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Editorial on the Research Topic
 Physical education, health and education innovation




Physical Education is closely linked with the overall health of individuals, with education, and with educational innovation essential aspects for shaping the development of individuals within the educational context. Thus, these aspects form part of the educational process, which encompasses knowledge from applied psychology to education. Examples include the analysis of motivation in the teaching-learning process, the analysis of physical exercise behavior, and adherence to sports practice at early ages. In this context, various studies highlight the importance of interventions among children and adolescents to promote physical fitness due to its relationship with adequate physical aptitude, motor skills, and overall wellbeing in later stages (young adulthood, adulthood, and even older adulthood). For instance, in the meta-analysis by Li H. et al., it was observed that physical fitness and basic motor skills interventions improved these capacities and skills with sessions lasting 60 min, practiced 1–3 days a week for at least 16 weeks. Along the same lines, Chen J. et al. report on the importance of interventions through movement during preschool stages. These authors conclude that physical fitness and fundamental motor skills mutually enhance each other in young children, and both should be emphasized in preschool sports education. Similarly, the development of motor literacy can be crucial for engaging in physical activity over the years, finding that individuals with higher motor competence across various dimensions also show higher levels of moderate to vigorous physical activity (Martinez-Lopez et al.). Thus, there is a need to promote the development of motor competence to increase the rate of physical activity and sports activities among schoolchildren.

Regarding adolescence, the educational context could be decisive in the levels of physical exercise practice and its impact on normative behavior, as suggested by Chen H. et al.'s study where the use of the STEAM teaching method improved engagement with learning. Additionally, the study by Rojo-Ramos et al. found that in adolescence and pre-adolescence, higher self-efficacy is associated with lower levels of abuse and victimization, positioning regular physical activity as a mediator for preventing cyberbullying.

In relation of the concept of innovation, responsible and proportionate use of virtual reality could foster a positive attitude among basketball players and achieve professional success in the classroom, as indicated by Wang. Other studies, such as Guijarro-Romero et al., evaluate the use of technologies, for example, the inclusion of activity bracelets and behavior modification techniques in training activities. These authors found highly satisfactory results, as they support perceived autonomy and increase physical activity levels among adolescents. Similarly, Chow and Mann shows that ‘exergaming' or games promoting physical activity through technology could contribute to improving healthy habits. Their study is based on a theoretical model using Bloom's taxonomy to obtain resources for future research on exergaming.

In the field of Physical Education, small-sided games allow high-intensity physical activity in classes flexibly and motivatingly, with many possibilities for class design and application across different sports (Li Q. Z. et al.). Thus, educational innovation is necessary within Physical Education through model hybridization, as evidenced by Quiñonero-Martínez et al. study, with positive results toward creating habits related to physical activity. Similarly, the use of alternative sports, as shown in Diez-Fernández et al. study with the practice of “cornerball,” is an appropriate alternative for promoting sports in different ways. Teaching artistic activities and not just sports can also greatly benefit students by improving aspects such as self-efficacy and self-esteem in young students (Zhou et al.). Moreover, scientific literature indicates that achieving higher academic performance necessitates appropriate physical activity, finding that students who run at least once a week excel academically with a sample of over 2200 university participants (Du et al.).

Finally, innovation should be present not only in Physical Education classes but also in the sports field, developing intervention program like the Real Madrid Foundation (RMF) by Ortega-Vila et al., which show conclusive results toward personal and team success, self-fulfillment, personal and group superiority, health, and physical fitness.

Another essential aspect of the educational process, along with psychology, physical exercise behavior, and innovation, is teacher training to integrate all these concepts for the overall health development of schoolchildren and adolescents. Hence, developing theoretical models to improve the communication skills of teachers and physical trainers and providing them with didactic resources to foster learning climates based on more self-determined motivation is important (Chen L. et al.). Since motivation drives human behavior, it is necessary to understand how to internally motivate children and adolescents, especially from early ages, to foster values such as personal and social responsibility and the intention to engage in physical activity in the present and future (Manzano-Sánchez). Closely linked to motivation, emotional intelligence could influence increased life satisfaction and reduced anxiety levels, making its study essential. It seems that clarity and emotional repair variables can act as mediators, reduces the negative effects of anxiety (Calleja-Núñez et al.). Other psychological aspects that explain human behavior, such as personality traits, are fundamental in Physical Education classes, as they can predict satisfaction with classes, as indicated by Chen Z. et al. in older students.

