physical education in primary and secondary schools across developing countries.

Existing studies analyze the campus growth environment of adolescents from both objective and subjective perspectives. Objectively, supported by attachment theory, students exhibit a strong dependence on teachers throughout the educational process (Woolf, 2011). This dependence serves as a prerequisite for fostering interactive relationships, which, in turn, assist adolescents in identifying and resolving problems in a timely manner. This dependency becomes particularly pronounced when facing difficult and complex situations (Borup et al., 2013; Liu et al., 2006). Subjectively, emotional control theory suggests that adolescents’ ability to analyze and judge is increasing with the accumulation of knowledge during the educational process, and that could affect their choice of coping styles in response to situational changes (Jakobsen and Elklit, 2021). The present study investigated the mediating role of coping styles in the relationship between teacher-student relationship and sports anxiety among junior school students in a Chinese context. The findings indicate that negative teacher-student relationships significantly impact students’ sports anxiety. Furthermore, sports anxiety also significantly influences the quality of teacher-student relationship, highlighting a strong mutual effect. These results are supported by the findings of the current study (Salter et al., 2024); at the same time, both active and negative coping styles significantly influence middle school students’ sports anxiety. Moreover, sports anxiety significantly affects active coping styles, the finding that is corroborated by the existing literature (Anshel and Sutarso, 2007). In the bidirectional model where teacher-student relationships (both positive and negative) impact sports anxiety and vice versa, the mediating effect of coping styles was not found to be significant. This lack of a significant mediating effect contrasts with the findings of the current study (Spilt and Koomen, 2022), highlighting the unique characteristics of junior school students’ coping styles in relation to teacher-student relationship and sports anxiety within the Chinese context.

According to attachment theory, a positive teacher-student relationship serves as the foundation for effective relation between teachers and students (Ye and Pang, 2001) and mitigates students’ academic anxiety (Kurdi and Archambault, 2018). However, the findings of this study indicate that positive teacher-student relationships do not significantly alleviate students’ sports anxiety, which contradicts existing research. In contrast, negative teacher-student relationships appear to exacerbate the development of students’ sports anxiety. This indicates that the impact of teacher-student relationships on sports anxiety may be context-specific, particularly within the Chinese educational framework. The observed contradiction may stem from the social ‘stigmatization’ of physical education teachers and the ‘marginalization’ of middle school students’ values related to sports. This further reinforces the idea that the establishment of positive teacher-student relationships in physical education is not universally applicable at this stage of social development (Bai, 2023). Therefore, it is crucial for China’s education authorities to thoroughly consider the potential implications of early physical education within the national education system. This perspective also implies that sports anxiety should not be regarded as a counteractive mechanism against the benefits of positive teacher-student relationships. Conversely, the discordant relationships between physical education teachers and students contribute to heightened levels of sports anxiety among students, a phenomenon that aligns with the principles of attachment theory. Research suggests that when physical education teachers impose specific requirements on students regarding exercise time or intensity, students may perceive these demands as burdens, which can strain the teacher-student relationship and intensify sports anxiety (Zu et al., 2009). Although existing literature generally supports a positive correlation between a negative teacher-student relationship and increased student anxiety (Baker et al., 2000), it is important to acknowledge that, due to the delayed development of physical education in China, the causes and mechanisms underlying this relationship may differ from those observed in other educational settings. Therefore, it is crucial to fundamentally reshape our understanding of physical education in early childhood. Initiatives aimed at fostering a social atmosphere that values physical education, allocating more time for youth physical activity, and increasing financial investment in facilities are crucial measures. These efforts will enhance the teacher-student relationship in physical education, promote the development of physical activity habits among youth, and strengthen their commitment to engaging in physical activity (Chai and Wu, 2023; Guo et al., 2023; Sun, 2022).

In this study, coping styles did not mediate the relationship between teacher-student interactions and sports anxiety. Rather, the development of sports anxiety is a chain reaction of psychological mechanisms that includes both trait anxiety and state anxiety, particularly in the context of sports and competitions. Existing literature explains sports anxiety through emotion control theory, suggesting that Chinese adolescents often lack opportunities for physical activity during the initial phases of physical education (Wu et al., 2023). Furthermore, they have not been exposed to quality physical education throughout their developmental years. Additionally, inadequate community sports facilities and insufficient family education regarding physical education and health promotion contribute to a general inability to understand the functions and values of sports through active participation, thereby exacerbating the formation of sports anxiety. As a result, students are prone to sports anxiety when faced with the compulsory demands of sports or competitions in junior school, yet they often lack appropriate coping strategies. Sports anxiety, as an emotional manifestation, is closely linked to adolescents’ self-regulatory behaviors, and active coping styles are cultivated through the beneficial experiences gained during prolonged sports participation. The emergence of negative coping styles among contemporary Chinese adolescents is not solely a product of their subjective experiences; rather, it is also influenced by the absence of a well-defined network of sports values within Chinese society, which significantly impacts adolescents’ negative coping mechanisms (Su et al., 2019). Studies have shown that active coping styles help prevent anxiety, while negative coping styles may exacerbate anxiety (Baker et al., 2000; Cardozo et al., 2013; Li, 2022; Yan et al., 2021). This is consistent with the results of this study that active coping style reduces sports anxiety while negative coping style increases sports anxiety. At the same time, previous research has indicated that adolescents who engage in early and sustained sports and competition tend to develop a heightened perception of emotional control and exhibit more active coping styles. Conversely, a lack of involvement in sports and competitions is associated with negative coping styles. This absence of sports participation contributes to the prevalence of sports anxiety among Chinese adolescents, where both trait anxiety and state anxiety emerge as a result of limited engagement in sports and competitions, often manifesting as intentional avoidance of these activities (Bu et al., 2017), and active distancing from physical education and extracurricular sports activities competitions (Zhong and Liu, 2024). At a deeper level, this lack of engagement affects the establishment of positive teacher-student relationships. Previous studies have shown that the development of adolescents’ coping mechanisms for sports anxiety is significantly influenced by the quality of teacher-student relationships (Cho, 2017). In traditional Chinese educational values, respect for teachers forms the relational bond that fosters students’ attachment to their educators (Yang, 2024). In this context, physical education teachers are more likely to convey educational values in a commanding and accepting manner, and are less inclined to encourage students to identify and solve problems independently (Zhang and Chen, 2007). Consequently, the formation of active coping styles becomes even more challenging, particularly given that the values of physical education have yet to be fully integrated into the national education system. With the ongoing reform and development of education in China, the explicit value of physical education is gradually being recognized. The introduction of additional examinations for physical education in high school entrance examination serves as a mechanism to challenge the entrenched perceptions of this discipline. The concept of a physically educated nation is steadily taking root in the public consciousness, and national fitness has been elevated to a national strategy. Collectively, these policies and initiatives are fostering significant reforms in physical education within Chinese schools. Notably, the product of coefficients approach of path analysis is commonly used to assess mediation effects in this study, the presence of non-significant mediation roles should be interpreted cautiously and may do not provide definitive evidence of mediation.

Of course, the limitations of this study are evident. The adolescents’ understanding of sports varies significantly, which presents factual challenges for the survey. Additionally, to facilitate the research, the questionnaire was administered to students from three middle schools in Shanghai, resulting in a limited sample size that may affect the scientific rigor of the findings. Furthermore, the survey primarily targeted students preparing for the physical education extra examination associated with high school entrance examination. This focus may hinder the students’ ability to fully comprehend their past experiences in physical education, particularly regarding the influence of teacher-student relationships on sports anxiety. Often, their responses reflect only the pressures associated with the physical education extra examination. As a specific form of sports competition, the extra exam elicits a short-term emotional response to students’ sports anxiety, making it challenging for the establishment of a supportive teacher-student relationship to provide immediate coping strategies. Consequently, fostering a positive teacher-student relationship in early physical education is essential for alleviating adolescent sports anxiety and encouraging constructive coping mechanisms, which is the primary objective of this study. Additionally, long-term effects of different coping strategies or their applicability across diverse populations can be incorporated into the future study.



5 Conclusion

This study demonstrates the relationship between teacher-student relationships and sports anxiety and the role of coping styles in this process. Participation in sports activities and competitions is an essential component of individual socialization and emotional education worldwide (Sinha, 2024). Countries often emphasize the importance of students’ integration into society through sports participation in basic education (Seippel, 2018). Unified values have been established at all levels—nation, community, school, and family—and are implemented through specific actions (Van Boekel et al., 2016). Although China’s rapid economic development has greatly increased people’s awareness of the value and role of physical education in the national education system, establishing an effective and operational pathway for physical education from planning to implementation remains a challenging task (Li, 2016).

The relevant conclusions of this study underscore the importance of recognizing the value of physical education in shaping the future of high-quality basic education (Liu et al., 2014). It is crucial to enhance the status and sense of belonging of physical education teachers within the school settings (Allen et al., 2021) and to effectively encourage students to actively engage in sports activities (Liu and Ding, 2011). Additionally, it is important to explore solutions to sports-related anxiety by emphasizing the value of participation in sports. This approach can improve students’ coping strategies during sports activities and promote the overall development of physical education.
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Early childhood development is important for the future developmental behavior, physical fitness, and social adaptation. The content of the physical education curriculum in kindergarten is crucial for the growth of preschool children. The aim of this study was to explore the effects of 12-week of 4 different physical education curriculum interventions on developmental behavior and balance ability, and the correlation between these two factors in preschool children. 94 preschool children aged 4–6 years were stratified and randomly assigned to tennis group (TG), football group (FG), sensory integration group (SIG), and control group (CG). All interventions resulted in greater improvements in all developmental behavior indicators and balance ability after intervention compared to baseline. The SIG showed greater improvements in total development quotient (DQ), gross motor DQ, fine motor DQ, and balance ability than the other three groups after intervention. No significant difference in balance ability between FG and SIG was found. There was a positive and significant correlation between adaptability DQ, social behavior DQ, and balance ability after SIG intervention. The SIG training could correlate children’s balance ability with their social behavior and adaptability. The sensory integration curriculum might be the optimal curriculum to promote the efficient improvement of preschool children’s developmental behavior and motor competence.
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1 Introduction

Children and adolescents have demonstrated a detrimental impact on the future development of motor competence and rapid progress due to the lack of appropriate physical training during the critical stage of growth and development (1, 2). This is especially true for preschool children aged 4–6 years old (2, 3). Early childhood is an important period for rapid development of body and brain. Therefore, timely training of gross motor skills and fine motor skills is crucial for enhancing physical fitness, motor skills, and physical health (4, 5). According to the latest figures released by Ministry of Education of People’s Republic of China, 46.2755 million young children have received preschool education in kindergarten in 2023, 1.7766 million fewer than in 2022 (6). The sharp decrease in the number of young children attending kindergarten has highlighted the crucial role of maintaining high-quality early childhood education curricula. Tennis, soccer and sensory integration movement include both gross and fine motor skills, and are dominated by the upper limbs, lower limbs, and the whole body coordination, respectively. Previous researches suggested that tennis, soccer and sensory integration courses were more beneficial than traditional physical education courses (4, 7). However, no study has concurrently compared the effects of the aforementioned three courses.

The physical education curriculum at kindergarten has been suggested as one of the most important and available avenues for the promotion of physical activity, physical fitness, and motor skills among preschool children (8). Chinese young children spend approximately 40 h each week in kindergarten, where they are provided with ample opportunities for physical activities and structured physical education classes (9). Studies have found that young children’s physical activity in the early years was associated with a range of positive health outcomes (e.g., cognitive development, psychosocial, fundamental motor skill and balance ability), and there was a significant positive correlation between early physical activity and balance ability, object control skills, and gross motor skills (10, 11). Therefore, it is necessary for preschool children to carry out effective physical education curriculum and activity at kindergarten. In previous studies, the effects of various factors such as gender, age, health status, intervention, duration of intervention on young children development have been explored (2, 12–16). However, few studies have examined the impacts of different physical education curriculum on young children development.

The Developmental Scale for Children aged 0–6 years (DSC) is a standard diagnostic assessment tool widely used in China to assess the developmental behavior level of children aged 0–6 years (17, 18). The DSC represents the latest version of the Children Neuropsychological and Behavior Scale (CNBS), encompassing five attributes (gross motor, fine motor, language, adaptability, and social behavior) while also providing measures for mental age (MA) and development quotient (DQ). Different versions of DSC have been extensively employed within academic research (17, 19, 20). For example, in the research of Li et al. (20). the CNBS-R2016 and Griffiths Mental Development Scales for China were both employed to evaluate the development of children with autism spectrum disorder, and the results showed good consistency in the developmental assessment. Furthermore, the result verified the reliability of CNBS-R2016. Nevertheless, the application of DSC has not been found yet.

Balance is fundamental to perform gross motor skills. It is an essential prerequisite to promote physical health and motor skills in preschool children (21). Balance ability is defined as the ability to maintain a certain body posture under dynamic or static conditions, including static balance and dynamic balance (22). Currently, an increasing number of studies have investigated the correlation between gross motor skills and balance abilities in preschool children (12, 13, 23). For example, in the research of Jiang et al. (12) it was found that both the dynamic and static balance abilities of young children aged 3–6 years exhibited a positive correlation with their gross motor skills. Furthermore, the correlation between object control skills, physical activity, physical fitness, gender, and age with balance ability have also been evaluated (10, 13, 24, 25). However, the current research on the correlation between the indicators in the DSC and balance ability has not been found. Additionally, previous researches have indicated that preschool children can enhance their dynamic and static balance by engaging in physical education curriculum such as taekwondo, Chinese martial arts, gymnastics, and tennis (26–28). These studies confirmed the positive effect of different physical education curriculum on prompting balance ability. However, no studies have concurrently investigated the influence of tennis, football, and sensory integration curriculum on balance ability or the correlation between the developmental behavior of these three curricula and their balance ability.

Based on the information above, this study aimed to explore the impacts of a 12-week different physical education curriculum on the developmental behavior of preschool children aged 4 to 6 in China and its correlation with their balance ability. Four physical education curricula with structured and game-based were adopted: tennis, football, sensory integration and traditional physical education. It was hypothesized that the three intervention curricula would result in greater improvements in total development quotient (DQ), gross motor DQ, fine motor DQ, language DQ, adaptability DQ, social behavior DQ, and balance ability compared to traditional curriculum. Specifically, the sensory integration curriculum intervention may be the optimal physical education curriculum.



2 Materials and methods


2.1 Participants recruitment

Based on the experimental design, the sample size was estimated prospectively using G*power v3.1.0 (Franz Faul, University of Kiel, Germany) with a level of 0.05 and power of 0.80. The effect size was set at 0.35 based on a previous study (29). As a result, the sample size was estimated to be 96 subjects. To allow for study withdrawal and dropout, we decided to recruit an additional 4 participants. Thus, the planned sample size of this study was 100.

Participates were 4–6 years old preschool children (male = 50, female = 50) recruited from a kindergarten in Xi’an city, China. To ensure the universality and trustworthiness of this study, the allocation adopted a stratified random method. Participants were initially stratified by sex (male or female) and subsequently randomized into four groups with a 1:1:1:1 allocation ratio, namely: Tennis Group, Football Group, Sensory Integration Group, and Control Group (each group comprising N total = 25, with N male or female =12/13). However, six participates were discarded due to physical discomfort and temporary leave (male = 4, female = 2). A total of 94 participates were finally enrolled in this study. The inclusion criteria included (1) be healthy with no developmental delay or chronic diseases; (2) no cognitive impairment and understand and follow instructions; (3) be able to participate in all intervention processes; (4) did not participate in any other physical training except kindergarten physical education curriculum. Table 1 presents the demographic characteristics of the final sample. Informed written consent was obtained from all participants’ parents before the experiment. The study received ethical approval from the Ethics Committee of Shaanxi Normal University (approval number: 202416028).



TABLE 1 Baseline demographic characteristics of the participants.
[image: Table comparing four groups: TG, FG, SIG, and CG. Each group has data on number of children, males, females, average age, height, and body weight. TG: 24 children, 12 males, 12 females, age 4.75 years, height 111.71 cm, weight 20.08 kg. FG: 23 children, 12 males, 11 females, age 4.80 years, height 112.30 cm, weight 20.65 kg. SIG: 22 children, 10 males, 12 females, age 4.59 years, height 110.95 cm, weight 19.59 kg. CG: 25 children, 12 males, 13 females, age 4.60 years, height 112.80 cm, weight 20.04 kg. Values are mean ± standard deviation.]



2.2 Experimental design

This study was designed as a four-group parallel randomized controlled trial lasted between 6 March and 30 May in 2023. All the testing and intervention were performed in a kindergarten stadium. Before formal experiment, each participant was instructed to familiar with the test and intervention protocol. According to the aforementioned groups, participants in the three experimental groups received structured curriculum interventions in tennis, soccer, and sensory integration, while participants in the control group received traditional physical education curriculum. All interventions consisted of three training sessions per week for 12 weeks with each session lasting 30 min. The physical education curriculum interventions will be carried out by researchers with teaching experience. Moreover, two additional researchers (three from each group) will be assigned to each group to ensure the safety and quality of the intervention. The developmental behavior test and balance ability test were assessed at baseline and post-intervention. The experimental design is schematized in Figure 1.

[image: Flowchart outlining a study procedure. It includes: Familiarization, Baseline Test, Four types of physical education curriculum intervention, and Post-intervention Test. Three visits are marked: First Visit, Second Visit, and Third Visit. A 12-week intervention period is noted. Measurements include DSC (0-6 years old) and Balance ability tests.]

FIGURE 1
 Experimental design.




2.3 Intervention programme

Each curriculum of the three experimental groups and the control group was based on structured lessons, which consist of a 5-min warm-up, 20 min main content exercises, and a 5-min cool-down activity. The warm-up consisted of light-intensity movements (e.g., wrist rotation, and leg swing), moderate-intensity activities (e.g., arm rotation, lunges with rotation and knee-up walk), and higher-intensity activities (e.g., arm sprint, dynamic stretching, on-site running, and high knees); cool-down started with moderate-intensity activities and ended with light-intensity movements (9). The main part of the lesson included 5 min of moderate-to-vigorous intensity activity according to the respective intervention curriculum, with at least 2 min of vigorous-intensity activity, every 10 min (9, 30). The contents of the main part in tennis and football group were replaced every 4 weeks to achieve a progressive learning and training. The main part of the control group followed a kindergarten-based physical education curriculum, including rhythm exercises, group games, gymnastics, and free play (4). The three interventions and control group were carried out in the form of games to increase children’s interest, and only differed in the main part (see Supplementary Appendix 1). The movements and contents of all groups were simple and there was no discernible division of difficulty levels. The protocol and components of the curriculum interventions were refined by verbal consulting with experts and teachers in preschool education. These interventions were carried out within the physical education curriculum plan of kindergartens, to avoid extra curriculum for the preschool children in the intervention groups.



2.4 Measurements


2.4.1 Balance ability measures

The specific contents and scoring criteria of the balance test was performed with reference to published literature (31). The validity of this balance test has been verified among young children aged 3–6 years in China (31, 32). The content of the balance test was set according to the Guidelines for the Learning and Development of Children aged 3–6 (33) and the Guidelines for Kindergarten Education (Trial) issued (34) by the ministry of Education of the People’s Republic of China, which made this test more scientific and credible. The balance test contained five items: stand on 1 foot, walk 3 meters on the balls of feet, walk 5 meters on the balls of feet, stand on 1 foot with eyes closed, and balance beam. The scoring criteria of the balance test differed between male and female participants and were categorized into 3 different age bands (3–4, 4–5, and 5–6 years). The specific tests, directions, materials and site layout, cautions and scoring criteria of the balance test were based on the published article (31). In this study, the final balance score was obtained by averaging the results of the scores from two balance test items in the same age bands. The specific contents and scoring criteria of the balance test were shown in Table 2.



TABLE 2 The specific contents and scoring criteria of the balance test.
[image: A table showing physical performance scores for children aged three to six years, categorized by age and gender. The activities include standing on one foot, walking on the balls of the feet for three and five meters, standing on one foot with eyes closed, and balance beam performance. The scores vary by each activity and are listed for different rating scales ranging from 60 to 99.]



2.4.2 Children developmental behavior measures

The developmental behavior level of preschool children was evaluated with the Developmental Scale for Children aged 0–6 years (DSC), which has been recognized and applied in China (18, 19). This scale has been promulgated by the National Health Commission of the People’s Republic of China, which made it more authoritative and credible. The scale comprised a total of 261 indicators, which could evaluate the five attributes: gross motor, fine motor, language, adaptability, and social behavior in young children aged 1–84 months. Of these, there were 8–10 test items in each month age group. Notably, young children of different months of age had various test contents across each of the five attributes (see Supplementary Appendix 2). All tests were conducted using the specific inspection tools that matched the DSC. The specific tests, directions, materials and site layout, cautions and scoring criteria of the developmental behavior level of children test were based on the DSC. In this study, the results of each attribute’s score were represented by development quotient (DQ), and the DQ for each attribute and the total DQ could be calculated by the formula: DQ = (Mental Age/Actual Age) *100.




2.5 Statistical analysis

Statistical analysis was performed using SPSS 21.0 for Windows (SPSS). Normality was tested by means of the Kolmogorov–Smirnov test. All variables, except score of balance ability, were normally distributed (p>0.05). Therefore, one-way analysis of variance or Kruskal-Wallis test was used to compare the developmental behavior scores or balance ability scores of the four groups (TG, FG, SIG, CG) between pre- and post-intervention. Post-hoc analysis was conducted using the Bonferroni test. Effect size was evaluated with η2 (Eta partial squared) where 0.01 ≤ η2 < 0.06 constitutes a small effect, 0.06 ≤ η2 < 0.14 a medium effect, and η2 ≥ 0.14 a large effect (35). Moreover, a paired-sample t-test or non-parametric paired Wilcoxon signed-rank test was performed to compare the developmental behavior scores or balance ability scores of the four groups before and after the intervention. Cohen’s d effect size (ES) was used to quantify the magnitude of the training effect. The level of ES was defined as trivial (0.0–0.2), small (0.2–0.6), moderate (0.6–1.2), large (1.2–2.0), and very large (>2.0) (36). The Spearman correlation analysis was used to examine the correlations between developmental behavior scores and balance ability scores. For normal distributed variable, results were expressed as Mean ± SD, while for abnormal distributed indices, data were expressed as Median (Quartile). The significance level for all statistical analyses was set at p < 0.05.




3 Results


3.1 Scores from developmental scale for children

Figure 2 represents the comparison of the results of developmental behavior indicators (GMDQ, FMDQ, LADQ, ADDQ, SBDQ, and TDQ) before and after four different physical education curriculum interventions (CG, FG, SIG, and CG). There was no significant difference in all developmental behavior indicators among the four groups before the intervention. However, significant differences were observed in the gross motor development quotient, fine motor development quotient, and total development quotient among groups after the intervention (GMDQ: F = 23.057, p = 0.000, eta-square = 0.435; FMDQ: F = 15.603, p = 0.000, eta-square = 0.342; TDQ: F = 9.554, p = 0.000, eta-square = 0.242). For the developmental behavior indicators of GMDQ, FMDQ and TDQ, SIG showed a higher score than TG (GMDQ: p = 0.000; FMDQ: p = 0.000; TDQ: p = 0.001), FG (GMDQ: p = 0.000; FMDQ: p = 0.000; TDQ: p = 0.002) and CG (GMDQ: p = 0.000; FMDQ: p = 0.000; TDQ: p = 0.000). The values of all developmental behavior indicators before and after four different physical education curriculum interventions are shown in Table 3.

[image: Group of six bar graphs comparing developmental quotients (DQ) pre- and post-intervention in four groups: TG, FG, SIG, and CG. Graphs measure Gross Motor DQ, Fine Motor DQ, Social Behavior DQ, Adaptability DQ, Language DQ, and Total Development Quotient, indicating improvements post-intervention. Pink bars represent pre-intervention, and blue bars represent post-intervention data, with significant differences marked by asterisks and hashtags.]

FIGURE 2
 The comparison of the results of developmental behavior indicators (GMDQ, FMDQ, LADQ, ADDQ, SBDQ, and TDQ) before and after four different physical education curriculum interventions (CG, FG, SIG, and CG).




TABLE 3 The values of developmental behavior indicators before and after four different physical education curriculum interventions.
[image: A data table comparing Development Quotient (DQ) scores across six categories: Gross motor, Fine motor, Adaptability, Language, Social behavior, and Total, for four groups (Tennis, Football, Sensory Integration, and Control) both before and after intervention. Scores are represented as mean ± standard deviation. Abbreviations: TG for Tennis Group, FG for Football Group, SIG for Sensory Integration Group, CG for Control Group. Each category shows pre- and post-intervention scores to analyze changes.]

For the tennis group, there was a statistically significant increase in FMDQ, FMDQ, ADDQ, LADQ, SBDQ and TDQ in the post-intervention period compared to the baseline period (GMDQ: p = 0.000, Cohen’d = 1.700; FMDQ: p = 0.000, Cohen’d = 1.594; ADDQ: p = 0.000, Cohen’d = 3.207; LADQ: p = 0.000, Cohen’d = 2.497; SBDQ: p = 0.000, Cohen’d = 3.575; TDQ: p = 0.000, Cohen’d = 3.078). For the football group, there was a statistically significant increase in FMDQ, FMDQ, ADDQ, LADQ, SBDQ and TDQ in the post-intervention period compared to the baseline period (GMDQ: p = 0.000, Cohen’d = 2.639; FMDQ: p = 0.000, Cohen’d = 2.714; ADDQ: p = 0.000, Cohen’d = 2.430; LADQ: p = 0.000, Cohen’d = 2.911; SBDQ: p = 0.000, Cohen’d = 2.451; TDQ: p = 0.000, Cohen’d = 3.537). For the sensory integration group, there was a statistically significant increase in FMDQ, FMDQ, ADDQ, LADQ, SBDQ and TDQ in the post-intervention period compared to the baseline period (GMDQ: p = 0.000, Cohen’d = 3.280; FMDQ: p = 0.000, Cohen’d = 3.121; ADDQ: p = 0.000, Cohen’d = 3.674; LADQ: p = 0.000, Cohen’d = 4.546; SBDQ: p = 0.000, Cohen’d = 2.331; TDQ: p = 0.000, Cohen’d = 5.377). For the control group, there was a statistically significant increase in FMDQ, FMDQ, ADDQ, LADQ, SBDQ and TDQ in the post-intervention period compared to the baseline period (GMDQ: p = 0.000, Cohen’d = 1.879; FMDQ: p = 0.000, Cohen’d = 2.269; ADDQ: p = 0.000, Cohen’d = 1.836; LADQ: p = 0.000, Cohen’d = 2.618; SBDQ: p = 0.000, Cohen’d = 2.010; TDQ: p = 0.000, Cohen’d = 2.826).



3.2 Scores from balance ability test

Figure 3 illustrates the comparison of balance ability scores before and after four different physical education curriculum interventions. There was no significant difference in balance ability scores among the four groups before the intervention. However, significant differences were observed in balance ability scores among the four groups after the intervention (p = 0.015). Specifically, the SIG showed higher balance ability scores than TG (p = 0.011) and CG (p = 0.003), whereas no significant differences were identified between FG and SIG (p > 0.05).

[image: Box plot comparing balance ability scores pre-intervention (pink) and post-intervention (blue) across four groups: TG, FG, SIG, and CG. Asterisks indicate significant differences, with all groups showing improvement post-intervention.]

FIGURE 3
 The comparison of balance ability scores before and after four different physical education curriculum interventions. Data were represented as Median (Quartile). Significant differences are indicated by asterisks (p < 0.05), double asterisks (p < 0.01) or # (p < 0.01). Noted that the points represent each subjects’ score and the black line was the median number.


For the tennis group, the balance ability scores before and after intervention were 77.50 (72.50, 80.00) and 85.00 (85.00, 87.50), respectively. There was a statistically significant increase in the scores in the post-intervention period compared to the baseline period (Z = -4.332, p = 0.000). For the football group, the balance ability scores before and after intervention were 77.50 (75.00, 80.00) and 87.50 (85.00, 87.50), respectively. There was a statistically significant increase in the scores in the post-intervention period compared to the baseline period (Z = −4.234, p = 0.000). For the sensory integration group, the balance ability scores before and after intervention were 77.50 (71.88, 83.13) and 87.50 (85.00, 90.00), respectively. There was a statistically significant increase in the scores in the post-intervention period compared to the baseline period (Z = −4.136, p = 0.000). For the control group, the balance ability scores before and after intervention were 77.50 (75.00, 78.75) and 85.00 (83.75, 87.50), respectively. There was a statistically significant increase in the scores in the post-intervention period compared to the baseline period (Z = −4.417, p = 0.000).



3.3 Correlation

Table 4 shows the correlations between developmental behavior indicators and balance ability among the four different physical education curriculum interventions before and after intervention. Before the intervention, there was a significant positive correlation between the balance ability of the four groups and their gross motor development quotient, fine motor development quotient, and total development quotient (GMDQ: TG: r = 0.864, p < 0.01; FG: r = 0.893, p < 0.01; SIG: r = 0.840, p < 0.01; CG: r = 0.862, p < 0.01; FMDQ: TG: r = 0.548, p < 0.01; FG: r = 0.681, p < 0.01; SIG: r = 0.488, p < 0.05; CG: r = 0.705, p < 0.01; TDQ: TG: r = 0.726, p < 0.01; FG: r = 0.799, p < 0.01; SIG: r = 0.613, p < 0.01; CG: r = 0.734, p < 0.01). After the intervention, significant positive correlation was also found between the gross motor development quotient, fine motor development quotient, total developmental quotient and balance ability in the four groups (GMDQ: TG: r = 0.743, p < 0.01; FG: r = 0.562, p < 0.01; SIG: r = 0.748, p < 0.01; CG: r = 0.694, p < 0.01; FMDQ: TG: r = 0.533, p < 0.01; FG: r = 0.454, p < 0.05; SIG: r = 0.772, p < 0.01; CG: r = 0.457, p < 0.05; TDQ: TG: r = 0.602, p < 0.01; FG: r = 0.502, p < 0.05; SIG: r = 0.781, p < 0.01; CG: r = 0.584, p < 0.01). In addition, a significant positive correlation between the balance ability of sensory integration group and its adaptability development quotient and social behavior development quotient was observed after the intervention (ADDQ: r = 0.678, p < 0.01; SB: r = 0.613, p < 0.01).



TABLE 4 The correlations between developmental behavior indicators and balance ability among the four different physical education curriculum interventions before and after intervention.
[image: A table comparing Development Quotients (DQ) across groups: Tennis (TG), Football (FG), Sensory Integration (SIG), and Control (CG). Categories include Gross Motor, Fine Motor, Adaptability, Language, Social Behavior, and Total DQ, shown pre- and post-intervention. Significant changes are marked by asterisks and double asterisks, indicating p < 0.05 and p < 0.01, respectively.]




4 Discussion

This study presented some of the first findings on the effects of four different structured physical education curriculum interventions on developmental behavior and balance ability of preschool children aged 4–6 years old and their correlation. It was interestingly found that all interventions result in greater improvements in total development quotient (DQ), gross motor DQ, fine motor DQ, language DQ, adaptability DQ, social behavior DQ, and balance ability after the intervention compared to baseline. Furthermore, the sensory integration group showed greater improvements in GMDQ, FMDQ, TDQ and balance ability than the other three groups after the intervention. However, one special finding of interest was that no significant difference in balance ability between football group and sensory integration group. This partially supported our hypothesis. Moreover, we also found a positive and significant correlations between ADDQ, SBDQ and balance ability after sensory integration intervention. To our knowledge, this is the first study to simultaneously compare the effects of four different physical education curriculum interventions on developmental behavior and balance ability, and the correlation between these two factors in preschool children.

The traditional physical education curriculum in kindergartens has been suggested as a primary way to promote the development of motor skills and physical health of preschool children. However, there was little robust evidence on the wildly use of curriculum in kindergartens that simultaneously embody the characteristics of interest, structure and sports-led (8, 37). In this study, the primary characteristics of different curriculum interventions were football curriculum intervention dominated by lower limbs, tennis curriculum intervention dominated by upper limbs and sensory integration curriculum intervention dominated by the whole body coordination. However, both the control group and these three intervention groups showed significant increases in developmental behavior and balance ability after the 12-week intervention compared to their respective baselines. The results were similar to the published studies (2, 4, 26). For example, in a recent study, Li et al. (26) found that martial arts sensory teaching group and martial arts traditional teaching group had the same effect on improving the total score of motor skills. However, in many studies, there was no significant change after the intervention of traditional physical education curriculum (2, 4, 7, 38). Compared to relevant previous researches, it seemed that the results of consistent changes in the traditional physical education curriculum would be related to the curriculum design of this study, the result of the almost consistent volume, duration and intensity of physical activity in the curriculum, as well as the engagement of the same muscle groups.

To date, no study has concurrently compared the effects of the aforementioned four physical education curriculum interventions on the developmental behavior of preschool children (7, 9, 39). For example, Luka et al. (39) merely conducted a comparison between the regular tennis training and the exergame plus regular tennis training in gross motor development. Other studies have compared sensory integration training interventions with blank controls (7). In this study, after intervention, the sensory integration group exhibited significantly higher scores on the GMDQ, FMDQ, and TDQ than the tennis, football and control groups, while the football group, tennis group and control group had no significant differences in all developmental behavior indicators. Compared with tennis courses dominated by upper limbs and football courses dominated by lower limbs, sensory integration courses dominated by whole body coordination are more systematic and coordinated. Previous studies argued that the sensory integration training was a process that involves the integration of multiple sensory inputs, including vision, audition, vestibular sensation, proprioception, tactile, and olfactory information (7, 40). The locomotor and object control of gross motor skills are correlated with vestibular function and proprioception in sensory integration (4, 23). Therefore, this may explain why the GMDQ, FMDQ, and TDQ exhibited better outcomes following the sensory integration curriculum intervention. Moreover, the similar curriculum structure, content, exercise duration, volume, and intensity across the tennis, football, and control groups could potentially account for the absence of significant differences among them.

In previous studies, gross motor and fine motor skills have generally been used to evaluate the impact of different interventions, ages, relative ages, and genders on the developmental features, motor competence, activity levels, and motor skills among both healthy and sick young children. These studies have consistently reported positive effects (2, 12–16). It was found that the Test of Gross Motor Development-Second Edition (TGMD-2), TGMD-3, Movement Assessment Battery for Children-2, Bayley Scale of Infant Development, Gesell Development Scale, Cognitive Assessment System, Accelerometer and other tools were widely used to access gross motor skills, fine motor skills, physical activity, cognition and so on. These assessments were extensively employed in the research field of young children developmental behavior (2, 12, 41–43). However, in this study, we employed the Developmental Scale for Children aged 0–6 years (DSC), a tool specifically adapted for Chinese children, which assesses language, adaptability, and social behavior, as well as gross motor and fine motor skills (18, 19). A Chinese study has found that both parent-led family support training and non-parent-led family support training significantly increased the TDQ in children with psychomotor retardation. The parent-led family support training group showed significant improvements in gross motor, fine motor, and adaptability post-intervention compared to the non-parent-led family support training group (44). This partially supports the results of the present study. To our knowledge, this is the first study to use the DSC to explore the effects of different curriculum interventions on young children’s developmental behavior.

In terms of balance ability, it has been suggested that the human balance system may develop with age, of which children aged 3–6 years are particularly sensitive to the development of their balance ability, while the balance regulation mechanism in children aged 7 years is similar to that of adults (12). In this study, all participants were preschool children who were in a particularly sensitive phase of balance ability development. Each of the four physical education curriculum interventions involved lower limb movements and balance control, while maintaining a consistent volume and intensity of physical activity in the curriculum. These may be why all four physical education curricula have a significant effect in promoting balance ability. Some studies argued that children’s balance depended on interaction with surrounding environments and exercises of muscle during the growth process (12, 45). In the present study, there was no significant difference in balance ability between football group and sensory integration group after intervention, which may be attributed to the dominance of lower limb muscles in the overall movement patterns of football.

Some studies argued that motor competence was defined as gross motor skill competency, while the gross motor skill competence was defined as proficiency in a range of fundamental movements skills (13, 29, 46). The fundamental movement skills were often described more precisely as basic stability (e.g., static balance and dynamic balance), object control (manipulation) and locomotor movements (3, 24, 46). These points seem to indicate that there was a positive relationship between balance ability and gross motor and fine motor. Furthermore, it was believed that the essence of sensory integration training was to use gross motor activities to activate the vestibular and somatosensory systems (47). In this study, positive correlations were observed between the GMDQ, FMDQ, TDQ, and balance ability at both baseline and post- intervention. These findings were consistent with the general conclusion of the study (13, 46, 47). Moreover, this study was the first to find a significant positive correlation between balance ability and SBDQ and ADDQ after intervention. It has been suggested that the essence of sensory integration training was employing play activities and sensory-enhanced interactions to elicit the child’s adaptive response (48). The goal of sensory integration training was to increase the child’s ability to integrate sensory information, thereby demonstrating more organized and adaptive behaviors, including social skill, motor planning, and perceptual skill (48, 49). Therefore, this might be the reason for the correlation between balance ability and SBDQ and ADDQ after intervention.

Exercise has positive effects on young children’s physical and brain function (40, 50). In this study, the exercise content of all four curriculum interventions involved the coordination of whole-body muscles and the control of small muscle groups. This helps young children to control their body, maintain balance and enhance the fine control of local muscles, thereby improving gross motor, fine motor and balance ability. Instruction comprehension, mutual communication and cooperation during exercise may potentially improve language and social behavior ability. Moreover, young children require to adapt to changing environments and various situations in physical activity during exercise, which may potentially enhance adaptability. Previous studies argued that the brain regulates motor behavior and performance while motor training influences brain function and structure (50). Long-term exercise stimulates the development of the nervous system, enhances neural pathways, improves the plasticity of the brain and nerves, and thus promotes the growth and development of young children (40). In addition, the better results of the sensory integration curriculum intervention could potentially be attributed to the mechanism that vestibular and proprioceptive input can modulate the processing of sensory information in the reticular formation and limbic system and achieve the ideal level of alertness in the central nervous system (7, 51, 52).

However, it should be acknowledged that this study has several limitations. Firstly, the sample size of the current study was relatively small, which may influence the credibility of the current research. A larger sample size would be effective to acquire a greater generalizability. Secondly, owing to unpredictable and uncontrollable factors, the number of participants included in this study did not reach the optimal sample size as calculated by G*power. Increasing the number of additional participants could potentially address this issue. Thirdly, the control measures implemented in China during the post-epidemic period could potentially influence the daily activities of participants and the efficacy of the intervention, thereby introducing the risk of interference from other irrelevant variables. If possible, future experiments’ recruitment and intervention implementation strategies should avoid such period. Lastly, the scales and test contents used in the current study originated from China and were more applicable to Chinese preschool children, which may limit the universal applicability of the research results. Future studies should consider adopting internationally recognized scales to evaluate the developmental behavior of preschool children and employing more precise and advanced laboratory equipment to assess balance ability, so as to improve the accuracy and credibility of research results. Moreover, it is a difficult task to intervene and test preschool children, and there would be many emergencies in the process of intervention that would affect the effect of a single intervention. A more robust study design with strict execution would be needed to solve the issue in the future study. Furthermore, future research could build upon the current findings to perform comparative studies across various ages and genders. This approach could potentially be more effective in enhancing the motor skills of young children and improving the quality of physical education curriculum.