Finally, it is important to consider the age and sex of students, as these aspects can influence the degree of physical activity, making it advisable to implement study plans that address these differences in Physical Education classes, investing in appropriate facilities and materials (Ma et al.).
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Exergaming, or technology-driven physical exercise, has gained popularity in recent years. Its applications include physical education, health promotion, and rehabilitation. Although studies have obtained promising results regarding the positive effects of exergaming, the outcomes of exergaming for different populations remain undetermined. Inconsistencies in the literature on this topic have multiple potential explanations, including the content and demand of the exergames and the capability of the exergamer. A model with a sound theoretical framework is required to facilitate matching between games and gamers. This article proposes a relational model based on a matrix of Bloom’s taxonomy of learning domains and the performance components of exergames. Appropriate matching of the physical demands of an exergame and the ability of the exergamer would enhance the effective usage of exergaming for individuals with various needs. This theory-based exergame model is developed to promote the general development, physical status, and psychosocial well-being of students, older adults, and individuals with rehabilitation needs. This model may provide a resource for future research on the application, effectiveness, and design of exergaming.

KEYWORDS
 model of exergame, Bloom’s taxonomy, exergame selection, health and well-being, education


Introduction

Exergaming has recently gained popularity among children and adolescents (Benzing and Schmidt, 2019; Milajerdi et al., 2021). A survey in Norway indicated that in 2020, 96% of boys and 76% of girls reported playing video games regularly, whereas the corresponding figures were 96 and 63% in 2018 (Norwegian Media Authority, 2020). A study in Canada involving 1,241 students in grades 10 and 11 revealed that 24% of the participants reported exergaming, and they played an average of 2 days per week for approximately 50 min each session (O'Loughlin et al., 2012).

Exergaming combines exercise and gaming and can also be called active video gaming. Advances in digital gaming technology have enabled a player’s body movements to replace the button presses of traditional sedentary gaming. Video gaming technology has advanced from motion-sensing handles to optical sensors that allow for more realistic whole-body movement. This development has prompted researchers to explore the potential applications of exergames and active video games in physical education (Annetta, 2008; Papastergiou, 2009; Staiano and Calvert, 2011; Perlman et al., 2012; Rüth and Kaspar, 2021), health promotion (Biddiss and Irwin, 2010; Emara et al., 2020), clinical rehabilitation (Anderson-Hanley et al., 2011; Chen et al., 2012; Howcroft et al., 2012; Vieira et al., 2021), and cognitive training (Green and Bavelier, 2012; Kiili and Perttula, 2012; Kolovelonis et al., 2023). Studies have demonstrated the potential beneficial effects of exergame interventions on physical rehabilitation for conditions such as Parkinson’s disease and stroke (Harris et al., 2015; Ribas et al., 2017; Cikajlo et al., 2020).

The present study defined exergaming, reviewed current research findings on its effects on different population groups, and recommended further research on its optimal use as an educational and physical exercise tool. We argued that exergaming is a beneficial tool that can (1) increase the level of physical exercise of the general public, (2) promote learning and physical education in students, and (3) facilitate rehabilitation. These purposes can be better achieved if the demands of exergames complement the player’s ability. Therefore, this study proposes a model with a multidimensional perspective to ensure precise matching of the demands of an exergame and the player’s ability.



Scope of exergaming


Promotion of exercise in children and adolescent gamers

One of the most widely recognized benefits of exergaming is its promotion of physical activity in children and adolescents (Daley, 2009; Biddiss and Irwin, 2010; Gao and Xiang, 2013). The growing global childhood obesity rate has attracted the attention of numerous experts. Insufficient physical activity is a primary cause of this trend (WHO Consultation on Obesity, 2000; World Health Organization, 2021). In contrast to traditional sedentary video games, exergames provide enjoyment and modest levels of physical exercise for players. Exergames offer physical benefits to children and foster sports-related interests and skills (Staiano and Calvert, 2011). Exergame players have a light to moderate level of energy expenditure, which is twice that of sedentary video game players (Lanningham-Foster et al., 2006; Maddison et al., 2007; Biddiss and Irwin, 2010; Ramírez-Granizo et al., 2020). In addition, different researches on children who participated in a graded exercise test indicated that high-intensity exergaming can increase heart rate and energy expenditure, which can affect vascular function and arterial adaptations in children (Mills et al., 2013; Chen and Sun, 2017). A randomized controlled trial revealed a small but definite effect of exergaming on body mass index and body composition in obese children (Maddison et al., 2011). These results indicate that exergaming is an adequate alternative to physical activity.



Physical and psychological benefits of exergaming

Exergaming was demonstrated to improve children’s executive functioning (Kolovelonis et al., 2023). One study showed that an exergame involving repetitive physical activity similar to jogging on a treadmill enhanced children’s ability to resolve interference from conflicting visuospatial stimuli (Best, 2012). These effects were noted both in children and in older adults. A meta-analysis indicated that exergaming improved several functions in older adults, such as cognition, motor function, and balance (Fernandes et al., 2022). Another group of adult trainees who engaged in 24 sessions of 1-h exergame training had significantly greater improvements in their measures of physical function and their cognitive measures of executive control and processing speed than control participants did (Maillot et al., 2012).

Many exergamers experience enjoyment when playing. In addition, exergaming, as an alternative form of physical exercise, promotes psychological health. A study revealed that exergaming significantly improved reaction time, subjective happiness, and mental well-being in young adults (Hastürk and Munusturlar, 2022). Another study of 168 college students revealed that exergaming had short-term (approximately 10 min) but not immediate benefits compared to sedentary activity (Russell and Newton, 2008). In addition, exergaming promotes exercise self-efficacy. A study on the effects of group exergaming revealed that adolescents with obesity who participated in a dance-based exergaming group had significantly enhanced self-reported exercise competence and improved relationships with their parents (Wagener et al., 2012). One study indicated that exergaming helped alleviate depression (Li et al., 2016).

Traditional video games also have significant positive effects on multiple health-related outcomes. One review indicated that sedentary video games improved 69% of psychotherapy outcomes, 59% of physical therapy outcomes, 50% of physical activity outcomes, 42% of health education outcomes, 42% of pain control outcomes, and 37% of disease self-management outcomes (Primack et al., 2012). Although no study has analyzed the effects of exergaming on these outcomes, similar effects can be reasonably predicted.




Pitfalls of exergaming

Although considerable evidence indicates that exergames enhance physical and psychosocial health in children, some researchers hold opposite opinions. A naturalistic study investigated whether children playing a new exergame spontaneously engaged more in physical activity than those playing a sedentary game; the evidence did not indicate that children playing active video games were more active in general (Baranowski et al., 2012). This result also raises the question of whether exergaming can affect the long-term physical health of children.

A review of 14 descriptive studies, one uncontrolled trial, and two pilot randomized controlled trials concluded that evidence remains mixed on the subject. No adequately powered randomized controlled trial has assessed the long-term effects of exergaming on children’s health (Daley, 2009).

Rüth and Kaspar (2021) described multiple potential critical pitfalls of exergaming, which included the following: (1) unhealthy exercise due to inappropriate training intensity; (2) negative motivational, emotional, and cognitive effects of the competitive mode that hamper physical activity or cause undesirable side effects; and (3) experiences that are not shared or considered worthy of discussion. When exergaming is used as a form of physical education, education- and health-related topics are not discussed during the exergame. Opportunities for communication are limited, and discussion may result in conflicts with others.

These drawbacks may not result from exergaming itself but from the selection of exergames. The content and difficulty level of a game may result in improper matching with the gamer’s ability, which may affect the usage of exergaming.