5 Conclusion

In conclusion, all four different physical education curriculum interventions significantly improved developmental behavior and balance ability. Among them, the sensory integration physical education curriculum intervention has been found to be the most effective in improving GMDQ, FMDQ, TDQ and balance ability in preschool children. There was significant positive correlation between balance ability and GMDQ, FMDQ, and TDQ before and after the intervention. Notably, a positive and significant correlations between ADDQ, SBDQ, and balance ability after sensory integration intervention was found. This finding suggested that sensory integration training should be given priority in the future routine physical education curriculum design, so as to promote the efficient improvement of preschool children’s developmental behavior and motor competence.
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Introduction: This study investigates the relationship between positive health behaviors, physical activity, and well-being among 2,620 Filipino tertiary students, highlighting their enduring significance beyond the pandemic. While conducted in a post-quarantine context, the emphasis on the broader role of health behaviors in supporting student well-being, particularly amid academic pressures, mental health challenges, and sedentary lifestyles in an increasingly digital world, upholds the relevance of the study.
Methods: Informed by the PERMAH model incorporating positive emotions, engagement, relationships, meaning, achievement and health in the investigation of well-being, the study employed multiple regression analysis to assess the impact of demographic variables, physical activity levels, and positive health behaviors on overall well-being. The predictor variables included physical activity, nutrition, relaxation, and preventive behaviors, with well-being as the outcome variable.
Results: Findings revealed that the covariates of physical activity, nutrition, relaxation, and preventive behaviors moderately explained 30% of the total variability in post-pandemic well-being. Positive health behaviors significantly predicted the well-being components of positive emotions, engagement, meaning, accomplishment, and health scores. However, no significant associations were found among relationship, nutrition, and physical exercise scores.
Conclusion: The results highlight the potential of positive health behaviors in shaping student well-being to address ongoing academic, mental health, and lifestyle challenges in tertiary education. The study underscores the need for holistic, evidence-based interventions integrating physical activity, nutrition, relaxation, and preventive behaviors into student support systems. While causality cannot be inferred, the findings assert the value of comprehensive health initiatives in fostering resilience and overall well-being. Future research is recommended to explore the interplay between nutrition, cognition, and mood, promote healthier campus environments, and develop targeted interventions for stress management and lifestyle improvement in academic settings.
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Introduction

Scholarly investigations have demonstrated the positive impact of physical activity (PA) on well-being (i.e., Belcher et al., 2021; Buecker et al., 2021; Marquez et al., 2020; Wright et al., 2021). Moreover, numerous studies have established associations between several positive health behaviors and well-being (Belcher et al., 2021), including proper nutrition (Firth et al., 2020; Muscaritoli, 2021; Wickham et al., 2020), adequate sleep (Ramar et al., 2021; Wickham et al., 2020), and regulated screen time (Onaolapo and Onaolapo, 2021; Oswald et al., 2020). Despite substantial evidence supporting these claims, reports document significant declines in physical activity and increases in sedentary behaviors among children and youth, raising concerns about the long-term consequences for their physical and mental health (Paterson et al., 2021; Runacres et al., 2021; Stockwell et al., 2021).

Before the pandemic, a disturbing trend of unhealthy behaviors was already observed among Filipino tertiary-level students. Acampado and Valenzuela (2018) reported that this demographic exhibited elevated levels of sedentary behavior, as evidenced by only 32.8% engaging in regular physical activity (PA). Sleep disturbances (Jorge II et al., 2020; Toyong, 2020) and nutritional deficiencies (Acampado and Valenzuela, 2018) among Filipino youth further compound these concerns. During the pandemic lockdown, this trend was amplified in the Philippines, as affirmed by Cruz et al. (2022), who found a significant decline in physical activity among university students, particularly females. This decline was coupled with negative impacts on various aspects of health, further highlighting the vulnerability of young people to the detrimental effects of restricted movement and social distancing measures on both physical and mental well-being. This research examines the complex interplay between physical activity, health behaviors, and well-being among Filipino tertiary students after the COVID-19 pandemic lockdown.

These pre-existing vulnerabilities, coupled with the COVID-19 pandemic’s disruptive impact on daily routines and access to resources, were further exacerbated by stringent lockdown measures in the Philippines (Inter-Agency Task Force for the Management of Emerging Infectious Diseases [IATF], 2020), intensifying poor health patterns, low PA levels, and suboptimal overall health. Studies reveal alarming statistics: 31% of Filipino college students reported insufficient sleep during the pandemic (University of the Philippines Population Institute, 2022), total PA levels among 1,042 Filipino students decreased by 6.84% (Cruz et al., 2022), and the country received a failing grade for youth physical activity with only 15.4% of Filipino youth engaging in moderate-to-vigorous physical activity per day (Cagas et al., 2022).

Research continues to emphasize the strong correlation between physical inactivity and poor mental health outcomes in young people, even as societies emerge from the pandemic. While Silva et al. (2020) observed alarming levels of anxiety, depression, and stress among young individuals reporting no physical activity during the pandemic, the implications extend beyond the lockdown period. A study by Li et al. (2022) reinforces that sedentary lifestyles and a lack of exercise remain significant risk factors for adverse mental health effects, even in the post-pandemic context. These findings suggest that the mental health challenges associated with inactivity during the pandemic may have lasting consequences. Furthermore, research by Chen et al. (2022) highlights that prolonged sitting was linked to poorer mental health, suggesting the pandemic might have amplified pre-existing vulnerabilities.

Studies indicate that college students continue to experience significant declines in physical and mental health post-pandemic (Moon and Lee, 2022; Nyunt et al., 2022), attributed to increased stress, academic disruptions, and financial challenges (Iglesia and Lu, 2021). These findings, combined with research showing the long-term psychological impact of pandemics (Solomou et al., 2024; Newnham et al., 2022), underscore the need for ongoing monitoring and intervention to address the evolving mental health needs of young adults, even as the physical threat of COVID-19 recedes.


Culture and health behaviors

Filipino culture is characterized by collectivism, with family and community significantly influencing individual decisions, including those related to health and physical activity (Hofstede, 2001; Javier et al., 2022). From this cultural backdrop, young individuals are typically raised to consider family expectations and societal norms in their health choices. Such an environment can shape lifestyle choices, often placing health and well-being secondary to scholastic achievements. This strong emphasis on academic success, reinforced by parents and elders, frequently leads to students prioritizing good grades and deprioritizing extracurricular activities such as dance, sport, and exercise. Most Filipino families view education as vital to economic progress and, as such, implicitly discourage physical activity and sport participation if they are perceived as distractions to academic requirements (Medina and Guzman, 2015). This cultural norm may contribute to the widespread decline in physical activity among tertiary students, increasing the risk of sedentary lifestyles and related health concerns. Additionally, it normalizes sleep deprivation resulting from late-night study habits. The pressure to excel in school leads many students to sacrifice rest and sleep, adversely impacting cognitive function, emotional regulation, and overall well-being (Adelantado-Renau et al., 2019). Given the well-established association between insufficient sleep and poor mental health (Asghar et al., 2024; Tasnim et al., 2020; Wang and Bíró, 2021; Wilkes et al., 2021), this pattern poses significant challenges to student well-being.

Dietary habits among Filipino students are also heavily influenced by cultural practices, particularly family-oriented meal habits and food preferences. Traditional Filipino meals are often rich in carbohydrates, with rice serving as a staple food. Processed snacks are also commonly consumed, contributing to imbalanced nutritional intake (Serafico et al., 2023). While shared family meals strengthen social support, they can reinforce dietary habits that may not always align with optimal health recommendations.

University environments further shape student dietary behaviors. Many campus cafeterias offer limited affordable yet healthy food options, making it challenging for students to access nutritious meals (Suyu, 2016). This limitation often drives students toward cheaper, convenient, but less nutritious alternatives, such as instant noodles and deep-fried foods, widely available in and around academic institutions. The prevalence of street food culture compounds this issue, as inexpensive, high-fat, high-sodium snacks remain a popular choice among students facing financial constraints (Bondoc et al., 2019; Nonato et al., 2016).

These cultural and environmental factors could affect the health behaviors observed among Filipino tertiary students. Understanding these considerations is essential in designing effective interventions that promote healthier lifestyles while acknowledging cultural values. Addressing these issues requires a holistic approach, incorporating policy changes, educational initiatives, and institutional support to create environments that encourage balanced nutrition, adequate rest, and regular physical activity.



The current study

This study aims to ascertain the predictors of well-being among Filipino tertiary students in the aftermath of the COVID-19 pandemic, focusing on the following variables: (1) demographic characteristics (sex, age, course cluster, and monthly household income); (2) positive health behavior (nutrition, PA, stress management, interpersonal relationships, and self-care); and (3) levels of PA.

While the well-being of individuals during the pandemic has been extensively studied, particularly in Western, educated, industrialized, rich, and democratic (WEIRD) societies (Andrada and Ozdemir, 2021; Shah et al., 2022; Thygesen et al., 2021), there is a notable gap in research on the immediate post-pandemic well-being of tertiary-level students in non-WEIRD settings like the Philippines. The study’s significance lies in its focus on the unique context of post-quarantine recovery in a country that implemented some of the world’s strictest and longest-lasting quarantine measures to contain the COVID-19 outbreak (Mathieu et al., 2020; See, 2021). Unlike many countries that had transitioned to in-person or hybrid teaching formats by 2021 (Balagtas, 2021), the Philippines only began reopening schools in August 2022, starting with primary and secondary levels (Agence France-Presse, 2022). Around the same time, tertiary institutions resumed in-person classes, predominantly through a flexible hybrid approach. Throughout the data-gathering phase of this study, the university adopted the blended learning model, integrating digital and face-to-face instruction to reduce the risk of a COVID-19 resurgence. This backdrop is essential to grasping the persistent ramifications of the pandemic for the Philippine education sector and the relevance of the country’s pandemic response to the study methodology and results.

Well-being is operationalized in this study within Seligman’s (2012) PERMA Model, which incorporates Positive Emotions, Engagement, Relationships, Meaning, and Achievement. This model is further expanded by including a physical health dimension, denoted by “H,” as proposed by Butler and Kern (2016). This additional health dimension updated the model with the PERMAH components, supported by 11 studies involving over 39,000 participants worldwide. The researchers combined a substantial pool of theoretically relevant questions about each of the six PERMAH domains to develop a comprehensive measure of well-being that includes stable attributes rather than transient mood states. Items exhibiting significant factor loadings and demonstrating satisfactory reliability were retained in the final measure, including the physical health dimension that assesses an individual’s capacity to undertake various daily activities effectively (Friedman and Kern, 2014).

Kern (2022) further outlined the approaches that support well-being in educational settings. To promote positive emotions, he emphasized the importance of encouraging positivity, minimizing negativity, and cultivating gratitude. Engagement is fostered by helping students recognize and utilize their strengths, practice mindfulness, and avoid distractions. Building relationships involves appreciating the strengths of others, developing friendships, and cultivating mutual respect and positive interactions. Finding meaning requires acknowledging significant life events—both fulfilling and challenging—as opportunities for growth, infusing tasks with purpose, and cultivating an appreciation of life. Accomplishment is facilitated by creating pathways for hope, tracking progress, and learning from setbacks. Finally, prioritizing health habits such as quality sleep, good nutrition, and regular physical activity is vital for overall well-being (Kern, 2022).

Investigating the relationship between positive health behaviors, such as physical activity (PA), and well-being is crucial to identify factors that promote holistic well-being in college students, especially in the challenging post-pandemic context (Rector et al., 2019; Lawton et al., 2017). This study contributes to a deeper understanding of the connection between physical and mental health, with practical implications for designing interventions to enhance the mental health of Filipino tertiary students (Maugeri et al., 2020). By examining the role of positive health behaviors, including PA levels, on well-being, this research highlights practical strategies for fostering mental health amidst adversity. It also aligns with the Sustainable Development Goal (SDG) of promoting healthy lifestyles. Understanding these relationships empowers the development of tailored programs supporting physical and mental health, potentially mitigating the pandemic’s adverse consequences on this vulnerable population. Following this rationale, we hypothesize that:


H01: Physical activity levels predict well-being among Filipino tertiary students.
H02: Dimensions of positive health behaviors predict well-being among Filipino tertiary students.






Methodology


Research design

The present study uses a cross-sectional design involving multiple regression models to test the assumption that various dimensions of PA and engagement in positive health behaviors (as operationalized by the PERMAH elements) are predictors of well-being. Through multiple regression analysis, the study examines the associations between each dimension of PA and the individual components of PERMAH.



Research participants

A total of 2,620 college students from a university system with eight constituent universities located across the three major islands of the Philippines were enlisted to respond to an online survey (see Table 1). The university draws in students from various backgrounds and academic interests, reflecting the diverse demographic of Filipino tertiary students. Participant selection was conducted through stratified cluster sampling. First, the university’s seven major campuses were identified, representing both urban and rural areas to capture the diversity of the student body. Each campus was treated as a separate and independent cluster, meaning the sampling process was conducted entirely within each campus, ensuring representation from all geographical locations. Second, a specific number of Physical Education (PE) classes were randomly chosen from each campus cluster. PE classes were chosen as they are mandatory general education courses, thus ensuring a diverse sample of students from various fields of study. Third, PE teachers from the selected classes were then involved in the recruitment process, inviting their students to participate in the study. This approach generated a sample that represents the overall composition of the student population.



TABLE 1 Profile of the participants.
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Table 1 reflects the broad and diverse sample, with 1,090 indicating their sex as male and 1,528 as female. The age range spanned from 17 to 34, with a mean age of 19.59 (SD = 1.65). The majority of the students (61%) were enrolled in the science and technology cluster of courses, the rest in the arts and letters cluster (16%), the social sciences and law cluster (14%), and the management and economics cluster (9%).



Inclusion criteria

The following criteria were used in choosing whom to include in the study: Firstly, they must be tertiary students. Secondly, they must have been enrolled in the first semester of the academic year (AY) 2022–2023 at any of the seven campuses of the university system: Campus 1 (n = 1,681), Campus 2 (n = 65), Campus 3 (n = 332), Campus 4 (n = 186), Campus 5 (n = 53), Campus 6 (n = 185), and Campus 7 (n = 116). Lastly, participants had to be citizens of the Philippines. Individuals below 17 or above 34, those who declined to provide complete responses to the online survey questionnaires, or those who did not reside in the Philippines were excluded from the study.



Research instruments

The study utilized Google Forms to gather sociodemographic data and dispatch the self-administered scales to measure key variables. It employed three main instruments: the International Physical Activity Questionnaire (IPAQ) to measure the participants’ PA levels, the Positive Health Behavior Scale (PHBS) to assess their engagement with positive health behaviors, and the PERMA(H) Profiler to gauge their overall well-being.

The IPAQ, a self-report scale for adults aged 18–65, measures PA in work, transportation, domestic/gardening, and leisure (Craig et al., 2003). It categorizes respondents into insufficiently active, moderately active, and health-enhancing PA. Despite documented reliability (α = 0.81) and validity from studies like that of Lee et al. (2011) and Malete et al. (2022) and a systematic review by Prince et al. (2008), some studies report minimal concordance with other PA measures, particularly in the work domain (Cleland et al., 2018).

The PHBS, developed by Woynarowska-Sołdan and Węziak-Białowolska (2012), assesses four domains of positive health behaviors: nutrition, PA, relaxation/mental health, and preventive behaviors. It provides individual domain and aggregate scores, with higher scores indicating stronger adherence. Psychometric evaluations confirm its reliability (α = 0.76–0.90) and validity (Ghiasvand et al., 2020; Hildt-Ciupińska and Pawłowska-Cyprysiak, 2020; Kong et al., 2023) across populations.

The PERMA(H) Profiler, also known as the PERMAH Well-being Survey (McQuaid, 2023), measures well-being across positive emotion, engagement, relationships, meaning, achievement, and health using a 10-point Likert scale (Butler and Kern, 2016). Higher scores indicate greater well-being. It has demonstrated adequate psychometric properties (α = 0.71–0.94) and sufficient reliability (Cobo-Rendón et al., 2020; Butler and Kern, 2016).

The PERMA(H) Profiler has also been used in studies involving Filipino participants. For instance, Camitan and Bajin (2021) observed “excellent” internal consistency (α = 0.92) among 533 adult Filipinos during the COVID-19 pandemic. Similarly, the scale has been observed to have “good” (α = 0.81; ω = 0.88) reliability in research consisting of 146 Filipino preservice teachers (Camitan IV and Campoamor-Olegario, 2023). In addition, Moog (2021) used the PERMA(H) Profiler to measure well-being among 117 Filipino graduate students, finding adequate internal consistency. Reyes et al. (2021) found that the PERMA(H) Profiler has “good” internal consistency among 339 Filipinos nearing retirement age. Lastly, the study of Villarino et al. (2023) showed Cronbach alpha values of the PERMA(H) factor ranging from 0.60 to 0.95 among 178 rural college students in the Philippines.

While the PERMA(H) Profiler, the PHBS, and IPAQ demonstrated reliability and validity across various studies, it is essential to acknowledge the inherent limitations of self-reported data. Recall bias may influence participants, who are challenged to remember past behaviors accurately. They may also be affected by social desirability bias, which may lead them to provide responses they consider to be more socially acceptable rather than what is truthful. To address these concerns, the questionnaire included clear and concise instructions to guide participants in responding as accurately as possible while assuring them of privacy, confidentiality, and anonymity, thereby reducing potential fear of judgment or repercussions. Additionally, instruments were pilot-tested with a separate group of tertiary students to refine the wording of questions, ensuring clarity and comprehension, and minimizing misinterpretations. A pre-recorded video detailing the study’s purpose and the importance of honest and thoughtful responses was also presented to participants. Nonetheless, self-reporting remains subject to individual interpretation and response tendencies, so caution should be considered when analyzing the data.

In the current study (n = 2,620), both the PERMA(H) Profiler (α = 0.93; ω = 0.94) and PHBS (α = 0.81; ω = 0.82) demonstrated “excellent” and “good” internal consistency, respectively, indicating reliability in measuring the current sample’s positive health behaviors and well-being. IPAQ (α = 0.8162; ω = 0.63) exhibited “questionable” internal consistency in this study, suggesting caution in interpreting IPAQ scores. It should be noted that the PERMA Profiler for this investigation includes the component of health; thus, adopting the acronym PERMAH throughout the report affirms health as one of the essential components of well-being.



Ethical considerations

This study prioritized respect for the participants’ privacy, confidentiality, and anonymity. Participants were assured that they could withdraw from the study at any time without consequence. Before participating, they received detailed information about the study and were required to provide informed consent. To proceed with the survey, they were requested to tick a consent box on the first page of the online questionnaire. No incentives were offered in exchange for their participation.

Rigorous measures were implemented to prevent privacy breaches, maintain anonymity, and protect data security during the online questionnaire administration, fostering a sense of safety and protecting participant contributions to the research. Moreover, all research-related communications were conducted with transparency and respect. Ultimately, the well-being of research participants was safeguarded, ensuring no harm was inflicted during the study. Institutional ethical clearance was granted under Ethics Review Board Reference Number RGAO-2022-0760.



Data gathering procedure

Although the nationwide community quarantine had been lifted during the data collection, schools and universities implemented a hybrid learning model, with classes primarily conducted online or remotely and limited face-to-face meetings. Data collection took place from November to December 2022, with the researchers collaborating with the PE department heads from various university campuses in different parts of the country. The PE teachers from different campuses invited tertiary students to participate in this study.

Prior to data gathering, the research instruments were pilot-tested with tertiary students from another school to ensure clarity and reliability. To begin the data-gathering process, the researchers presented a prerecorded video explaining the nature of the investigation and providing instructions for completing the measurement scales. Participants were then asked to complete a consent form before responding to the online questionnaires in Google Forms, which took approximately 20 min to answer.

The first section of the Google Form featured the study’s title, a brief overview of the research project, and a consent statement. Then, socio-demographic information and responses to the IPAQ, PHBS, and PERMA Profiler were collected. Afterwards, participants were debriefed on the research objectives and methodology. If participants chose not to provide consent, they were instructed to exit the Google Form site, and any previously submitted information was automatically discarded. Subsequently, data collected from these forms were downloaded and exported to IBM’s Statistical Package for the Social Sciences (SPSS) for analysis.



Data analysis

A multiple regression analysis was performed to assess how different dimensions of positive health behaviors, including PA levels, predict the well-being of Filipino undergraduate students. This analytical approach treated PA levels and positive health behavior dimensions as predictor variables, while well-being elements served as outcome variables. By employing multiple regression, the study was able to isolate the distinct contribution of PA levels to well-being while controlling for other pertinent factors, such as age, sex, and combined monthly income. Regression coefficients and p-values were computed to ascertain which PA dimensions are most predictive of each element of well-being within the PERMAH framework.




Results

Table 2 presents the PERMAH profile of university students after the lockdown was lifted. The results indicate that students experienced normal functioning in engagement and relationships. However, they exhibited suboptimal functioning in all other PERMAH elements, including positive emotions, meaning, achievement, negative emotions, health, loneliness, happiness, and overall well-being.



TABLE 2 PERMAH profile of university students during the COVID-19 pandemic.
[image: Table displaying PERMAH elements with their mean scores, standard deviations, and interpretations. Positive emotions scored 6.15, engagement 7.07, and relationships 6.92. Most elements, including meaning, accomplishment, and health, are rated as sub-optimal functioning, while engagement and relationships are evaluated as normal functioning.]

Table 3 presents the distribution of PA levels among the participants, as classified by the IPAQ. Fifty per cent of participants were categorized as moderately active, followed by 28% who met the criteria for health-promoting PA and 23% who were classified as insufficiently active.



TABLE 3 Distribution of physical activity levels among university students after the COVID-19 pandemic.
[image: Table showing IPAQ categories: Health promoting physical activity with 533 individuals (28%), moderately active with 948 individuals (50%), and insufficiently active with 432 individuals (23%). IPAQ stands for International Physical Activity Questionnaire.]

Table 4 paints a complex portrait of health behavior adherence post-lockdown, with the subscales providing a more nuanced understanding. While the domain of preventive behaviors (M = 1.96, SD = 0.97) demonstrates an overall positive trajectory, it is not without nuances. The high adherence to brushing teeth twice daily (M = 2.56, SD = 0.72) and following doctor’s recommendations (M = 2.45, SD = 0.81) underscores a proactive approach to basic health maintenance and responsible healthcare utilization. However, the lower scores for dental check-ups (M = 1.35, SD = 1.14) and vaccinations (M = 1.89, SD = 1.06) suggest a potential gap in preventive care seeking and adherence to recommended health schedules.



TABLE 4 Mean and standard deviation of PHBS after lifting COVID-19 lockdowns.
[image: Table listing various preventive health behaviors (PHBS items) with mean scores (x̄) and standard deviations (SD). Categories include preventive behaviors, relaxation and mental health, nutrition, and physical activity. Responses range from zero to three: never, sometimes, often, and always. Mean scores range from 0.81 to 2.56, and standard deviations range from 0.7 to 1.1. The overall total mean is 1.54 with a standard deviation of 0.91.]

Relaxation and mental health (M = 1.61, SD = 0.86) illustrate resilience and vulnerability. The relatively high scores for resting and relaxing (M = 2.27, SD = 0.86) and socializing (M = 2.21, SD = 0.89) suggest an awareness of the importance of self-care and social connection for mental well-being. Nonetheless, the struggles with sleep regularity (M = 0.81, SD = 0.90), stress coping (M = 1.37, SD = 0.95), and adequate sleep duration (M = 1.41, SD = 1.02) point towards the lingering impacts of the pandemic or perhaps pre-existing challenges that were exacerbated during lockdowns.

Nutrition (M = 1.38, SD = 0.91) reveals a mix of dietary habits. The relatively high frequency of having at least three meals a day (M = 1.97, SD = 0.95) suggests a foundation of regular eating patterns. However, the lower scores for limiting fats (M = 1.28, SD = 0.93), salt (M = 1.24, SD = 0.92), and snacking (M = 1.18, SD = 0.92), along with infrequent dairy consumption (M = 0.86, SD = 0.92), point toward areas for improvement in dietary quality and balance. These findings might reflect challenges such as limited access to or affordability of healthy food options, a lack of adequate nutritional knowledge, or the influence of ingrained dietary habits and cultural preferences.

The lowest mean score of physical activity among the subscales (M = 1.21, SD = 0.9) reveals a concerning lack of regular PA among the participants. While there is some effort to incorporate activity in daily life (M = 1.64, SD = 0.93), the relatively low scores for strength training (M = 1.15, SD = 1.02) and limiting recreational screen time (M = 0.86, SD = 0.81) underscore areas needing significant improvement. These findings reflect limited access to fitness facilities, a lack of awareness about the benefits of exercise, or the pervasive influence of sedentary lifestyles and digital distractions.

Along with IPAQ categories and PHBS scores, the demographic variables of the participants were used as predictors of PERMAH elements in seven multiple regression models, one for each PERMAH element, one for overall well-being, and another for health as outcome variables. Table 5 summarizes the adjusted R2 of the aforementioned multiple regression models.



TABLE 5 Adjusted R2 of each regression equation.
[image: Table displaying adjusted R-squared values for the components of well-being: O (overall well-being) 0.30, P (positive emotion) 0.28, E (engagement) 0.15, R (relationships) 0.16, M (meaning) 0.25, A (accomplishment) 0.23, H (health) 0.30.]

Table 5 illustrates that the covariates employed as regressors collectively account for 30% of the total variance in the participants’ overall well-being scores. Specifically, they contribute to 28% of positive emotion scores, 15% of engagement scores, 16% of positive relationship scores, 25% of meaning scores, 23% of accomplishment scores, and 30% of health scores. These negligible adjusted R2 values suggest that the covariates in each model do not explain a substantial portion of the variability in PERMAH scores. However, these results indicate that while the covariates used in the regression models demonstrate minimal explanatory power for the observed variation in the PERMAH scores, their impact on overall well-being was more substantial, as evidenced by an adjusted R2 of 0.30. This finding implies that the covariates have moderate explanatory power for overall well-being.


Demographic variables as predictors of PERMAH

Table 6 summarizes the results of seven multiple regression models focusing on demographic variables as regression coefficients for PERMAH and overall well-being. As shown in Table 6, age was significantly correlated with overall well-being (p = 0.02, β = −0.05), positive emotions (p = 0.043, β = −0.04), meaning (p = 0.011, β = −0.05), accomplishment (p = 0.02, β = −0.05), and health scores (p = 0.019, β = 0.05). Negative β values indicated that older participants tended to have lower scores in the overall well-being score and all six PERMAH areas.



TABLE 6 Demographic variables as regression coefficients of PERMAH and overall well-being.
[image: A table presenting statistical analysis details across various predictors like age, sex, course clusters, and combined monthly income categories. Columns represent dimensions such as overall well-being (O), positive emotion (P), engagement (E), relationships (R), meaning (M), accomplishment (A), and health (H), with β and p-values provided. Bold text highlights statistically significant relationships (p < 0.05).]

Except for engagement (p = 0.009, β = −0.12), sex did not significantly explain the overall well-being and dimension scores in the presence of other predictors in the model. On average, it was found that females scored significantly lower in engagement than males, accounting for other independent variables in the model. The undergraduate course clusters did not significantly contribute to explaining the scores in the overall score and the areas except for health (p = 0.040, β = −0.15). The health scores of the students taking courses in the Social Sciences and Law cluster appeared significantly lower than those in the Arts and Letters cluster.

The combined monthly household income had no significant association with overall well-being, engagement, relationships, meaning, or achievement scores. For positive emotions and health, students with higher monthly incomes scored lower than those with lower incomes. Specifically, the combined household income brackets of ₱49,000 - ₱84,000 (p = 0.013, β = −0.21), ₱133,000 - ₱228,000 (p = 0.012, β = −0.23), and ₱229,000 and above (p = 0.049, β = −0.18) scored significantly lower in positive emotions than those with the lowest income bracket, ₱0-P12,000. Students in all income brackets except for ₱133,000–₱228,000 had significantly lower health scores than those in the lowest income bracket, with the ₱13,000–₱24,000 bracket holding other variables constant.



Levels of physical activity as predictors of PERMAH

Table 7 summarizes the results of the seven multiple regression models focusing on PA levels as regression coefficients of PERMAH and overall well-being. These results demonstrate that the IPAQ category of participants contributed significantly to their overall well-being scores, according to the regression analysis employing the PERMAH profiler. Specifically, participants classified as engaging in health-enhancing PA (p < 0.001, β = 0.29) and those categorized as moderately active (p = 0.002, β = 0.16) exhibited significantly higher overall well-being scores than the insufficiently active students, with all other covariates being held constant.



TABLE 7 Levels of physical activity as regression coefficients of PERMAH and overall well-being.
[image: Table comparing predictors between moderately active (MA) and insufficiently active (IA) groups, and health-enhancing physical activity (HEPAA) and IA groups across various well-being dimensions. Standardized beta (β) and probability (p) values demonstrate statistical significance (p < 0.05) for several predictors, indicating stronger relationships with outcome variables.]

Furthermore, students engaging in health-enhancing PA scored significantly higher in all PERMAH areas than those who were insufficiently active, fixing other covariates in this model. On the other hand, students classified as moderately active scored significantly higher in most PERMAH areas except for engagement and achievement than their insufficiently active counterparts, holding all other covariables constant.



Dimensions of positive health behaviors as predictors of PERMAH

Table 8 summarizes results from seven multiple regression models focused on positive health behaviors as regression coefficients of PERMAH and overall well-being. The analysis showed that overall well-being, positive emotions, engagement, meaning, accomplishment, and health scores are positively associated with nutrition (p < 0.001, β = 0.07), PA (p < 0.001, β = 0.010), relaxation (p < 0.001, β = 0.40), and preventive behavior (p < 0.002, β = 0.16) after controlling for other relevant variables. Nutrition and PA were not significant predictors of relationship scores. No significant association was found between nutrition and engagement scores.



TABLE 8 Dimensions of positive health behaviors as regression coefficients of PERMAH and overall well-being.
[image: A table displays predictors of various outcomes with corresponding beta and p-values. Outcomes include overall well-being, positive emotion, engagement, relationships, meaning, accomplishment, and health. Predictors are nutrition, physical activity, relaxation, and preventive behavior. Bolded values indicate statistically significant relationships (p < 0.05). Beta values show predictor strength, with positive values indicating positive relationships and negative values indicating negative ones.]

With all four dimensions of positive health behaviors significantly predicting overall well-being and most PERMAH areas, the results imply that fostering healthy behaviors can positively impact well-being. These behaviors include eating breakfast, maintaining balanced nutrition, engaging in regular PA, limiting screen time, practicing relaxation techniques, getting adequate sleep, managing stress, fostering positive thinking, seeking help when needed, and spending time with family and friends. Additionally, encouraging preventive behaviors such as sun protection, dental care, health monitoring, vaccinations, and medical check-ups may further support overall well-being.




Discussion

The current study looks into how sociodemographic factors, levels of PA, and health behaviors predict the well-being of Filipino undergraduate students. Results revealed that older students have lower well-being levels than their younger counterparts. Female students reported lower engagement scores compared to males. Those enrolled in social science and law programs exhibited lower health scores than those in the Arts and Letters cluster. Higher household income was linked to decreased positive emotions and health in the current sample. Participants who engaged in health-enhancing or moderate PA had significantly higher overall well-being scores and scores in most PERMAH areas than insufficiently active students. Nutrition, PA, relaxation, and preventive behaviors were positively associated with overall well-being and most PERMAH areas, with some exceptions for nutrition and PA concerning relationship and engagement scores.


Age and well-being

The finding that older participants tended to have lower well-being scores aligns with previous research on student populations. Research reveals that subjective well-being weakens around age 10, reaches its lowest point in midlife, and strengthens after age 50 (Blanchflower, 2021). Similar findings have been reported in non-WEIRD settings like China, India, and Latin America, where older students acknowledge reduced well-being due to the compounded pressures of academic performance, financial obligations, and career uncertainty (Wang and Sheikh-Khalil, 2014). For instance, China espouses the concept of “face” (mianzi) with societal expectations for success, placing significant stress on students nearing graduation and contributing to burnout and declining engagement (Liu et al., 2024; Medinskaya, 2015). In many non-WEIRD countries, students from low- and middle-income families often shoulder economic burdens for their households, particularly as they approach graduation. These pressures reduce their mental well-being and ability to focus on academics, as seen in studies from Bangladesh (Muid et al., 2024) and Kenya (Kathuri-Ogola and Kabaria-Muriithi, 2024).

First-year college students typically exhibit high levels of enthusiasm and engagement as they are still adjusting to college life. However, by their later years in college, students report experiencing burnout, academic fatigue, and stress, leading to lower engagement and well-being (Schaufeli et al., 2002; Shankland et al., 2019). Older students will likely be in their final university years, juggling academic requirements, internships, research, and thesis work, leading to higher stress and lower well-being. The rigid structure of Philippine higher education, with heavy coursework and thesis requirements, often results in academic disengagement in the upper years.

Older Filipino students tend to have lower well-being scores due to socioeconomic, psychological, and academic factors. Socioeconomic levels significantly impact well-being. Students from lower socioeconomic backgrounds often experience higher stress and lower well-being due to financial constraints and related pressures (Villarino et al., 2023). The pressure of academic responsibilities, especially for those nearing graduation, can be overwhelming. This stress is often higher among older students who may also be confronting career-related decisions (Regalado, 2024). These issues could be exacerbated by cultural factors, including high expectations of academic, professional, and financial success placed on older students by their families and society, which can compound their stress and negatively impact their well-being (Alejandria et al., 2023).



Culture and socioeconomic factors

The Filipino culture of “utang na loob” (debt of gratitude) implicitly pressures students to reciprocate the support and sacrifice of their parents with academic success to ensure their contribution to supporting their families after graduation (Enriquez, 1994). Many older students do not wait until graduation to work as they accept part-time jobs to support their families or earn their keep to avoid financially burdening their families, affecting their mental health and academic engagement. Older students also face increasing pressure to secure employment, especially in a highly competitive job market where youth unemployment remains high (Asian Development Bank, 2021). Job market uncertainty, financial instability, and family expectations contribute to lower life satisfaction and well-being among students nearing graduation. As they near the completion of their degree programs, many may struggle with self-doubt regarding career choices, which can cause anxiety and disengagement from academic life (Chamandy and Gaudreau, 2019; Wong and Kaur, 2017; Zhang et al., 2021). Moreover, as students mature and advance in the university, their social circles shrink due to varying academic schedules, internships, and off-campus responsibilities. Losing peer support and social engagement leads to increased isolation and declining engagement in school activities (Buote et al., 2007; Shalaby and Agyapong, 2020).



Gender and academic engagement

This study highlights a notable disparity in academic engagement, with female students exhibiting lower engagement levels than their male counterparts. The finding aligns with existing literature, which attributes such differences to structural and sociocultural factors. One explanation for this disparity lies in the misalignment between female students’ gender identity and the masculine stereotyping of specific academic fields, particularly in science, technology, engineering, and mathematics (STEM) disciplines. Studies suggest that this mismatch can lead to reduced engagement and higher risks of school burnout among female students (Kessels, 2023; Lawson, 2021). Moreover, the perception of academic effort as a feminine trait may inadvertently devalue girls’ academic accomplishments and contribute to their underrepresentation in traditionally male-dominated fields such as STEM and related disciplines (Kessels, 2023).

This stereotype reinforces the notion that girls who excel academically do so through effort rather than innate ability, which can lead to devaluing their accomplishments (Kessels, 2023). Leslie et al. (2015) found that fields emphasizing innate talents—such as physics, mathematics, and philosophy—have lower female representation, as these fields implicitly reward perceived “genius” rather than effort. The cultural bias associating brilliance with masculinity creates a barrier for women, discouraging them from pursuing STEM careers and reinforcing the perception that they do not “naturally belong” in these disciplines (Nosek et al., 2002). This gendered perception can influence how parents, teachers, peers, and even students themselves interpret academic success (Miller et al., 2024). Bian et al. (2017) demonstrated that as early as 6 years old, girls begin to internalize the belief that they are less likely than boys to be “really, really smart.” When young girls experience consistent feedback that their success is due to effort rather than ability, it can shape their self-perception, leading them to undervalue their achievements and develop lower academic self-confidence (Eccles, 2011).

Furthermore, the perception of effort as feminine can make academic achievement a social liability for girls, particularly in adolescence. Kessels (2023) notes that girls who demonstrate strong academic performance in male-dominated fields may experience social backlash because excelling in subjects like math and science contradicts gender norms. This scenario can contribute to their withdrawal from STEM-related activities and reduced aspirations for high-status careers in these fields. Because STEM disciplines often prioritize perceived natural talent over hard work, women who have been socialized to associate their achievements with effort rather than ability may feel discouraged from pursuing careers in these fields (Cech, 2022). When success is framed as requiring brilliance rather than dedication, and brilliance is seen as a masculine trait, it can reinforce gender disparities in career paths (Leslie et al., 2015).

Gendered patterns of academic behavior extend beyond STEM. Guo et al. (2024) found that female Chinese students are less likely to engage in higher-order learning behaviors, resource-intensive educational practices, and student-faculty interactions, which are crucial for academic engagement and success. Similarly, in male-dominated majors, female students report lower levels of daily engagement in courses than their peers, which can influence the quality of their social and academic experiences (Lawson, 2021). Additionally, female students tend to perceive their academic load as more demanding, especially when exposed to gender stereotypes. This heightened perception of academic pressure can negatively affect their engagement levels (Maloshonok et al., 2022).

Beyond academic stereotypes, sociocultural factors in the Philippines may also significantly shape engagement levels. As a traditionally patriarchal culture, the Philippines upholds gender norms that emphasize passivity, caretaking, and modesty for women, while men are encouraged to be assertive and independent (Medina and Guzman, 2015). These societal expectations can extend to educational settings, where male students feel more encouraged to actively participate in class discussions, extracurricular activities, and sport. In contrast, female students may be socialized to adopt a more reserved stance, potentially limiting their classroom engagement and broader involvement, particularly in the presence of male classmates in co-educational settings.

Environmental factors further contribute to these disparities. In urban centers such as Manila, Cebu, and Davao, safety concerns—including harassment and gender-based violence—can restrict women’s freedom of movement (Foundation for Media Alternatives, 2023; Rivera, 2022; World Bank Group, 2020). As a result, female students may be less likely to participate in after-school or evening extracurricular activities, student organizations, or leadership opportunities, further reducing their engagement levels and overall well-being.

Gendered psychological coping mechanisms may also play a role in shaping engagement levels. Research suggests that women are more likely to internalize stress, leading to higher rates of anxiety and depression, which can negatively impact motivation and academic involvement (Graves et al., 2021). Conversely, men are more likely to engage in active coping mechanisms, such as participating in sport or socializing, which may contribute to higher levels of engagement in both academic and extracurricular activities. Traditional masculinity norms further encourage assertiveness and self-expression, fostering greater engagement in classroom discussions and group activities.

Gender disparities in academic engagement are not unique to the Philippines. Studies in non-WEIRD contexts, such as South Asia, Africa, and Latin America, report similar patterns of lower well-being among women, often due to gender inequities, societal expectations, and limited opportunities. For example, Singh and Raina (2020) found that female students reported lower engagement and self-efficacy, primarily due to gendered academic pressures and restrictive cultural norms. In sub-Saharan Africa, women often face additional burdens from household responsibilities and limited access to education and resources, negatively affecting their well-being (UNESCO, 2022). Similarly, in India and the Middle East, women’s restricted mobility and safety concerns contribute to reduced participation in outdoor activities and sport, which affects physical and mental well-being (Koranga et al., 2024; Saeed et al., 2023).

In contrast, WEIRD societies, such as the United States and Europe, tend to exhibit smaller gender disparities in engagement, partly due to more egalitarian educational systems and policies promoting gender equity in leadership and extracurricular activities (Bleidorn et al., 2016). For instance, female students in Scandinavian countries often outperform males in engagement and leadership participation due to pro-women policies and cultural attitudes toward equality (Organisation for Economic Co-operation and Development, 2019). Additionally, women in WEIRD contexts may be more likely to engage in active coping mechanisms, such as seeking social support or therapy, compared to women in non-WEIRD societies, where cultural stigmas around mental health and emotional expression often persist (Folberg, 2020; Lin et al., 2024).

The gender disparities observed in this study underscore the need for targeted institutional efforts to foster more inclusive and supportive learning environments for female students. Universities should implement policies that ensure equal access to leadership opportunities, extracurricular activities, and mental health support. Addressing restrictive gender norms, promoting safer campus environments, and encouraging active engagement among female students can help mitigate the sociocultural barriers that limit their academic participation.