Choice of exergame

Exergames are interactive and provide physical exercise and workouts rather than promoting the behaviors (e.g., fighting) of traditional sedentary video games. Thus, whether exergames also produce the negative effects of conventional video games remains unclear. Although studies have reported the negative effects of video games, no studies are known to have reported the adverse effects of exergaming.

Some authors have contended that employing video games as a learning mode can be more enjoyable and stimulating than traditional modes of teaching and learning (Prensky, 2001; Gee, 2003; Kiili and Perttula, 2012). Teachers have employed video games for textbook replacements, homework assignments, and virtual learning (Annetta, 2008). Exergaming is an appealing educational tool for children and adolescents. Nevertheless, because of the mixed results on the effects of exergaming, additional research should investigate factors such as players’ preferences and the difficulty levels of games (Daley, 2009).

Empirical research on why and how games affect students is essential as exergaming gains attention and popularity in education. Therefore, the present study constructs a classification system for exergames to facilitate future research and to effectively incorporate exergaming into educational contexts.


Classification of exergames

Studies have classified video games by function, form, and genre (Solomon, 1984; Rebetez and Betrancourt, 2007; Sheehan and Katz, 2010). Solomon (1984) proposed a classification of video games that includes (1) simulations (the game reflects reality), (2) abstract games (the game itself is the focus of interest), and (3) sports. Another study classified video games into six types, namely (1) general entertainment, (2) educational, (3) fantasy violence, (4) human violence, (5) nonviolent sports, and (6) sports violence (Funk and Buchman, 1996).

The Exergame Network, an international collaboration of health and fitness practitioners, exergame developers, and researchers, proposed the following five basic types of exergames: (1) workout exergames—the player completes a workout based on the advice of the game; (2) control exergames—the player uses different body parts to control the game; (3) exergame machines—the player uses real fitness equipment to play the game; (4) sensory exergames—the player must jump and run to earn points; and (5) rhythm exergames—the player becomes a musician or dancer and is guided by music (The Exergame Network, 2012). This system classifies exergames by their motion and perception demands on the player and may be inadequate for enabling exergame adoption in children’s education.

Exergames must be individualized and tailored to the target population to yield the greatest benefit (Mishra et al., 2016). Because individualized exergame designs are complex and costly, developing a comprehensive model to facilitate the tailoring of exergames is essential.



Components of exergames from a learning perspective

A growing number of scholars have recommended using exergame learning applications, particularly in physical education (Fogel et al., 2010; Staiano and Calvert, 2011; Best, 2012; Kiili and Perttula, 2012; Ramírez-Granizo et al., 2020). Learning objectives are required when exergames are used as a learning and teaching tool. They are the building blocks of conceptual knowledge and the skills that help students develop understanding and strength.

Bloom (1956) proposed a taxonomy that classifies learning into three separate domains, namely the (1) cognitive domain, (2) affective domain, and (3) motor domain (Forehand, 2005; Huitt, 2011; Hoque, 2016). It is a model to categorize and organize different levels of learning. Cognitive domain includes intellectual skills and abilities related to knowledge, understanding, and thinking. It is further divided into six levels, which are remembering, understanding, applying, analyzing, evaluating, and creating (Huitt, 2011). Affective domain, on the other hand, includes emotional and social skills and abilities related to attitudes, values, and beliefs. It focuses on how students develop feelings, interests, and attitudes toward learning, and how they interact with others. The affective domain is divided into five levels, which are receiving, responding, valuing, organizing, and characterizing (Savickiene, 2010). About the psychomotor domain, it includes physical skills and abilities related to movement, coordination, and dexterity. The psychomotor domain is less commonly used than the cognitive and affective domains but is relevant for subjects that require hands-on skills or physical activity. The psychomotor domain is divided into six levels, which are perception, set, guided response, mechanism, complex overt response, and adaptation (Begam and Tholappan, 2018).

By including all three domains in education planning, it is able to create a holistic approach to learning that addresses not only the intellectual but also the emotional and physical aspects of student development. This can lead to a more comprehensive and effective educational experience for learners (Krathwohl, 2002; Halawi et al., 2009; Seaman, 2011).

The present study employs Bloom’s taxonomy as a framework to analyze the effects of exergaming on exergamers (Cooper and Higgins, 2015). The primary purpose of broadening exergame use in learning is to enhance motor, cognitive, and emotional–social skills. A multidimensional perspective should be employed to analyze the potential uses of exergaming. Precise matching between the demands of an exergame and the ability of the exergamer is crucial.

Subdivision of the learning domains can provide a detailed framework for the analysis of exergame demands (Figure 1).
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FIGURE 1
 Matrix of learning domains, performance components, and matching between demands of exergame and ability of exergamer.


The ability to control voluntary muscle movement is critical to motor development. Motor skills are generally divided into gross and fine skills; gross motor skills involve the use of large muscles in the arms, legs, and torso, and fine motor skills involve the precision, dexterity, and coordination of the hands and fingers (Logan et al., 2018). The motor domain of this model comprises three basic performance components: (1) gross motor skills, (2) fine motor skills, and (3) perceptual motor skills (Bayley, 1999; Frost et al., 2012). These abilities encompass the fundamental motion and coordination demands of exergaming and are also key aspects of physical development. Gross motor skills include balance and coordination, posture control, and whole-body movement, skills that are commonly required in many exergames (Reynolds et al., 2014).

Cognitive development, evidenced by one’s ability to think and understand, results from information processing, concept formation, perceptual skills, language learning, and other brain functions (Richardson, 2019). The cognitive domain in our proposed model is divided into the following performance components: (1) memory, (2) visual perception, (3) executive functions, and (4) attention (Greeno et al., 1996). It is unapparent that most exergames demand several cognitive skills. All exergames require a certain level of attention and visual perception. In addition, memory and executive functions are closely associated with the player’s response to an exergame (Eggenberger et al., 2020; Zhao et al., 2022).

Social development reflects a child’s ability to interact with peers and adults in a socially acceptable manner. Video gamers are not confined to an isolated console but are connected to many other gamers worldwide through the Internet (Kooiman and Sheehan, 2015). This technological advancement imbues exergames with social and emotional elements (Li et al., 2018). The social–emotional domain of the proposed model is divided into the following performance components: (1) emotion, (2) self-efficacy, (3) social skills, and (4) enjoyment (Harris, 1988; Moissinac, 2003). These factors are crucial in the social development of children (Han and Kemple, 2006).



Matching exergame demand and player ability

More vigorous research studies are required because of the growing interest in exergames as educational and rehabilitation tools. Although adverse effects of exergames have not been reported, exercising caution is crucial in the developmental stage. Notably, when adopting exergaming as a teaching and learning tool, the demands of the exergame should be carefully matched with the player’s motor, cognitive, and social abilities. The present study’s proposed classification system may inform pedagogical practices and provide insight into the integration of exergaming and education. In addition, this model may provide an essential reference for future exergaming regulations prior to its inclusion in education curricula.

Undeniable differences are present between real sports and exergaming. Replacing real sports with exergaming for children requires careful contemplation. The proposed classification system may guide the systematic study of the effects of exergaming and the dissimilarities between real sports and the sport-like activity of exergaming. Many advancements may be made in exergaming hardware and software, and systematic studies of the effects of exergaming should guide such advancements.

The proposed system may contribute to the subsequent development of a standard-level classification system, which can ensure the positive and healthy growth of exergaming. Until now, the adverse effects of exergaming remained unexplored; this study discussed both the positive and negative effects of exergaming on the health and well-being of children. Relevant studies have revealed a trend in the increased use of exergames in the educational context.




Conclusion

This article summarizes the benefits of exergaming on gamers’ physical and psychosocial well-being. Although the potential benefits of exergaming have been reported, selecting suitable exergames to match the needs of gamers is crucial to optimize these benefits. This study proposed a model based on a matrix of learning domains, the performance components of exergames, and the matching of the exergame demands with the ability of the exergamer. Based on Bloom’s taxonomy (Bloom, 1956) of learning domains, the model enables the proper and effective selection of exergames for various purposes.