Income and well-being

One of the study’s unexpected findings is the inverse relationship between income and well-being, particularly regarding positive emotions and health scores. Students from higher-income brackets reported lower well-being than those from lower-income groups. This result challenges traditional views that suggest higher income leads to better well-being due to increased access to resources and improved living conditions (Asebedo et al., 2022; Diener and Biswas-Diener, 2002; Killingsworth et al., 2023) and lower income with poorer health outcomes (Bor et al., 2017; Mullahy et al., 2018; Truesdale and Jencks, 2016). However, the Easterlin Paradox (Easterlin, 1974) posits that income increases well-being up to a certain point, beyond which additional financial gains yield diminishing returns to happiness. Similarly, the concept of hedonic adaptation (Diener et al., 2006) explains that people gradually adjust to higher income levels, reducing well-being anchored on financial security over time.

A probable explanation for this phenomenon hinges on Filipino families’ cultural valuation of academic achievement. Students from higher-income backgrounds may experience heightened academic or social pressures due to family expectations and the provision of resources. Research indicates that Asian immigrant parents, including Filipino families, often hold high academic and professional expectations for their children (Mun and Hertzog, 2019; Naumann et al., 2012; Yii, 2024). The concept of filial piety, which emphasizes making parents proud, can intensify these pressures as children strive to fulfil their familial obligations (Cherng and Liu, 2017; Mun and Hertzog, 2019). Consequently, students from affluent backgrounds may experience more significant stress, sacrificing rest, recreation, and sleep to meet these expectations. This lifestyle may reduce engagement in stress-relieving activities, ultimately leading to lower well-being scores despite financial stability. Moreover, existing research reveals that students from wealthier backgrounds often experience higher rates of anxiety and perfectionism due to elevated parental and societal expectations (Becker and Luthar, 2002; Liu et al., 2018; Luthar and Becker, 2002). These psychological stressors may outweigh financial security benefits, contributing to lower positive emotions and overall well-being among higher-income students. However, the results of the current study should be interpreted with caution, given that normality tests violated the regression model’s assumption. Further research is necessary to confirm these results and investigate the underlying causes of these unexpected patterns in the data.



Positive health behaviors and health-enhancing physical activity

For over three decades, the relationship between mental health and PA has been extensively studied (Sabe et al., 2022). Research consistently highlights the importance of positive health behaviors as strong predictors of overall well-being (Chilver et al., 2023; Wickham et al., 2020). However, in the present study, participants reported low PA levels on the PHBS (M = 4.86, SD = 2.71). The low standard deviation indicates that most scores are clustered around the mean, with 23% of participants classified as insufficiently active, according to the IPAQ. Despite these low activity levels, this study found that engaging in health-enhancing PA significantly predicts all elements of the PERMAH model, encompassing overall well-being and health. Walking, cycling, performing sport, and vigorous recreation positively impact physical and mental health. This study outcome is supported by existing literature (Lawton et al., 2017; Rector et al., 2019), reinforcing the positive relationship between physical exercise and well-being across diverse populations. The findings suggest that intervention programs to improve student well-being should focus on increasing PA levels.

The findings also highlight the significance of health-enhancing PA as a robust predictor of all PERMAH elements, including well-being and overall health. Notably, the data were collected 8 months after the national pandemic restrictions on PA and social interactions were lifted; thus, the low PA scores of the participants are concerning. According to IPAQ, only 27% of the participants engage in health-enhancing PA. To address this, future interventions can harness PE classes that offer various courses in dance, sport, exercise, leisure, martial arts, and traditional Philippine games across the university system. In the study locale, students are required to take four semesters of PE classes, with the option to take additional courses, offering a sustained opportunity for PA throughout their college years, which can support their well-being.

While there is limited research on post-pandemic PA (PA) and health behaviors, a study by McCarthy et al. (2021) found that PA levels among their participants increased immediately after COVID-19 lockdowns were lifted in the United Kingdom. In contrast, the current study, conducted 8 months after pandemic restrictions were eased in the Philippines, reported that PA levels and adherence to health behaviors remain low among Filipino tertiary students. The persistent inactivity and low adherence to health behaviors among the study demographics are alarming, particularly in light of recent research that highlights the positive impact of PA on mental health during and after the pandemic (Li et al., 2022). Other studies (Ai et al., 2021; Marconcin et al., 2022) have demonstrated that PA can mitigate the adverse mental health effects associated with the pandemic. Despite the easing of restrictions, the persistence of a sedentary lifestyle among this cohort underscores the need for further investigation into the factors influencing post-pandemic PA behaviors and the development of effective interventions to promote PA in the “new normal.”



Nutrition, relaxation and preventive behaviors

The study also sheds light on the varying adherence to nutrition-related behaviors, with participants showing a strong commitment to regular meal patterns and vegetable consumption. These results support Grajek et al. (2022), who found that a diet rich in fruits, vegetables, lean meats, and whole grains supports optimal bodily function. The moderate adherence observed in this study to regular meals, especially nutrition-rich breakfasts, resonates with research showing that consuming a nutritious breakfast is associated with lower levels of depression and stress, higher happiness scores, and better quality of life (Ferrer-Cascales et al., 2018; Lundqvist et al., 2019). Additionally, Beilharz et al. (2015) emphasize the negative impact of foods high in processed sugar and saturated fat on cognition, particularly memory functions and mood.

The study also revealed the suboptimal dairy intake, particularly of fermented products like kefir and yoghurt, which contrasts with Zidan et al. (2024). They assert that the loss of beneficial gut bacteria can contribute to mood disorders, and their review of 13 studies concluded that consuming probiotic supplements and fermented foods such as kefir and yoghurt can improve mood in middle-aged and older women. The term “psychobiotic” is used (Gobel and Doğan, 2023; Ross, 2023; Zidan et al., 2024) to refer to probiotics or prebiotics that, when consumed appropriately, positively influence mental health by regulating various markers like chemokines, cytokines, neurotransmitters, or neurotrophins levels that circulate in the blood (Heidarzadeh-Rad et al., 2020).

Engagement in relaxation practices (Rooks et al., 2017) and ensuring adequate sleep enhance well-being (Ong et al., 2017) were also identified as key factors in enhancing well-being. Most participants reported frequent engagement in relaxation practices, though there was considerable variability in sleep duration and regularity. Many reported only occasionally getting 6–7 h of sleep and rarely maintaining a regular sleep schedule. Relaxation techniques such as progressive muscle relaxation and deep-breathing exercises have been shown to yield significant benefits. Toussaint et al. (2021) suggest that participating in relaxation efforts can lower stress, while Hamdani et al. (2022) show their efficacy in alleviating anxiety, sadness, and distress symptoms.

Effectively coping with stress is crucial for overall well-being, particularly among young adults. Akhtar and Kroener-Herwig (2019) assert the importance of developing coping mechanisms, particularly those focused on problem-solving and emotional regulation. Chen (2016) advocates for coping strategies like seeking social support and practicing relaxation techniques, while Maia de Carvalho and Vale-Dias (2013) stress the need for tailored coping skills training programs to address stressors, such as academic demands and career transitions.

The findings on positive thinking corroborate existing literature. Positive thinking has been found to advance psychological well-being (Alkhatib, 2020) and improve stress management (Brown, 2021; Tolukan et al., 2024). Davies (2009) extends this concept by introducing hope—a positive future outlook—which has been associated with improved well-being (Gallagher et al., 2021; Murphy, 2023; Pleeging et al., 2021; Yıldırım and Arslan, 2022). Ekman et al. (2022) explore broader cognitive habits, including optimism, stress management, autonomous decision-making, seeking variety and challenges, social connection, continuous learning, repetition, and healthy practices like eating, exercise, and restful sleep.

Goodwin et al. (2016) found that informal help-seeking from friends positively correlates with well-being, while Ratnayake and Hyde (2019) highlight the need for mental health literacy to enable individuals to identify psychological distress and seek appropriate support needed. Additionally, as Brajša-Žganec et al. (2011) identified, active socializing was also found to predict well-being. This study affirms that engaging in preventive health behaviors, such as dental care (Alsumait et al., 2015) and taking vitamins and minerals as supplements (Kumar et al., 2020; Maggini et al., 2021), is strongly associated with well-being. These behaviors support physical health and prevent diseases or injuries that could negatively impact well-being.



Recommendations

Given these findings, a multi-faceted approach to improving the well-being of tertiary students is recommended, focusing on the interplay between physical and psychological health. Universities should proactively encourage and facilitate PA by providing access to sport facilities, fitness centers, and exercise classes. Incorporating PA into the curriculum through movement-based activities across various courses can benefit well-being in the school setting. For example, teachers could introduce PA breaks during class sessions to reduce prolonged sitting behavior and sedentary behavior, which is common among young people (Feiler, 2019). Universities can also organize programs centered on physical health literacy, amplifying the interconnectedness between physical and mental health. These endeavors seek to inform and motivate students to embrace positive lifestyle choices through participation in activities such as nutrition workshops, sessions on sleep hygiene, and stress reduction practices.

One example of a successful intervention is a program that integrated the PERMAH framework into PE classes in a Philippine university (Campoamor-Olegario et al., 2024). The program included mindfulness walks, gratitude exercises, and goal setting to promote positive emotions, engagement, relationships, meaning, accomplishment, and health. Students who participated in the program reported finding greater meaning in their PE classes and feeling more comfortable and confident in their interactions with family and friends.

In addition, Diaz et al. (2024) reported the positive impact of a mindfulness-based PE course on student well-being in the same Philippine university. A course called Mindfulness for Health and Well-being aimed to teach mental health skills and promote prosocial behavior among college students through mindfulness practices and cognitive behavioral therapy exercises. Similarly, Morgan and Simmons (2021) developed an online positive education program based on the PERMA framework to promote well-being in university students. Their program focused on building positive emotions, engagement, relationships, meaning, and accomplishment, improving participant well-being outcomes. These studies provide further evidence for the effectiveness of incorporating positive psychology interventions within PE to enhance student well-being.

Schools can also enhance dining options by offering healthier food selections in cafeterias. Additionally, students can be encouraged to develop physical well-being and uphold mental health by integrating preventive health practices into their daily routines. Educational institutions can provide students and faculty members with mental health resources and support services. Recognizing the positive impact of these interventions on well-being, policymakers, and decision-makers can advocate for a holistic approach to health promotion and disease prevention, thereby fostering the cultivation of thriving communities.

While the study generates valuable insights into the predictive relationship between PA and positive health behaviors in overall well-being, further investigations are recommended to fully comprehend the complex interplay of variables examined. Specifically, future studies employing longitudinal designs are needed to establish causality and determine the long-term effects of PA and positive health behaviors on student well-being. The long-term well-being trajectories of specific subgroups, such as female students, older students, or those from low-income households, can also be explored. Expanding research beyond tertiary education to include school students could also clarify how various health behaviors are established over time. Comparative studies examining the behaviors and well-being of individuals who do not pursue higher education versus those in tertiary institutions could further enrich the discourse.

Future research could identify the particular types of PA and health behaviors that most effectively enhance college students’ well-being. Moreover, qualitative approaches may also be employed to explore underlying mechanisms in the relationship between positive health behaviors and student well-being. These could include interviews to explore the interaction of gender and socio-economic factors in health and fitness. By broadening the scope of inquiry and incorporating diverse student populations, researchers can contribute to a more comprehensive understanding of well-being across different educational and social contexts. Additionally, incorporating qualitative methods such as focus groups or interviews could offer deeper insights into the reasons behind these trends. Including more diverse student populations in future research would also enhance the validity of the findings and provide a more comprehensive understanding of well-being in tertiary education.



Limitations

While the study provides valuable insights into the relationship between positive health behaviors, physical activities, and well-being among Filipino tertiary students, it is crucial to consider that it is not without limitations. One stems from self-report data, which can be subject to recall, social desirability, and interpretation biases. Participants might have inadvertently overestimated their PA levels or adherence to healthy habits. Future researchers may use more objective tools like accelerometers or dietary records to complement self-report data.

Though the sampling approach was designed to include diverse participants, it focused primarily on students enrolled in Physical Education courses. This focus may have inadvertently excluded certain groups, introducing a degree of sampling bias. Broader sampling techniques would help future research capture a more representative snapshot of the overall student population.

Lastly, the study’s context is specific to Filipino tertiary students, which may limit the findings’ generalizability to other cultural settings. Similar studies across varied cultural settings may be needed to ascertain cross-cultural validity.

These limitations underscore the need for caution in generalizing the findings and emphasize the importance of future investigations that address these limitations to provide a clearer picture of the complex relationship between positive health behaviors, PA, and well-being in student populations.




Conclusion

This study contributes to the literature on physical and psychological health by reinforcing the predictive role of PA and positive health behaviors in overall well-being, including positive emotions, engagement, meaning, accomplishment, and health metrics. The findings strongly support the hypothesis that PA levels and dimensions of positive health behaviors significantly predict well-being among Filipino tertiary students. Those who engage in positive health behaviors and maintain moderate PA levels consistently score higher across all six well-being domains than their inactive peers.

A novel contribution of this research is its meticulous examination of how different levels and types of PA, along with other healthy behaviors like good nutrition, regular relaxation, and preventive measures, distinctly influence various aspects of well-being. This analysis addresses a critical gap in the literature by identifying specific behavioral trends linked to improved well-being outcomes.

Additionally, the study confirms that individuals who engage in health-promoting activities and maintain regular activity consistently exhibit higher well-being scores across all six domains than those who are inactive. It highlights that sound nutrition, PA, relaxation, and preventive behaviors favorably predict overall well-being, meaning, and accomplishment. Notably, preventive and relaxing behaviors were the only ones significantly related to the relational components of well-being, suggesting a complex connection between health behaviors and the social dimensions of well-being that warrants further investigation.

Understanding the differential impacts of various activities on relationships requires a more in-depth investigation to determine which activities provide the greatest benefits. Longitudinal studies are essential to assess the sustainability of these effects over time. Expanding this research to diverse settings will allow for broader validation of the current findings and help identify specific cohorts that may benefit differently from these activities. Finally, given these results, the study advocates for targeted public health initiatives that prioritize disseminating practical information on the benefits of PA for well-being, promoting regular PA through online and onsite platforms, and integrating relaxation techniques and preventive health practices into daily routines.
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Objective: Physical activity (PA) is beneficial to the body and effective in promoting mental health and social relationships, which is one of the most important ways to enhance the quality of life. This review investigated the effects of PA in intensity, duration, and exercise modality on young people’s mood.
Methods: Adhering to PRISMA 2020 guidelines, this study conducted a meticulous search across the Web of Science, PubMed, PsycINFO, and Scopus from May to July 2024, and participants aged between 13 and 28 were specified for inclusion in the study. The search yielded 942 titles and abstracts, and subsequent screening according to the criteria led to the inclusion of 20 studies, with 11 focusing on exercise intensity, four on duration, and five on exercise modality.
Results: Exercise of different intensities and durations had different effects on mood, with moderate intensity having the most significant effect on mood. In terms of duration, exercise lasting 10–30 min was more effective in improving positive mood. In addition, the effects of different modalities of exercise on mood also vary, with current research focusing more on the effects of aerobic exercise on mood.
Conclusion: PA can have a positive impact on mental health that varies by intensity, duration, and modality of exercise; moderate intensity and 30 min of exercise tend to result in the most positive emotions. More research could be conducted in the future in different anaerobic exercises.
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1 Introduction

The transition from adolescence to adulthood is a crucial stage in the development of college students. Even though these emerging adults aim for high levels of intelligence, ambition, and self-worth (Pedrelli et al., 2015), they still must deal with the usual difficulties of this developmental stage, like finding a place to live, forming relationships, dealing with academic and competitive pressures, dealing with financial stress, and having trouble making critical decisions (Parker et al., 2004). Stress-related mental illnesses, such as anxiety and depression, affect a significant portion of college students and impair their ability to function in everyday life and the classroom (Fam, 2018; Sobocki et al., 2006). People usually experience stress, anxiety, and sadness when confronted with an uncertain or complex circumstance or event (Ketata et al., 2021).

According to the US Department of Health and Human Services (1996), PA is any movement of the body that uses energy from the skeletal muscles and has positive psychological consequences (Miles, 2007). Researchers have extensively researched the preventive effects of PA against stress, anxiety, and depression (Anderson and Shivakumar, 2013; Moljord et al., 2014; Zhang Z. et al., 2022). Numerous age groups and people with or without chronic illnesses have shown that PA has favorable associations with stress, anxiety, and depression (Rethorst et al., 2009; Dinas et al., 2011; Kandola et al., 2019).

A substantial amount of research has been conducted over the last three decades that supports the beneficial effects of exercise on mood, especially its anxiolytic effects. The anxiolytic effect has been supported by several reviews and meta-analyses (e.g., O’Connor et al., 2000; Petruzzello et al., 1991). PA can improve mood, lessen the symptoms of anxiety and depression, and improve mental health in general (Haskell et al., 2007; Lees and Hopkins, 2013). PA is crucial in reducing chronic conditions like obesity, diabetes, and heart disease, according to several studies (Warburton et al., 2006). Frequent PA encourages interpersonal communication and fosters a feeling of community (Bailey et al., 2013). Additionally, frequent exercise is linked to enhanced cognitive abilities, such as memory, focus, and problem-solving skills. Additionally, it reduces the risk of Alzheimer’s disease and cognitive decline (Hillman et al., 2008).

Exercise positively impacts other aspects of mood, such as lowering depression and raising wellbeing (Yeung, 1996; Biddle et al., 2000). There is evidence that moderate exercise improves mood (or helps to maintain mood at a high level). In contrast, strenuous exercise leads to a worsening of mood, and these mood changes are more strongly associated with depression than with anxiety (Peluso and De Andrade, 2005). Negative mood can lead to elevated stress levels, weakening the immune system and increasing susceptibility to various health problems (Pressman and Cohen, 2005). Also, mood affects cognitive functions such as attention, memory, and decision-making (Isen, 2001). Research has shown that the effects of regular PA on mood have been studied primarily through aerobic exercise (Salmon, 2001; Brosse et al., 2002), while anaerobic PA, such as bodybuilding or flexibility training, can also reduce depressive symptoms (Martinsen et al., 1989; Martinsen, 1994).

According to the health-related guidelines of the American College of Sports Medicine (2013), 10 min of exercise throughout the day to achieve the desired 30 min of moderate-intensity exercise. In exploring mood changes, research has typically explored the benefits of 20–40 min of exercise (Glass and Chvala, 2001; Lind et al., 2008; Raedeke, 2007; Berger et al., 2016). Only a few studies have documented improvements in mood after 10, 15, or 20 min of exercise (Rudolph and Butki, 1998; Annesi, 2003). When Hansen et al. (2001) examined how long exercise lasted on mood states, they discovered that 10 min improved confusion, exhaustion, and overall mood disturbance ratings.

Exercise can improve physical functioning, mood, symptom severity, and self-efficacy over at least 12 months (Gowans et al., 2004). The relationship between exercise and mood may be influenced by exercise parameters, i.e., intensity, duration, and modality of exercise (Rocheleau et al., 2004). In this article, we systematically review how these exercise parameters affect mood, contributing to a deeper understanding of the neurophysiological mechanisms of exercise on mood. Understanding how different exercise intensities, durations, and modalities affect mood. Clarifying which exercise parameters are most effective in improving mood can help design more precise and effective exercise interventions.



2 Methods

Adhering to PRISMA 2020 guidelines, this study conducted a meticulous search across the Web of Science, PubMed, PsycINFO and Scopus from May to July 2024. The search strategy included terms for: (1) physical activity (“physical exercise OR exercise”); (2) benefits (“advantage OR good”); (3) exercise intensity (“physical exercise intensity OR sports intensity OR strength of intensity OR intensity of exercise”); (4) duration (“period OR time OR time duration OR period duration”); (5) modality (“mode OR sense modality”); (6) young people (“adolescents OR teenager OR young person OR young adult”); (7) mood (“emotion OR emotions OR affect”). Furthermore, the reference lists of all included papers were meticulously examined to uncover any pertinent articles that were not detected in the electronic search. The returned results were screened by the first author to exclude duplicate articles based on titles. The abstracts of the remaining articles were reviewed by a review author.


2.1 Inclusion and exclusion criteria

The included studies should meet the following criteria: (1) Studies of young people participants (participants in the 13–28 age range were selected for this paper because there may be some variations in the age range of adolescents and young people across different countries and cultures, but this range from adolescence to early adulthood reflects the impact of PA on various developmental stages and makes the findings more broadly applicable). (2) At least one outcome of mood was recorded both before and after exercising. (3) For the studies of exercise intensity, objective measures of exercise intensity should be used. (4) Original research articles published in peer-reviewed journals. (5) The articles were written in English.



2.2 Identification of eligible studies

Collaborative screening was carried out by two authors on Rayyan (a specialized website), so the remaining studies were independently reviewed by different authors against the inclusion and exclusion criteria. At this stage, the Rayyan showed the rate of Aligned is 84%. Then one of author review the conflict, the rate of aligned is 91%, and leave note for another author to discussion. The disagreement was resolved by all the authors according to the online discussion till 99% agreement. Finally download the full text for flowing details criteria.



2.3 Data extraction

Data extraction was accomplished by two authors working together. All the literature was imported into Rayyan, and then each study was scrutinized by the two authors individually. The data extracted included the age of the participants, the study design, the study methodology, the measure of PA on the intensity of the exercise, the measure of duration, and the effect of modality. The final stage of the analysis was well aligned between the two authors without any conflict.



2.4 Quality assessment

The included studies were rigorously quality assessed for this systematic review using the Cochrane Collaboration Risk of Bias Assessment Tool (Higgins, 2006). The tool systematically assessed the potential bias and methodological quality of each study to ensure that the findings had a high degree of confidence and internal validity. Dissenting studies were finally identified through a discussion between the first and second authors.




3 Results

Following PRISMA 2020 guidelines, this study conducted a comprehensive review of 942 papers, and 73 records were retained after the title and abstract screening. Finally, only 20 articles were retained after the full text (see Figure 1).

[image: Flowchart illustrating the identification and screening process of studies via databases and registers. Initially, 942 records were identified from databases like Web of Science, PubMed, PsycINFO, and Scopus. After removing 331 duplicates, 611 records were screened. Of these, 461 were excluded, leading to 150 reports sought for retrieval. Seventy-seven reports were not retrieved, leaving 73 assessed for eligibility. Fifty-three were further excluded for reasons like not being adolescent-related, not original research, irrelevant mood, or not in English. Finally, 20 studies were included in the review.]

FIGURE 1
 Study selection.



3.1 Risks of bias

This systematic review used the Cochrane Collaboration risk of bias assessment tool to assess the included studies’ quality critically. The tool allowed a comprehensive analysis of each study’s risk of overall biases, selection of the reported result, measurement of the outcome, missing outcome data, deviations from intended interventions, bias arising from period and carryover effects, and randomization process. The assessment results indicated that the results of studies with a low overall risk of bias had a high degree of confidence, although potential limitations in some studies should still be considered with caution (Tables 1–3). Figure 2 summarizes the risk of bias.


TABLE 1 Exercise intensity.


	Study
	Participants (N)
	Sex
	Age
	Exercise intensity
	Findings

 

 	
Wininger (2007)
 	College students (n = 134) 	F/M 	\ 	Riding 20 min on the bike at 70, 50, 30% of estimated VO2max 	Changes were most notable for tense arousal negative (i.e., anxiety) for those assigned to the low and moderate intensity exercise conditions.


 	
Kilpatrick et al. (2024)
 	Young adults (n = 27) 	F/M 	Age = 23 	Ramp protocol was performed on an electronically braked cycle ergometer moderate and vigorous intensities (i.e., 20 min below VT and 10 min above VT) 	Exercise intensity affects affective responses during exercise.


 	
Morgan et al. (1988)
 	College swimmers (n = 12) 	M 	\ 	Daily training distance was increased from 4,000 to 9,000 m.d-1 intensity was maintained at 94% of VO2max 	Ratings of exercise intensity, muscle soreness, depression, anger, fatigue, and overall mood disorders increased significantly, while overall wellbeing decreased.


 	
Zhang Q. et al. (2022)
 	College students (n = 739) 	F/M 	Age = 20 	Lower and higher Exercise 	High and low exercise intensity had different effects on the relationship between self- concept and negative emotion.


 	
Zhang Z. et al. (2022)
 	College students (n = 1,117) 	F/M 	Age = 19 	Bicycle ergometer 	PA reduces negative emotions.


 	
Naugle et al. (2014)
 	College students (n = 22) 	\ 	Age = 20 	Low-intensity (treadmill walking, stationary cycling) High-intensity (4 Nintendo Wii games: boxing, tennis, cycling, aerobic step) 	Ratings of enjoyment and the increase in positive emotion were greater for boxing and for tennis compared with those for traditional exercises.


 	
Schmitt et al. (2019)
 	Athletes (n = 22) 	M 	Age = 27 	Low (35% below lactate threshold) intensity High (20% above lactate threshold) intensity 	There was a significant increase in positive mood in both exercise conditions.


 	
Laki et al. (2022)
 	Young athletes (n = 18) 	M 	Age = 13 	Treadmill (moderate-intensity exercise, 60% MHR) 	There was no change in 10 (more than half) adolescent participants, with one child reporting increased affective valence.


 	
Yang et al. (2022)
 	College students (n = 586) 	F/M 	Age = 20 	Low, moderate and high PA 	PA could not only directly affect the depressive symptoms of college students but also indirectly affect depressive symptoms through the mediating effect of perceived stress and psychological procrastination.


 	
Seo (2023)
 	Healthy men (n = 9) 	M 	Age = 25 	Cycling exercise consists of three different work roads at 50, 100, and 100 watts for 10 min each 	After maximal cycling exercise, total mood disorders did not improve.


 	
Yue and Xiao (2022)
 	College students (n = 100) 	F/M 	\ 	Aerobic exercise 30 min 	Moderate-intensity exercise induces a happy emotional state in the subjects.





F, Female; M, Male.
 


TABLE 2 Exercise duration.


	Study
	Participants (N)
	Sex
	Age
	Exercise duration
	Findings

 

 	
Daley and Welch (2004)
 	College students (n = 23) 	F/M 	Aged = 22 	15 min and 30 min cycle ergometer exercise 	15 and 30 min of moderate-intensity exercise will result in a positive emotional response.


 	
Rudolph and Butki (1998)
 	College students (n = 36) 	F 	\ 	10, 15, and 20 min of treadmill running 	10 min of aerobic exercise is sufficient to enhance exercise-related self-efficacy and affect.


 	
Berger et al. (2016)
 	College students (n = 55) 	F/M 	Age = 20 	15 min Jogging 	College students can experience acute mood benefits after only 15 min of jogging at their preferred intensities.


 	
Smith et al. (2002)
 	College students (n = 24) 	F 	Age = 22 	25 min of low- and moderate-intensity cycling 	Anxiety-reducing conditions of cycling exercise or seated rest do not alter emotional responsiveness in healthy college women.





F, Female; M, Male.
 


TABLE 3 Exercise modality.


	Study
	Participants (N)
	Sex
	Age
	Exercise modality
	Findings

 

 	
Stenling et al. (2024)
 	College students (n = 52) 	F/M 	Age = 20 	Stair climbing 	Compared to a no-exercise control session, following the stair climbing participants exhibited superior cognitive switching performance and reported feeling more energetic and happier.


 	
Miller et al. (2005)
 	College students (n = 34) 	F 	Age = 21 	20 min of exercise on (stair stepper, treadmill, rower, stationary cycle ergometer, and simulated cross-country skiing)
 Intensity: 65–75% of HRR 	Mode preference moderated the improvement in positive affect, with no effect on the reduction in negative affect.


 	
Legrand et al. (2022)
 	College students (n = 150) 	F/M 	age = 20 	Green Walking, Urban Walking and No-exercise 	Green walking exercise significantly improved positive affect and significantly reduced negative affect.


 	
Wang et al. (2023)
 	College students (n = 55) 	F/M 	Age = 20 	Tai Chi 	Tai chi exercise improves emotional regulation.


 	
Aoki et al. (2017)
 	Volleyball players (n = 18) 	M 	U16 (Age = 15)
 U19 (Age = 17) 	Volleyball training 	U16 group presented a higher value for the total mood disturbance and for the subscales, tension, depression, anger, and fatigue.





F, Female; M, Male.
 

[image: Three horizontal bar charts evaluating bias risks in exercise studies. Top chart: Exercise intensity shows high risk in deviations from intended interventions. Middle chart: Exercise duration shows some concerns, predominantly low risk. Bottom chart: Exercise modality shows some concerns and low risk, especially in the randomization process. Color coding: green for low risk, yellow for some concerns, red for high risk.]

FIGURE 2
 The risk of bias.




3.2 Intensity of exercise

Exercise intensity is based on the level of energy expenditure, categorizing activity using low, medium, and high levels, and is specifically described as heart rate and metabolic equivalents (Haskell et al., 2007). Most studies have explored the effects of exercise intensity on mood, totalling 11 related papers. PA usually improves mood, but the impact varies across different intensities. Research has shown that it can effectively enhance an individual’s psychological resilience and reduce negative emotions, especially in the case of low-intensity exercise (Zhang Q. et al., 2022). However, high-intensity and low-intensity exercise show different effects on the relationship between self-concept and negative affect. High-intensity training may increase depression, anger, and fatigue in athletes (Morgan et al., 1988), whereas mood dysregulation did not improve after extreme cycling (Seo, 2023).

Low- and moderate-intensity exercise elevates positive mood and improves anxiety (Wininger, 2007; Schmitt et al., 2019; Yue and Xiao, 2022). In contrast, moderate-intensity strength training has the best anxiety-relieving and vigor-enhancing effects in young adults (Arent et al., 2005; O’Connor et al., 1993). High-intensity exercise, such as boxing and tennis, resulted in significantly higher pleasure and positive mood increases than low-intensity exercise (Naugle et al., 2014). Research has indicated that PA improves depression in college students regardless of training intensity (Yang et al., 2022), and typically their negative mood decreases while their positive mood stays the same (Bixby et al., 2001).



3.3 Duration of exercise

Exercise duration is the length of an exercise activity and can vary depending on the goal (Garber et al., 2011). Exercise is a proven enhancer of mood among young adults, with a broad range of studies confirming that different durations and types of PA, including cycling and treadmill running, lead to marked improvements in psychological distress, fatigue, and overall mood. Short-duration (10–20 min) runs have been shown to increase positive wellbeing and reduce psychological distress (Rudolph and Butki, 1998; Berger et al., 2016), while moderate-intensity exercise (15–30 min) also produces positive emotional responses, and these effects persist over time (Daley and Welch, 2004). However, there is also a study that suggests that anxiety-reducing conditions of cycling exercise or seated rest do not alter emotional responsiveness in healthy college women (Smith et al., 2002). Anxiety-reducing conditions of cycling exercise or seated rest do not change emotional responsiveness in healthy college women.



3.4 Modality of exercise

Exercise modalities refer to specific categories of PA and are often categorized according to exercise intensity, target muscle groups, and physical demands (Caspersen et al., 1985). This evidence emphasizes the significant psychological benefits of PA for young people and calls for integrating exercise into educational and recreational activities to promote mental health and emotional resilience. For example, Stenling et al. (2024) found that participants who climbed stairs reported feeling more energized and happier. Modality preference moderated improvements in participants’ positive mood but had no significant effect on reductions in negative mood (Miller et al., 2005). Legrand et al. (2022) showed that green walking significantly increased participants’ positive and reduced negative moods. In contrast, the same exercise in an urbanized area only effectively reduced negative mood. Wang et al.'s (2023) study also demonstrated that Tai Chi had an improving effect on mood.




4 Discussion

Research reveals that low- to moderate-intensity exercise is beneficial for mood improvement and psychological resilience, often reducing negative emotions such as anxiety and stress (Zhang Z. et al., 2022; Wininger, 2007). Studies by Schmitt et al. (2019) and Yue and Xiao (2022) align with these findings, indicating that lower-intensity activities are effective in managing anxiety and enhancing positive moods. However, while this body of evidence supports the efficacy of low-intensity exercise for emotional wellbeing, the benefits might not be as uniform or enduring for all populations. For instance, certain groups, like highly stressed individuals or those with existing mood disorders, may require more targeted interventions beyond general low-intensity exercise routines to achieve sustained emotional benefits. While it may increase vitality, it can also heighten anxiety in some individuals (Ruiz-Ariza et al., 2017), pointing to an ambivalent relationship between high-intensity activities and mood. Morgan et al. (1988) indicate that intense PA can increase depression, anger, and fatigue, potentially due to the physical and psychological stress imposed on the body. This raises questions about whether high-intensity exercise could be unsuitable for individuals already prone to negative emotions, as its demanding nature might exacerbate rather than relieve mental strain.

Interestingly, other studies provide contradictory findings on high-intensity exercise’s mood effects. Naugle et al. (2014) report that sports like boxing and tennis, often involving higher intensities, correlate with increased pleasure and positive mood boosts. These findings suggest that enjoyment of the activity itself and the social or motivational context may play significant roles in determining emotional outcomes from exercise. This potential influence of personal preference or engagement is a notable factor, yet it is often overlooked in studies that solely focus on physical intensity levels. Moderate-intensity exercise may strike the most balanced approach, delivering mood-enhancing benefits without the risks of emotional strain associated with high-intensity exercise. Arent et al. (2005) and O’Connor et al. (1993) find that moderate-intensity strength training is particularly effective for reducing anxiety and enhancing vigor in young adults. These findings imply that moderate-intensity activities may be most suitable for general populations looking to improve their mood and mental wellbeing. However, this “middle ground” effect may vary depending on factors like age and fitness level, as Laki et al. (2022) indicate that moderate-intensity activities have limited effects on adolescent mood. This disparity suggests that mood responses to moderate-intensity exercise might require age or developmental consideration to optimize its effectiveness for emotional health. One limitation across these studies is the variability in measurement tools and sample sizes, which can affect the reliability of their findings. Many studies use self-reported mood measures, which, while valuable, introduce subjective biases. Future research could benefit from more objective mood assessments and larger, more diverse samples to enhance generalizability. Additionally, the long-term effects of consistent exercise intensity on mood are relatively understudied, with most research focusing on short-term impacts. Understanding the sustained effects of different exercise intensities on mood could help clarify whether certain intensities yield lasting benefits or if they require continuous engagement to maintain positive emotional outcomes.

The evidence supporting exercise as an enhancer of mood among young adults is substantial, with numerous studies confirming that both the modality and duration of PA play a significant role in influencing psychological outcomes. The general consensus is that exercise, whether cycling, running, or moderate-intensity activities, tends to improve psychological distress, fatigue, and overall mood. Studies such as Rudolph and Butki (1998) and Berger et al. (2016) have shown that short-duration runs (10–20 min) can effectively reduce psychological distress and boost positive wellbeing. Similarly, moderate-intensity exercise lasting between 15 and 30 min produces lasting emotional benefits, as demonstrated by Daley and Welch (2004), with improvements that persist beyond the immediate exercise period. However, some studies have presented contradictory findings, particularly regarding the effects of exercise on emotional responsiveness in certain populations. For instance, Smith et al. (2002) reported that anxiety-reducing conditions such as cycling exercise or seated rest did not alter emotional responsiveness in healthy college women. This raises an important issue about individual variability in how different exercise types and conditions affect emotional states. Factors such as baseline mood, fitness level, and even the environment in which the exercise takes place could influence the outcomes, suggesting that generalized conclusions about exercise’s emotional benefits might overlook the complexity of these variables.

Duration also appears to be a key factor in determining the psychological benefits of exercise. Shorter sessions, ranging from 15 to 16 min, have been shown to have a quick impact on mood and self-efficacy (Ruiz-Ariza et al., 2019; McDonough et al., 2021), highlighting the rapid emotional benefits of brief, consistent exercise bouts. However, the question remains whether these improvements are sustainable or merely momentary boosts in mood. While moderate-duration exercise (30–45 min) has consistently been linked to mood enhancement (‌Bakir and Kangalgil, 2017; Stolarska et al., 2019), longer exercise sessions (60–90 min) are thought to provide more sustained benefits (Roh et al., 2018). This suggests that while short sessions might be ideal for quickly alleviating distress, longer sessions are necessary for more sustained mood improvements. One critical point to consider is the diversity in individual responses to exercise duration and intensity. For example, some studies suggest that longer sessions may lead to fatigue or negative mood changes, especially if the intensity is too high or the individual is not well-conditioned (Fidelix et al., 2019). This highlights the importance of tailoring exercise routines to individual needs and ensuring that the intensity and duration are appropriate to the person’s fitness level and emotional state.

Research by Ruiz-Ariza et al. (2017) and Herbert et al. (2020) highlights that high-intensity interval training (HIIT) can significantly improve mood states, potentially boosting emotional intelligence and resilience. Similarly, studies by Brand et al. (2019) and Fidelix et al. (2019) point to the benefits of extended aerobic exercises, such as running or cycling, in fostering mood enhancement and boosting self-esteem. These findings align with the general understanding that regular PA plays a crucial role in mental health improvement. Moreover, ‌Bakir and Kangalgil (2017) supports this notion, demonstrating that organized team sports and social physical activities not only improve physical health but also have profound effects on mental health. These activities foster social interaction and a sense of community, which can improve emotional resilience and reduce feelings of isolation. Furthermore, Roh et al. (2018) and Znazen et al. (2021) found that specialized training—such as taekwondo and strength training—can lead to significant improvements in mood, further underscoring the importance of targeted physical activities in mental health promotion.

However, while the general benefits of exercise on mood are well documented, the type, intensity, and duration of the PA can significantly influence the psychological outcomes. For instance, Stenling et al. (2024) demonstrated that even brief activities, such as stair climbing, could increase feelings of energy and happiness, highlighting the impact of even short bursts of PA. This suggests that mood improvements do not necessarily require long durations or high-intensity efforts. On the other hand, Miller et al. (2005) observed that while modality preference (the choice of exercise) influenced participants’ positive mood improvements, it had no significant effect on reducing negative emotions. This indicates that while enjoyment and preference are essential for sustained engagement, they might not directly correlate with reductions in negative mood states. Additionally, the environment in which exercise takes place plays a pivotal role in its emotional outcomes. Legrand et al. (2022) showed that green walking—conducted in natural environments—significantly boosted participants’ positive moods and reduced negative emotions. In contrast, the same exercise performed in urban settings only led to reductions in negative mood, suggesting that the physical environment contributes to the psychological benefits of PA. This highlights the growing body of evidence suggesting that environmental factors, such as green spaces, are essential in optimizing the mood-enhancing effects of exercise. Furthermore, Wang et al.’s (2023) study on Tai Chi illustrates the significance of specific exercises in mood improvement. Tai Chi, a form of mind–body practice, has been shown to improve mood in a more controlled, mindful manner, pointing to the broader spectrum of exercise types that cater to different emotional needs.

Critically, while these findings are promising, they also raise questions about the consistency of exercise’s emotional benefits across different populations. Factors such as baseline mood, individual preferences, and cultural context could influence how young people respond to various forms of exercise. Additionally, the duration and intensity of PA that maximally benefits emotional health may vary, as evidenced by studies that suggest moderate or low-intensity exercises may be more effective in some populations, particularly those with mental health concerns. Thus, future research should aim to explore these variables further, assessing how individualized exercise prescriptions can best address mood disturbances in young people.



5 Limitation

Current research has focused on university student populations and the effects of aerobic exercise on mood and mental health, and whilst these studies have shown that aerobic exercise can significantly improve mood states, such as alleviating anxiety and depression, the potential benefits of anaerobic exercise are equally worthy of in-depth exploration. Strength training and high-intensity interval training (HIIT) have been shown to play an important role in elevating mood and increasing mental toughness. Studies have shown that strength training can increase self-esteem, improve emotional stability, and reduce stress levels, while HIIT has received increasing attention for its short duration and efficiency. However, the majority of participants in these studies were university students, and the limitations of the sample prevented the findings from being generalized to a wider group of young people. Differing cultural backgrounds, socioeconomic status, and external factors such as family support, social environment, and academic pressures may significantly impact mood improvement with exercise, and these variables have not been adequately considered in the existing literature. In addition, existing studies vary in their definitions and measurements of exercise intensity, duration, and modality of exercise, further limiting the comparability and generalizability of findings.