An exergame analysis is essential to maximize the benefits of exergaming with respect to rehabilitation and training. A wide variety of highly individualized exergames are commercially available and include multiple therapeutic elements. This study adopted a learning perspective framework to analyze the contents of exergames for multiple reasons. First, exergames have been widely employed to enhance children’s physical, cognitive, and mental functioning. An analysis based on a learning perspective is therefore appropriate. Second, for different populations, exergaming can be considered a growth process through which the gamer acquires skills to enhance their overall well-being. Thus, a developmental evaluation would be most appropriate for assessing exergame types.

Finally, the appropriate matching of gamers and exergames may determine the efficacy and effectiveness of exergame training. Some contradictory findings regarding the effectiveness of exergaming are believed to have resulted from inappropriate matching between the needs of gamers and the demands of exergames. Therefore, the proposed theoretical framework for the use of exergames can help maximize the benefits of exergaming.
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Purpose: Physical fitness and fundamental motor skills are two important aspects for the healthy development of preschoolers. Despite the growing interest in clarifying their relationship, the scarcity of longitudinal studies prevents us from understanding causality.

Method: This study employed a cross-lagged model with two time points to investigate the bidirectional relationship between these two aspects. A total of 174 preschoolers (54.0% girls) from 3 to 6 years old (M = 3.96 ± 0.47) were surveyed, they were recruited by convenience from two kindergartens in Beijing, China, and their physical fitness (via CNPFDSM-EC) and fundamental motor skills (via TGMD-3) were tracked over a period of 6 months.

Results: The findings revealed a bidirectional predictive effect. The predictive strength of flexibility was found to be lower than other physical fitness aspects, while locomotor skills demonstrated a higher predictive strength than object control skills.

Conclusion: This study indicates that physical fitness and fundamental motor skills mutually enhance each other in young children, and both should be emphasized in preschool sports education.

KEYWORDS
 fundamental motor skills, physical fitness, preschoolers, longitudinal data, cross-lagged model


1. Introduction

Fundamental motor skills and physical fitness are crucial factors in fostering positive trajectories of health over time. Fundamental motor skills refer to basic, non-naturally occurring, and learnable movement patterns (Haywood and Getchell, 2014). In early life, mastering a broad range of these skills is beneficial for future learning of more complex motor skills, active and continuous participation in various sports, and the development of a lifelong exercise habit (Henrique et al., 2016). Furthermore, during this developmental period, fundamental motor skills are positively correlated with children’s physical activity, healthy weight status, and even their academic performance (Robinson et al., 2015; Engel et al., 2018; de Waal, 2019). Physical fitness refers to an individual’s capacity to undertake physical activity. Its components include cardiorespiratory fitness, muscular strength, speed-agility and flexibility (Caspersen et al., 1985), and it is a health and well-being indicator even from a young age (Ortega et al., 2008). Moreover, physical fitness is thought to have a positive effect on a range of psychological indicators, such as cognition, depression, and self-esteem (Cadenas-Sanchez et al., 2021).

Fundamental motor skills and physical fitness are correlated in early childhood (Utesch et al., 2019). The conceptual framework presented by Stodden (2008) explains that the acquisition of motor skill competence in fundamental motor skills in early childhood (2–5 years of age) serves to enhance physical fitness. As the child ages, this relationship evolves into a bidirectional one in mid to late childhood. Similarly, Hulteen et al. (2018) propose a model that delineates the progression of motor skills over time. This model illustrates that skill development can either be hindered or enhanced by physical and psychological factors such as physical fitness and perceived competence. Both models emphasize the importance of understanding the development of fundamental motor skills and physical fitness, as well as their influence on each other.

Although both models hypothesize a relationship between fundamental motor skills and physical fitness during early childhood, the current research evidence is quite limited. This is supported by the results of a meta-analysis, which underscores the lack of studies investigating the relationship between fundamental motor skills and physical fitness in children younger than 7–8 years of age (Utesch et al., 2019). Only two cross-sectional studies have explored the correlation between these two aspects among preschoolers. Frith and Loprinzi (2019) demonstrated a positive correlation between motor skills and musculoskeletal endurance (measured via the plank test), and Wang et al. (2019) supported a low to moderate positive association between fundamental motor skills and physical fitness. However, due to the cross-sectional nature of these studies, it’s impossible to determine causality in their co-development. Longitudinal studies provide the potential to uncover their dynamic and reciprocal relationship. This capability will assist researchers and practitioners in understanding how to stimulate and nurture physical fitness and motor competence more effectively. The ultimate goal is to improve health outcomes and promote lifelong physical activity.

Thus, the goal of this study is to employ a longitudinal study design, comprising two time points, to explore the relationship between physical fitness and fundamental motor skills through a cross-lagged model, after controlling for confounding factors such as age, gender and BMI. Our hypothesis is that the relationship between these two aspects at the preschool age is bidirectional and mutually reinforcing.



2. Materials and methods


2.1. Participants

An observational longitudinal design was used to study 174 typically developed children (54.0% girls) from 3 to 6 years old (M = 3.96 ± 0.47) at baseline. Participants were recruited by convenience from two kindergartens in Beijing, China. Data were collected two time points, the baseline test (T1) was conducted from November to December 2020, and the follow-up test (T2) was conducted at a 6-month interval, from May to June 2021. A total of 212 children participated in T1, and 174 participated in T2 (the lower number being a result of absences, illnesses and transfers), with an attrition rate of 17.5%. Analysis of the attrition sample, chi-square and t-test results suggested no significant difference between children who continued to participate in the study and those who did not, in terms of gender (χ2 = 2.71, p = 0.23); age (t = 0.97, p = 0.45) and aspects of physical fitness and fundamental motor skills (p > 0.05). This indicated random attrition. Parents of all participants signed the Parental Informed Consent Form to indicate their consent to participate in the study.



2.2. Instruments

Fundamental motor skills were assessed using the third edition of the Test of Gross Motor Development (TGMD-3), a process-oriented test that contains locomotor and object control subtests (Ulrich, 2013) The former subtest comprised 6 skills: running, horizontal jump, hop, gallop, slide, and skip; and the latter 7: two-handed strike of a stationary ball, forehand strike of self-bounced ball, one hand stationary dribble, overhand throw, underhand throw, two-handed catch, and kicking a stationary ball. Each skill in TGMD-3 was tested twice and scored according to 3 to 5 criteria, with 1 point for meeting one criterion and 0 points for meeting none. The original score was 46 for locomotor skills, 54 for object control motor skills, and 100 for total score. This scale has acceptable internal consistency and test–retest reliability for Chinese children (Ning et al., 2016a; Diao et al., 2018).

Physical fitness was assessed using the early childhood section of the China National Physical Fitness Determination Standard Manual(CNPFDSM-EC), formulated by the State General Administration of Sports (Zhang et al., 2017). The test comprised 6 items: 10-meter shuttle run, horizontal jump, tennis ball throwing, continuous jumping with both feet, sit-and-reach, and balance beam walking. All items were measured twice, and the best score taken. In addition to physical fitness, the height and weight of the preschoolers were measured, and the Body Mass Index (BMI = weight/[height2]) was calculated. The classification of overweight and obese used in this study is based on the BMI criteria established by the International Obesity Working Group (Cole, 2000).



2.3. Procedure

All tests were conducted in the playgrounds of the respective schools and lasted approximately 30–45 min per child.

Tests of fundamental motor skills were performed by two trained research assistants, one of whom was responsible for demonstrating and testing, and the other for recording the preschoolers’ performances using a video camera. The testing protocol began with a single demonstration by the research assistant, followed by one practice trial. If the child’s performance during the trial was deemed incorrect, an additional demonstration was provided. Subsequently, two formal tests were administered. After the test, a trained observer assessed the child’s performance via video. The observer had a previously established 93% interrater agreement with a trained researcher.

Physical fitness, height and weight tests were administered by three additional trained research assistants. Each assistant had a distinct role: one conducted the tests, another ensured the children’s safety, and the third recorded the test results. To ensure both testing efficiency and adherence to the principles of static and dynamic performance during the testing process, a sequence was established: balance beam walking, 10-meter shuttle run, standing long jump, tennis ball throwing, continuous jumping with both feet, sit-and-reach. The final measurements were height and weight.