Particularly in the field of anaerobic exercise, there is less current research addressing specific mechanisms of mood regulation. For example, there are no consistent findings on whether strength training improves mood through neuroendocrine changes or other physiological mechanisms. There is also a lack of systematic research on how different intensities of anaerobic exercise affect mental health and whether there is an optimal intensity for individual needs. Whether team-based forms of resistance training provide additional mood benefits or whether they improve engagement has also not been explored in depth. Therefore, future studies should be more comprehensive and diverse in their methodological design, expand the sample coverage to include people of different age groups, cultural backgrounds, and health conditions, and focus on the specific pathways and mechanisms of action of anaerobic exercise in improving mental health. In addition, there is a need to further explore the personalized application of anaerobic exercise, such as optimizing the intensity, frequency, and duration of exercise to meet the psychological needs of different individuals. By incorporating the combined effects of anaerobic and aerobic exercise into the study, it can provide an important basis for the development of a more comprehensive and scientific exercise intervention strategy and ultimately a more comprehensive understanding of the multidimensional role of PA in mental health improvement.



6 Conclusion

PA has significant benefits on young people’s mood, and its effects are influenced by the intensity, duration, and modality of exercise. Low-intensity exercises helps reduce negative emotions and increase mental toughness; moderate-intensity exercises effectively reduces anxiety and increases vitality, and high-intensity exercises may result in positive or negative emotions. Short periods of running can enhance wellbeing, and 15–30 min of exercise can lead to lasting positive emotions. The positive effects of PA on mood need to be translated into school, family, and government interventions to help youth improve their mood through PA. It is recommended that schools schedule 10–30 min of moderate-intensity exercises daily, such as running or jumping rope during school hours, to improve concentration and reduce stress. At the same time, diversified choices of exercises and mood regulation courses should be provided. Parents can draw up exercises to encourage their children to be less sedentary, e.g., 10–15 min of exercises after using electronic devices. Secondly, the government should publicize the benefits of exercises on mental health through the media to raise public awareness of the importance of exercises for physical health and emotional improvement.
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Introduction: This study aimed to address a gap in the literature by examining Key Stage One teachers’ perceptions of the facilitators and barriers to implementing physically active mathematics lessons in UK primary schools after administering a physically active mathematics intervention for 6 weeks. Incorporating physical activity into academic lessons presents a unique approach to increasing physical activity among children without compromising the time allotted for academic lessons.
Methods: The intervention was designed in collaboration with the participants and the research team. The study employed a mixed methods approach, utilizing a parallel design in which 14 current key stage one teachers (men = 1, women=13) participated. The participating teachers delivered 6 weeks of physically active mathematics lessons in their respective schools. Training (through two preparatory workshops), schemes of work, and equipment were provided to participants before the intervention began. Survey data were collected through pre- and post-intervention surveys and a weekly intervention delivery log. Participants engaged in individual semi-structured interviews post-intervention. Survey data were analyzed using descriptive statistical analysis.
Results: The combined average number of minutes participants could implement physically active mathematics lessons each week was 59 min. Paired samples t-tests revealed a significant increase in participants’ confidence in delivering physically active mathematics lessons from pre-intervention (M = 2.86, SD = 2.23) to post-intervention (M = 8.31, SD = 1.07; t (12) = −6.739, p < 0.001). Interview data were transcribed verbatim and analyzed through thematic analysis. Several facilitators and barriers to implementing PALs were identified. Key facilitators identified in this study included training, availability of ready-to-use resources, and increased teacher confidence. Furthermore, physically active lessons (PALs) were easier to implement in contexts where play-based learning approaches from the early years foundations stage could naturally extend into subsequent years. However, key barriers included classroom management challenges, time constraints, and space limitations. Additionally, the specific timing of implementation posed challenges, with cold weather restricting outdoor activities and Christmas-related commitments detracting from the time available for PALs.
Discussion: This study highlights the feasibility of implementing physically active mathematics lessons into the curriculum of UK primary schools and provides key considerations for schools aiming to successfully implement these lessons to best aid the implementation of physically active mathematics lessons.

Keywords
 physically active lessons; pedagogy; children; education; physical activity


1 Introduction

Physical activity levels among children and young people are a cause for concern. Recent statistics indicate that for the 2022–2023 academic year, 53% of children and young people aged 5 to 16 years did not meet the Chief Medical Officer’s guidelines of participating in 60 min or more of physical activity each day (Hollingsworth, 2023). Given the widely reported and accepted literature that highlights how living an active lifestyle during childhood not only lowers the risk of health complications—such as reducing the risk factors for cardiovascular disease and the development of type 2 diabetes (Lessiani et al., 2016)—but also improves various aspects of cognitive functioning and mental well-being (Zhang et al., 2023; Ganjeh et al., 2021), it is crucial to address these alarmingly low levels of physical activity. School-based physical activity interventions have been suggested as an effective way to enhance physical activity levels (Hills et al., 2015); however, prioritizing educational outcomes makes it challenging to find time within the school day to implement physical activity initiatives (Stylianou et al., 2016). Therefore, integrating physical activity into academic lessons has been proposed as a viable intervention to increase physical activity levels without compromising the time allocated for academic learning, often referred to as physically active lessons (PALs) (Bartholomew and Jowers, 2011).

PALs are teacher-led academic lessons that seek to integrate bursts of moderate to vigorous physical activity into the classroom while teaching academic content (Dunlosky et al., 2013). Recent literature has outlined a number of benefits of PALs. For example, participation in these lessons has been shown to significantly improve aerobic fitness (Vetter et al., 2020a,b) and gross motor skill development (locomotion and object control) compared to control groups (Magistro et al., 2022; Boat et al., 2022). Crucially, research has highlighted that engaging in PALs leads to lasting improvements in cognitive function. For instance, two studies conducted in Italy demonstrated enhancements in working memory, attention, and executive function after participating in 16 weeks (Boat et al., 2022) and 2 years (Magistro et al., 2022) of PALs compared to control groups. Furthermore, participation in PALs has been shown to enhance academic achievement. A 2-year longitudinal study found that pupils who participated in these lessons were 4 months ahead in learning gains when compared to a control group, with significantly greater improvements observed in a mathematics speed test, general mathematics ability, and spelling (Mullender-Wijnsma et al., 2016). This is further supported by studies reporting significant improvements in multiplication test scores (Vetter et al., 2020a,b) and time on task within the classroom (Mullender-Wijnsma et al., 2015; Sneck et al., 2023) after pupils engaged in PALs.

Despite these well-documented benefits highlighting a promising method of teaching to increase physical activity levels in children and young people, research examining PALs specifically within UK schools is limited, as indicated by recent systematic reviews and meta-analyses (Vetter et al., 2020a,b; Norris et al., 2020). The majority of studies conducted in the UK have sought to examine the impact of PALs on physical activity levels and academic outcomes (Bacon and Lord, 2021) or have explored these lessons alongside other school-based physical activity initiatives, such as movement breaks (Routen et al., 2024). However, few studies have specifically investigated the feasibility of PALs within UK schools. Quarmby et al. (2019) conducted semi-structured interviews with UK primary school staff (teachers, headteachers, subject leads) and identified several key barriers to implementing PALs, including teacher confidence, concerns about pupil behavior, and classroom space and layout. Similarly, another study conducted focus groups with key stakeholders (teachers, researchers, and policymakers), revealing that teachers often lack the necessary resources to implement PALs effectively, such as ready-made lesson plans, equipment, additional time for lesson planning, and training on how to deliver these lessons efficiently (Daly-Smith et al., 2020). These barriers should be considered when designing and implementing future physically active lesson (PAL) interventions, focusing on ensuring that teachers feel adequately trained and confident in delivering the PAL intervention while also providing ready-made lesson plans that consider the available space and equipment in schools. While these studies offer valuable insights into potential barriers to the widespread implementation of PALs, the perceptions of key stakeholders are based on their expectations of a physically active learning intervention rather than their actual experiences administering this type of intervention. To date, no study has sought to examine teachers’ perceptions of the barriers and facilitators to implementing PALs within UK schools after they have implemented a physically active learning intervention designed in collaboration with the teachers delivering it.

Therefore, the aims of the current study were twofold: (1) to design and implement a 6-week PAL intervention in Key Stage One (grades one and two) mathematics, collaborating with the participants (teachers) and considering previous research (e.g., Quarmby et al., 2019; Daly-Smith et al., 2020) to address barriers to successful implementation; (2) to assess the feasibility of implementing PALs in UK schools by exploring Key Stage One teachers’ perceptions of the facilitators and barriers to active mathematics lessons after administering a 6-week physically active mathematics intervention.



2 Materials and methods


2.1 Design and participants

Considering the goals of the current study, a mixed methods approach using a parallel design was implemented. This was evident through the simultaneous collection and analysis of both quantitative and qualitative data before and after the implementation of the intervention. By collecting data in parallel, immediate insights into the effects of the intervention were captured, allowing each method to independently address different aspects of the research questions. This, in turn, facilitated a comprehensive understanding of the research problem by integrating exploratory and confirmatory elements, enhancing the overall impact and effectiveness of the intervention. A total of 14 current Key Stage One teachers from 12 different primary schools in the East Midlands area of the UK were recruited to participate in the study. No data were gathered from pupils who took part in the PAL intervention. Participants (teachers) were recruited through opportunistic sampling and were required to give consent before participating in the study. Prior to the commencement of the study, ethical clearance was provided by a university ethics committee. Participants had varying degrees of teaching experience, ranging from less than 1 year to over 10 years as qualified teachers (see Table 1). Before the intervention began, participants attended two preparatory workshops.



TABLE 1 Participant characteristics.
[image: Table displaying participants with columns for sex, year group taught, additional roles, and teaching experience in years. Participants hold roles such as mental health lead, maths lead, phonics lead, and PSHE lead, with experience ranging from approximately one year to over ten years.]



2.2 Workshop one

During the first preparatory workshop, details regarding the 6-week intervention and the timeline for data collection were shared with the participants. They were required to complete a pre-intervention survey that included questions regarding personal information (e.g., name, teaching experience), relevant demographic details about their schools, and their existing knowledge and confidence in delivering PALs. The research team then provided an overview of PALs to the participants. Additionally, a practical example of a PAL activity, along with guidance for implementation, was provided. The example activity was “dice times tables.” In pairs, each pupil rolls a die and performs a physical activity (e.g., jump, star jump, and so on indicated on a card held by the class teacher) the number of times shown on the die. Pupils then add their two rolled numbers together and collaborate to multiply the total by a designated number (e.g., 5 or 10), performing the physical activity that many times. Finally, toward the end of the first workshop, participants were asked to describe their Mathematics curriculum design and lesson structures (e.g., how many lessons per week, duration of lessons, and so on), along with the topics they would be teaching in their Mathematics classes at their respective schools during the 6-week intervention. After completing the first workshop, the research team created a personalized activity pack for each participant, detailing PAL activities tailored to the topics they would be covering during the 6-week intervention period. The majority of the activities were designed to be ‘classroom friendly,’ using exercises that require minimal space, such as star jumps or push-ups, instead of those needing more room (e.g., running). The PAL activities and resources were based on a 2-year PAL intervention previously conducted in Italy (Magistro et al., 2022) but adapted for the UK context.



2.3 Workshop two

During the second preparatory workshop, participants were provided with a brief recap of the program requirements, as well as the training and information from Workshop One. They were then given personalized activity packs and allotted time to review them, allowing them to familiarize themselves and provide input on any aspects of the activities that might need adjustments. Participants were also provided with their resource packs, which included all the necessary equipment for teachers to implement the intervention. This included mathematics flashcards for each activity and various materials, such as beanbags, small and large dice, 2D and 3D shapes, hula hoops, and counters. Each participant was assigned an intervention mentor, a designated member of the research team, and was informed that they could contact their mentor for guidance throughout the intervention. After completing the workshop, the research team made final revisions to the program activity packs based on participants’ feedback before sending both a digital and a physical copy to the participants’ schools.



2.4 Procedure

The 6-week intervention took place during the autumn term (6th November–15th December 2023). Participants were asked to implement bouts of physically active learning in their Mathematics lessons throughout the intervention. They were advised to aim for 2 h of physical activity in their Mathematics lessons each week. Participants had autonomy over how and when they implemented these bouts of physically active learning; however, it was recommended that the optimal times for this were at the beginning and/or the end of the lessons, to be used for reflection and reinforcement or as feedback for the next lesson (Dunlosky et al., 2013; Boat et al., 2022; Magistro et al., 2022). Considering that this intervention is one of the first of its kind conducted within UK schools, both the intervention length (6 weeks) and the 2-h weekly target were chosen by balancing feasibility with intervention dosage. Participants were informed that the 2-h weekly target was advisory, not mandatory. At the end of each week, participants were required to complete a delivery log detailing how the delivery had gone that week, the activities used, and the minutes of physically active learning they were able to implement (see Supplementary material 1). They also had the opportunity to attend optional fortnightly check-in meetings with the research team on Microsoft Teams to discuss any queries or problems they encountered. Additionally, participants attended feedback sessions halfway through the intervention (two sessions were held due to participant availability) to discuss the challenges faced and share ideas for best practices. Upon completion of the 6-week intervention, participants completed a post-intervention survey assessing their perceptions of the physically active Mathematics lessons and the provided materials, training, and implementation throughout the intervention. Finally, individual semi-structured interviews with participants were conducted online via Microsoft Teams to discuss their in-depth perceptions of the intervention and the key facilitators and barriers to implementation (see Supplementary material 2 for further information on the interview guide).



2.5 Data analysis

Survey data from pre- and post-intervention surveys and weekly delivery logs were transferred to Microsoft Excel, where descriptive statistical analyses and paired sample t-tests were conducted using IBM SPSS Statistics. Semi-structured interviews were transcribed verbatim and analyzed through thematic analysis (Braun and Clarke, 2006). Interview transcripts were systematically coded, with two authors independently identifying recurring themes and patterns, organizing them into key categories that reflect the participants’ perspectives and experiences. In cases of disagreement between the two authors, a third author was consulted to reach a consensus, ensuring the accuracy and reliability of the identified themes.




3 Results


3.1 Survey data

Regarding adherence to the intervention, the average number of minutes spent in physically active Mathematics lessons delivered each week was as follows: Week one = 66, week two = 68, week three = 64, week four = 53, week five = 55, week 6 = 49 (see Table 2). The overall average number of minutes of PALs delivered each week throughout the 6-week intervention was 59 min. An improvement in the participants’ perceptions of their knowledge of PALs was noted. With ‘1’ representing excellent and ‘5’ indicating insufficient, an average rating of 4.36 (SD = 1.11) was recorded pre-intervention, which improved to an average rating of 1.86 (SD = 0.52) post-intervention (t (12) = 8.45, p < 0.001). Similarly, there was a significant increase in the participants’ confidence in using PALs between pre- and post-intervention (t (12) = 6.74, p < 0.001). Specifically, participants were asked, ‘On a scale of 1–10, how confident are you with using PALs?’ at both pre-intervention (M = 2.86, SD = 2.23) and post-intervention (M = 8.31, SD = 1.07).



TABLE 2 Average number of minutes spent in PALs each week.
[image: Table showing weekly data with mean and standard deviation. Week one: 66 ± 24, week two: 68 ± 27, week three: 64 ± 30, week four: 53 ± 29, week five: 55 ± 29, week six: 49 ± 29.]



3.2 Semi-structured interviews

To highlight the facilitators and barriers to the successful implementation of PALs in Key Stage One Mathematics, the following results are organized around key themes that emerged from the interview data obtained from teachers who administered the intervention, with supporting illustrative quotes provided. The themes have been divided into two categories: facilitators and barriers.



3.3 Facilitators


3.3.1 Ready-made resources

All participants highlighted that having ready-made resources significantly aided their ability to implement the intervention effectively. Specifically, they noted that the provision of ready-made schemes of work (PAL activities) helped limit any additional preparation time required to successfully run the intervention.

 “And the fact that you did go away and provide us with the ideas for games and the resourcing. I mean, that's such a massive part, really. I think that would put a lot of people off, umm, doing it because obviously it's another element to the lesson that you've got to resource with something different, and if it's already there and provided for you and the idea is there, then that takes away that element of us needing to prepare, umm, so that was great.” (Participant 2)



The majority of participants also expressed that being provided with all the necessary equipment to run the activities allowed them to implement the intervention more effectively. This enabled teachers to save preparation time by having access to all the equipment within their classrooms and allowed teachers whose schools may not own the required equipment to conduct all activities appropriately.


“The resources, the actual physical equipment you gave us that was good. So that was that was useful to have a big bag of that and have them in the classroom, umm, and they matched with the what the activities were.” (Participant 4)
 



3.3.2 Adaptability

Participants described the freedom to adapt the intervention to best suit their classes as crucial for its effective conduct. This adaptability allowed teachers to adjust activities to target different learning outcomes or fit the specific needs and requirements of their individual classes. Participants specifically outlined how difficult it is not to adapt pre-made schemes of work due to the uniqueness of their pupils and classes.


“But I would say as an experienced teacher, I was adapting it all the time. I found it quite difficult almost to not do that and say no I need to do what it says on the piece of paper and evaluate that, not make it my own. But actually we did. In the end, we it was like, well, you know, that is part of it to adapt it. So we did.” (Participant 8)
 



3.3.3 Networking with other teachers

Collaboration with other teachers was perceived by the majority of participants to be beneficial in facilitating the implementation of PALs. Participants detailed that this enabled them to share ideas about best practices, as well as discuss specific challenges they faced in an attempt to foster solutions for smoother implementation.


“And I love the fact that there were other year one teachers that were following the same as me and got the same, It was nice to talk to people who had got the same concerns or the same challenges, and it made you feel like you were less alone and that you you were actually doing.” (Participant 12)
 



3.3.4 PAL experience

The majority of participants noted that as their experience delivering PALs grew, so did their proficiency in implementation. Participants specifically highlighted that the preparatory workshops delivered prior to the start of the intervention helped develop their knowledge and understanding of these lessons.


“Umm actually what it meant, because I didn't have a clue before I was like ohh yes, physically active. That's great. We'll do that, but actually what it meant in a classroom situation I've never done before. So I came away with like, ah, that is what it is.” (Participant 14)
 

All participants expressed that their confidence in delivering PALs increased after completing the 6-week intervention. Participant 4 stated, ‘Well, I think I’m more confident because I think I know what I’m trying to achieve. So yeah, I think I’m more confident.’ This confidence resulted in participants being more willing to independently implement PALs in the future.

The majority of participants highlighted that their pupils’ experience of taking part in PALs facilitated smoother implementation. It was noted that the pupils’ familiarity with the activities and the expectations of a PAL—which increased over the course of the 6-week period—led to reduced setup and preparation time, allowing pupils to better achieve learning outcomes.


“I think once they, it's been establishing the children understand the the you know the game or whatever activity we're doing, umm, then that becomes easier in itself because they can self-access, umm, but no, I think I think it's been brilliant.” (Participant 11)
 



3.3.5 Support from SLT

Participants described receiving support from colleagues within the senior leadership team (SLT) as vital for their adherence to the PAL intervention. Members of the SLT were also crucial in the participants’ initial involvement in the intervention, as they were the ones who suggested that their school take part.


“Yeah. So the maths lead is part of SLT and he was the one that initially wanted us to go forward for it. Umm, so he has, like, checked in with me, seeing how it's gone, umm, so there's been quite a lot of support from him.” (Participant 9)
 



3.3.6 Key stage one target population

A number of participants outlined how they felt that key stage one was an appropriate target population for implementing PALs. They suggested that implementing physically active learning in key stage one would be an appropriate continuation of a strong focus on play-based learning within reception (Early Years Foundation Stage; EYFS) and would aid in the transition to more formal learning.


“But I think it suits year one because they are moving from the EYFS where they have continuous provision. They don't have a structured activities and they're doing more formal learning and where they are sitting on the carpet a lot more. So having that break as well, umm, was really it was really beneficial to the children and it's supported that transition as well into more formal learning.” (Participant 13)
 



3.3.7 Impacts on pupils

All participants discussed the impact that participation in PALs had on their pupils and how these positive effects facilitated continued implementation. Specifically, all participants outlined how highly engaged their pupils were in the PALs and the high level of enjoyment they derived from them. This was particularly evident for the lower attainers, as it was detailed that pupils who usually struggle with Mathematics engagement were taking an active interest in the PALs.


“But the sessions that I did do were successful in making sure that all my learners were engaged. All my learners were having fun. None of my learners were suddenly wanting to go to the toilet, you know, which is kind of is a key indicator in year one of whether they want to be here, umm, and uh, yeah.” (Participant 7)
 

The majority of participants also suggested that participating in PALs had a positive impact on their pupils’ behavior and concentration during formal seated learning.


“Yes, I would say so. If we do it at the start of the lesson, they are a lot calmer for the rest of the lesson. The problem is getting them to stop because they love it so much that you could leave the activity going on forever and ever and ever and they would just keep doing it.” (Participant 14)
 

Many participants highlighted the positive impact that they felt participation in PALs had on their pupil’s mathematics learning. It was suggested that all pupil’s learning benefited from this; however, it was particularly beneficial for the lower attainers.


“Yeah, it definitely we did our, we do what I can end of block assessment and as a trust. So we're part of an, a, like a a trust with multi schools in the trust and all our data gets collected. So our data at the end of at the end of term, so in the December it all goes on to this thing called O Track and then our school improvement manager who works across the trusts, umm he then collates all that data and maths was really strong for us this this term, which was like the only thing that had changed was how much more physical maths we were doing so.” (Participant 12)
 




3.4 Barriers


3.4.1 Time of year

All participants highlighted that the time of year when the intervention was implemented was a critical barrier to the integration of PALs. Participants commented on consistently poor weather conditions negatively impacting their ability to go outside for lessons. This resulted in schools with limited indoor space being unable to conduct some activities or requiring additional preparation time for activities to be adapted to fit the available space.


“And again, I suppose some of that as well comes down to the time of year. It was because obviously because it's blowing a gale out there, you can't, even though they're only going out for 10-15 minutes like I can't send them out without coating them up. So by the time, so that all eats into it, whereas again if I, and I will try some of these bits in the summer again, maybe if we can literally just run out, get on and run back in, that, that would probably take, shave some of the time off as well.” (Participant 5)
 

The majority of participants also commented that the intervention taking place over the Christmas period led to time being taken away from Mathematics lessons to focus instead on preparation for Christmas activities, such as Nativity plays and Christmas carol concerts.


“I think it got harder because of the actual time of year when it was and they (unintelligible) disruptions that happened, umm, and it was Christmas and there was all sorts of other things going on and it wasn't just that, it became hard to fit everything in.” (Participant 3)
 



3.4.2 Space limitations

Several participants detailed how having access to limited indoor space resulted in various activities not being able to be conducted. This led to adapting activities so they could be performed within the classroom space, resulting in less physical activity due to health and safety concerns.


“Well, we're not doing that in the classroom cause basically it's just children tripping over chairs and they they couldn't move that moving around the classroom to do something just wasn't wasn't gonna work in in, in our rooms, which are it is, is quite an old classroom and it's quite tight, umm, space wise.” (Participant 4)
 



3.4.3 Classroom management

All participants highlighted that difficulties in class management resulted in a more challenging implementation of PALs. For example, the availability of staff, such as a teaching assistant, was significant in effectively managing the classes during a PAL. This support allowed teachers to monitor pupils more closely or split the class into two smaller groups. Participants noted that implementation became much more challenging when they had to manage their classes alone, without the support of a teaching assistant.


“So I would find it much harder without her because I can split the class in half the different year groups, which means you've got 15 children doing the activity. We have, obviously, you know there are days where one of us hasn't been there, of course, and you’ve got the whole class. That's very different in terms of outcomes, I would say.” (Participant 8)
 

Participants specifically highlighted that large class sizes contributed to their difficulties in class management, making the PALs less effective. Participant 6 explained, “So I think the sessions had to be kept quite short because of that, so maybe they were not as effective as they could have been if we had smaller class sizes.”

Challenges in differentiating activities for varying levels of academic ability were discussed as a potential barrier to implementation. It is crucial that higher attainers are appropriately challenged while lower attainers can access the activities.


“I think the biggest challenge is was was was match making sure every child was was actively engaged in every lesson because some of them couldn't do the maths or some of them It was too easy, so it it was just getting that the differentiation right. (Participant 4)
 



3.4.4 Time constraints

Participants highlighted that constraints on available time for PALs, due to inconsistent school timetabling, resulted in some sessions being cut short or not implemented at all. It was discussed that on days when the timetable was full, PALs were the first to be cut.


“Umm yeah, I would. I just think, just consistencies like some weeks that there wasn't, their timetable wasn't as jam packed so we could get more done, but then probably the next week it wasn't as flexible, so we really struggled to get everything and fit those times in as well.” (Participant 13)
 



3.4.5 Pupil inactivity

Concerns over pupils not being physically active at all times during the active lessons were raised by several participants. It was noted that ‘turn-taking,’ due to either the type of activity or large class sizes, resulted in pupils not always obtaining the maximum benefits from the sessions.


“So we we don't like it if you you have an activity where there's you know, you know, ten children in a row then doing 1 jump on a leap or whatever and the rest of the other nine are just watching. So we want everyone to be active most of the time.” (Participant 14)
 





4 Discussion

This study is the first to examine teachers’ perceptions of the facilitators and barriers to implementing PALs in UK primary schools, following a physically active mathematics intervention developed in collaboration with the teachers. The study successfully identified several key facilitators and barriers to implementing PALs. Key facilitators included training, access to ready-made resources, adaptability, networking with other teachers, support from SLT, experience with PALs, positive impacts on pupils, targeting Key Stage 1 (KS1) for implementation, and teacher confidence. In contrast, key barriers included the time of year for implementation, classroom management, time constraints, pupil inactivity, and space limitations. Recognizing these facilitators and barriers can lead to recommendations for the design, development, and implementation of future PAL interventions in UK primary schools.

Adherence to the intervention was demonstrated through the weekly recording of the number of minutes of PALs delivered by each participant. Although the combined average of 59 min per week across the 6-week intervention fell short of the recommended target of 120 min per week, this can be partly attributed to the fact that, as the intervention approached Christmas, the majority of participants had to sacrifice time allotted for mathematics lessons to rehearse for Nativity performances and Christmas carol concerts, as highlighted during the semi-structured interviews. Nevertheless, an additional hour of physical activity each week is significant for increasing children’s physical activity levels toward the recommended 60 min of moderate-vigorous physical activity per day (World Health Organization, 2020). Considering that 30 out of the 60-min daily target should be achieved in school, PALs make a positive contribution to this goal without detracting from curriculum time. Participants’ knowledge of PALs, along with their confidence in delivering these lessons, increased from the start to the completion of the intervention. This indicates that the training provided prior to the intervention, along with effective management, successfully enhanced participants’ proficiency in utilizing physically active mathematics lessons, an aspect previously identified as a barrier to their adoption (Daly-Smith et al., 2020). Furthermore, the training was recognized as a key facilitator for implementing PALs in primary schools; thus, future interventions should integrate this essential training component for staff.

This study identified several key facilitators for implementing PALs. One key facilitator highlighted by all participants was the provision of ready-made schemes of work (activity cards) and the supply of necessary equipment, in addition to the aforementioned teacher training. The availability of these ready-made resources reduced planning and preparation time for teachers, facilitating a smoother implementation of physically active mathematics lessons. These findings strongly support the observations made by Daly-Smith et al. (2020) and Quarmby et al. (2019) regarding previously identified barriers. Therefore, future interventions for PALs should ensure that ready-made resources are accessible to teachers, minimizing planning time and ultimately enhancing adherence to and success of the intervention.

Building on these previous findings, the current study has identified several new facilitators for successful implementation. First, Key Stage One was highlighted as an ideal target for implementing PALs due to the strong emphasis on play-based learning in the Early Years Foundation Stage (EYFS). This aligns with prior research in education and pedagogy, which argues that a significant change in the curriculum between EYFS and Key Stage One is not developmentally justified (Fisher, 2011). Therefore, implementing physically active mathematics lessons at this age could facilitate a smoother transition to more formal learning in Key Stage One. Second, this study is the first to observe a steady increase in confidence and proficiency in administering physically active mathematics lessons throughout the intervention. Given that Quarmby et al. (2019) identified a lack of confidence among teachers as a significant barrier to adopting PALs, the current study highlights a need for adequate training, possibly facilitated through online training resources, as well as patience during the initial implementation of these lessons. Both factors are essential for successful implementation and long-term adoption.

Some key barriers to implementing physically active mathematics lessons include a lack of available space for activities and difficulties in classroom management. These barriers have been highlighted in previous research (e.g., Daly-Smith et al., 2020; Quarmby et al., 2019; Sneck et al., 2023). While this study attempted to ensure that many PAL activities were ‘classroom friendly” by using activities that require stationary exercise, such as star jumps, this approach was not possible for all activities. Therefore, further research and refinement of PAL activities are required to fully address the challenges of implementing indoor PALs. A significant finding of the current study was that the timing of the intervention was a crucial factor affecting the implementation of physically active mathematics lessons. This situation was dual-faceted. First, since the intervention took place in November and December, as it approached Christmas, much of the time that could have been allocated to physically active mathematics lessons was instead sacrificed for Christmas commitments, such as Nativity rehearsals. This was reflected in a 30% decrease in minutes allocated between week 1 and week 6, resulting in fewer minutes recorded on the delivery log in the later weeks of the intervention. This challenge is not unique to PALs; it applies across the school curriculum. Therefore, future interventions should be mindful of this when planning implementations during this time. Second, due to regular poor weather throughout the intervention, many teachers struggled to conduct physically active mathematics lessons outside. Considering that a lack of available space was also identified as a barrier, this inability to go outside regularly led to many activities either not being conducted or requiring considerable adaptation, which added further preparation time for teachers. This aspect has been recognized as a significant barrier in previous work (Daly-Smith et al., 2020; Riley et al., 2021). Future PAL interventions should consider the potential impact on fidelity when implementing them in the autumn and winter months.

While this study reports on a successful intervention involving physically active mathematics lessons and highlights key facilitators and barriers to future implementation, it is not without limitations. For example, the intervention lasted only 6 weeks, so factors affecting implementation across an entire academic year require further investigation. Specifically, since the time of year when the current intervention was implemented was identified as a barrier, it would be wise to examine whether conducting PALs in the spring and summer months leads to smoother implementation. Additionally, including a control group could have strengthened the validity of the results by providing a baseline against which the intervention could be measured more rigorously. Moreover, this study did not consider the perceptions of the pupils participating in the PALs, such as their views on enjoyment, engagement, exercise intensity, and whether they believe the lessons benefit their mathematics learning. Therefore, future studies should aim to conduct focus groups with pupils who have participated in a PAL intervention to assess whether they feel it positively impacts physical fitness, well-being, and education. Finally, the present study relied heavily on self-report measures, which could have led to inaccuracies in reporting data, such as the number of minutes of physically active mathematics lessons that participants implemented each week. Future studies should attempt to implement more objective measures when exploring the feasibility and efficacy of implementing PALs.



5 Conclusion

The findings from the current study highlight that the implementation of physically active mathematics lessons in UK primary schools is feasible. The study also examines teachers’ perceptions after they delivered these active lessons during an intervention, identifying key facilitators (training, access to ready-made resources, targeting KS1 for implementation, and teacher confidence) and barriers (timing of implementation, classroom management, time constraints, and space limitations). Furthermore, this study presents novel findings by identifying factors, such as the time of year and the target age group, that may affect the implementation of PALs, which have not been previously reported. This contribution aims to help design a feasible and accepted model of PALs for UK primary schools. Finally, the study outlines avenues for future research, particularly the need to examine the feasibility of implementing PALs over longer periods and to explore the perceptions of the pupils participating in such interventions.
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This study analyzed the relationship between bullying and cyberbullying, both as victims and aggressors, and the use of cognitive and metacognitive learning strategies in adolescents aged 10 to 16. A total of 1,330 Spanish students participated (48.95% boys), with an average age of 13.22 years. The Motivated Strategies for Learning Questionnaire (MSLQ) was used to assess five key learning strategies: rehearsal, elaboration, organization, critical thinking, and metacognitive self-regulation. The European Bullying Intervention Project Questionnaire (EBIP-Q) and the European Cyberbullying Intervention Project Questionnaire (ECIP-Q) were applied to evaluate levels of bullying and cyberbullying. The association between variables was analyzed through analysis of covariance (ANCOVA) and binary logistic regression analysis. The findings revealed a statistically significant negative association between bullying (traditional and cyberbullying) and the use of learning strategies for both victims and aggressors. Girls were more affected, particularly in cases of cyberbullying, where they showed lower scores in rehearsal, elaboration, and metacognitive self-regulation. In contrast, boys who were bullying aggressors scored higher in critical thinking. The risk of less frequent use of learning strategies among victims increased by 1.3 times for bullying and 2 times for cyberbullying. Similarly, this risk for aggressors rose by 1.4 times for boys and 1.8 times for girls in cases of bullying, and by 2.5 times for both genders in cases of cyberbullying. The study suggests implementing specific and cooperative actions involving students, teachers, and families to strengthen the proper use of learning strategies among victims and aggressors, especially in girls involved in cyberbullying episodes.
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1 Introduction

Learning is influenced by multiple factors, including cognitive, emotional, and social variables (Hayat et al., 2020). Among these, peer interactions play a crucial role in shaping students’ academic experiences, with bullying and cyberbullying being particularly detrimental (Armitage, 2021; Cosma et al., 2022). Victimization and aggression in school settings can negatively impact students’ ability to process information, regulate their learning, and stay motivated (Cañas et al., 2020). Given these effects, it is essential to examine how bullying relates to the use of cognitive and metacognitive learning strategies (Aparisi et al., 2021). Cognitive and metacognitive learning strategies refer to the active mental processes students use to acquire, understand, and retain knowledge, although being aware of their strengths and limitations (Ramírez et al., 2022). Cognitive strategies for learning include rehearsal, elaboration, organization and critical thinking. On the other hand, metacognitive strategies focus on planning, monitoring and skills to control one’s own thinking, all of them determining elements in self-regulation (Pintrich et al., 1991). Both cognitive and metacognitive strategies are involved in the acquisition and consolidation of knowledge and both are key mental processes for the academic success of schoolchildren (Donker et al., 2014; Yip, 2021; Zambrano Ortega et al., 2021). In addition to enhancing self-management of learning, these strategies have been found to foster a proactive attitude toward evaluation and adaptation of study methods (Vásquez, 2021). In particular, cognitive strategies structure thinking to facilitate knowledge acquisition and retention (Neroni et al., 2019), whereas metacognitive strategies involve self-reflection and regulation of learning, promoting a growth mindset and self-efficacy (Neroni et al., 2019; Xu et al., 2022).

In line with the above, rehearsal serves as an introductory technique, activating information in working memory and proving useful for low-complexity tasks, though its effectiveness for consolidating long-term knowledge is limited, as it does not encourage integration with prior knowledge (Vásquez, 2021). Elaboration, on the other hand, involves paraphrasing, summarizing, and constructing analogies, facilitating long-term memory storage by building internal connections between new information and existing knowledge (Vásquez, 2021). Organization through grouping and outlining helps students select relevant information and establish links between new material and prior knowledge (Guo et al., 2021; Vásquez, 2021). Finally, critical thinking enables students to apply previous knowledge to novel situations, supporting problem-solving, decision-making, and evaluation according to high standards (Guo et al., 2021). In addition to these cognitive strategies, metacognitive self-regulation plays a complementary role, allowing students to plan, monitor, and regulate their cognitive processes, thereby preparing them for adaptive, self-directed learning (Guo et al., 2021; Pintrich et al., 1991; Vásquez, 2021). Importantly, both cognitive and metacognitive strategies are influenced by personal factors, including the satisfaction of psychological needs, a sense of autonomy, and academic self-efficacy (Hayat et al., 2020; Rubén and Gómez 2019). These factors can be severely compromised in contexts of stress, low self-esteem, and anxiety, often resulting from persistent bullying or cyberbullying behaviors (Aparisi et al., 2021; Menestrel, 2020; McLoughlin et al., 2020). Consequently, school bullying and cyberbullying may serve as catalysts for complex challenges with long-term negative effects on young people’s learning (McLoughlin et al., 2020; Aparisi et al., 2021). According to the Self-Regulated Learning Theory, adverse social experiences such as bullying can disrupt students’ ability to plan, monitor, and regulate their learning processes, ultimately affecting cognitive and metacognitive strategies (Li et al., 2018).

Bullying is a specific form of peer aggression that differs from general aggression in three key aspects: (1) repetition, meaning the behavior occurs over time rather than as an isolated incident, (2) intentionality, where the aggressor deliberately inflicts harm, and (3) power imbalance, which prevents the victim from defending themselves effectively (Waseem and Nickerson, 2023; UNESCO, 2019). Unlike general aggressive behaviors, which can be reactive or situational, bullying is systematic and involves a persistent dynamic of dominance and victimization (Bork-Hüffer et al., 2020). Furthermore, while general aggression may occur in response to provocation or frustration, bullying often involves strategic behaviors aimed at asserting social power over a weaker individual (Cosma et al., 2022). These distinctions are crucial in understanding the long-term psychological and educational impact of bullying. Given its repetitive nature and power imbalance, bullying involves clearly defined roles: the bully or aggressor is the individual who initiates and perpetuates the harassment, while the victim is the target of repeated aggression, often experiencing social, emotional, and academic consequences. Among these forms, traditional bullying is characterized by aggressive behavior, sometimes recurring, which manifests as a complex and harmful form of violence, occurring through direct face-to-face interactions and impacting both the physical integrity and the self-esteem of the victim (Waseem and Nickerson, 2023). According to UNESCO (2019), its prevalence varies by region, ranging from 22.8 to 48.2%. Cyberbullying, on the other hand, uses digital platforms to harass, humiliate, or threaten others, and is more common in psychological contexts, affecting girls more frequently (Vismara et al., 2022). According to Zhu et al. (2021), the prevalence of cyberbullying among young people can reach up to 57.5% in some regions. Unlike traditional bullying, cyberbullying can invade all areas of a person’s private life and give aggressors a sense of anonymity and impunity (Bork-Hüffer et al., 2020; Jones et al., 2015). Both bullying and cyberbullying victims experience a reduction in their emotional well-being and self-regulation capacity, exacerbated by anxiety and low self-esteem (Li et al., 2022; Estévez et al., 2019; Obregón-Cuesta et al., 2022). This situation can lead to difficulties in social relationships (Laninga-Wijnen et al., 2023), also affecting their ability to self-regulate their studies, concentrate, and limiting their working memory (Aparisi et al., 2021; Menestrel, 2020). However, this emotional and cognitive deterioration is not limited to victims. Aggressors also face serious negative consequences, including behavioral problems, declining academic performance, and increased tendencies toward disruptive conduct. Additionally, they often experience a significant loss of self-esteem and school motivation, which can perpetuate cycles of aggression and academic failure, further exacerbating the long-term impact of bullying (Weinreich et al., 2023). Research findings indicate that both victims and aggressors exhibit poor self-regulation, which results in a superficial approach to learning and a lower predisposition to use complex metacognitive strategies (Leiner et al., 2014; Weinreich et al., 2023). The final consequence is a decline in students’ acquisition of competencies and an increased risk of school dropout (Obregón-Cuesta et al., 2022; Weinreich et al., 2023).

In terms of gender, boys are more likely to be both victims and aggressors, frequently resorting to physical violence or threats, while girls tend to be more vulnerable to psychological harassment and are generally less involved in bullying behaviors (Cosma et al., 2022). However, some studies suggest that these differences may not always be significant, as bullying dynamics can vary depending on contextual and cultural factors (Zhu et al., 2021). Beyond bullying involvement, gender differences also extend to cognitive and metacognitive learning strategies. Girls demonstrate greater internal control, effectively applying motivation, self-assessment, and time management techniques, whereas boys tend to show lower self-regulation but excel in concentration and information processing (Ogden et al., 2023). Additionally, other biological and social factors influence students’ cognitive development and use of learning strategies. Age plays a role in students’ ability to handle complex learning and social situations (Urruticoechea et al., 2021; El Zaatari and Maalouf, 2022). Higher levels of maternal education are associated with greater parental expectations and, consequently, better academic performance (Tantoh, 2023). Moreover, families with more resources can provide their children with additional educational tools, such as tutoring and access to diverse learning materials, creating a more supportive academic environment (Fateel et al., 2021). Finally, variables such as Body Mass Index (BMI) and the amount of weekly physical activity are closely linked to executive functions (De Greeff et al., 2018; Raine et al., 2020) and influence students’ self-esteem and motivation, key aspects for academic success (Wassenaar et al., 2021). Therefore, in studying the processing of cognitive and metacognitive learning strategies, it is essential to control, as much as possible, for the potential effect of these covariates.

This study is grounded in the Social-Ecological Model of Cyberbullying (Patel and Quan-Haase, 2022), which expands on Bronfenbrenner’s ecological systems theory by integrating the digital environment as a critical factor shaping bullying experiences. This model emphasizes the interaction between individual characteristics, peer relationships, school policies, and digital media in influencing cyberbullying behaviors. From a policy perspective, this framework highlights the need for multi-tiered interventions that address not only school environments but also the influence of digital media on student behavior, recognizing that cyberbullying occurs within complex and interconnected social systems (Patel and Quan-Haase, 2022). Additionally, we draw on Self-Regulated Learning Theory (Li et al., 2018), which posits that students’ ability to monitor and regulate their learning is directly impacted by social stressors, such as victimization or aggressive behaviors, that create emotional and cognitive disruptions. In line with this, prior research has shown that bullying and cyberbullying negatively correlate with learning motivation (Aparisi et al., 2021) and academic performance (Huang, 2020; Obregón-Cuesta et al., 2022). However, despite evidence linking these phenomena to educational outcomes, the specific extent of their association with cognitive and metacognitive learning strategies remains unclear. Given that self-regulation is a key factor in academic achievement, understanding and quantifying how bullying and cyberbullying interfere with the development and application of these strategies in detail is crucial for designing effective educational interventions (Li et al., 2018). Based on this, the aim of the present study was to analyze the association between bullying and cyberbullying victimization/aggression and the cognitive and metacognitive learning strategies used by boys and girls aged 10 to 16. Given that victims and aggressors are the primary agents directly involved in these behaviors, this study focused on examining their potential impact on learning strategies. This age range was selected as it encompasses key developmental transitions, during which bullying behaviors peak and cognitive strategies become more sophisticated in response to increasing academic demands (Zhu et al., 2021; El Zaatari and Maalouf, 2022). Additionally, the study aimed to assess the level of risk posed by bullying and cyberbullying victimization/aggression in relation to lower scores in the use of cognitive and metacognitive learning strategies. Accordingly, the specific research question was: Do students who engage more frequently in bullying/cyberbullying behaviors, whether as victims or aggressors, use cognitive and metacognitive learning strategies less frequently than their peers who are not involved in such behaviors? Based on this, the hypothesis was that bullying and cyberbullying victimization/aggression would be negatively associated with the use of cognitive and metacognitive learning strategies among boys and girls aged 10–16.



2 Materials and method


2.1 Participants

A total of 1,330 Spanish children and adolescents (651 boys, 48.95%) from 7 educational centers participated in this cross-sectional quantitative study. These institutions include both primary schools and secondary schools that provided access to students aged 10 to 16 years. The selection of educational centers was based on convenience, with four centers being urban (>10,000 inhabitants) and three rural (<10,000 inhabitants), located in different provinces of southern Spain. These centers were chosen based on their availability and accessibility. Within each center, participants were selected using a random system of complete groups (intact classrooms). Anthropometric and sociodemographic characteristics are presented in Table 1. The participants were students aged between 10 and 16 years (13.22 ± 1.75 years). Boys had a higher BMI and recorded a higher level of weekly physical activity compared to girls (p = 0.037 and p < 0.001, respectively). Additionally, boys showed greater involvement in aggressive behaviors compared to girls (p = 0.007). On the other hand, girls scored higher in maternal education level (p < 0.001), academic performance (p = 0.007), and cognitive and metacognitive learning strategies, excluding critical thinking (all p < 0.001).



TABLE 1 Biometric characteristics and socio-demographic data of participants segmented by sex.
[image: A table presents data on various variables for a sample population of 1,330 individuals, divided into boys (651) and girls (679). It includes mean and standard deviation (SD) for age, weight, height, and BMI. Maternal education levels are listed, along with weekly physical activity and academic performance. Bullying victimization and aggression, both physical and cyber, are reported in frequency and percentage. Cognitive and metacognitive strategies like rehearsal, elaboration, and critical thinking are measured, with p-values indicating statistical significance. Data sources include body mass index and standard deviation metrics.]



2.2 Measures


2.2.1 Dependent variables: students’ cognitive and metacognitive learning strategies

Learning strategies were assessed using the “Motivational Strategies for Learning Questionnaire” (Pintrich et al., 1991). This self-report instrument consists of 81 items, grouped into 15 subscales, aimed at assessing both motivational orientations toward course content and the use of various learning strategies. For the present study, only the section of the questionnaire relating to cognitive and metacognitive learning strategies, which includes 31 items, was used. These items make up a total of 5 subscales: (1) Rehearsal (e.g., “When I study for this class, I practice saying the material to myself over and over.”), (2) Elaboration (e.g., “When reading for this class, I try to relate the material to what I already know.”), (3) Organization (e.g., “When I study the readings for this course, I outline the material to help me organize my thoughts.”), (4) Critical Thinking (e.g., “When a theory, interpretation, or conclusion is presented in class or in the readings, I try to decide if there is good supporting evidence.”), and (5) Metacognitive Self-Regulation (e.g., “When I become confused about something I’m reading for this class, I go back and try to figure it out.”). Responses are recorded using a Likert-type format with seven different alternatives (1 = Completely false for me - 7 = Completely true for me). Low scores indicate minimal use of the learning strategy, although high scores reflect strong engagement with that strategy. The reliability of all corresponding subscales of the MSLQ questionnaire used in this research was acceptable (Cronbach’s α between 0.77 and 0.89).



2.2.2 Predictor/independent variables: bullying and cyberbullying

The level of bullying was assessed using the “European Bullying Intervention Project Questionnaire,” Spanish version by Ortega-Ruiz et al. (2016), which includes a total of 14 items. This questionnaire evaluates both victimization (e.g., “Other students have pushed or hit me on purpose”) and aggression (e.g., “I have insulted a classmate to make them feel bad”). Reliability results are acceptable (Cronbach’s α for victimization = 0.83, Cronbach’s α for aggression = 0.79). On the other hand, to assess cyberbullying, the Spanish version of the “European Cyberbullying Intervention Project Questionnaire” (ECIPQ; Del Rey et al., 2015) was used, which includes a total of 22 items. This instrument also differentiates between cybervictimization (e.g., “Someone has posted offensive comments about me online”) and cyberaggression (e.g., “I have spread rumors about a classmate on social media”). Reliability results are acceptable (α for cybervictimization = 0.87, α for cyberaggression = 0.82). Both questionnaires distinguish between two dimensions (victimization and aggression) and use a Likert-type scale with scores ranging from 1 = never to 5 = more than once a week. Low scores indicate minimal experiences or involvement in bullying or cyberbullying, although high scores reflect frequent experiences of victimization or aggression. To ensure that the measured behaviors reflect bullying rather than general aggression or conflict, both instruments assess its defining characteristics: repetition over time and power imbalance. The questionnaires explicitly frame behaviors within the last 2 months, emphasizing their recurrent nature and helping to distinguish bullying from isolated aggression. Additionally, items assess situations where the victim is at a disadvantage (Ortega-Ruiz et al., 2016), while the cyberbullying questionnaire incorporates persistent online harassment and the perceived power asymmetry due to anonymity or lack of control (Del Rey et al., 2015). Both questionnaires were administered individually and took approximately 15 min to complete. The items explore the frequency of the behaviors described over the past 2 months. To minimize response bias, the questionnaire described behaviors without explicitly labeling them as “bullying” or “cyberbullying.” While participants were fully aware of the behaviors being assessed, avoiding an oral presentation of the questions to the entire class was intended to help students feel more at ease and reduce concerns about potential consequences or retaliation, both for victims and aggressors. This approach aimed to mitigate the influence of socially sensitive or invasive questions, which can lead respondents to modify their answers due to social desirability or discomfort (Choi and Pak, 2005; Runze and van IJzendoorn, 2024).



2.2.3 Confounding variables


2.2.3.1 Age and mother’s education level

The age and mother’s education level of each participant were recorded through a sociodemographic data questionnaire. Age was considered a confounding variable due to its relevance in previous studies, which have shown that cognitive and emotional maturity significantly influence how individuals learn and interact with their environment (El Zaatari and Maalouf, 2022; Urruticoechea et al., 2021). It has also been established that the mother’s education level is significantly associated with academic performance and cognitive variables that strongly influence learning, such as self-regulation, attention, and working memory (Baharvand et al., 2021; Fateel et al., 2021).



2.2.3.2 Body mass index and weekly physical activity level

The level of physical activity was included as a covariate, as recent research shows how physical activity influences cognitive development and academic performance in students (Li et al., 2023; Petrigna et al., 2022). It is also considered that both BMI and physical activity are related to physical and mental well-being, as well as students’ learning and self-esteem, and therefore may mediate the effectiveness of learning strategies (Bacon and Lord, 2021; Seum et al., 2022). BMI was calculated using the Quetelet formula: weight (kg) / height2 (m). A digital ASIMED® scale, type B, class III, and a portable SECA® 214 stadiometer (SECA Ltd., Hamburg, Germany) were used to measure weight and height. Both measurements were taken with light clothing and without shoes. Weekly physical activity level was assessed using the PACE+ Adolescent Physical Activity Measure (Prochaska et al., 2001). This questionnaire consists of two items that ask how many days participants accumulated 60 min of moderate or vigorous physical activity over the last 7 days and during a typical week. The final score was obtained by averaging both responses: (P1 + P2) / 2. Its reliability index was α = 0.79.





2.3 Procedure

Before data collection began, parents, teachers, and the school administration were informed about the purpose of the study. Informed consent was obtained from the parents or legal guardians. Each participant’s name was coded to ensure anonymity and confidentiality. The measurements were conducted during school hours, as arranged by the schools. The questionnaires were completed in the usual classroom environment and were supervised by researchers and classroom tutors. This study was approved by the Bioethics Committee of the University of Jaén (Spain), reference NOV.22/2.PRY. The design complies with Spanish regulations on clinical research in humans (Law 14/2007, of July 3, on Biomedical Research), the regulations on data protection of private information (Organic Law 15/1999), and the principles of the Declaration of Helsinki (2013, Brazil). It should be noted that this study was not preregistered.



2.4 Statistical analysis

The comparison of continuous and categorical variables between boys and girls was conducted using Student’s t tests and χ2 tests, respectively. The normality and homoscedasticity of the data were verified using the Kolmogorov–Smirnov and Levene tests, respectively. To examine whether adolescents who had never experienced bullying or cyberbullying victimization/aggression reported a higher use of cognitive and metacognitive learning strategies compared to those who had been victims or aggressors, an analysis of covariance (ANCOVA) was performed. Each cognitive and metacognitive learning strategy (rehearsal, elaboration, organization, critical thinking, and metacognitive self-regulation) was used as a dependent variable, and bullying victimization, bullying aggression, cyberbullying victimization, and cyberbullying aggression were introduced as fixed factors. Bullying and cyberbullying scores were dichotomized as follows: participants who reported never having been victims/aggressors of bullying and/or cyberbullying (questionnaire score = 1) were labeled as “Never,” whereas those who had been victims/aggressors at some point (questionnaire score > 1) were labeled as “Sometimes.” Given that many comparison groups had different sample sizes, effect size was calculated using Hedges’ ğ, where 0.2 = small effect, 0.5 = medium effect, and 0.8 = large effect (Martínez-López et al., 2018). The percentage difference between groups was calculated as: [(large measurement – small measurement) / small measurement] x 100. To assess the level of risk posed by bullying and cyberbullying victimization/aggression for lower values in the use of cognitive and metacognitive learning strategies, binary logistic regression was conducted. For this, the dependent variables were dichotomized using the median as a reference (Kwon et al., 2020; Lepinet et al., 2023). In each strategy, participants were classified as high ≥ median (reference group) vs. low < median (risk group). Age, BMI, mother’s education level, and weekly physical activity were used as covariates in all analyses. Missing data were handled using listwise deletion, as the proportion of cases with missing data was low (≤5%). The missing values resulted from random individual errors, such as unanswered items due to oversight or illegible responses, rather than systematic patterns. Given this minimal percentage and its randomness, its impact on the results was negligible, and alternative methods such as multiple imputation or full information maximum likelihood (FIML) were not necessary. Listwise deletion was chosen to maintain data consistency while avoiding potential biases associated with imputation techniques (Işıkoğlu and Atar, 2020). All analyses were conducted separately for boys and girls. A 95% confidence level was used for all results (p < 0.05). All calculations were performed using SPSS statistical software, version 25.0 for WINDOWS (SPSS Inc., Chicago).




3 Results


3.1 Analysis of covariance on bullying and cyberbullying victimization in relation to cognitive and metacognitive learning strategies

Girls who were victims of bullying reported a 7.3% lower use of critical thinking strategies compared to those who had never experienced victimization (4.98 ± 1.06 vs. 4.64 ± 1.22 u.a.) F(1,643) = 7.325, p = 0.007, ğ = 0.283, 1-β = 0.771 (Figure 1d). No statistically significant differences were found in any other learning variables for either girls or boys in relation to bullying victimization (all p > 0.05; Figure 1).

[image: Bar graphs depict bullying victimization effects on cognitive strategies separated by gender—boys and girls—across six domains: Rehearsal, Elaboration, Organization, Critical Thinking, Metacognitive Self-Regulation, and Overall Strategies. Each graph compares two groups: "Never" (white bars) and "Sometimes" (black bars). Statistical values \( p \) and \( \alpha \) are noted above each category.]

FIGURE 1
 Differences between non-victims and victims of bullying in cognitive and metacognitive learning strategies in boys and girls.


Meanwhile, girls who were victims of cyberbullying reported a lower use of Rehearsal: −3.8% (5.61 ± 1.01 vs. 5.40 ± 1.12 u.a.) F(1,643) = 6.945, p = 0.009, ğ = 0.184, 1-β = 0.749; Elaboration: −5.4% (5.25 ± 1.12 vs. 4.98 ± 1.12 u.a.) F(1,643) = 12.680, p < 0.001, ğ = 0.245, 1-β = 0.945; Organization: −2.9% (5.62 ± 1.24 vs. 5.46 ± 1.25 u.a.) F(1,643) = 4.462, p = 0.035, ğ = 0.132, 1-β = 0.559; Critical Thinking: −3.5% (4.78 ± 1.18 vs. 4.62 ± 1.22 u.a.) F(1,643) = 4.407, p = 0.036, ğ = 0.131, 1-β = 0.554; and Metacognitive Self-Regulation: −5.5% (5.37 ± 0.81 vs. 5.09 ± 0.92 u.a.), F(1,643) = 20.830, p < 0.001, 1-β = 0.995, ğ = 0.328 (Figures 2a–e, respectively). Among boys who were victims of cyberbullying, the results showed similar values to non-victims across the five learning strategies (all p > 0.05). An additional analysis of the average across the five learning strategies revealed that girls who were victims of bullying and cyberbullying scored 4.1 and 4.0% lower, respectively, than non-victims (5.38 ± 0.84 vs. 5.18 ± 0.93 u.a.) F(1,643) = 4.161, p = 0.042, ğ = 0.221, 1-β = 0.531 for bullying (Figure 1f), and (4.96 ± 0.92 vs. 4.77 ± 0.89 u.a.) F(1,643) = 6.761, p = 0.010, ğ = 0.304, 1-β = 0.738 for cyberbullying (Figure 2f).

[image: Bar charts examining the impact of cyberbullying victimization on different cognitive strategies for boys and girls, comparing those who never experienced it with those who sometimes did. The strategies assessed are rehearsal, elaboration, organization, critical thinking, metacognitive self-regulation, and overall strategies. Each chart includes p-values and effect sizes (g) for both genders, showing various levels of significance and effect size across different strategies.]

FIGURE 2
 Differences between non-victims and victims of cyberbullying in cognitive and metacognitive learning strategies in boys and girls.




3.2 Analysis of covariance on bullying and cyberbullying aggression in relation to cognitive and metacognitive learning strategies

Girls who were bullying aggressors scored significantly lower across all cognitive and metacognitive learning variables: Rehearsal: −3.2% (5.67 ± 1.09 vs. 5.41 ± 1.14 u.a.) F(1,643) = 7.999, p = 0.005, ğ = 0.231, 1-β = 0.806; Elaboration: −6.8% (5.33 ± 1.05 vs. 4.99 ± 1.15 u.a.) F(1,643) = 12.380, p < 0.001, ğ = 0.301, 1-β = 0.940; Organization: −5.5% (5.74 ± 1.11 vs. 5.44 ± 1.30 u.a.) F(1,643) = 7.362, p = 0.007, ğ = 0.238, 1-β = 0.773; Critical Thinking: −5.4% (4.86 ± 1.17 vs. 4.61 ± 1.22 u.a.) F(1,643) = 7.812, p = 0.005, ğ = 0.207, 1-β = 0.797; and Metacognitive Self-Regulation: −4.9% (5.38 ± 0.98 vs. 5.13 ± 0.90 u.a.), F(1,643) = 11.155, ğ = 0.276, p = 0.001, 1-β = 0.915 (Figures 3a–e, respectively). On the other hand, boys who were aggressors scored 5.5% higher in Critical Thinking compared to non-aggressors (4.63 ± 1.12 vs. 4.39 ± 1.27 u.a.) F(1,596) = 4.297, p = 0.039, ğ = 0.206, 1-β = 0.544 (Figure 3d).

[image: Bar charts showing differences in cognitive strategies between boys and girls with respect to bullying aggression, divided into six panels: (a) Rehearsal, (b) Elaboration, (c) Organization, (d) Critical Thinking, (e) Metacognitive Self-Regulation, and (f) Overall Strategies. Each panel compares boys and girls with “Never” and “Sometimes” categories, showing means and error bars. Statistical significance is marked with p-values and effect sizes are indicated for each comparison.]

FIGURE 3
 Differences between non-aggressors and aggressors in bullying in cognitive and metacognitive learning strategies in boys and girls.


The results also showed that girls who were cyberbullying aggressors had lower values in four of the analyzed variables: Rehearsal: −2.6% (5.09 ± 1.18 vs. 4.96 ± 1.15 u.a.) F(1,643) = 5.403, p = 0.020, ğ = 0.108, 1-β = 0.641; Elaboration: −5.5% (5.21 ± 1.13 vs. 4.94 ± 1.12 u.a.) F(1,643) = 10.782, p = 0.001, ğ = 0.243, 1-β = 0.906; Critical Thinking: −4.8% (4.78 ± 1.20 vs. 4.56 ± 1.21 u.a.) F(1,643) = 5.090, p = 0.024, ğ = 0.179, 1-β = 0.615; and Metacognitive Self-Regulation: −4.7% (5.31 ± 0.89 vs. 5.07 ± 0.87 u.a.), F(1,643) = 11.897, p = 0.001, ğ = 0.276, 1-β = 0.931 (Figures 4a,b,d,e, respectively). Meanwhile, boys who were cyberbullying aggressors scored 4.5% higher in Critical Thinking (4.68 ± 0.97 vs. 4.48 ± 1.27 u.a.) F(1,596) = 6.629, p = 0.010, ğ = 0.176, 1-β = 0.729 (Figure 4d) compared to non-aggressors. No significant differences were found in the Organization strategy (p > 0.05; Figure 4c). An additional analysis, performed on the average of the five learning strategies, showed that girls who were bullying and cyberbullying aggressors scored 4.3 and 3.9% lower, respectively, than non-aggressors (5.33 ± 0.89 vs. 5.11 ± 0.94 u.a.) F(1,643) = 12.500, p < 0.001, ğ = 0.239, 1-β = 0.942 (Figure 3f) for bullying, and (5.29 ± 0.94 vs. 5.09 ± 0.89 u.a.) F(1,643) = 7.035, p = 0.003, ğ = 0.221, 1-β = 0.833 (Figure 4f) for cyberbullying.

[image: Bar graphs compare cyberbullying aggression in boys and girls across six strategies: rehearsal, elaboration, organization, critical thinking, metacognitive self-regulation, and overall strategies. Each graph contrasts "never" and "sometimes" categories, with p-values and effect sizes provided. Differences are notable in girls' rehearsal, elaboration, critical thinking, metacognitive self-regulation, and overall strategies.]

FIGURE 4
 Differences between non-aggressors and aggressors in cyberbullying in cognitive and metacognitive learning strategies in boys and girls.




3.3 Binary logistic regression on bullying and cyberbullying victimization in relation to cognitive and metacognitive learning strategies

Data showing the risk of exposure to bullying and cyberbullying victimization in relation to cognitive and metacognitive learning strategies are presented in Table 2. Girls who were victims of bullying were 1.26 and 1.28 times more likely, and thus at higher risk than non-victims, of having low use of Elaboration (Odds Ratio [OR] = 1.265; p = 0.034) and Organization (OR = 1.281; p = 0.027), respectively. However, no differential risk was found in boys for any of the five factors analyzed (all p > 0.05). On the other hand, girls who were victims of cyberbullying were more likely than non-victims to have lower scores in Rehearsal (OR = 1.724; p = 0.005), Elaboration (OR = 2.098; p < 0.001), and Metacognitive Self-Regulation (OR = 2.794; p < 0.001). The analysis in boys only showed a statistically significant risk for Metacognitive Self-Regulation (OR = 1.606; p = 0.024). An additional analysis, conducted on the average of the five learning strategies, showed that both girls and boys who were victims of bullying were more likely than non-victims to have low use of cognitive and metacognitive learning strategies (OR = 1.287; p = 0.025; OR = 1.266; p = 0.037, respectively). The data also revealed that girls and boys who were victims of cyberbullying were at higher risk of having lower scores in the use of cognitive and metacognitive learning strategies (OR = 1.905; p = 0.001; OR = 1.866; p = 0.003).



TABLE 2 Binary logistic regression for bullying and cyberbullying victimization (1 = never - 5 = more than once/week) according to categorized indicators (high vs. low) of cognitive and metacognitive learning strategies in adolescent boys and girls.
[image: A table compares bullying and cyberbullying victimization strategies among boys (602) and girls (649). Variables include rehearsal, elaboration, organization, critical thinking, metacognitive self-regulation, and overall strategies. Data columns show the number of participants (N), p-values, odds ratios (OR), and 95% confidence intervals (95% CI). Bold values indicate statistically significant results with p < 0.05. For instance, low rehearsal in cyberbullying victimization is significant for girls (p = 0.005, OR = 1.724).]



3.4 Binary logistic regression on bullying and cyberbullying aggression in relation to cognitive and metacognitive learning strategies

Data showing the risk of exposure to bullying and cyberbullying aggression in relation to cognitive and metacognitive learning strategies are presented in Table 3. Girls who were bullying aggressors were 1.77, 1.78, 1.32, and 1.63 times more likely than non-aggressors to have low scores in Rehearsal (OR = 1.777; p < 0.001), Elaboration (OR = 1.787; p < 0.001), Critical Thinking (OR = 1.329; p = 0.049), and Metacognitive Self-Regulation (OR = 1.635; p = 0.001), respectively. However, in boys who were aggressors, only a statistically significant risk of low scores in metacognitive self-regulation was found (OR = 1.408; p = 0.024). On the other hand, girls who were cyberbullying aggressors were more likely to have low scores in Rehearsal (OR = 2.325; p < 0.001), Elaboration (OR = 2.571; p < 0.001), Critical Thinking (OR = 1.616; p = 0.029), and Metacognitive Self-Regulation (OR = 3.851; p < 0.001). Among boys who were cyberbullying aggressors, a statistically significant risk of low scores was found only for Rehearsal (OR = 1.801; p = 0.020) and Metacognitive Self-Regulation (OR = 2.497; p = 0.001). An additional analysis, conducted on the average of the five learning strategies, showed that both girls and boys who were bullying aggressors were more likely than non-aggressors to have lower use of cognitive and metacognitive learning strategies (OR = 1.768; p < 0.001 and OR = 1.388; p = 0.028, respectively). The data also revealed that, in general, girls and boys who were cyberbullying aggressors were 2.54 and 2.48 times more likely, respectively, to have lower scores than non-aggressors in the use of cognitive and metacognitive learning strategies (OR = 2.549; p = 0.001 and OR = 2.489; p < 0.001, respectively).



TABLE 3 Binary logistic regression for bullying and cyberbullying aggression (1 = never - 5 = more than once/week) according to categorized indicators (high vs. low) of cognitive and metacognitive learning strategies in adolescent boys and girls.
[image: Table comparing bullying and cyberbullying aggression among boys and girls based on various variables: rehearsal, elaboration, organization, critical thinking, metacognitive self-regulation, and overall strategies. Data is divided into "high" and "low" categories, showing number (N), p-value (P), odds ratio (OR), and confidence interval (95% CI). Statistically significant results are in bold. For boys, significant predictors include low metacognitive self-regulation and overall strategies. For girls, all variables except organization show significance in bullying, and all except organization and critical thinking show significance in cyberbullying.]




4 Discussion

The main objective of this study was to analyze the association between bullying and cyberbullying victimization/aggression and the use of cognitive and metacognitive learning strategies in children and adolescents aged 10–16. The results revealed that, regardless of being a victim or aggressor of bullying and/or cyberbullying, almost all bullying behaviors are negatively associated with the use of cognitive and metacognitive learning strategies, especially in girls. Table 4 summarizes the data for victims and aggressors in bullying and cyberbullying scenarios, differentiating the cognitive and metacognitive variables along with the percentage decreases/increases and associated risk increments.



TABLE 4 Extracted results of bullying and cyberbullying in youth aged 10–16 years.
[image: Table comparing mean differences and risks associated with bullying and cyberbullying among victims and aggressors, differentiated by gender. For boys, cyberbullying victims show 1.6 times increased risk in metacognitive self-regulation. Boys who are aggressors in bullying show a 5.5% increase in critical thinking and a 1.4 times increased risk. Girls who are bullying victims exhibit a 7.3% decrease in critical thinking. Girls engaging in cyberbullying see varied increases in risks, including metacognitive self-regulation at 3.9 times. N/A indicates not applicable data.]


4.1 Associations and risk of being a victim of bullying and cyberbullying

Our data show that girls who are victims of bullying exhibit 7.3% lower use of critical thinking compared to non-victims. This confirms that persistent harassment not only compromises the mental health and emotional well-being of adolescents but also hinders the use of learning strategies and negatively impacts academic performance (Armitage, 2021; Deol and Lashai, 2022; Menestrel, 2020). We also found that when the harassment occurs through cyberbullying, victimized girls present particularly low scores in rehearsal, elaboration, organization, critical thinking, and metacognitive self-regulation. It seems that cyberbullying victims suffer a more severe impact than those of traditional bullying due to the pervasive nature of digital harassment, which generates constant stress and profoundly affects learning motivation and self-regulation (Bork-Hüffer et al., 2020; Aparisi et al., 2021). More specifically, in the analyzed girls who suffer from cyberbullying, we found that the risk of having lower engagement in elaboration and rehearsal increases by 2.1 and 1.7 times, respectively. These results support previous studies that concluded cyberbullying is associated with negative metacognitive beliefs, such as perceptions of uncontrollability and excessive responsibility, which affect cognitive confidence, particularly in memory, and lead to school avoidance behaviors (McLoughlin et al., 2022).

Among all the strategies mentioned, we found that metacognitive self-regulation is the most affected, with cyberbullying victims being twice as likely to have lower scores than non-victims. In the context of an adolescent who is being bullied, having low cognitive self-regulation can impact their learning in various ways. For example, in class, instead of paying attention to the lesson or processing information, the adolescent may be distracted by thoughts about the bullying, such as fear of future incidents or reliving past experiences (Vacca et al., 2023). This emotional distress can make it difficult to organize thoughts, keep track of tasks, or manage time effectively. Additionally, the victim may experience feelings of doubt and low self-esteem, further weakening their ability to regulate cognitive processes and fully engage in learning (Deol and Lashai, 2022; Laninga-Wijnen et al., 2023).

On the other hand, the data presented here highlight the need to study the effects of bullying on learning separately by gender. Although girls who are victims of bullying and cyberbullying experience a more severe impact on the use of cognitive strategies, boys who are victims of bullying or cyberbullying do not seem to be as negatively affected in the use of these strategies. Previous studies report greater emotional vulnerability to bullying in females, which affects their ability to organize and control the information necessary for effective learning (Menestrel, 2020). Additionally, the stress, anxiety, and low self-esteem that girls often experience in these situations interfere with their ability to manage cognitive processes such as planning and organizing learning (Hayat et al., 2020; Leiner et al., 2014). However, in boys, this weaker association could be explained by their greater exposure to physical bullying or direct aggression, leading them to activate immediate defense mechanisms, such as verbal or physical confrontations (Gomes et al., 2022). These defensive mechanisms help mitigate the impact of bullying on cognitive and metacognitive processes, partially preserving their short-term performance (Ogden et al., 2023; Cosma et al., 2022).



4.2 Associations and risk of being a bullying and cyberbullying aggressor

Our results revealed that girls who are bullying and cyberbullying aggressors scored significantly lower in rehearsal, elaboration, critical thinking, and metacognitive self-regulation. This implies that bullying behaviors not only affect the victims but also negatively impact the aggressors, causing difficulties in organizing and planning their studies, as well as in emotional self-regulation and social interaction (Aparisi et al., 2021; Cañas et al., 2020). We also observed that girls who are cyberbullying aggressors are at a higher risk of obtaining low scores in skills such as rehearsal, elaboration, critical thinking, and especially metacognitive self-regulation, where the risk can increase up to four times. When this is combined with the difficulty in managing negative emotions, such as anger and frustration, it likely results in a limitation in their ability to focus on tasks that require reflection and deep analysis (Yousefi et al., 2021; Estévez et al., 2019). Furthermore, whereas the anonymity of cyberbullying allows young aggressors to avoid immediate consequences, it does not mitigate the long-term emotional impact, increasing the likelihood of using learning strategies ineffectively (Vismara et al., 2022). It seems that this emotional dysregulation could be strongly linked to cognitive instability, which affects their ability to organize thoughts and plan effectively, ultimately harming their academic performance (Cosma et al., 2022; Hawley, 2015).

On the other hand, boys who are aggressors show higher use of critical thinking (5.5% for bullying and 4.5% for cyberbullying), along with high-risk values indicating a decrease in the use of cognitive strategies, particularly in metacognitive self-regulation. Although metacognitive self-regulation and critical thinking are related, they do not always develop simultaneously. Previous studies suggest that metacognitive self-regulation facilitates critical thinking, but its absence does not necessarily inhibit it (Efklides and Metallidou, 2020; Gurcay and Ferah, 2018). Among aggressors, the social context and power dynamics in bullying may encourage the use of critical thinking to justify or plan their actions (Cañas et al., 2020; Pan et al., 2023). These boys may, therefore, use critical thinking strategically to assess vulnerabilities and manipulate situations, protecting their social status, even though they do so destructively (Cosma et al., 2022; Hawley, 2015).

At this point, it is worth emphasizing some behavioral differences based on gender, which are likely influenced by the type of aggression. Girls who are aggressors tend to engage in more subtle, relational forms of aggression, such as social manipulation, exclusion, or spreading rumors, which carry a significant emotional burden (Vismara et al., 2022). This type of aggression (manipulation, exclusion, or rumor-spreading) demands a high level of emotional management, requiring girls to be constantly attuned to the social effects of their actions and the reactions of their victims. This can be cognitively exhausting and deplete their resources for using more complex learning strategies (Gomes et al., 2022; Obregón-Cuesta et al., 2022). In contrast, boys who are aggressors tend to use more direct and physical forms of aggression, which, although confrontational, do not require the same level of constant emotional monitoring. They often make impulsive decisions under pressure, limiting their ability to plan long-term, reflect on their actions, and evaluate consequences, negatively affecting their self-regulation and effective learning (Obregón-Cuesta et al., 2022). Additionally, the constant stress from physical aggression can raise cortisol levels, interfering with key cognitive processes like decision-making, planning, and concentration (James et al., 2023). Although this type of direct aggression may foster pragmatic and critical thinking skills in the short term, in the long run, it negatively impacts their ability to engage in deeper learning, which requires reflection and self-regulation (Gomes et al., 2022).



4.3 Recommendations to combat bullying and cyberbullying and strengthen the use of learning strategies

The findings of this study have important implications for educational policies and interventions. The Social-Ecological Model of Cyberbullying (Patel and Quan-Haase, 2022) highlights the need for multi-tiered strategies that address both school environments and digital interactions, as both influence students’ learning processes. Likewise, Self-Regulated Learning Theory (Li et al., 2018) underscores how bullying-related stress disrupts cognitive and metacognitive strategies, impairing students’ ability to plan, monitor, and regulate their learning. Addressing these challenges requires targeted interventions that strengthen self-regulation, resilience, and emotional coping skills.

Based on these considerations, prior research (Cañas et al., 2020; Efklides and Metallidou, 2020; Patel and Quan-Haase, 2022) and our data, Table 5 presents a number of study-based recommendations aimed at strengthening the use of learning strategies for both victims and aggressors of bullying and cyberbullying. These guidelines are tailored for students, teachers, and families. Gender differences and the type of aggression have been considered in their classification. It is important to note that while these recommendations are grounded in prior literature and our findings, they require further empirical validation before being considered evidence-based. These specifications do not detract from the primary focus on prevention, which seeks to avoid such consequences in the first place. In fact, to ensure the physical and mental well-being of victims, it is essential to implement preventive strategies, as well as provide awareness programs for aggressors to dissuade them from engaging in these bullying behaviors.



TABLE 5 Study-based recommendations, differentiated by gender, type of aggression (bullying or cyberbullying), and role (victim or aggressor) to maximize the impact of interventions.
[image: Table detailing strategies for addressing bullying and cyberbullying across students, educators, and families. It outlines general recommendations and specific actions for enhancing learning strategies to support victims and reform aggressors. Emphasizes workshops, training, and the use of digital literacy to foster resilience, emotional self-regulation, and critical thinking.]



4.4 Limitations and strengths

This study has several methodological limitations that should be noted. Among them is its cross-sectional design, which does not allow for the establishment of causal relationships. Additionally, the sample was one of convenience, which limits its representativeness. However, the strength of the study lies in several key practices: coding techniques were applied to ensure participant anonymity and confidentiality, highly reliable measurement instruments with proven internal validity were used, and a wide range of important covariates such as age, body mass index, mother’s educational level, and weekly physical activity were considered. All of this allowed for the identification of specific results and risk levels, previously unknown, which could contribute to significant advancements in the field of education.




5 Conclusion

The present study concludes that the use of cognitive and metacognitive learning strategies among young people is negatively associated with both victimization and perpetration in bullying and cyberbullying. There is a more pronounced negative association for girls, with particularly severe effects observed in cases of cyberbullying. Girls who were victims of bullying were 7.3% less likely to use critical thinking than non-victims. On the other hand, girls who were victims of cyberbullying were also less likely to use the strategies of rehearsal (3.8%), elaboration (5.4%), critical thinking (3.5%) and metacognitive self-regulation (5.5%). The latter are the most affected, as girls and boys who are victims of cyberbullying are 2.8 and 1.6 times more likely, respectively, to use less them. Girls are 2.1 and 1.7 times more likely to have low use of elaboration and rehearsal strategies. In addition, aggressor girls mainly show a lower use of elaboration (6.8% for bullying and 5.5% for cyberbullying), critical thinking (5.4 and 4.8%) and metacognitive self-regulation (4.9 and 4.7%). In contrast, aggressor boys show a higher use of critical thinking (5.5% for bullying and 4.5% for cyberbullying). In terms of probability, aggressor girls’ risk of low use of learning strategies is multiplied in the factors of rehearsal (x1.8 for bullying and x2.3 for cyberbullying), elaboration (x1.8 and x2.6), critical thinking (x1.3 and x1.6) and metacognitive self-regulation (x1.6 and x3.9), whereas for boys it is only observed in the factor of metacognitive self-regulation (x1.4 and x2.5).

It is suggested to carry out specific and collaborative actions between students, teachers and families to strengthen the appropriate use of learning strategies in victims and aggressors, especially girls who are immersed in cyberbullying episodes. It is also suggested to implement clear prevention policies and to define strong consequences for aggressors in order to ensure the well-being of students and to promote an environment that facilitates effective learning.
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Introduction: A single bout of physical activity can benefit one’s psychological state, increasing positive affect. Individual differences in these feelings are known to correlate with mental health; however, individual differences in response to physical activity are unclear. This study aimed to quantitatively evaluate individual differences in affect in response to acute physical activities. Quantifying those individual differences implicitly assumed in previous studies would facilitate understanding the relationship between physical activity adherence and mental health.
Methods: The dataset comprised valence (pleasant-unpleasant) and arousal (active-inactive) measurements taken before and after two types of physical activities (running and badminton) with a crossover design. Valence and arousal were analyzed using a mixed model. Then, the intraclass correlation coefficients (ICCs) for valence and arousal, which are the ratio of the variance components of individual differences and the sum of total variance components, were calculated. Information processing in cognitive functions was also analyzed and compared variance components among valence, arousal, and information processing to comprehensively evaluate individual differences in valence and arousal in response to physical activity.
Results and discussion: The results showed that individual differences in valence and arousal in response to physical activity were significant variance components, whereas the variance component in information processing was not significant. The ICCs for valence, arousal, and information processing were 0.603 (95% confidence interval [95%CI]: 0.430–0.769), 0.349 (95%CI: 0.202–0.512), and 0.171 (95% CI: 0.164–0.217), respectively, demonstrating that the ICC for valence is significantly more pronounced than that for information processing. These findings indicate that the effects of physical activity on affect vary among individuals, particularly regarding changes in valence. Considering individual differences is essential when tailoring physical activity treatments for health.
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1 Introduction

There is substantial evidence that physical activity promotes not only physical but also mental health (Biddle et al., 2019; Carter et al., 2021; Nuzum et al., 2020). Recently, a scoping review by Pascoe et al. (2020) reported that increasing physical activity attenuates the symptoms of depression and anxiety in young people, suggesting that physical activity intervention is a promising strategy for mental health. A systematic review by Maynou et al. (2021) also found an inverse association between physical activity and mental health problems, reporting that the effects of physical activity on mental health are small to moderate. Numerous studies indicate that regular physical activity or physical activity intervention effectively promotes mental health (Biddle et al., 2019; Carter et al., 2021; Nuzum et al., 2020; Pascoe et al., 2020; Maynou et al., 2021).

Even a single bout of physical activity can benefit affect. A single bout of physical activity can rapidly increase neurotrophic factors such as brain-derived neurotrophic factor and insulin-like growth factor (Behrendt et al., 2021; Hung et al., 2018). These factors act on the prefrontal cortex, contributing to the modulation of hedonic tone (Deyama et al., 2022). In addition, physical activity elevates levels of peripheral and central norepinephrine (Basso and Suzuki, 2017), which enhances physiological and psychological arousal. These mechanisms may help explain the positive effects of acute physical activity on affect. Reed and Ones (2006) conducted a meta-analysis to examine the effect of a single bout aerobic physical activity on core affect, which is the elementary affective feeling defined as “A neurophysiological state that is consciously accessible as a simple, nonreflective feeling that is an integral blend of hedonic (pleasure–displeasure) and arousal (sleepy–activated) values” (Russell, 2003). They found that a single bout of aerobic physical activity moderates the increase of the positive-activated (pleasant and activated) affect. The acute effect of physical activity on core affect was also found in a longitudinal observation study. Bourke et al. (2022) reported that vigorous physical activity measured by an accelerometer was positively correlated with energetic arousal (pleasant and activated affect) for young people. Additionally, Bourke et al. revealed that vigorous physical activity indirectly increased life satisfaction, a component of subjective well-being (Diener, 1984), by mediating physical activity-induced energetic arousal. These findings indicate that even a single bout of physical activity positively increases core affect, contributing to good mental health and well-being.

Increasing core affect by acute physical activity is associated with mental health (Reed and Ones, 2006). Additionally, individual differences in core affect are correlated to personality traits and mental health (Kuppens et al., 2007; Timmermans et al., 2009). Kuppens et al. (2007) found that people who are neurotic and pessimistic exhibit more pronounced within-person variability of core affect compared to those with extraversion and optimism. Furthermore, the authors decomposed the within-person variabilities, elucidating that qualitative changes in the core affect, such as a shift from “enthusiastic” and “happy” (positive high arousal) to “sluggish” and “sad” (negative low arousal), contribute to depression symptoms and low self-esteem. Similarly, Timmermans et al. (2009) investigated the significance of the within-person variability of core affect for daily living. They found significant within-person variabilities of valence and arousal in response to daily events, suggesting that the within-person variabilities of core affect were associated with personality traits. People with high extraversion tended to experience higher arousal during no- and low-impact daily events (e.g., chatting with friends) compared to those with low extraversion. In contrast, during high-impact daily events (e.g., unexpected incidents), individuals with high extraversion were less aroused than those with low extraversion. Regarding valence, highly neurotic individuals tended to feel less pleasant during common daily events compared to those with low neuroticism. Previous research underscores the importance of individual differences in core affect for maintaining mental health and psychological well-being.

Considering the individual differences in core affect over time, it is plausible that there are also individual differences in core affect in responses to physical activity. That is, even if individuals engage in the same physical activities, the effects of physical activity may vary for each person. The meta-analysis by Reed and Ones (2006) found an effect size of acute aerobic physical activity for core affect of 0.47 accompanied by a large standard deviation (SD) of 0.37. They speculated that individual differences likely contribute to this large SD. The variability in effect size may stem from factors such as baseline core affect levels, exercise variables (e.g., intensity, duration, mode), and individual performance and fitness levels. These potential causes are primarily consistent with the thoughts of Herold et al. (2021), who discussed the individual differences in the association between neurocognition and acute physical activity. Because changes in cognitive function after a single bout of physical activity have been found to correlate with changes in core affect (arousal) (Byun et al., 2014), it is reasonable to assume that individual differences in affective responses may also be substantial. Supporting this, Takahashi and Grove (2020) found significant individual differences in cognitive functions in responses to acute physical activity by employing a mixed model. In addition, past experiences with sports and positive and negative feelings toward sports events possibly influence individual differences in response to physical activity. Taken together, individual variability in affective responses to acute physical activity may be even more pronounced than that observed in cognitive functions.

Given the previous research reviewed above, it is plausible that individual differences in valence and arousal in response to a single bout of physical activity exist. However, no study has quantitatively investigated the individual differences in core affect in response to physical activity. Therefore, this study aimed to quantitatively evaluate the individual differences in response to physical activity by decomposing the variance components. Quantifying the individual differences will help to elucidate what mechanisms and factors yield them, contributing to the practical tailoring of physical activity programs. For example, it may be possible to analyze the relationship between physical activity experience in childhood and individual differences in core affect in response to physical activity. Such results would bring practical information to researchers and experts in health promotion. The changes in valence and arousal before and after physical activity could have several variance components (Bourke et al., 2022; Kuppens et al., 2007; Timmermans et al., 2009). It was expected that individual differences are comprised of multiple variance components, including averaged variability as personality traits (Bourke et al., 2022; Timmermans et al., 2009), day-by-day variability (Kuppens et al., 2007; Timmermans et al., 2009), variability in response to acute physical activity, and random error. In this study, we employed a mixed model, which is also known as a multi-level modeling or a hierarchical linear model, to decompose the multiple variance components (Hedge et al., 2018; Nakagawa and Schielzeth, 2010).

This study hypothesized that individual differences in valence and arousal in response to acute physical activity are significant variance components. Furthermore, it was expected that the variance component of valence in response to acute physical activity would be more pronounced than that of arousal. The reason for expectation is that changes in valence before and after physical activity are influenced by multiple individual physiological and psychological traits, like anaerobic threshold (Ekkekakis et al., 2005), physical activity levels, subjective intensity (Farias-Junior et al., 2020), behavioral inhibition, and behavioral activation (Schneider and Graham, 2009). Additionally, emotional evaluation of likes and dislikes for specific sports events might also impact the valence during and after physical activity. On the other hand, the responses in arousal to physical activity would be linked to physiological variables such as increasing heart rate (HR) and blood pressure. Because variabilities of physiological variables during an identical physical activity are small and the reproducibility of those is adequate (Okin et al., 1986; Unnithan et al., 1995), individual differences in arousal in response to physical activity would be of a similar magnitude. Given the factors correlated with the response in valence and arousal, it was expected that valence exhibits greater interindividual variability than arousal. In addition, changes in the performance of processing speed in cognitive functions by the mixed model were also analyzed to compare variance components of processing speed with those of valence and arousal. Since no study has reported individual differences in response to physical activity as variance components, a reference value was needed to comprehensively evaluate the variance components of valence and arousal. Therefore, the individual differences in valence and arousal in response to physical activity were evaluated by comparing processing speed as the reference value.



2 Methods


2.1 Analyzed dataset

The dataset1 from our previously published study (Takahashi and Grove, 2023) was used. The previous study investigated the differences in acute effects of open-skill physical activity (badminton) and closed-skill physical activity (running) on executive function with a cross-over within-subjects research design. The study protocol was approved by the Human Subjects Committee of Tohoku Gakuin University (Approval number: 2019R003).

The previous study (Byun et al., 2014) measured valence and arousal as confounding variables for the association between executive function and physical activity. Although the original dataset includes valence and arousal before and after a control intervention (10 min of seated rest), the measurements of the control intervention were excluded from analyses in the present study to clarify the influence of physical activity on valence and arousal. The details of the experimental procedures of the dataset were described in the previous study. The experiment procedures related to this study are outlined below.


2.1.1 Participants

The participants were healthy Japanese twenty-four undergraduate students (women was 9, age = 20.4 ± 0.2 years old, height = 168.2 ± 1.7 cm, weight = 61.6 ± 1.8 kg). A power analysis by G*Power version 3.1.9.4 software package (Düsseldorf, Germany), was conducted under the following conditions: the dependent variable was the change of measurements from pre-intervention to post-intervention; the independent variable was intervention with two levels: badminton, and running; partial eta squared was 0.1 (f = 0.33); power (1 − β) was 0.80; ρ was 0.5 and α was 0.05. This analysis indicated that the sample size of 20 was adequate, ensuring that the sample size N = 24 was valid. The participant’s criteria were (1) right-hand dominant undergraduate students, (2) normal or corrected to normal vision, and (3) no history of brain, cognition, mental, or cardiovascular diseases. The mean ± standard errors of the mean (SE) of the peak of oxygen consumption (VO2peak) and the peak of heart rate (HRpeak) for a graded running test on a motor-driven treadmill (O2road, Takei Sci. Instruments Co., Niigata, Japan) were 46.9 ± 1.1 mL·kg−1·min−1 and 192.9 bpm ± 1.8 bpm, respectively. The time spent on moderate-to-vigorous physical activity for a week was 2719.7 ± 652.2 min.



2.1.2 Experimental procedures

Participants visited a sports physiology laboratory for 4 days (average interval, 6.1 ± 1.8 days). On the first visit, participants were given research guidance and signed the informed consent form. In order to familiarize the participants with a computer-based Stroop color-word test, which was a test to assess executive function, they conducted the Stroop color-word test twice. Subsequently, they underwent the graded exercise test. For the graded exercise test, the participants began running at 7.2 km·h−1 on the treadmill with the 1.0% slope. The running speed was increased by 1.2 km·h−1 every 2 min until they reached volitional exhaustion. A portable indirect calorimetry (MetaMax-3B; Cortex, Leipzig, Germany) recorded oxygen consumption (VO2), carbon dioxide output (VCO2), and heart rate (HR), and the average of the final 30 s was defined as VO2peak and HRpeak. The criteria of volitional exhaustion were (1) RPE ≥ 17, (2) HR ≥ 95% of age-predicted HRmax (220 minus age), and (3) a respiratory exchange ratio (RER, VCO2·VO2−1) ≥ 1.10.

On the second to fourth visit, the participants completed 10 min of badminton, running, or control interventions (one intervention per day). The sessions were conducted at consistent times of day within a ± 1-h window across participants. The order of each intervention was randomized, including the control condition. VO2, VCO2, and HR during each intervention were monitored by the indirect calorimetry. Before and 15 min after the interventions, the levels of valence and arousal were measured by the two-dimensional mood scale (Sakairi et al., 2013). After measuring the valence and arousal, they conducted the Stroop color-word task, which was composed of neutral and incongruent tasks. While incongruent tasks in the Stroop task are known as an index of executive function, neutral tasks that do not require executive function are recognized as an index of processing speed (Etnier and Chang, 2009). Each neutral and incongruent task included 24 trials, respectively, and each task’s average reaction time and accuracy rates were recorded. During the Stroop test, they were equipped with a functional near-infrared spectroscopy device to monitor hemodynamics in the prefrontal cortex.

The average reaction times for the neutral task were employed as the reference value but not measures for the incongruent task. Incongruent task performance was not employed because the previous study (Takahashi and Grove, 2020), which analyzed variance components in the incongruent task performance, could not detect a variance component representing individual differences in response to physical activity by multicollinearity.



2.1.3 Interventions

In the badminton intervention, each participant played single games against a PE teacher on a standard badminton court (13.41 meters x 6.10 meters). All of the participants were novices in badminton. The PE teacher, who was not a professional in badminton, played with the participants and gave them some tips for performance improvements with social interactions. The scores were not recorded at the game, and participants and the PE teacher played the game recreationally. In the running intervention, participants ran at an estimated 75%VO2peak speed on the treadmill. The duration of both interventions was set to 10 min. During the treadmill intervention, participants were monitored by an experimenter to ensure safety, but no verbal communication occurred apart from safety checks. According to the previous study, the exercise intensities (%VO2peak and %HRpeak) were equivalent for running and badminton, and both interventions were vigorous physical activity (%VO2peak was about 77% and %HRpeak = about 85%) (ACSM, 2021).



2.1.4 Assessment for valence and arousal

Levels of valence and arousal were measured using the two-dimensional mood scale (Sakairi et al., 2013). The two-dimensional mood scale was composed of eight items (6 Likert scales) that respond to the subjective feeling of “energetic,” “lively,” “lethargic,” “listless,” “relaxed,” “calm,” “irritated,” and “nervous.” The range of valence and arousal assessed by the two-dimensional scale was −20 to 20 points. For the valence, −20 points are “unpleasant,” and 20 points are “pleasant.” For the arousal, −20 points are “calmness,” and 20 points are “excitement.” Spearman-Brown’s coefficients of valence and arousal measured by the two-dimensional mood scale were more than 0.89, ensuring that the two-dimensional mood scale has adequate reliability. Sakairi et al. (2013) also demonstrated that the two-dimensional mood scale has sufficient factorial and discriminant validity by structural equation modeling.




2.2 Statistical analyses

A mixed model was employed using IBM SPSS 27 (SPSS Inc., Chicago, IL, United States) to estimate multiple variance components. The following equation (Equation 1) was fitted to the dataset.

[image: Equation showing a statistical model: \( y_{ijk} = \mu + \alpha_j + \beta_k + (\alpha\beta)_{jk} + b_{i} + (b\alpha)_{ij} + (b\beta)_{ik} + e_{ijk} \).]

where, yijk is the points of valence, arousal, or processing speed of participant i = 1,…, I observed on the day of interventions j = 1,…, J at time point k = 1,…, K, with μ the grand mean, α
j
 the fixed effect of the interventions, β
k
 the fixed effect of time, (αβ)
jk
 the fixed effect of the interaction of interventions and time, bi ∼ N(0, σp2) the random effect of the participants, (bα)ij ∼ N(0, σpd2) the random effect as the interactions between the participants and the day of interventions, (bβ)
ik
 ∼ N(0, σpt2) the random effect as the interaction between the participants and time, and eijk ∼ N(0, σ
e
2) the residual. The restricted maximum likelihood estimated the parameters in Equation 1.

To compare the variance component in response to physical activities for valence, arousal, and processing speed, the intraclass correlation coefficients (ICCs) were calculated according to the methods reported in previous studies (Brouwer et al., 2012; Demetrashvili et al., 2016).

[image: The formula shows ICC equals the variance of sigma squared sub pt divided by the sum of sigma squared sub pt, sigma squared sub pd, and sigma squared sub e. It is labeled as equation two.]

In Equation 2, the numerator is the variance component of the interaction between the participants and time (σpt2). It represents the individual differences in valence, arousal, or processing speed in response to physical activity. The denominator is the sum of the variance components without the variance component of the participants (σp2). The variance of the interaction between the participants and the day (σpd2) represents the individual differences in day-by-day variabilities for each measure. In calculating the ICCs, the variance σp2 was not used because the variance represents the individual traits across the whole experimental procedure and is unrelated to the response to the physical activity. Based on the labels mentioned in Shrout (1998), ICCs were assessed as follows: “substantial” is 0.81–1.00; “moderate” is 0.61–0.80; “fair” is 0.40–0.60; “slight” is 0.10–0.40; “virtually none” is 0.0–0.10. The 95% confidence intervals (95%CIs) of the ICCs were estimated following the F-distribution approach by Demetrashvili et al. (2016).




3 Results


3.1 Fixed effects

Figure 1 shows the valence, arousal, and processing speed changes for each intervention. The means ± SEs of the valence were 8.8 ± 0.9 points at pre-intervention and 10.0 ± 0.8 points at post-intervention for badminton, and 8.3 ± 1.1 points at pre-intervention and 8.3 ± 0.8 points at post-intervention for running, respectively. Regarding the arousal, the respective values were −3.7 ± 0.7 points at pre-intervention and 2.5 ± 0.8 points at post-intervention for badminton, and −3.6 ± 0.8 points at pre-intervention and 1.5 ± 0.9 points at post-intervention for running. The reaction times for information processing were 589.8 ± 18.7 ms at pre-intervention and 552.9 ± 14.8 ms at post-intervention for badminton, and 577.8 ± 21.2 ms at pre-intervention and 565.0 ± 22.8 ms at post-intervention for running, respectively.

[image: Three line graphs depict changes in valence, arousal, and reaction time for badminton and running groups pre- and post-intervention. (A) Valence shows an increase for badminton with a significant difference, while running remains steady. (B) Arousal increases for both, more notably for badminton. (C) Reaction time decreases for both, with badminton showing a larger reduction.]

FIGURE 1
 Changes in valence (A), arousal (B), and reaction time (RT) of processing speed (C) from pre- to post-intervention, respectively. Open circles with solid lines show the means of the badminton intervention, and closed circles with dashed lines show the means of the running intervention. Error bars show the standard error of the mean. Asterisk (*) represents a significant interaction, indicating that the increase of valence for the badminton intervention was significantly higher than that for the running intervention.


Examining the changes in valence, the mixed model revealed a significant interaction of intervention and time (F (1, 23) = 4.7, p = 0.040). The badminton intervention significantly increased valence by 1.3 ± 0.6 points relative to the running intervention. For arousal, the main effect of time was significant (F (1, 34.6) = 42.3, p < 0.001); arousal at 15 min after interventions was significantly increased in 5.1 ± 1.0 points from pre-intervention. In contrast, the interaction of intervention and time (F (1, 23.6) = 0.9, p < 0.342) and the main effect of the intervention (F (1, 27.7) = 0.5, p = 0.485) did not significantly impact arousal. For processing speed, the mixed model revealed a significant main effect of time (F (1, 23) = 4.8, p = 0.040), but neither the interaction of intervention and time (F (1, 23) < 0.1, p = 0.995) nor the main effect of intervention (F (1, 23) = 2.6, p = 0.117) were significant. Both activity interventions significantly enhanced the processing speed.



3.2 Random effects and ICCs

Table 1 shows the estimated variances of random effects by the mixed models. For valence, the interaction between the participants and the day of interventions, and the interaction between the participant and time were significant, whereas the variance of the participant was not significant. For arousal, it was found that when repetitive calculations were performed to estimate variance components, the variance of the participant gradually transited to the variance of the interaction between the participant and time (Supplementary Table S1). Finally, the variance of participants was estimated at 0.0. This result might be caused by multicollinearity between σp2 and σpt2. A person with a lower arousal level at pre-intervention might tend to increase the arousal levels by physical activities in comparison to others with a higher arousal level at pre-intervention. The interaction between participants and the day of interventions was not significant, while the interaction between participants and time was significant. For processing speed, the variance of the participants and the interaction between the participants and the day of interventions were significant, but the variance of the interaction between the participants and time was not significant.



TABLE 1 Random effects from the mixed model.
[image: Table displaying estimated variance and standard error (SE) for core affects: Valence, Arousal, and Information Processing. Variance and SE are presented for random effects, including participants, participants by days of interventions, participant by time, and residual. Valence variances range from 2.0 ± 0.6 to 7.4 ± 4.1. Arousal variances are listed as NA to 7.5 ± 2.2. Information Processing has variances from 896.9 ± 498.6 to 3984.6 ± 1945.1. SE indicates standard error; NA denotes "Not available," and an asterisk indicates significant variance by the Wald test.]

Table 2 shows the ICCs for valence, arousal, and processing speed in response to physical activity. The ICC of valence was evaluated as “fair.” The ICCs of arousal and information processing were evaluated as “slight.” Comparison between the ranges of 95%CIs showed that the ICC of valence was significantly more pronounced than the ICC of processing speed. On the other hand, the range of 95%CI for the ICC of arousal and the ICC of processing speed overlapped, so a significant difference between arousal and processing speed was not detected.



TABLE 2 ICCs for responses in valence and arousal to physical activity.
[image: Table displaying intraclass correlation coefficients (ICC) with 95% confidence intervals for core affects: Valence at 0.603 (0.430–0.769)*, Arousal at 0.349 (0.202–0.512), and Processing speed at 0.171 (0.164–0.217). Asterisk indicates a significant difference from Processing speed.]




4 Discussion


4.1 Main findings

One of the goals of this study was to quantitatively evaluate individual differences in valence and arousal in response to physical activity. The mixed models found significant variance components for valence and arousal in response to physical activity. These results support this study’s hypothesis that the individual differences in core affect in response to acute physical activity are significant, elucidating that the acute effects of physical activity on feelings of affect and arousal vary among individuals. In addition, it was also hypothesized that individual differences in valence in response to physical activity are more pronounced than those in arousal. The ICC of valence was moderately more pronounced than the ICC of arousal. Additionally, the valence’s ICC was significantly greater than the processing speed’s ICC, whereas no significant difference in ICCs was found between arousal and processing speed. These results support this study’s hypothesis, consistent with previous studies’ findings (Ekkekakis et al., 2005; Farias-Junior et al., 2020; Schneider and Graham, 2009) that reported valence changes influence multiple physiological and psychological traits. The results also support the speculations by Reed and Ones (2006). Because high valence and arousal states, such as enjoyment and enthusiasm, are critical determinants of long-term physical activity adherence (Huberty et al., 2008; Rhodes et al., 1999), the findings of this study underscore the importance of considering individual differences in valence and arousal when tailoring physical activity programs.



4.2 Validity of dataset

The mixed model found a significant interaction between the interventions and time for the valence measures, indicating that badminton increased valence levels more than running. For arousal, while the main effect of time was significant, the interaction between the interventions and time and the main effect of the interventions were not significant, showing that the badminton and running interventions equally increased arousal. Playing badminton likely enhances positive and activated affect compared to running. Given that exercise intensity and duration (10 min) were equivalent for both interventions, badminton’s positive effect might come from social factors. Each participant played with the experimenter (PE teacher) for the badminton intervention, while the participants ran alone on the treadmill for the running intervention. The badminton intervention included social interactions, but the running intervention did not. Exercising alone or with others with social interaction potentially brings different effects on executive function and mental health (Seino et al., 2019; Nagata et al., 2023; Pesce et al., 2009). The results, in which badminton enhanced valence and arousal more than running, are consistent with the perspective from the previous studies, ensuring that the dataset was valid to investigate the association between physical activity and feelings. Although the results support the validity of the dataset, this experimental design may not be ideal for investigating the effects of social interaction on affect. Due to other potential confounding factors (e.g., various movements such as swinging or jumping, and visuomotor demands), further studies with more controlled designs are needed to examine the influence of social interaction.

On the other hand, the different effects of badminton and running should be interpreted carefully. As described above, the badminton intervention showed a significantly greater effect on affect than the running intervention. However, the previous study (Takahashi and Grove, 2023) did not find differences in the changes in valence and arousal before and after the interventions by including the control intervention (10 min seated rest with manipulating smartphone) with a mixed model. Given that adding measurements from the control intervention failed to find the significant differences in the physical activity types on core affect, the difference between badminton and running does not appear crucial for daily life.



4.3 Individual differences in response to physical activity

This study is the first to quantitatively investigate individual differences in valence and arousal in response to physical activity. The multiple variance components, individual traits in participants across the whole experimental procedure (σp2), individual differences in day-by-day variability (σpd2), and individual differences in response to physical activity (σpt2) were decomposed using a mixed model. For valence, σpt2 was a significant variance component and independent of σp2. Given that the variance of σp2 represents how much each participant’s valence varies in the experimental procedures, the σp2 is the same as the within-person variabilities in previous studies (Kuppens et al., 2007; Timmermans et al., 2009). The previous studies reported that the within-person variability of core affect correlates with personality traits and impacts mental health. Taken together with the findings of this study and those of previous studies, this study’s results suggest that individual differences in valence in response to physical activity is not only caused by personality traits but also by other factors. Given previous studies’ findings, which indicate that anaerobic threshold, usual physical activity levels, behavioral inhibition, and behavioral activation impact changes in valence to physical activity (Ekkekakis et al., 2005; Farias-Junior et al., 2020; Schneider and Graham, 2009), past experience of success or failure in sports performance, individuals’ usual physical training status and its results, aerobic and anaerobic metabolic features might be responsible for individual differences. Genetic factors could also be the cause. Neurotrophic factors such as brain-derived neurotrophic factor and insulin-like growth factor, which are raised by acute physical activity (Behrendt et al., 2021; Hung et al., 2018), are known to benefit psychological status (Deyama et al., 2022). Therefore, genetic factors linked to neurotrophic factors could also influence individual differences in valence in response to physical activity. Elucidating what factors determine individual differences in valence in response to physical activity would lead to a more efficient tailoring of a physical activity program to enhance health. Future research should investigate the causes of individual differences in valence in response to physical activity.

In contrast, the variance components in arousal showed different results for valence. Although the mixed model revealed a significant variance of σpt2 in arousal, the variance of σp2 was not detected. Repetitive calculations to estimate random effects in arousal imply that there is a possibility of multi-collinearity between the variances of σpt2 and σp2, suggesting that individuals with low arousal at the pre-intervention likely have more activated arousal after physical activities than those with high arousal at the pre-intervention. Unlike valence, the individual differences in response to physical activity on arousal could stem from not only feelings of likes and dislikes and sports or educational careers but also personality traits or genetic factors (Kuppens et al., 2007; Timmermans et al., 2009).

On the other hand, σpt2 of processing speed was not significant. The results were consistent with the previous study (Takahashi and Grove, 2020). In the behavioral performance of cognitive tasks such as the Stroop tasks, the individual differences are much more extensive, but the changes in cognitive performance after a single bout of physical activity do not appear to vary among individuals. It is evident that the effects of acute physical activity on valence and arousal vary among individuals compared to cognitive functions. Understanding extensive individual differences in the impact of physical activity on affect seems important when considering the effects of physical activity on psychological variables.



4.4 ICCs of valence and arousal

Another goal of this study was to compare individual differences in response to physical activity on valence and on arousal. It was expected that the variance of σpt2 in the valence would be more pronounced than in the arousal. ICCs that can relatively evaluate variances were calculated to compare valence and arousal. The ICCs of valence and arousal were evaluated as “fair” and “slight,” respectively. Furthermore, the ICC of valence was significantly greater than the ICC for processing speed, whereas a difference between the ICCs of arousal and information processing was not significant. These results agree with the hypothesis.

It was expected that with controlled intensities (%VO2peak and %HRpeak) and duration of physical activities across individuals, changes in physiological variables would not generally vary across individuals, leading to a relatively small variance of σpt2 in arousal than in valence because the levels of arousal would be associated with physiological variables. As per the expectations, major changes in arousal by physical activity may be explained by exercise-induced physiological responses such as activation of the sympathetic nervous system and inhibition of the parasympathetic nervous system.




5 Limitations

This study had some limitations. First, the method of sampling the participants might bias the results. The dataset reported by Takahashi and Grove (2023) was analyzed. According to their study, they recruited participation through sports and health sciences courses in the university, and then 24 healthy undergraduate students voluntarily participated in the experiments. Considering the recruitment method, most participants likely have positive attitudes toward sports and physical activity. The attitudes might influence the results. A different pattern might be observed with a sample containing participants with negative attitudes toward sports and physical activity. For example, it might be expected that with more individuals with negative feelings toward sports and physical activity, the individual differences in core affect, especially valence, to a single-bout physical activity would be more pronounced than reported here. Second, this study analyzed only two types of physical activity. Both the badminton and running interventions were vigorous aerobic activities, and the durations were very short (10 min). Ekkekakis et al. reported that core affect in response to physical activity largely varies when exercise intensity is around the anaerobic threshold. Because the intensities of the badminton and running interventions (75%VO2peak) seem to be higher than anaerobic threshold levels, the variability of core affect in the present study could be reduced. When the exercise intensity approximates the anaerobic threshold level (moderate intensity), the individual differences in valence and arousal could be increased. Different findings could be obtained when physical activities with low or moderate intensities, anaerobic exercises such as resistance training, and more prolonged durations.



6 Conclusion

This study quantitatively evaluated individual differences in valence and arousal in response to acute physical activities. In conclusion, changes in valence and arousal to physical activity significantly vary among individuals. In particular, individual differences in valence were more pronounced than in arousal. The findings of this study suggest the importance of considering individual differences in feelings in response to physical activity when tailoring physical activity treatment for health. Tailoring interventions based on emotional responsiveness may lead to more effective, personalized health strategies. Future studies need to investigate mechanisms underlying these individual differences and explore how tailoring exercise interventions considered individuality in core affect would enhance psychological outcomes across broader populations.
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Physical activity —
Self-control

stimate

0.448

CR

18.384**

Physical activity —
Social anxiety

—0.094

—4.535**

Self-control = Social
anxiety

—0.720

—29.423%*

Self-control —
Career
decision-making
self-efficacy

0.168

5.337"**

Social anxiety —
Career
decision-making
self-efficacy

—0.100

0.023

—3.267**

Physical activity —
Career
decision-making
self-efficacy

0.590

0.016

26.062***

*p < 0.01; *p < 0.001.

SE, standard error; C.R, critical ratio.
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Pat SE Effect ratio
Physical activity = self-control — 0.075 0.018 (0.042,0.113) 10.61%
career decision-making self-efficacy

Physical activity = social anxiety — 0.009 0.004 (0.002, 0.020) 1.27%
career decision-making self-efficacy

Physical activity — self-control — 0.032 0.012 (0.008, 0.057) 4.53%
social anxiety — career

decision-making self-efficacy

Total mediation effect 0.117 0.013 (0.094, 0.144) 16.55%
Direct effect 0.590 0.022 (0.545,0.631) 83.45%
Total effect 0.707 0.016 (0.674,0.737) 100%

CI, confidence interva; SE, standard error.
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Variables Categories ercentage
Gender Male 915 46.8%
Female 1,040 53.2%
Major Science and 974 49.8%
engineering
Humanities and 981 50.2%
social sciences
Students’ origin Provincial capital 101 5.2%
place
Prefecture-level city 265 13.6%
County/ 495 25.3%
County-level city
Town 325 16.6%
Rural 769 39.3%
Parents’ highest Graduate (master 31 1.6%
education level and above)
University 229 11.7%
undergraduate/
Associate degree
High 414 21.2%
school/Vocational
school
Middle school 874 44.7%
Elementary school 407 20.8%

and below
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Mental health
variables

Anxiety 0542% <0.001
Depression 0.691%% <0.001
Positive effects 0.476** <0.001
Behavioral control 0.174% 0.004
Mental health 0343% <0.001

#*Correlation is significant at the level 0.01 (2-tailed).
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CG (n=28) SG (n = 30) PCM (n = 30)

Baseline Post- Baseline Post- Baseline Post-
intervention intervention intervention

Time spent on digital media during weekdays (%)

Less than 3 h of 51 51 49
48 46 48
exposure
3-5hof 2 32 27
33 35 31
exposure
5-8hof 21 17 £
19 19 21
exposure

Parent questionnaire on physical activity levels (%)
Sedentary 82 86 7
8 8 77
activities
Moderate to 18 1 2
vigorous 16 17 2
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Characteristics Mean SD

Age (years) 2236 382
Weight (Kg) 6157 5.64
Height (cm.) 16737 673

BMI (Kg/m?) 2237 3.67
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Variables
Anxiety
Depression
Positive effects
Behavioral control
Mental health

MET score

Statistic

0.983

0993

0970

0991

0993
0996

df
275
275
275
275
275

275

Sig

0.992
0713
0,604
0741
0.808
0708
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Week 1 Balloon Football (10 mis

rop a balloon in the middle of along rectangular table, and have each team try to blow the  Leap Frog Relay (10 min): Children were divided into teams. A starting line and a finish
Sessions 1 and 2 balloon towards the other teams goal. line were marked. One child from each team hopped like a frog (using two-footed jumps)
Do not Let the Ball Drop (10 min): A teacher will stay outside the circle, observing the players. He will throw an air-filled  from the starting line to the finish line and back, then tagged the next teammate. The team

ball,like a birthday balloon, into the middle of the circle and set a timer for 1 min or more. The goal i for the playersto that finished first won.

keep holding hands and, once the ballis in the air, not to let it fall to the ground or go outside the circle. They can use any ~ Animal Movement Simon Says (10 min): “Simon Says” was played with animal

part of their body to keep it in the air. movements. Commands like “Simon said crawl like a bear; “Simon said hop like a
Cooperation for the Goal (10 min): Using a plastic ball, children grouped in teams of four will take turns running with |~ kangaroo]” or “Simon said slither like a snake” were called out. Children only performed
the ball in a shuttle run to try to score in a large basket placed 50 cm from a line. The teams compete to be the fastest o the action if “Simon said” first. The last child standing won.

score and to make the most attempts within periods of 2 min. Animal Movement Freeze Dance (10 min): Music was played and children danced freely.

‘When the music stopped, an animal movement was called out (e.g, “freeze and flap your

wings like a bird!"). Children froze in that position until the music started again. This was
repeated with different animal movements.
Week 2 Kick the To! (10 min): The game starts with several benches positioned on the floor with toys placed nearby. The Obstacle Course Adventure (10 min): A mini obstacle course was created using climbing
Sessions 3 and 4 children stand 2 meters, and then 3 meters, away from the benches and try to hit the toys by kicking a plastic ball. Each | mats, cushions, and tunnels. Children crawled through tunnels, climbed over mats, and
time a toy falls down, the child scores a point. balanced on cushions. They were timed as they navigated the course to add a challenge
Toys in the Basket! (10 min): Many toys are positioned in the center of the court as “balls” for the children. They need to | and make it a fun competition,
run quickly to grab a toy, then run back to the edge of the court where different baskets are positioned randomly at Climbing Challenge (10 min): Climbing mats were arranged against a sturdy wall to create
various distances from the starting point, Once a child scores by placing a toy in a basket, that basket is closed for him, a safe climbing wall experience. Children were encouraged to climb up and down,
and he must find alternative baskets to score practicing different grips and techniques. Colored tape was used to mark paths or
Run and Catch the Toy! (10 min): Grouped in teams of two, each team must pass the toy to their teammate to move challenges to make it more interactive.
forward on a small court. The team faces a single opponent who tries to intercept the toy: The goal of the team with the  Mat Maze Exploration (10 min): Climbing mats were laid out in a maze-like pattern on
toy is to move forward and put the toy into a basket positioned 50 cm away from the scoring zone. the floor. Children crawled, slithered, and weaved through the maze. They were

encouraged to find different paths and explore various movements to enhance spatial

awareness and agility.

Week 3 Clean Up Your Room! (10 min): Many small plastic balls are scattered on the floor. Half of the participants belong to one |~ Colorful Path Challenge (10 min): A series of colored hand and foot patterns were created
Sessions 5 and 6 team and are positioned on one halfof the court, while the other half belong to the opposing team on the opposite side. | on the ground using chalk or tape. Children were encouraged to follow the path by
‘When the teacher signals, the goal is for cach team to ensure no balls remain on their side of the court. Any ballthat touching each colored pattern with the corresponding hand or foot. They crawled,
lands on their side must be immediately thrown to the other side. The team with the fewest balls on their side when the | stepped, or hopped along the path to enhance coordination and stability
game ends is the winner. Pattern Race Relay (10 min): Children were divided into teams. A starting point and a
Passing Fast and Scoring! (10 min): The game consists of groups of 4 children, positioned in a line. The ball must finishing point were designated with various colored patterns in between. Each team
be successfully passed from the first o the fourth member of the group, and the fourth member must then hold the ball | member raced to touch each patiern with alternating hands and feet (c.g. left hand on
and throw it against a square on a wall positioned 1 meter away. The first group to complete the sequence and score blue, right foot on red). The team that completed the course first won,
against the wall carns a point. The children rotate positions in the line after each sequence is completed. Pattern Twister (10 min): The classic Twister game was adapted by replacing the colored
Lok Up the Wall! (10 min): In pairs, one child holds a tennis ball and throws it as quickly as possible against a wall. The | dots with hand and foot patterns. Combinations like “lefi hand on yellow circle, right foot
second child must quickly catch the ball before it bounces back to the thrower. on green triangle” were called out. Children twisted and stretched to reach each pattern,
testing their flexibilty, coordination, and stability
Week 4 1ts Raining Balls! (10 min): Participants are grouped into teams of 4, with each team having a small basket. One member |~ Color Sorting Challenge (10 min): The box with colored balls was placed in the center.
Sessions 7 and § of the group will run with the basket and try to catch a plastic ball thrown into the air by the teachers. If the ball is caught  Children used chopsticks to pick up balls of a specific color called out by the leader or
irectly in the basket from the ar, the team earns one point, Team members will rotate the member with the basket afier | chosen randomly. They carefully maneuvered the chopsticks to transfer the balls into the
each attempt. corresponding sections of a divided tray or another container nearby.
Catch Your Colleaguel (10 min): Half o the children have a soft small ball, while the other half do not. When the game | Race Against Time (10 min): A timer was set and children were challenged to pick up as

a set time limit using chopsticks. Different point values were
n. The d

starts, the goal is to throw the ball at children without a ball. However, if a child catches a thrown ball, they switch roles  many balls as possible wi

and become the one throwing the ball to catch others. assigned to balls of different colors for added motiv: with the most p
Use Your Shield! (10 min): Each child will have a square of solid cardboard that they hold in their hand like a shield. at the end won the game.
Teachers will provide different soft small balls on the court, and the aim is for children to catch the balls and throw them | Obstacle Course Relay (10 min): An obstacle course was created with colored balls

at their colleagues. The colleagues must defend themselves using their cardboard shields. strategically placed along the path. Children took turns using chopsticks to pick up and

transfer the balls into the box at the end of the course. Each child was timed, and they

were challenged to improve their performance in subsequent rounds.

Week s ‘Smashing the Wall! (10 min): Different squares drawn on various levels of the walls, each with different dimensions, are |~ Color Match Challenge (10 min): The box with colored balls was placed in the center.
Sessions 9 and 10 set up for the game. Each child with a small soccer ball must kick as powerfully and precisely as possible to score points.  Children used chopsticks to pick up balls of a specific color called out by the leader or
Larger squares earn one point, middle-sized squares earn two points, and smaller squares earn three points. chosen randomly. They transferred each ball into a container that matched its color. Each

Throw It Fast! (10 min): Each child will have a basket with 5 tennis balls. At the signal, they will throw the tennis balls as  child was timed to add a competitive edge.

quickly as possible against squares drawn on the wall. Each time a ball hits a square, one point is earned. Chopstick Relay Race (10 min): Children were divided into teams. A series of colored
Pass to.a Friend! (10 min): Children will be positioned on the court with two other teammates to pass the ball by foot. balls were set up at one end of the room with empty containers corresponding o each
However, teachers willtry o intercept the ball, o teammates must move quickly to receive the ball and the one with the  color at the other end. One child from each team used chopsticks to pick up a ball, carry it
ball must pass it swifily. Each completed pass scores one point. to the matching container, and drop it in before running back o tag the next teammate.
‘The team that finished first won.
Obstacle Course Challenge (10 min): An obstacle course was created with colored balls
placed along the path. Children navigated the course while using chopsticks to pick up the
balls and place them into a central box or container at the end. Each child was timed

individually or challenged to complete the course without dropping any balls

Week 6 Pass to Your Captain! (10 min): Two groups of 3 children each will face off against each other. In each group, one child, Footprint Jumping Race (10 min): A large circle was drawn on the ground with single or
Sessions 11and 12 will be designated as the captain, positioned at the endline of a small court. The objective of each team is to advance the |~ double footprints placed inside and outside the circle. Children took turns standing
ball forward using only hand passes (no dribbling allowed), aiming to successfully pass to their captain to score one outside the circle and jumped from one footprint to the next, following a designated path
point. around the circle. Each child was timed to determine who completed the circle the fastest.

Choose Fast! (20 min total, splitinto 10 min segments):

hildren on the field will move across the court either with the | Follow the Footprints (10 min): Single and double footprints were scattered randomly

ball at their feet or in their hands, dribbling (moving the ball forward by dribbling, receiving, and dribbling again). When  inside and outside the circle. Instructions were called out for children to follow (..,

a color is named at the signal, they must quickly maneuver the ball o reach the area of the court designated with that “Jump to the double footprint inside the circle!”). Children listened carefully and jumped
color. The activty is split into two 10-min segments: one for ball control with the feet and another for ball control with | to the correct footprint as instructed. The challenge was increased by adding more
the hands. complex sequences as they progressed.

Footprint Memory Game (10 min): Pairs of single or double footprints were placed
randomly inside and outside the circle. Children took turns lipping over two cards
(representing footprints) to find matching pairs. When a match was found, they jumped
1o those footprints inside or outside the circle. The player with the most matches at the

end of the game won.

Week 7 Suicides with Foot Control! (10 min): Children with ball control at their feet will compete to complete the suicide drill s Tape Maze Challenge (10 min): Colored tape was used to create a maze pattern on the

Sessions 13 and 14 quickly as possible. After the signal, they will go 3 meters, return to the start line, go 5 meters, return again, and then go 7 floor indoors or on a paved area outdoors. Dead ends and multiple paths leading to the

meters and return once more. They must maintai

control of the ball at all times. exit were ensured. Children navigated through the maze, aiming to find their way to the

Pass to Your Captain! (10 min): In this game, two groups of 3 children cach will compete against each other. Each group | exit as quickly as possible. Each child was timed to add a competitive clement.

designates one child as the captain, positioned at the endline of a small court. The objective s for cach team to advance | Obstacle Course Maze (10 min): An obstacle course was set up indoors with various
the ball forward using only passes with their feet (no dribbling allowed). Successfully passing the ball to their captain objects such as chairs, tables, cushions, and cardboard boses. Paths between these
scores one point, obstacles formed a maze-like structure. Children navigated through the course, going
Suicides with Hand Control! (10 min): Children with ball control in their hands will compete in the suicide drill. Upon  around or under abstacles to reach the exit. The difficulty was adjusted based on the

the signal,they will attempt to complete the drill by going 3 meters, returning to the start line, proceeding 5 meters, childrenss age and skl level.

returning again, and then covering 7 meters before returning once more. They must maintain control of the ball Natural Outdoor Maze (10 min): Natural elements such as bushes,trees, and rocks in'a
throughout the drill. garden or park were used to create a maze. A clear entrance and exit point were marked.

Children explored the maze, making decisions at intersections and dead ends to find the
correct path to the exit. This activity encouraged outdoor exploration and helped develop

problem-solving skills.

Week 8 ‘Smashing the Walll (5 min): Different squares drawn on various levels of the walls, each with different dimensions, are set | Climbing Wall Challenge (10 min): Climbing mats were installed against a sturdy wall to
Sessions 15 and 16 up for the game. Each child with a small soccer ball must kick as powerfully and precisely as possible to score points. create a safe climbing wall experience. Colorful holds or stickers were placed at different
Larger squares earn one point, middle-sized squares earn two points, and smaller squares earn three points. heights to encourage children to climb up and down using various grips and techniques.
“Throw It Fast! (5 min): Each child will have a basket with 5 tennis balls. At the signal, they will throw the tennis balls as This activity promoted upper body strength, coordination, and spatial awareness as they
quickly as possible against squares drawn on the wall. Each time a ball hits a square, one point is earned. navigated the climbing wall.
Pass to Your Captain! (10 min): In this game, two groups of 3 children each will compete against each other. Fach group  Balance Beam Adventure (10 min): Climbing mats were laid out in a row to create a

ren practiced walking, hopping, and balancing
in balance. This helped

scores one point, improve core strength, stabilty, and proprioception (awareness of body position).

designates one child as the captain, positioned at the endline of a small court. The objective s for each team to advance | balance beam path on the floor. C}

the ball forward using only passes with their feet (no dribbling allowed). Successfully passing the ball to their captain along the beam, adjusting their speed and movements to maint

Pass to Your Captain! (10 min): In this game, two groups of 3 children each will compete against each other. Each group  Obstacle Course Exploration (10 min): Climbing mats, cushions, tunnels, and other soft

designates one child as the captain, positioned at the endline of a small court. The objective s for each team to advance  obstacles were arranged to create an indoor obstacle course. It included crawling under

the ball forward using only passes with their feet or hands (no dribbling allowed). Successfully passing the ball to their |~ tunnels, climbing over mats, and balancing on cushions. Children navigated the course,
captain scores one point. developing full-body strength, coordination, and spatial awareness as they maneuvered
through different challenges.

SG: sports games groups; PCM: psychomotricity activities group.
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SG group (n = 30 PCM group (n = 30)

Boys (n = 19) Girls (n = 11) Boys (n = 15) Girls (n = 15)

Body mass (kg) 190513 176417 190+17 167417 185521 169+17

Height (cm) 1097428 1087 £28 1105442 1083431 1103436 1092429
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CG (n = 28) SG (n = 30) PCM (n = 30) Differences between

the groups
Jumping sideways (%)
Baseline 5142337 461341 242397
After 4-weeks 55.4+333% 515433.0% 48643007
Post-intervention 58.9:4321% 5644313 65,5+ 21.8%
F=0797;p
Dif, Post-Bas (%) 146 23 545
Shifting platforms (%)
Baseline 5474314 5534312 5242200
After 4-weeks 5874308 6004296 58843677 N
0.983; 7,<0.001
Post-intervention 61.9290% 64.7£27.9% 7584157+ N
F= 0.081575=0.058
Df. Post-Bas (%) 132 170 147

Standing long jump (%)

Baseline 530+293 511£320% 4734296
After 4-weeks 541293 64142437 4934298
Post 5484292 764+ 15,557 5114299 N
DIf. Post-Bas (%) 34 495 80
Shuttle run (%)
Baseline 5114273 4354283 4724278
After 4-weeks 538+27.7 5944220 5064283 N
Post-intervention 568+27.7 6924196 5494278 B
F=2.807; p = 0.066; 75=0.062
DIf. Post-Bas (%) n2 59.1 163
Throwing velocity (%)
Baseline 5374326 5064311 1644321°
F=03815p = 0,684
After 4-weeks 5554319 620 +24.9%¢ 48214325
Post-intervention 5754311 72322075 5424287
DIf. Post-Bas (%) 7.1 429 168
Kicking velocity (%)
Baseline 5234325 479+33.7% 4694307
After 4-weeks 5384321 65.4£233% 4954305
Postintervention 57.1£311° BLOE 14725 5642720 N
F=9.205; p < 0.001; 1=
Dif. Post-Bas (%) 92 9.1 203

a significantly different from the CG (p < 0.05); b significantly different from the SG group (p < 0.05); c: significantly different from PCM groups *:significantly different from baseline
(p < 0.05);#:significantly diferent from mid-evaluation (p < 0.03);: significantly different from post-intervention (p < 0.05); Dif. Post-Bas (%): percentage of diference between baseline and
post-intervention (within-group).
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Phase Week Training contel

Open and close jumps

Squats
Foundation stage 1-6 week
Fast trot in place
10 m fast back and forth run
Bobbi Jumps
Abdominal jumps
Advancement stage 7-12 week

In-situ high kicks
10 m fast back and forth run

Exercise loads

4x60sx2
(Four moves)
3X4x605x2

60-69%HRmax.
(Four moves x three sets)

Rest time

2 min (no exercise)
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racteristic Participants-MI|

n 7

Age (years) 18,63 +0.49
Height (cm) 166.94 £ 8.18
Weight (kg) 5683901
BMI (kg/m?) 2042+ 2.69
SE 8464236
$cl-90 >160

BMI, body mass index; SE, sedentary time; SCL-90, Symptom Self-Rating Scale.

1843+ 050

16678 753

57.94+10.65
20444254
841254

2160

Al
144
18.53 £ 050
166.86  7.83
57.39+9.83
2043 £ 2.60
844+ 244

2160





OPS/images/fpsyg-16-1507198/fpsyg-16-1507198-g001.jpg
Assessed for eligibility (a=162)

- Not meeting inclusion criteria (n=10)

[———————"| . Declined to participate (2=6)
+ Other reasons(n=2)
-
Randomization (n=144)
l Alocation | l
Allocated to MICT group (a=72) Allocated to control group (a=72)
Recived allocated control (a=72)
Not receive allocated control

+ Depression (n=24)

Lost to follow up (a=0) Lost to follow up (a=0)

Analysed (n=72) Analysed (n=72)
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Effect Boot SE

XM=Y 0.017 0011
XM=Y ~0076 0024
X=>MI=>M2=Y -0040 0.009
X=>Y -0.116 0.025

BootLl
0.009
~0.224
~0.063

-0.239

BootULCI
0052
~0.128
~0.027

-0.14

4

155

~4513

~2919

~4.662

0121

0.000

0.004

0.000

Effect value
—1465%
65.52%
3448%

100%
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Constant 6.509%% | 0724 8989 | 60.272%* | 1485 40586  43712%% 104 42,041
X 0.108%* | 0016 6935 | —0291%* | 0031 | -9289 0173 | 002  -7.701
M1 ~0679%* 0074 | -9.121

M2

R 0.066 0.252 0.08

Adjusted R* 0,065 025 0079

The first Y column shows the direct effect of X on Y, while the second Y column shows the indirect effect of X on Y after controlling for M1 and M2.

22.278%%

~0.057+*
~0.160°*

0,365

1771

0021

0051

0025

0307

0.304

1258

~2.659

3157

14762
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M SD Gender Age Grade MPD
Age 14384 16 ~0.157++ 1
Grade 2693 1044 ~0.119% 0.764%% 1
PE 4036 107 0.063 0.160%* 0.121% 1
MPD 3149 0.661 ~0091 0.100 0,153+ ~0.283%* 1
DEP 3399 0.663 ~0.102 0102 0.148%% ~0.400%* 0.540%* 1
SE 3133 0.696 —0.149%* 0.172%% 0.199%% 0.257%% —0.129%¢ ~0.396+* 1

** indicates a significant correlation at the 0.01 level (two-tailed); * indicates a significant correlation at the 0.05 level (1wo-tailed),
PE, physical exercise; MPD, mobile phone dependency; SE, self-esteem; DEP, depression.
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Type
Gender Male (n = 1,914)

Female (n = 1,872)

Age 120 (n =86)
130 (n=1301)
140 (n=1249)
150 (n=1,113)

160 (n=37)

Grade Grade 7 (n = 760)
Grade 8 (n = 758)
Grade9 (n =

68)
Grade 10 (n = 760)
Grade 11 (n = 758)
Grade 12 (n = 182)

P

3

PE, physical exercise; MPD, mobile phone dependent

PE
4.00+0.82
3754082

88.342
0,000+
3944087
3984085
3.86+0.84
3794077
3474076
11472
0.000%*
3.96+0.86
3884084
3784078
3884083
3814083
3644077
30,258
0.000%*

E, self-esteem; DEP, depression.

SE
243098
2494087

3817
0051
2294094
2284094
2494094
2644088
2644089
24373
0.000%*
2244092
2464092
269090
0544061
0.58:+0.61
0.67+0.63
15.864

0.000%*

DEP
228087
2334080

2788

0.095
216087
2194085
2294082
2464082
2494097

16581

0.000%*
2164084
2244080
2534083
052056
0.61+059
0.67+0.60

21231

0.000%*

MPD
0.68+0.54
082062

52,637

0.000%*
0.64+058
0704059
0764059
0814058
0.86+0.54

653

0.000%*
069059
075059
082057
036058
045+ 0.63
047 £0.62

10306

0.000%*
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Degree Hedges'g p (Unadjusted)  p (Adjusted) Significant

Mild 1025071 9.00+ 1.07 341 1142 0.011 0.025 True
Dep Mod 1750+ 141 1550+ 207 237 0.791 0.050 0.028 False
Sev 2350177 1625+ 345 513 1717 0.001 0.006 True
Mild 8.00+0.00 7.00£ 151 187 0.625 0.104 0.039 False
Anx Mod 1275+ 149 1100+ 107 386 1291 0.006 0017 True
Sev 1850+ 298 17754 345 081 0272 0442 0.050 False
Mild 1675+ 1.04 12254128 718 2399 <0.001 0.006 True
St Mod 2100+ 151 17.25£ 440 210 0.700 0.074 0.033 False

Sev 2750+ 1.41 24254627 160 0.534 0.154 0.044 False
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Independent
variable:
extracurricular
physical exercise

Dependent variable: health status
(1) (2) (3)

Female Male Full sample

0328475 024547+ 04180+
exercise (0.0348) (0.0480) (0.0505)
Other variables Control Control Control

N 9,125 7325 16,450
Independent Dependent variable: academic performance
Zi::'aazl\incular o @ @)
physical exercise Female Male Full sample
Extracurricular physical 009827 0.2147%%% 0.1580%+
exercise 0.0417) (0.0416) (0.0294)
Other variables Control Control Control

N 9,125 7.325 16,450

*#% and **, respectively represent significant levels at 1 and 5% satistical levels.

Dependent variable: cognitive ability

4) (5) (6)
Female Male Full sample
02459+ 0.1897%+% 02157+

(0.0415) (0.0421) (0.0295)
Control Control Control
9,125 7,325 16,450

Dependent variable: confidence

(4) (5) (6)
Female Male Full sample
04329+ 04490+ 0412155
(0.0440) (0.0621) (0.0627)
Control Control Control
9,125 7325 16,450
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Dependent variable
Self education expectations

Groups with
different cognitive

abilities

Different academic

performance groups

Groups with
different health

conditions

Different groups
with different levels

of confidence

Different groups of
parents with
different levels of

education

Different groups
with different family
economic

conditions

Low
Medium

High

poor

Medium
Preferably
Unhealthy groups
Healthy group

Lack of confidence

Relatively
confident

<9years
9<&<15

215 years

Poverty
Medium

Affluent

Female

Coefficient
(§3]

0.1186(0.0700)
0.19324+(0.0602)

0.0932(0.0743)
0.2817%#(0.0894)
0.1726%#(0.0601)

0.0620(0.0623)
0.1738%%(0.0691)

0.1267%%%(0.0469)

0.0999(0.0957)

0.1466%*%(0.0423)

0.1564%##(0.0520)
0.2060%##(0.0765)

0.0005(0.0932)

—0.0138(0.1111)
0.1780**%(0.0440)

~0.0286(0.1259)

OR value
(SE)

1.1259(0.0797)
1.2131%5%(0.0724)
1.0977(0.0822)
1.3255%+(0.1195)
1.1885%+(0.0717)
1.0640(0.0656)
1.1898*#%(0.0829)

11350+4#(0.0532)

1.1051(0.1079)

1.1579%%%(0.0490)

1.1693*#(0.0606)
1.2287+44(0.0933)

1.0005(0.0947)

0.9863(0.1101)
1.1971*#%(0.0526)

0.9718(0.1245)

# and %, respectively represent significant levels at 1 and 5% satistical levels.

Male

Coefficient
(N3]

0.2637*%%(0.0688)
0.2764*%%(0.0622)
0.1029(0.0801)
0.3085*%%(0.0649)
0.2573*%%(0.0635)
0.1442(0.0961)
0.24274%(0.0502)

0.1607%+%(0.0328)

0.2981(0.1963)

0.2224%#%(0.0434)

0.2775%+%(0.0524)
0.2382%#%(0.0754)

0.0654(0.1023)

0.1345(0.1063)
02622%4%(0.0455)

0.1395(0.1238)

OR value
(N3]

1.3017%%#(0.0900)
1.3184%%%(0.0807)
1.1083%%#(0.0859)
1.3608%+#(0.0878)
1.2935%%+(0.0796)
1.1551(0.0995)
1.3779%+%(0.1026)

1.2222#4%(0.0565)

1.3473(0.9313)

1.2491%%%(0.0536)

1.3198%+#(0.0687)
1.2689%+%(0.0949)

1.0676(0.5084)

1.1439(0.1226)
1.2997%%%(0.0588)

1.1497(0.1367)

Full sample

Coefficient
(SE)

0.1941%%%(0.0487)
0.2356*#%(0.0428)
0.0922(0.0539)
0.3037%#%(0.0521)
0.2129%%%(0.0433)
0.0890(0.0501)
0.3206*%(0.0740)
0.2007%(0.0469)

0.2000(0.1673)
0.1820%*%(0.0300)

0.2163%+#(0.0365)
0.2123%+%(0.0534)

0.0311(0.0681)

0.0606(0.0760)
0.2206*+(0.0313)

0.0709(0.0879)

OR value
(§3)

1.2143*%%(0.0597)
1.2657+##(0.0538)
1.0967(0.0588)
1.3549*#%(0.0708)
1.2373*#%(0.0531)
1.0931(0.5542)
1.2747#+(0.0647)

1.1743%4%(0.0385)

1.2213(0.8838)

1.1997*%%(0.0360)

1.2415%+#(0.0453)
1.2366%+#(0.0655)

1.0317(0.0709)

1.0625(0.0816)
1.2468*#(0.0391)

1.0734(0.0931)
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Dependent variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Self education

expectations Total sample Female Male Total sample Female Male
Coeffcient (SE) Coeffcient (SE) Coeffcient (SE) Coeffcient (SE) Coeffcient (SE) Coeffcient (SE)
Extracurricular physical 0425855 038354+ 0534555 0187545 0141655 0235745
i 00273) (0.0385) (0.0395) (0.0274) (0.0387) (0.0396)
Gender ~0.0940%+*
(0.0269)
Age —0.1297%+% ~0.1389%+ —0.1266%+*
(0.0108) (0.0161) 0.0147)
Domicile 00569 -00722 ~00425
(0.0306) (0.0452) (0.0418)
Cognitive ability 02363+ 0228255 02462+
0.0177) (0.0262) (0.0241)
Academic performance 007714+ 0.0858%+* 0.0700%+*
(0.0019) (0.0031) (0.0025)
Self-confidence 06490+ 0583255 0720445
(0.0400) (0.0579) (0.0564)
Health condition 0154155 01511%5 0.1618%+
(0.0303) (0.0433) (0.0434)
Parental education 0.0979%++ 0.0027%%% 0.1020++*
(0.0053) (0.0076) (0.0073)
Family economic conditions ~0.0m17 0.0269 ~0.0466
(0.0302) (0.0458), (0.0401)
One-child family 0.0676%% 0.1048+% 0.0431%
(0.0295) (0.0442) (0.0197)
Nature of the school ~0.6516%+* —06831%+ ~0.6232%++
(0.0496) (0.0724) (0.0682)
School quality 0.1695%++ 0.1896%* 0.1549%%
(0.0216) (0.0314) (0.0300)
Regional characteristics 00761+ 0.0886%% 00654+
0.0163) (0.0237) (0.0227)
Pseudo R* 0.0038 0.0032 00055 0.0821 0.0823 00790
N 16,450 16,450 9,125 7,325

%% and *%, respectively represent significant levels at 1 and 5% satistical levels.
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Expectation of self-education p-Value

Female (X + S) Male (X + S) All students (X + S)

Extracurricular physical 6045+ 1.446 5765+ 1673 5894+ 1579 <0.001"

exercise Not involved 5703+ 1615 52271863 5,691+ 169

Gender Female 5899 % 1530 <0.001"
Male 55751762

Age 12-13 years old 6236+ 1430 5937+ 1706 60921576 <0.001"
14-18 years old 5757+ 1548 5445+ 1763 5594 1671

Nation the Han nationality 59051525 5579+ 1760 5738+ 1657 <0.001°
Minority nationality 5830+ 1583 5533+ 1787 568141694

Domicile Rural area 53751787 57011575 55321696 <0.001"
Town 61431435 5836+ 1.692 5988+ 1577

Cognitive ability Low 5306+ 1.653 4910+ 1865 50991778 <0.001°
Medium 5962 1464 5636+ 1683 5798+ 1586
High 6383+1291 61641517 627151415

Academic performance Poor 4868+ 1727 4764+ 1845 4797 + 1808 <0.001°
Medium 58031432 574541592 5773+ 1516
Good 643421267 6393+ 1424 6418+ 1330

Self-confidence Lack of confidence 5134%1713 4613 + 1861 48731807 <0.001"
Relatively confident 6036 1452 5739+ 1689 5,883+ 1585

Health condition Unhealthy 56741623 5269+ 1865 54831752 <0.001"
Health 5992+ 1480 5677+ 1714 5827+ 1615

Parental education level <9years 5622+ 1601 52491795 54311713 <0.001°
9<&<ls 59921426 5669+ 1678 5824+ 1570
> 15 years 6,556 £ 1.220 6409 % 1477 6483+ 1355

Family economic conditions | Poor families 57121702 5397+ 1879 5548+ 1803 <0.001°
Average household 5863+ 1514 5,527 1750 5,694+ 1645
Affluent families 6380+ 1346 6025+ 1642 6179+ 1530

‘Independent samples t-test was used,

“test was used. X and § denote the sample mean and standard deviation, respectively.
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Variables Definition and settings Average value Standard deviation Minimum value Maximum value

Dependent variables Self-education expectations ~ Adolescent self-education expectations: 7 years = 1,9 years = 2, junior 57332 16604 1 9
high school
graduation =3, ... masters = 8, PhD = 9
Independent variables | Extracurricular physical Whether to participate in physical exercise during the weekend, yes = 1, 0.6086 0.4850 0 1
exercise no=0
Control variables student Gender Male = 1, Female = 0 05113 0.4998 0 1
Cognitive ability Standardized scores on 00117 08592 ~20289 27099
student cognitive ability tests
academic Performance scores in language, math, and English 699685 85073 9.0517 97.9767
Health status Student self-assessment of health: very good/better set to 1, fair/not so 07279 0.4450 0 1
good/very bad set to 0
Whether or nottoliveon  Whether the student usually 03217 0.4671 0 1
campus lives at school,living at school = 1, not living at school = 0
Self-confidence Do you have confidence in your future: no confidence at all/not very 08541 03529 0 1
confident = 0, more confident/very confident
Persistence Even if the homework takes a long time to finish, I still 0.8607 03162 0 1

Keep trying my best to do it: disagree/not quite

agree = 0, more agree agree = 1

Account type Agricultural households = 1, non-agricultural houscholds = 0 05599 0.4964 0 1
Maximum number of years of Parental education 10.7080 3.0668 1 "
Family economic conditions  Poor families = 1, non-poor familie: 0178 03225 0 1
Only one child or not Only one child = 1, non-only one child = 0 04373 0.4960 0 1
Whether the parents live at  Whether parents live 02305 04212 0 1
home together at home, one parent at home or neither parent at home = 1; both
parents at home = 0.
Mobility In-province or inter-province mobile students = 1, local non-mobile 01732 03784 0 1
students =0
School characteristics Nature of school Nature of school, public 09241 02618 0 1
school = 1, private school = 0
School ranking School ranking in the county (district), medium and below = 1, medium 20359 06449 1 3
and above = 2, best =3
Location type ‘The location of the school is a rural township = 1; marginal urban area and 20201 08648 1 3

urban-rural area = 2, central urban area of the city/county =

Regional characteristics  Regional distribution East = 1, Central = 2, West =3 16882 0.8309 1 3
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Type and Hedges'g p (Unadjusted) p (Adjusted)  Significant

Degree

MIcT 9.0+ 1.07

MILD-DEP ~1.250 0019 0017 False
CON 1100+ 185
MICT 1550 £ 207

MOD-DEP -1012 ~0.478 0329 0039 False
CON 1675+ 282
MicT 1625+ 345

SEV-DEP ~5.265 —2.488 <0.001 0.006 True
CON 23054149
MICT 700+ 151

MILD-ANX -0.722 0.149 0.028 False
CON 800+ 107
MICT 1100 £ 1.07

MOD-ANX 0.000 0.000 1000 0.050 False
CON 1100 £ 1.07
MICT 1775+ 345

SEV-ANX 0.587 0277 0573 0.044 False
CON 17.00 £ 1.07
MICT 1225£128

MILD-STR ~6.298 ~2.977 <0.001 0.006 True
CON 1650 £ 1.41
MICT 1725 £ 440

MOD-STR 2674 —1.264 0029 0022 False
CON 21504093
MICT 24254627

SEV-STR 1028 ~0.486 0321 0033 False
CON 26754282

Dep, depression; Anx, anxiety; Str, stress; MOD, moderate; SEV, severe; con, control subjects.
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Dep

St

Mild
Mod

Mild
Mod

Mild
Mod

Sev

1100+ 1.07
1650+ 2.07
2350177
8.000.00
1100+ 151
1675+ 104
1675+ 1.04
2150+ 1.41

27254354

1100+ 1.85
1675+ 2.82
23254149
800+ 1.07
1100+ 1.07
17.00 £ 1.07
1650+ 1.41
2150+ 0.93

26754282

0.00

~0.357

1.00

0.00

0.00

-1.00

0424

0.00

1.00

Hedges'g

0.000

~0.119

0.334

0.000

0.000

-0334

0.142

0.000

0334

p (Unadjusted)

1000
0732
0351
1.000
1000
0351
0.685
1.000

0351

p (Adjusted))

0.033
0028
0.006
0033
0033
0.006
0022
0033

0.006

Significant

False
False
False
False
False
False
False
False

False
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Autho r(year)

Country

Study name
or
population

Age (M,
SD or
range)

No. of
participants

PA
measures

Wearing FU
location (years)

Quality
Evaluation

Krachtetal. (2023) | USA
Booth etal. (2023) | UK

Hameretal. (2020) | UK

Kandola et al

UK
(2020)
Slykerman et al.

Nz

(2020)
Toseeb etal. (2014) | UK

Hagemann et al.
(2021)

BE

Wiles etal. (2011) | UK

McKercher etal.

AUS
(2014)
Oliveetal. (2016) | AUS
Belletal. 2019) | UK
Hume etal. (2011) | AUS
Cushing etal.

Usa
(2018)
da Costaetal

BR
(2022)
Farren etal. (2018) | USA
Hrafnkelsdottir

1

etal. (2018)

EU, follow up; M, mean age; SD, standard deviation; IQR, interquartile range;

USA, United States of Ameri

Adolescents aged
10-16 years

ALSPAC

Children in the
UK

ALSPAC

ABC

ROOTS

SIGMA

‘The ALSPAC study
CDAHS

Grade 2 children
aged 7 to 9years
Students in West
England
CLANS

College student

Brazilian
adolescents.
Middle school
student in Texas

10th graders in
Teeland

1250

11~13

714

17~18

11~16

15(3.6)

11~19

13.8(0.21)

915

8.18-8.13

12~13

144 (061)

15.67
(1.56)

14~18

1285
(0.89)

158

205 (females =54.6%)

4755
(females = 54.2%)

6675
(females=53.5%)

4,257
(females=56.1%)

871 (females =50.7%)

736 (females = 56.8%)

934 (females = 63%)

3,298 (females = 53%)

1630
(females=53.4%)

791 (females =49.8%)

673 (female

1%)

155 (females =60%)

26 (females =42.3%)

610 (females =51.6%)

249 (female = 54%)

244 (females = 59%)

SB; MVPA

MVPA; TPA

MVPA; LPA; SB

SB; LAP; MVPA

SB; MVPA; VPA

PAEE; MVPA

LPA; MPA; VPA

TPA; MVPA

Steps; MVPA

Steps; LPA;
MVPA

SB: LPA; MPA;
VPA

MVPA; VPA; SB

SB; LAP; MVPA

MVPA; LPA; SB

MVPA

VPA; TPA;

screen time

/A, not applicables N/R, not reported; Q. quartile; T, tert

Midaxillary line 2 9
The right hip N/A 8
Waist 7 7
“The right hip 6 7
NR 16 6
Left chest 3 8
Wrist N/A 5
‘Waist, right hip. N/A 7
NR 20 9
Hip 8 9
NR 3 6
NIR 2 8

Non-dominant
. 20 8

wrist

Non-dominant

4 10
wrist

Wrist N/A 10

Non-dominant
N/A 10

wrist

;5. subgroup; M, in male; , in female; CAN, Canada;

K, United Kingdom; AUS, Australia; NZ, New Zealand; I, Iceland; BR, Brazil; BE, Belgium; ABC Study, the Auckland Birthweight Collaborative Studys
ALSPAC, the Avon Longitudinal Study of Parents and Children cohort; CDAHS, The Childhood Determinants of Adult Health Study; SIGMA, Slim Initiative in Genomic Medicine for the
Americas; ROOTS, Risk, Obesity, and Other Traits in Schoolchildren. CLANS, Children Living in Active Neighborhoods study.
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Subgroup MVPA SB

OR (95%CI) I (%) OR (95% ClI) (%)
All reports 16 0.89 (0.79,1.00) 7447 006 - 6 1.05(0.92,1.17) 6487 0.07 -
Cohort 12 0.86 (0.740.99) 8141 001 5 1,08 (0.97,1.20) 3160 015
Study design 0.06 003
cs 4 0.98 (0.81,1.14) 440 0.84 1 0.90 (0.78,1.20) - -
Research 27 14 0,89 (0.78,1.01) 5849 035 5 1.04(092,1.17) 69.80 0.04
094 069
quality 7< 2 0.88 (0.57,1,19) 6281 0.09 1 137(-0.20,2.94) - -
Male 3 0.95(0.82,1.07) 1271 0,67 1 1.08 (0.58,1.58) - -
Gender Female 3 0.94(0.80,1.08) 2477 047 054 1 1.15 (0.80,1.50) - - 085
Mixed 10 0,83 (0.67,1.00) 7138 0.02 4 1.04(0.87,1.21) 8223 002
<14 8 0.89 (0.75,1.04) 8547 0.07 3 1.02(0.95,1.08) 419 070
Age 094 071
14 8 0,88 (0.72,1.05) 3452 0.40 3 1.06(0.81,1.32) 68.86 001
CES-D 4 093 (0.73,1.13) 39.07 038 2 0.91(0.64,1.19) 4.76 056
Depression
1 sDQ 5 0.92(0.75,1.08) 341 0.49 082 2 113 (0.84,1.41) 012 0.82 048
scales
Other 7 085 (0.66,1.04) 7458 0.02 2 110 (0:89,1.32) 8150 002
Europe 1 0.90 (0.78,1.0) 7579 0.07 4 1.21(1.04,1.37) 342 0.92
Region America 3 079 (041,1.18) 5231 0.09 071 2 0.97(087,1.07) 66.11 0.07 0.02
Oceania 2 0.96 (0.76,1.16) 1081 0.46 0 - - -
Wrist 3 0,99 (0.95,1.03) 189 0.90 1 0.90 (0.78,1.02) - -
Wearing
Hip 6 0,90 (0.79.1.00) 47.65 033 o1 3 120 (1.04,1.37) 6.1 0.07 0.01
location
Others 7 081 (056,1.05) 5118 018 2 1.01(0.86,1.16) 182 065
Confounding factor
Yes 7 089 (0.73,1.05) §7.83 0.06 3 0.97(0.84,1.10) 67.23 018
Age 096 0.03
No 9 0,89 (0.74,1.04) 3489 038 3 120 (1.04,1.37) 299 079
Yes 12 0,89 (0.77,1.02) 80.96 003 4 1.08(0.97,1.20) 3763 0.09
Sex 097 026
No 4 0.90 (0.69.1.10) 26.10 0.47 2 0.91(0.64,1.19) 476 056
Yes 1 0.93 (0.81,1.05) 5612 055 033 4 0.9 (0.89,1.09) 46.14 027 0.02
BMI
No 5 0,82 (0.63,1.00) 5547 001 2 1.24(1.06,1.43) 0.03 087
SES Yes 13 0,89 (0.77,1.01) 6289 0.28 086 5 1.04(092,1.17) 69.80 0.04 069
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Ibrush my tecth at least twice a day.

I get sick and have a doctor’ appointment, I follow the doctor’s

recommendations.
Tavoid excessive sunbathing.
Thave a flu vaccine, according to recommendations.
Thave a dental check-up every 6 months.
T measure my blood pressure once a year.
Relaxation and behaviors related to mental health
I'spend at least 20-30 min a day resting/ relaxing.
Ispend time with colleagues/ friends at least once a month
Lask other people for help in diffcult situations.
Tam positive about myselfand the world.
Tgetatleast 6-7 h of sleep every night.
Tcope well with stress.
180 to bed at regular hours.
Nutrition

Ihave at least 3 meals a day with a regular meal pattern.

T have breakfast at home every morning (more than a glass of milk, tea, coffee,

or other beverage).

T eat vegetables at least once a day.
Tlimit the amount of sweets

I limit the intake of animal fats.
Tlimit the intake of salt.

Teat fruit at least once a day.

Tavoid snacking between meals (e.g, between lunch and a light afiernoon

meal),

Ldrink at least 2 glasses of milk, kefir, or yoghurt daily.

Physical activity

Lincrease physical activity and physical effort in everyday lfe.
Lexercise daily for at least 30 min with moderate or vigorous intensity.

1do strength-building exercises for my main muscle groups at least twice a

week.
Tlimit my recreational screen time.

Total

Response options: 0 = never or almost never, 1

metimes, 2 = often, 3 = always or almost always.

213

189
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135
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221
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IPAQ categories n %

Health promoting PA 533 28%
Moderately active 918 50%
Insufficiently active 432 2%

PAQ, international physical activity questionnaire.
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PERMAH
element

Interpretation

Positive emotions
Engagement
Relationships
Meaning
Accomplishment
Negative emotions
Health

Loneliness
Happiness

Overall well-being

692

629

627

590

5.60

551

643

653

180

146

183

195

162

176

199

247

19

145

Sub-optimal functioning
Normal functioning

Normal functioning

Sub-optimal functioning
Sub-optimal functioning
Sub-optimal functioning
Sub-optimal functioning
Sub-optimal functioning
Sub-optimal functioning

Sub-optimal functioning

PERMAH, positive emotion, engagement, relationships, meaning, accomplishment, and

health.
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Participant

characteristic

Sex at birth*
Female
Male
Age'
17-19
20-22
23-25
26 years old and older
Course cluster
Science and Technology
Arts and Letters

Social Science and Law

Management and Economics

Monthly family income (in PHP)*

0-12,000
13,00-24,000
25,00-48,000
49,000-84,000
85,00-132,000
133,00-228,00
229,000 and higher
No regular income
Not applicable

Do not know

Refused to answer

Data from one participant s missing.

R age = 19.59; median age =

5D = 1.65.

1,565
925

120

1,598
415
371

239

25
407
583
475
372
262
254

58

12

59.7

353

46

04

61
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Gross motor DQ  Fine motor DQ  Adaptability DQ Social behavior Total DQ

DQ
Pre- Post- [Pliz= Post- Pre- Post- Pre- Post- Pre- Post-
TG 0.864%* 0.743%% 0.548%% 0.533%% 0295 0387 0398 0248 0.404 0251 0726%%  0.602%%
FG 0.893%* 0.562%% 0681%* 0454% 0289 0238 0346 0366 0321 0345 0.799%% 0502%
SIG 0.840%* 0.748%% 0488 07724+ 0216 0.678*% 0283 0.207 0307 0613 0613%F  0.781%
G 0.862+* 0.694%% 0.705%* 0457% 0355 0374 0370 0212 0241 0304 0734%%  0.584%

DQis short for Development Quotient. TG, FG, SIG, and CG is short for Tennis Group, Football Group, Sensory Integration Group, and Control Group, respectively. Pre- s for the short of
Pre-intervention, Post- i for the short of Post-intervention. Significant differences are indicated by asterisks (p < 0.05) or double asterisks (p < 0.01).
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Gross motor DQ

Post-

Fine motor DQ

Pre-

Post-

Adaptability DQ

Pre-

Post-

Social behavior DQ

Pre-

Post-

Pre-
6 11017 £471
FG 10897 +3.08
SIG 10878 + 4.62
G 109.15 £ 4.02

11963436
120274355
127,68 +3.76

11888 £437

98804573
98.07+3.07
99.06+3.89

98.08:+3.54

109.11:£2.99

108.43 £ 2.60

11399413

107.89:£3.61

102.09£3.20
10267+ 4.02
10290 £ 357

103.15£4.07

113914334

11589+ 451

11558 +3.61

11363 £4.18

100.89 £ 3.04
10139 251
10205 + 261

10167 £338

11362458
11298353
11483325

11248 £3.42

10157 £3.42
10248 £3.76
102424428

102124372

11445£253
113914303
11507 £341

11323460

Total DQ
Pre- Post-
102704333 11414£288
102724251 | 114292251
103045306 11743269
10284£330 113224317

DQis short for Development Quotient. TG i short for Tennis Group, FG s short for Football Group, SIG i short for Sensory Integration Group, and CG s short for Control Group. Pre- i forthe short of Pre-intervention, Post- i for the short of Post-intervention

Data are represented as Mean + SD.
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Rating scale/score 3-4Years 4-5 Years 5-6 Years

Standon  Walk 3 meters Walk 5 meters Standonone  Stand on one Balance
one foot/s onthe balls of on the balls of foot with eyes foot with eyes beam/s
feet/s feet/s closed/s closed/s
99 Male 45.02 250 289 332 60.42 172
Female 38.84 200 3.03 310 5195 181
9 Male 4092 273 340 2951 5849 216
Female 3104 238 348 27.64 4737 226
9 Male 3617 293 386 2631 5321 237
Female 25.96 288 381 2495 4317 241
85 Male 3207 307 410 2319 5005 260
Female 2358 305 408 2163 3628 265
80 Male 2933 325 427 2133 4655 280
Female 2151 315 422 19.27 3100 275
75 Male 2794 352 448 19.36 3992 302
Female 2012 329 444 17.14 2844 285
70 Male 25.67 370 460 17.35 36.00 320
Female 1922 347 465 15.69 2595 298
65 Male 2334 382 487 16.59 3308 332
Female 18.10 356 480 15.16. 2413 301
60 Male 2163 396 509 159 3218 342

Female 1695 379 496 140 2229 329





OPS/images/fpubh-13-1477001/fpubh-13-1477001-t001.jpg
FG SIG e

N children 24(25) 23(25) 205 25(25)

N male 12(13) 12(13) 10(13) 12(13)

N female 1202) 132 12(13) 13(13)
Ages (years) 4754051 4804049 4594043 460405
Height (cm) 11171652 112.30£7.99 110,95 £7.76 112,80 £8.44
Body weight (kg) 2008 £3.39 20654375 1959 +4.20 2004343

TG, Tennis Groups FG, Football Group; SIG, Sensory Integration Groups CG, Control Groups N (N), actual number (allocated number). Data were represented as Mean ¢ Standard Deviation
(SD).
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Measurement

 DSC (0-6 years old) test o Balance ability test
. Baseline Hais iypesol physical Post-intervention
Familiarization education curriculum
Test Test
intervention

First visit

@ Second visit @ 12-week intervention

@  Third visit
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Bootstrap (95%Cl) Indirect effect of Effect size

standardization

PTSR — ACS — SA (~0.598,0.001] 0.000 -0.011 ~0022
PTSR — NCS — SA (-0.013,0016] 0.000 -0.013 ~0.001
NTSR — ACS = SA (~0.003,0.035] 0.000 0.062 0013
NTSR = NCS = SA (~0.031,0.009] 0.000 ~0.006 ~0.005
SA = ACS = PTSR (~0.089, 0.005] 0.053 -0.033 ~0.035
SA = NCS — PTSR (-0.025,0.024] 0.053 -0.020 ~0.001
SA = ACS — NTSR (~0.003,0.035] 0.000 0011 0013

SA = NCS — NTSR (-0.022,0.005] 0.000 ~0.001 ~0.003
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1.SA
2.PTSR
3.NTSR
4.ACS

5.NC$

M
2314
4040
1446
3491

3.058

Male (n = 103)

SD
0.691
0858
0547
0726

0659

Female (n = 123)

M
2457
3.957
1488
3374

3.090

SD
0683
0920
0552
0.661

0.687

~1563

0.696

~0573

1268

~0359
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1. SA 23921 0.68 1

2. PTSR 39956 089 ~0.129 1

3 NTSR 14695 054 0323+ ~0.387++ 1

4. ACS 34274 0.69 ~0.192¢% 0162 ~0.144% 1

5.NCS 3.0759 067 0.063 ~0.024 ~0.055 0.442%% 1

'SA, sports anxiety; PTSR, positive teacher-student relationship; NTSR, negative teacher-student relationship; ACS, active coping style; NCS, negati

coping style. *p < 0.01, *p < 0.05
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Level of
implementation

Students

Educators

Family

Type of
bullying

Bullying

Cyberbullying

Bullying

Cyberbullying

Bullying

Cyberbullying

General recommended actions

Emotional support programs to improve resi
and selfesteem, along with stress management
techniques to prevent bullying from affecting their

‘well-being and academic performance.

Di

racy workshops o promote safe use of
the internet and how to deal with eyberbullying,
helping victims to mitigate its emotional and

academic impact.

“Teacher training to identify signs of bullying and
provide a safe space where victims can express

their emotions and ask for help.

teracy training for teachers to protect

s of cyberbullying and teach responsible use

of social networks.

Family programs that promote open

communicat

n,teach parents to recognize

the signs of bullying and provide tools o support

their children emotionally.

Digital lteracy sessions or training for families to

‘monitor their children’s online activities and spot

signs of cyberbullying early.

Actions to strengthen the use of learning
strategies in bullying and cyberbullying
victims

~Boys: Organize workshops to teach them how to structure their
homework and improve their planning skills. Activities such as usinga
daily planner to keep track of upcoming tasks will help reduce the

impact of bul

g on their academic performance.

Girls: Offer workshops on eritical thinking and reflection on bullying
situations, using case analysis exercises where they assess causes and
identify bullying, This should include sessions on revision and

elaboration where they learn to process and organise information

ffectively o improve their performance in class and their emotional

e

ience.

~Boys: Conduct metacognitive self-regulation workshops to teach
them about healthy online time management and how to identify and
deal with digital bullying, Strategies such as setting limits on social
media use and learning to identify and block bulles are essential to
improve their monitoring and self-efficacy.

~Girls: Create self-study workshops to teach il victims how to
organize their studies. This can include elaboration techniques, such as
summarizing and outlining after reading, and critcal thinking, with
exercises that encourage critical analysis of online messages and
situations.

Provide tools to improve the management of emotions and support the
improvement of organization and critical thinking in girls. Teachers
should provide an environment that promotes self-eficacy and
facilitates their emotional recovery.

“Train teachers to guide girls in the use of online time management
tools and techniques, such as concept mapping, to improve their
elaboration and organization skill. The use of homework tracking
applications is also recommended to promote self regulation. In the
case of boys, teachers should be trained to help them set limits on the
use of social networking sites in order to improve their sel-regulation.
Finall, include critical thinking exercises based on the analysis of
bullying situations in the classroom.

Involve families in emotional workshops to help them identify and
‘manage the impact of bullying on their children, and create an
environment of open communication and emotional support. In
addition, families with daughters in particular should be trained to use
self-regulation techniques and plan reflection sessions to encourage
them to think critically about their experiences and reflect on their

feclings

Setlimits on the use of social networks and use tools such as parental
control apps to improve boys'self-regulation. For girls, it s important
o teach organization and revision techniques, such as the use of

digital diaries, as well as family reflection on online safety and dealing

with cyberbullying.

Actions to strengthen the use of learning strategies
in aggressors of bullying and cyberbullying

~Boys: Use their critical thinking skill to resolve conflits in simulated situations.
Programs where critical thinking i used to find non-violent solutions to conflict
situations. In addition, self-regulation workshops can include emotional self-
control exercises such as the ‘raffic light'technique (pause, reflect, act).

~Girls: Develop specific academic skills workshops, including exercises to improve
rehearsal and organization through study techniques such as spaced repetition
and concept mapping. Metacognitive self-regulation should be addressed through
simulations of bullying scenarios where they practice making thoughtful decisions

before acting impulsively.

“Boys: Carry out reflection exercises on the impact of cyberbullying, using group
dynamics to encourage critcal thinking about the consequences for victims. For
example, writing reflective diaries about their online behavior allows them to
identify and correct aggressive patterns.

Girls: Create workshops where they run simulations that show how their actions
affect victims. These simulations can include role-playing, videos or interviews
with vitims of eyberbullying to help them empathize. Metacognitiv self-
regulation should be addressed through planning and reflection activties on the
use of social networks. Problem solving techniques based on real cases of

eyberbullying can be used to improve relection and elaboration.

in teachers in conflict mediation and teach bullies to reflect on the impact of

their a

. For boys, the focus should be on developing their critical thinking

skills, whereas for girls, teachers should focus on promoting respect and empathy.

“Train teachers to guide bullied girls to develop their critical thinking and
‘metacognitive self-regulation through reflection on their social media posts. The
use of concept maps to help understand the impact of cyberbullying is suggested
to improve rehearsal and elaboration skills. For boys, it s important to train
teachers to teach them to use critical thinking to analyze patterns of online

behavior, supported by reflective journals of their digital interactions.

Encourage critical thinking activities at home to promote peaceful conflict
resolution in boys, such as problem-solving games and daily reflection routines to

improve their self-regulation. For girls, it is important that families encourage

reading and summarizing at home to improve their writing and organizational
skills. Family reflection sessions that encourage critical thinking and respect for

others are also recommended.

Educate families on how to monitor and mediate their children’s online activities,
promoting responsible internet use. For boys, teach them to reflect on their digital
interactions and set limits on their use, in order to strengthen their self-regulation.
For girls, it is important to encourage family reflection on the impact of their
actions on victims, using simulations and readings that facilitate the development
of critical thinking, as well as improving metacognitive processing, organization

and self-regulation.
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Type of bullying

Mean difference

Mean difference

Bullying
e N/A
Cyberbullying
Victims
N/A
Bullying
+5.5% Critical Thinking
Aggressors
Cyberbullying

+4.5% Critical Thinking

N/A, not applicable. Data differentiated by role (victim/aggressor) and gender.

N/A

X6 < Metacognitive self-

regulation

X1.4 < Metacognitive self-
regulation

X1.8 < Rehearsal
X25 < Metacogitive self-
regulation

~7.3% Critical Thinking

~3.8% Rehearsal
—5.4% Elaboration
~2.9% Organization
~3.5% Critical Thinking
—5.5% Metacognitive
self-regulation

—3.2% Rehearsal

~6.8% Elaboration
—5.5% Organization
~5.4% Critical Thinking
—4.9% Metacognitive
self-regulation

~26% Rehearsal

~5.5% Elaboration
~4.8% Critical Thinking
~4.7% Metacognitive
self-regulation

x1.3 < Elaboration
x1.3 < Organization

X17 < Rehearsal
2.1 < Elaboration
X2.8 < Metacogitive self-

regulation

X1.8 < Rehearsal

X1.8 < Elaboration

X1.3 < Critical thinking
X1.6 < Metacognitive self-

regulation

x23 < Rehearsal
26 < Elaboration

X1.6 < Critical Thinking
X3.9 < Metacogitive self-

regulation
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Boys (602) Girls (649)

Variables P 95% ClI OR 95% Cl

Bullying aggression

High 238 1 Referent 376 1 Referent
Rehearsal

Low 364 o111 1.268 0.947-1.698 273 <0.001 1777 1.325-2.383

High 251 1 Referent 360 1 Referent
Elaboration

Low 351 0913 1015 07731334 289 <0.001 1787 13252411

High 204 ¥ Referent 394 ¥ Referent
Organization

Low 398 0.420 L1124 0.846-1.493 255 0.182 1.208 0.915-1.593

High 384 1 Referent 3 1 Referent
Critcal thinking

Low 318 0.945 1010 0.770-1.323 325 0.049 1329 1.001-1.763
Metacognitive self- High 235 1 Referent 364 1 Referent
regulation Low 354 0.024 1408 1.045-1.897 267 0.001 1635 1.207-2.215

High 262 1 Referent 392 1 Referent
Overall strategies

Low 340 0.028 1388 1.036-1.860 257 <0.001 1768 1319-2369

Cyberbullying aggression

High 238 1 Referent 376 1 Referent
Rehearsal

Low 364 0.020 1801 1.095-2.960 273 <0.001 2325 1475-3.664

High 251 1 Referent 360 1 Referent
Elaboration

Low 351 0.460 1174 0.766-1.800 289 <0.001 2571 1584-4.172

High 204 1 Referent 394 1 Referent
Organization

Low 398 0.663 1104 0.708-1.722 255 0333 1211 0822-1.783

High 284 1 Referent 32 1 Referent
Critical thinking

Low 318 0178 1344 0.874-2.066 325 0.029 1616 1.049-2.489
Metacognitive self-  High 235 1 Referent 364 1 Referent
regulation Low 354 0.001 2497 14324354 267 <0.001 3851 2125-6.979

High 262 1 Referent 392 1 Referent
Overall strategies

Low 340 0.001 2549 1499-4332 257 <0.001 2489 1552-3.992

OR: odds ratio, CI: confidence interval. OR was adjusted for age, BMI (body mass index),
p<0.05.

aternal education and weekly physical activity. Bold values indicate satistically significant results at
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Boys (602) Girls (649)

Variable P 95% CI OR 95%Cl
Bullying victimization
High 28 1 Referent 376 1 Referent
Rehearsal
Low 364 0,600 0943 0.758-1.174 273 0.252 1135 0914-1.411
251 1 Referent 360 1 Referent
Elaboration
Low 351 0.145 1176 0.946-1.463 289 0.034 1265 1018-1572
High 204 1 Referent 394 1 Referent
Organization
Low 398 0345 L4 0.890-1.394 255 0.027 1281 1.029-1.59
High 384 1 Referent 324 1 Referent
Critical Thinking
Low 318 0983 1.002 0.810-1.240 325 0948 0993 0.993-1.234
Metacognitive Self- | High 25 1 Referent 364 1 Referent
Regulation Low 354 0.441 1091 0.875-1.359 267 0.126 1188 0.953-1.481
High 262 1 Referent 392 1 Referent
Overall strategies
Low 340 0.037 1.266 1014-1.581 257 0.025 1287 1.032-1.605
Cyberbullying victimization
High 28 1 Referent 376 1 Referent
Rehearsal
Low 364 0580 L3 0761-1.627 273 0.005 1724 1177-2.525
High 251 1 Referent 360 1 Referent
Elaboration
Low 351 0701 0931 0645-1343 289 <0.001 2098 1401-3.140
204 1 Referent 394 1 Referent
Organization
398 0.064 0705 0.488-1.020 255 0475 1144 0.791-1.657
384 1 Referent 321 1 Referent
Critical Thinking
Low 318 0353 0.191 0.823-1.725 325 0414 1169 0.803-1.701
Metacognitive Self- 25 1 Referent 364 1 Referent
Regulation 354 0.024 1.606 1.063-2.426 267 <0.001 2794 1.789-4.363
High 262 1 Referent 392 1 Referent
Overall strategies
Low 340 0.003 1866 1233-2823 257 0.001 1905 12852825

OR: odds ratio, CI: confidence interval. OR was adjusted for age, BMI (body mass index),
p<0.05.

aternal education and weekly physical activity. Bold values indicate satistically significant results at
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Al Boys Girls

(n =1,330) (n = 651) (n = 679)
Variables Mean SD/% Mean SD/% Mean SD/%
Age (years) 1322 175 1322 1787 1322 172 0.965
Weight (kg) 5231 13.40 5465 1481 50.06 1144 <0.001
Height (m) 159 011 161 013 157 008 <0.001
BMI (kg/m?) 2047 397 2070 391 2025 403 0037

Mother’ level of mother’s (%)

No education 8% 50% 47%
Primary (EGB) 102% 10.6% 10.0%
Secondary (BUP) 14.1% 1.0% 17.4%
<0.001
Professional training 13.1% 13.1% 13.3%
University 36.6% 35.5% 38.4%
Do not know 202% 249% 16.2%
Weekly PA (average) 401 176 430 181 373 167 <0.001
Academic performance 689 155 676 153 702 155 0.007
Bullying victimization
Never 198 149% n2 17.2% 86 12.7%
Occasionally 703 529% 327 50.2% 376 55.4%
Once or twice/month 322 242% 156 240% 166 24.4% 0.085
Oncefweek 8 62% 46 7.1% 37 54%
More than once/sweek 2 18% 10 15% 1 21%
Bullying aggression
Never 362 27.2% 162 249% 200 205%
Occasionally 767 57.7% Bl 57.0% 396 58.3%
Once or twice/month 156 1.7% 9 143% & 9.3% 0007
Once/week 37 28% 23 35% 1 21%
More than once/week 8 06% 2 03% 6 09%
g victimization
582 438% 304 46.7% 278 40.9%
Occasionally 661 49.9% a1 147.8% 353 520%
Once or twice/month 61 46% 26 40% 35 52% 0101
Oncefweek 2 16% 8 12% 13 19%
More than once/week 2 02% 2 03% 0 0.0%
Cyberbullying aggression
Never 755 56.8% 363 55.8% 392 57.7%
Occasionally 515 38.7% 255 3929 260 383%
Once or twice/month 37 28% 23 35% 14 21% 0.368
Oncefweek B 17% 10 15% 13 19%
More than once/sweek 0 0.0% 0 0.0% 0 0.0%
Cognitive and metacognitive strategies
Rehearsal 528 117 508 116 547 113 <0.001
Elaboration 491 115 474 114 508 L4 <0.001
Organization 513 138 476 138 549 122 <0.001
Critical Thinking 463 119 458 116 467 122 0139
Metacognitive Self-regulation 505 093 489 095 519 089 <0.001
Overall strategies 500 097 481 096 518 093 <0.001

Data are presented as mean for continuous variables and frequency (%) for categorical variables. BMI = Body Mass Index; SD = Standard Deviation.
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Regression Overall fit index Significance of regression

equation coefficient

Result variable Predictive variable R2

Physical activity Gender 0313 0098 8134 ~0.155 ~2795%
Age ~0.034 ~0.394
Grade ~0056 ~0.654
Short video addiction ~0252 —4.578%%%

Self-efficacy Gender 0.248 0.061 4891 ~0.150 ~2659%
Age ~0.128 -1455
Grade [ 1257
Short video addiction ~0.186 —3314%%

Procrastination Gender 0539 0290 24387 ~0.265 —5.333%0%
Age ~o0115 1489
Grade 0.168 2182
Short video addiction 0343 6.882 4%
Self-efficacy ~0289 —5.747%%%

Physical activity Gender 0432 0187 11376 ~0.167 ~2990%
Age ~0023 ~0.277
Grade ~0053 0635
Short video addiction ~0.138 ~2402%
Self-efficacy 0202 3.556++%
Procrastination ~0.192 ~3.095%

*p<0.05, **p<0.01, ***p<0.001.
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Participant Inventions Outcome

characteristics measured
N (EG/ BMI (kg/m?) Intervention program  Duration Intensity Frequency Time
CG) (week) (weekly)  (min)
EG: Basketball + Jump Rope
Lietal EG:21.43 £ 088
20120 CG: Did not receive any 1 M1 1 20 [oee]
(2022) (1) CG: 21212083
intervention
EG: Basketball + Jump Rope
Lietal EG:21.5541.03
20120 CG: Did not receive any 1 M 1 0 [ceS)
(2022) (2) CG: 21832094

intervention

EG: Games focused on motor

Shang et skills
26/26 - 8 - 3 50-60 [ce)
(2020) CG: Regular physical education
classes

EG: Movement skills, tennis

Crovaetal EG:189£32  training
1412 2 MV 1 120 ®
(2014) CG:193436  CG: Regular physical education
dlasses
Zhang etal. EG:2631%121  EG:Jump rope
2024 1 MVI 1 30 ©
(2022) CG:25.88+0.73  CG: Watching a 30-min cartoon
EG: Day camp intervention
Huang et al. EG: 245429
46137 CG: Regular physical education 52 MV 7 % ®
(2015) CG:252+28
classes
EG: Run + jump rope + CAs
Davis etal. EG:260446 | basketball + soccer
55/60 15 MV 5 20
(2o11) (1) CG:260+46  CG:Did not receive any

intervention

EG: Run + jump rope + CAs
Davisetal. EG:260446 | basketball + soccer
56/60 15 MVI 5 40
(2011) 2) CG:26.0+46  CG:Did not receive any
intervention
EG: Run + jump rope + cas
Davisetal. EG:258440 | basketball + soccer
33129 15 MV 5 20
(2007) (1) CG:258+40  CG: Did not receive any
intervention
EG: Run + jump rope + CAs
Davisetal. EG:258440 | basketball + soccer
3229 15 MV 5 I
(2007) (2) CG:25.8+40  CG: Did not receive any

intervention

EG: Run + jump rope +

Chou etal. EG: 24843308 basketball + soccer
44/40 8 MV 3 40 [o]
(2020) CG:24.84£3.08  CG: Regular physical education
dlasses

EG: Run + jump rope +

Chou etal EG: 20694062
37133 basketball + soccer 15 MV 5 20 o}
(2023)(1) CG:20.83+0.86.
CG: Sedentary activities
EG: Run + jump rope +
Chou etal. EG: 20774055
38/33 basketball + soccer 15 MV 5 40 ®
(2023)(2) CG:20.83£0.86
CG: Sedentary activities
Krafft etal. EG:2560+370 | EG:Tag + jump rope
2117 32 MVI 5 I o)
(2014b) CG:27.2£104  CG: Artand board games
EG: Balance and coordination
Ortegaetal. EG:272844.10 | games
4713 20 MV 35 % [oee]
(2022) CG:2629+297  CG: Regular physical education
classes
Mora

EG:27.05+4.10 | EG: Physical multi-games

Gonzalez 35/32 20 MV 35 90 o5}
CG:26.06+2.88  CG: Noadditional training

etal. (2023)

EG: Basketball games
EG: 24372211

(Zhu, 2022) 2020 CG: Regular physical education 8 M1 3 40 [ooc)
CG:24.972.26
classes
(Xie, 2019) EG:21294162 | EG: Basketball + jump rope
20120 1 M1 1 20 [oee]
) CG:21.55£1.90 | CG: Sedentary activities
(Xie, 2019) EG:22.024292  EG: Basketball + jump rope
20120 1 M 1 30 [ce)
@ CG:21.55£1.90  CG: Sedentary activities
(Xie, 2019) EG:21.62£180  EG: Basketball + jump rope
20120 1 M1 1 0 ©0
3) CG:21.55£1.90 | CG: Sedentary activities
EG: Basketball
EG: 1759046
(Liu, 2023) 3030 CG: Regular physical education 10 M1 4 30-40 [oec]

CG: 17.58£0.50
dlasses

EG: Soccer + volleyball
EG:21.39£2.55

(Xu,2022) 19 CG: Regular physical education 12 M1 3 60 o]
CG:21.39+255

classes
(Vazou and EG: Fundamental locomotor
EG:19.31£452
Smiley- 11/24 skills 1 ML 1 10 [ceq)
CG:19.31 £452
Oyen, 2014) CG: Seated math practice
EG: Motor skills +3v3 soccer
Loganetal.
aizh) 56/47 - CG: Regular physical education 36 M 5 120 ®

dlasses

EG, Exercise group; CG, Control group; BMI, Body mass index; —, Not reported; MI, Moderate intensity; MVI, moderate to vigorous intensities; (1) Inhibitory control; (2) Working memory;
(3) Cognitive flexibility; CAS, Cogitive Assessment System—the results measured by this paradigm do not correspond to the core subcomponents of executive function, and this lterature is
only included in qualitative analysis
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Moderator Inhibitory control Working memory Cognitive flexibility

95% ClI P 95% ClI P 95% ClI

BMI(kg/m?) | 525 ~001 | [-029027) | 094 | 39% -009  [-055037] 070  50% 061 [018103] 0008 | -

<25 —001 | [-029027] | 0.00%%% | 25% =075  [-126-025] 000%%*  83% 043  [-077-0.10] 001** | 60%
Intervention | H-cepa  ~070  [-090,-050] = 000%** | 35%  -079  [-141-017] 001** | 86% 042  [-082,-001]  004* | 66%
AT L-cepa =073 | [-094,-0.52] 033 50%  -033 | [-0.800.15] 0.18 66%  —0.10 [~1.03,0.84] 0.84 87%
Sessiontime | (<25 (043014] | 004* | 30%  -040  [-080-001]  005* | 52%  -005  [-044031] 079 0%
(min) B<<d0 | -036 | [-070-002]  000°**  63%  —106  [-135-076] 000*** 7% -058  [-L10-006] 003 | 72%

40 | -076  [-115-037) 024 | 78% —022  [-047004] 000  75%  —007  [-143,129] = 091  93%
Exercise M1 —028 | [-075019] | 0.00%** | 45%  —073  [-103-016] 001** | 5% 039  [-075-002] 004  61%
Intensity MV —065 | [-094-0.36]  001** | 71% -009  [-055037) 070 | 50% 061 (0.18,1.03]  0.01%* -

“* indicates tha this metric s derived from only one publication, precluding the display of hterogencity; H-cepa, High cognitive engagement physical activity L-cepa, Low cognitive
engagement physical activity. *p <0.05; *#p <0.01; ***P<0.001.
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Records identified throughdatabase ‘Additional records identified through other sources
searching (n=978) (n=2)

T T
1
[ Records after duplicates removed (n=724) ]
2

[ mitial screening based on titles and abstracts (n=724) |

Records excluded (=694 :

« Systematic reviews and conference papers (n=79)
« Non-Chinese and non-English publications (n=1)
« Animal studies (n=17)

* Unrelated title and abstract (n=596)

Full-test articles assessed for eligibility (n=30)

Records excluded (n=12) :

« Duplicate publications,no original text (n=3)
« Irrelevant outcome measures (n=2)

+ Irrelevant study subjects (n=3)

« Irrelevant intervention measures (n=4)

Studies inclued in qualitative synthesis (n=18)

Studies inclued in qualitative synthesis (meta-
analysis)  (0=18)
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Experimental Control Std. Mean Difference Std. Mean Difference
Studyor Subgroup ___ Mean __SD Total _Mean _ SD Total Weight IV, Random, 95% CI IV, Random, 95% C1
1.19.1 Inhibitory control
Chou 2020 012 013 42 003 012 40 27%  -071[1.15,-028
Chou 2023(1) 005 006 25 002 011 25 24%  -078(1.35-020)
Chou 2023(2) 007 008 25 002 011 25 24%  -092(1.51,-034
crova 2014 042 073 14 071 12 20%  -075[155,00) ——
Huang 2015 078 686 47 61 36 27%  -0.5000.94,-0.06] |
Krafft 2014 9 13 2B 1705 17 23% 024039086 T
Li2022(1) 685 2285 20 1555 20 24%  -026[088,036] —
1120220 4275 1813 20 1992 20 23%  -0.55[1.19,0.08) r
Liu 2023 737 63 30 504 30 25%  -118[173,-083] e
logan 2021 508 533 56 588 47 28%  -0.94[135-053] e
Mora-Gonzalez 2024 -458 12451 35 12224 32 27% 022026070 i
Ortega 2022 858 1376 47 1743 28%  -001(043,040) —f
Shang 2020 4876 2183 26 2188 26 25%  -085[1.21,-0.09]
Vazou 2014 -5154 15443 11 15578 11 19%  -062[1.48,024
Xie 2019(1) 1508 2875 20 163 20 23%  -042(1.05,021)
Xie 2019(2) -1588 1813 20 163 20 23% 0620125002
Xie 2019(3) 2175 2185 20 163 20 23%  -0.85[1.50,-0.20] —=—
Xu2022 955 5454 19 384 19 23%  0020061,086 S
Zhang 2022 105 69 24 55 24 25%  0161041,073 —F
Zhu 2022 1567 981 22%  -144[214,-0.74)
Subtotal (95% CI) 484%  -052[072,-031] L d
Heterogeneity. Tau= 0.14; ChF*= 50.47, df = 19 (P= 0.0001);
Testfor overall efect Z= 4.87 (P < 0.00001)
1.19.2 Working memory
Li2022(1) 4422 9350 20 5715 8412 20 23%  -094[159,-0.28) =
Li2022) A7I85 8812 20 664 10402 20 23%  -1.07(1.74,-040)
Liu 2023 19543 7455 30 217 4238 30 21%  -2.83[356,-210) ¢—
Mora-Gonzalez2024  -4585 14314 33 7057 14705 28 26%  0.17[034,067)
Ortega 2022 482 1356 43 27 1597 47 28%  -030(072,011)
Shang 2020 37345 3187 26 -3565 35727 26 24%  -0.98[1.56,-040]
Vazou 2014 548 21675 11 74 1938 11 19%  -022(1.06,062)
Xie 2019(1) -4618 13816 20 -4272 1174 20 24%  -0.03[065,0.59)
Xie 2019(2) 825 11938 20 -4272 1174 20 23%  -0331095,030]
Xie 2019(3) 1152 11662 20 4272 1174 20 23%  -058(121,008]
Xu2022 32483 47633 19 -45214 20858 19 23%  031}033,095 =1
Zhu 2022 17229 17906 20 1339 1522 20 23%  -094(1.59,-02)
Subtotal (95% Cl) 282 281 28.0%  -0.63[-1.06,-0.20] -
Heterogeneity: Tau*= 0.47; Chi*= 64.72, df= 11 (P < 0.00001); F= 83%
Testfor overall efect Z= 2.88 (P = 0.004)
1.19.3 Cognitive flexibilty
Li2022(1) 4715 8105 20 -2515 8683 20 24%  0.08}053,0.71) —f—
Li20222) 912 8221 20 -1985 7681 20 23%  -0.83(1.53,-023 —
Liu 2023 016 201 30 004 278 30 26%  -0050055 046 L
Ortega 2022 454 554 47 099 607 43 28% 0.61(0.18,1.03] =
Shang 2020 14450 14408 26 2918 14674 26 25%  -078(1.35-022)
Vazou 2014 5373 17723 11 -2427 17722 11 19%  -0.16[1.00,0.68) s
Xie 2019(1) -9398 18518 20 -6676 19543 20 24%  -0.14[-0.7,0.48) —
Xie 2019(2) 10829 17596 20 -6676 19543 20 24%  -022(084,040) —
Xie 20193) 12074 19841 20 6676 19543 20 23%  -031(094,031) =
Zhu 2022 42027 7292 20 A5 684 20 21%  -158(230,-08 ————
Subtotal (95% CI) 234 230 236%  -0.32[.0.71,007] -
Heterogeneity. Tau"= 0.29; Chi*= 37.75, df= 9 (P < 0.0001); F= 76%
Testfor overall effect Z=1.60 (P = 0.11)
Total (95% C)) 1060 1018 100.0%  -0.50(0.68,-0.52] <>

Heterogeneity: Tau*= 0.26; Ch* = 160,98, df= 41 (P < 0.00001); F= 75%
Testfor overall effect: Z= 5.46 (P < 0.00001)
b PO et RN P

2 E] ]
avours [sxperimental] Favours [control]
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Week M + SD

One 66424
Two 68427
Three 64130
Four 5329
Five 55429

Six 49229
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Participant Year group Additional roles Teaching

taught experience (y)

1 Female | Year 1 and 2 mixed Mental health lead, PSHE lead 10+
2 Female | Year2 N/A 10+
3 Female  Year | RE lead, ECT tutor 10+
4 Male Year 1 and 2 mixed Maths lead, SLT 10+
5 Female  Year 1 Maths & phonics lead 69
6 Female | Year2 PE coordinator 1-2
7 Female | Year 1 Science lead 35
8 Female  Year 1 and 2 mixed SENCO, governor, key stage one lead, lead for RE, history, and reading 10+
9 Female | Year2 PSHE lead 6-9
10 Female | Year 1 ECT tutor 6-9
n Female  Year 1 N/A -1

12 Female | Year | Phonics and early reading lead 1-2
13 Female  Year | N/A -1

14 Female | Year2 Geography and DT lead 6-9
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Records identified from*:
Web of Science (n=226)
PubMed (n=125)
PsycINFO (n= 88)
Scopus (n=503)

Records removed before
screening:
Duplicate records removed
(n=331)

l

(n=73)

Records screened Records excluded**
(n=611) (n=461)

Reports sought for retrieval Reports not retrieved
(n=150) (n=77)

Reports assessed for eligibility Reports excluded:

Not adolescent (n =20 )

Not original research (n =18 )
Not the mood (n =13 )

Not publish in English (n=2)

Studies included in review
(n =20)

Reports of included studies
(n =20)
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Predictors

Nutrition 007 0.001 007 0002 001 0845 003 0207  OIl <0001 008 <0.001 009  <0.001
PA 010 <0001 007 0002 008 0001 003 0201 009 <0001 0I5 <0001 025  <0.001
Relaxation 040 <0001 0042 <0001 027  <0.001 029 <0001 034 <0001 029 <0001 032  <0.001
Preventive 013 <0001 007 0003 012 <0001 017 <0001 009 <0001 012 <0001 005 0024
Behavior

O, overall well-being; P positive emotion; E, engagement; R, relationships; M, meaning; A, accomplishment; H, health. , standardized beta; p, probability value. A higher absolute value of p
indicates a stronger predictive relationship between the predictor and outcome variables. Positive values of p indicate a positive relationship, while negative values indicate a negative
relationship. Bolded values indicate statistically significant relationships (p < 0.05).
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Predictors B

MA vs. 1A 016 0.002 020 <0001 008 0134 013 0022 015 0005 006 | 0248 008 0117

HEPAA vs. IA 029 <0001 029 <0001 021 0002 016 0015 030 <0001 022 <0001 017  0.007

MA, moderately active; 1A, insuficiently active; HEPA, health-enhancing physical actvity; O, overall well-being; %, positive emotion; E, engagement; R, relationships; M, meaning;
A, accomplishment; H, health; , standardized beta; p probability value. A higher absolute value of f indicates a stronger predictive relationship between the predictor and outcome variables.
Positive values of f indicate a positive relationship, while negative values indicate a negative relationship. Bolded values indicate statistically significant relationships (p < 0.05).
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Age 005 002 004 0043  -003 0164 002 0268 =005 001l  -005 0020 005

Sex -003 046 ~001 0848 | —0.a2 0009 004 0409 | -008 | 0053 002 0703 -007

Course cluster

2vs.1 012 0137 011 0174 016 0080 006 0514 007 0418 012 0145 012 0.141
3us.1 001 0907 | 002 0787 0.03 0654 007 0230 -009 | 0119 -001 0908 001 0.926
dvs.1 -006 0408 010 0182 001 0863 003 073 011 0149 000 0966 015  0.040
CMB

Bys.A -008 033 -003 0130 | -008 0360 003 0762 | -007 | 0393  -005 0535  -027  0.001
Cws.A -003 072 -013 0113 | 007 0442 008 038 -001 | 0891  -009 | 0288  -018  0.022
Dvs. A ~000 0219 =021 0013  -001 0902 004 0632 | -009 0305  -012 0170 | -020 0016
Evs.A -008 0325 -017 0053 0.00 0980 007 0451 -012 0188  -0.10 | 0247 | -026  0.002
Fys. A ~000 0291 —023 0012 004 0689 | -001 0921 009 | 0327 005 063 | -014 0140
Gvs. A ~000 0279 —-018  0.049  0.08 043 001 0938  -014 0150  -0.11 0284  —026  0.006

O, overall well-being; P, positive emotion; E, engagemen; R, relationships; M, meaning; A, accomplishment; H, health; CMB, combined monthly income categories. Cluster 1, Arts and Letters;
Cluster 2, Management and Economics; Cluster 3, Science and Technology; Cluster 4, Social Sciences and Law; CMB, Combined Monthly Income Categories; A, P0-P12,000;

B, P13,000-P24,000; C, P25,000-P48,000; D, P49,000-P84,000; E, P85,000-P132,00; E, P133,000-P228,000; G, P229,000 and above; b, standardized beta; p, probability value. A higher absolute
value of p indicates a stronger predictive relationship between the predictor and outcome variables. Positive values of p indicate a positive relationship, while negative values indicate a negative
relationship. Bolded values indicate statistically significant relationships (p < 0.05).
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o P A H
Adjusted R 030 028 | 015 016 025 023 030

O, overall well-being; P positive emotion; E, engagement; R, relationships; M, meaning:
A, accomplishment; H, health.
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Non-uniform DIF Uniform DIF

A P Adj.p

PTSD

Reitem 1 0877 1.82 0.66 1.40 1.90 246 175 0.186 0372 0.06 0.804 0964
Re item 2 0.897 203 0.62 121 172 241 193 0.165 0372 185 0.174 0521
Avitem 1 0.949 302 0.62 120 1.65 213 0.06 0.802 0.869 0.00 0985 0985
Avitem 2 0.930 253 0.59 119 161 212 1.89 0.169 0372 0383 0362 0718
Thitem 1 0.900 207 0.46 1.06 1.50 2.08 0.78 0377 0.566 4.14 0.042 0251
Thitem 2 0.877 1.82 034 0.94 143 2.06 0.03 0.869 0.869 0.50 0478 0718
DSO

AD item 1 0.832 150 024 076 138 2.06 0.07 0787 0.787 146 0227 0340
AD item 2 0.839 154 038 1.09 158 213 0.59 0.444 0771 326 0.071 0213
NSCitem 1 0.949 301 —0.13 050 1.00 143 0.85 0356 0771 158 0208 0340
NSC item 2 0.951 3.08 —0.09 054 1.02 143 133 0250 0771 0.00 0994 0994
DRitem 1 0.867 174 —0.06 061 119 1.81 0.12 0731 0.787 0.04 0.836 0.994
DR item 2 0.885 1.90 —0.11 0.48 1.02 1.61 043 0514 0771 475 0.029 0.176

Re, re-experiencing in the here and now; Av, avoidance; Th, sense of current threat; AD, affective dysregulation; NSC, negative self-concept; DR, disturbances in relationships.
A2, factor loadings for uni-demensionality by categorical factor analysis of weighted least squares estimation. GRM, graded response model; DIE, differential item functioning based on likelihood
ratio test. a, item discrimination; b, item difficulty; Adj.p, p-value adjusted by the Benjamini-Hochberg procedure with likelihood ratio test using multiple comparisons.
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ITQ-PTSD ITQ-DSO

Av Th NSC DR
IVis-J
Psychological violence victimization (PS) - 0.51 0.49 0.47 0.53 0.56 0.51 0.51 0.50 0.57
Physical violence victimization (PH) 0.51 = 0.38 0.34 0.38 0.39 0.29 0.29 0.30 0.32
IES-R
Intrusion 0.52 0.37 0.67 0.65 0.62 0.70 0.62 0.58 0.63 0.67
Avoidance 0.49 0.33 0.63 0.65 0.63 0.69 0.60 0.57 0.61 0.65
Hyperarousal 0.51 0.35 0.62 0.63 0.66 0.70 0.64 0.61 0.66 0.70
J-DERS
Non-acceptance of emotional responses 0.39 0.27 0.42 0.45 0.51 0.49 0.59 0.58 0.62 0.65
Behavior control difficulties 0.38 0.23 0.41 0.44 0.48 0.48 0.58 0.55 0.61 0.63
Limited access to emotion regulation strategies 0.40 0.26 0.44 0.46 0.52 0.51 0.61 0.59 0.63 0.67
SDS
Self-disgust 0.43 0.26 0.45 0.46 0.50 0.53 0.56 0.71 0.65 0.71
1IP-32
Dominant 0.35 0.27 0.38 0.40 0.38 041 045 0.40 047 0.49
Competitive 0.35 0.24 0.41 0.45 0.46 0.48 0.49 0.49 0.54 0.56
Cold 0.38 0.29 0.42 0.44 0.48 0.48 0.53 0.57 0.62 0.62
Socially inhibited 0.39 0.29 0.46 046 0.52 051 052 0.58 0.63 0.64
Non-assertive 0.39 0.29 0.44 047 0.50 0.50 052 0.58 0.61 0.63
Exploitable 0.38 0.28 0.42 047 0.48 0.49 0.54 0.58 0.60 0.64
Dependent 0.36 0.29 0.44 043 0.47 0.48 051 0.50 0.53 0.56
Intrusive 0.34 0.26 0.40 0.42 0.42 0.44 047 0.44 0.49 0.52

Re, re-experiencing in the here and now; Av, avoidance; Th, sense of current threat; AD, affective dysregulation; NSC, negative self-concept; DR, disturbances in relationships.
Statistics in this table are Spearman’s rank correlation coefficient (p). All correlation coefficients were significant at p < 0.001.
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Robust SE Wald OR [95%CI]

Diagnosability of PTSD

Psychological violence victimization 1.18 0.26 18.31 <0.001 3.26 [0.67, 1.69]

Physical violence victimization 0.56 025 3.86 0.025 1.74[0.07, 1.04]

Sex (women)* 1.07 0.51 3.81 0.037 2.91[0.06, 2.07]

Sexual orientation (LGB self-identification)” 1.53 0.65 5.29 0.019 4.61[0.25, 2.80]

Handicap due to any chronic illness or disability (yes)® 047 0.61 0.66 0.433 1.61 [~0.71, 1.66]
Sports type in junior high school (team sport)d 043 0.62 021 0.691 1.28 [~0.97, 1.46)
Sports type in high school (team sport)® 0.11 0.56 0.04 0.851 1.11 [~1.00, 1.21]
Sports level in junior high and high school (above national)® 053 055 1.06 0340 1.70 [~0.56, 1.61]
School life away from parents (had experienced)® 1.68 0.52 10.97 0.001 5.37[0.67, 2.69]

Early sports specialization (had experienced)" —0.11 049 0.06 03818 0.89 [~1.07, 0.85]
Diagnosability of CPTSD

Psychological violence victimization 121 0.27 16.16 <0.001 3.37[0.69, 1.74]

Physical violence victimization 0.51 0.25 2.98 0.039 1.67 (0.03, 1.00]

Sex (women)* 077 0.55 175 0.160 2.15[-0.30, 1.83]
Sexual orientation (LGB self-identification)® 191 0.64 8.26 0.003 6.78 [0.66,3.17)

Handicap due to any chronic illness or disability (yes)® 068 0.62 122 0271 1.97 [~0.53, 1.89)
Sports type in junior high school (team sport)d 0.49 0.67 0.69 0.464 1.63 [~0.82, 1.79]
Sports type in high school (team sport)® 020 0.60 0.13 0738 0.82 [~137,0.97)
Sports level in junior high and high school (above national)! 0.79 057 2.10 0.168 220[-0.33, 1.91

School life away from parents (had experienced)® 1.10 0.61 3.53 0.071 2.99 [-0.10, 2.29]
Early sports specialization (had experienced)" —0.48 0.56 0.83 0.387 0.62 [—1.58,0.61

Base n = 651. Forced entry method was used for variable imputation. Degrees of freedom (df)s = 1. B, partial regression coefficient; Robust SE, robust standard error; Wald, statistic to check the
significance of the estimated partial regression coefficients; OR, odds ratio; CI, confidence interval. VIF = 1.058-1.588. Valuation index and predictive accuracy in the model with diagnosability
of PTSD as dependent variable: X%sm =89.721, p < 0.001; Nagelkerke R? = 0.411; Deviance = 162.813 (vs. null model = 252.534); Accuracy = 0.951; Area of under the curve (AUC) = 0.908;
Specificity = 0.992. Valuation index and predictive accuracy in the model with diagnosability of CPTSD as dependent variable: x2,,) = 72.716, p < 0.001; Nagelkerke R? = 0.387; Deviance =
140,645 (vs. null model = 213.361); Accuracy = 0.960; AUC = 0.885; Specificity = 0.996.

The respective REFs showed: *men; Pheterosexuals who did not self-identify as LGB; “no; “€individual sport; flow sports level including municipal, prefectural, and regional; 8"had
not experienced.
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Men (n = 208) Women (n = 443) Total (n = 651)

n n % n %

Age

18 years 13 625 56 12.64 69 10.60
19 years 2 10.58 62 13.00 84 12.90
20 years 14 673 61 1377 75 1152
21 years 36 17.31 67 15.12 103 1582
22 years 36 17.31 58 13.09 94 14.44
23 years 44 21.15 75 16.93 119 1828
24 years 12 20.19 63 1422 105 16.13
25 years 1 048 1 023 2 031

Sexual orientation

Heterosexual 191 91.83 371 83.75 562 86.33
Homosexual (gay, lesbian) 5 240 3 0.68 8 123
Bisexual 3 144 19 429 22 338
Other 1 0.48 12 271 13 2.00
N/A 8 3.85 38 8.58 46 7.07

Handicap due to any chronic illness or disability

Yes 17 8.17 43 9.71 60 9.22
No 180 86.54 369 83.30 549 84.33
N/A 11 5.29 31 7.00 42 6.45

Sports type in junior high school

Individual sport 93 44.71 224 50.56 317 48.69

Team sport 115 5529 219 49.44 334 51.31

Sports type in high school

Individual sport 85 40.87 197 44.47 282 4332

Team sport 123 59.14 246 55.53 369 56.68

Highest sports level in junior high and high school

Municipal 65 31.25 147 33.18 212 32.57
Prefectural 74 35.58 126 28.44 200 30.72
Regional 31 14.90 59 13.32 90 13.83
National 17 8.17 59 13.32 76 11.67
Best 4 or above national (include international) 3 1.44 19 4.29 22 3.38
Not participant in any tournament 18 8.65 33 7.45 51 7.83

School life away from parents

Had experienced 28 13.46 44 9.93 72 11.06

Had not experienced 180 86.54 399 90.07 579 88.94

Early sports specialization

Had experienced 76 36.54 140 31.60 216 33.18

Had not experienced 132 63.46 303 68.40 435 66.82

N/A, not answers School life from away parents = experience of living in a dormitory away from parents to lead an extracurricular sports activities centered life in junior high school and high
school; Early sport specialization = experience of training exclusively and intensively in a single sport for at least 8 months per year (basically all year round), starting before the age of 12.
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df CFI TLI RMSEA [90%CI]  SRMR AIC BIC
Model 1 1,616.69 54 <0.001 0762 | 0709 0211[020,0.22] 0090 | 1859347 | 1870095
Model 2 11122 39 <0.001 0989 | 0981 0.053[0.04,0.07] 0.021 17,1800 | 17,292.66
Model 3 535.61 48 <0.001 0926 | 0898 0.125[0.12,0.14] 0.071 17,524.38 | 17,658.74
Model 4 172.03 47 <0.001 0981 | 0973 0.064 (0.5, 0.07] 0.041 17,162.80 | 17,301.63

Model 1 = unidimensional model; Model 2 = six-factor correlated model; Model 3 = one-factor second-order model; Model 4 = two-factor second-order model.
CFI, comparative fit index; TLI, tucker-lewis index; RMSEA, root mean square error of approximation; CI, confidence interval; SRMR, standardized root mean square residual; AIC, akaike
information criterion; BIC, bayesian information criterion.

Confirmatory factor analysis (CFA) was estimated by the maximum likelihood method with robust standard errors (MLR).
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Benefit type Effect value BootSE Bootstrap 95% ClI Proportion of relative

Boot LLCI Boot ULCI sifect
Direct effect ~0.286 0.119 =0.519 =0.052 54.89%
Indirect effect 1 -0.078 0.041 =0.172 =0.012 14.97%
Indirect effect 2 =0.136 0.059 =0.265 =0.036 26.11%
Indirect effect 3 =0.021 0.014 =0.054 =0.002 4.03%

~0235 0.081 ~0.406 ~0.092 45.11%

Total effect -0521 0114 ~0.745 -0297