2.4. Statistical analyses

First, descriptive statistics were obtained for each variable, and the age and gender characteristics of BMI, physical fitness and fundamental motor skills were presented by a two-way analysis of variance (two-way ANOVA), with the changes in the development of each variable over time presented in a paired t-test. Second, to examine the correlation between BMI, physical fitness and fundamental motor skills at two time points, correlation indexes were calculated through Pearson’s correlation coefficient. Finally, cross-lagged models were used, controlling for variables such as age, gender and BMI, to further confirm the chronological order and causality between physical fitness and fundamental motor skills.

The two-way ANOVA, paired t-test and correlation analysis were performed in SPSS 18.0, and the cross-lagged model test in Mplus 8.3. The fit index and acceptable critical values used for the cross-lagged model assessment were χ2, df (χ2 / df < 2), CFI (> 0.90), TLI (> 0.90), RMSEA (< 0.08), and SRMR (< 0.08), respectively, as used in previous studies (Hu and Bentler, 1999).




3. Results


3.1. Descriptive data and correlations

Before examining the cross-lagged model, we tested the descriptive data and correlation matrix. The results of the two-way ANOVA showed that the main effects of age and gender were significant in both T1 and T2, but there was no interaction between the variables (see Table 1). For this reason, only the separate effects of age and gender will be analyzed.



TABLE 1 Main effects and interaction analysis of age and gender.
[image: Table1]

At T1, the main effects of age on BMI and sit-and-reach were not significant, while the remaining indicators of physical fitness and fundamental motor skills had a significant main effect and increased with age. The main effect of gender was significant only in tennis ball throwing and object control skills, where boys scored significantly higher (F = 23.121, p < 0.001, ηp2 = 0.171; and F = 11.181, p < 0.001, ηp2 = 0.134 respectively) (see Table 2). At T2, the main effects of age on BMI and object control skills were not significant, the remaining indicators also increased with age, with a significant main effect. The main effect of gender was significant only in tennis ball throwing, object control skills and sit-and-reach. In the former two, boys scored significantly higher (F = 16.690, p < 0.001, ηp2 = 0.152; and F = 16.064, p < 0.001, ηp2 = 0.147 respectively), but had lower scores in sit-and-reach (F = 11.181, p = 0.001, ηp2 = 0.134) (see Table 3). The 6-month follow-up data suggested that the BMI of participants did not change over time (t = 1.109, p = 0.270), while the other indicators improved significantly (see Table 4).



TABLE 2 Descriptive statistics at T1.
[image: Table2]



TABLE 3 Descriptive statistics at T2.
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TABLE 4 Changes between T1 and T2 data.
[image: Table4]

As can be seen from the results of the correlation matrix, BMI was not significantly correlated with either fundamental motor skills or physical fitness. The correlation between sit-and-reach and fundamental motor skills was weak, and the rest of the physical fitness were significantly correlated with fundamental motor skills (see Table 5).



TABLE 5 Correlation analysis at T1 and T2.
[image: Table5]



3.2. Cross-lagged model results

On the basis of the correlation analysis, the cross-lagged model was used to explore the longitudinal relationship between physical fitness and fundamental motor skills. The results showed that age and gender had significant effects on both, while BMI did not. As a result, only age and gender were included as control variables in the model. The model had a good degree of fit: χ2 = 120.73, df = 84, χ2/df = 1.44, p > 0.05, RMSEA = 0.067, CFI = 0.951, TLI = 0.931, SRMR = 0.049.

Figure 1 showed that T1 physical fitness effectively predicted T2 physical fitness (β = 0.74, SE = 0.086, p < 0.001), and similarly, T1 fundamental motor skills effectively predicted T2 fundamental motor skills (β = 0.43, SE = 0.212, p = 0.043), In terms of the β coefficient, physical fitness has greater stability compared to fundamental motor skills. After controlling for the effects of age, gender, and autoregressive effects, T1 fundamental motor skills effectively predicted T2 physical fitness (β = 0.20, SE = 0.094, p = 0.034). Among the two dimensions of fundamental motor skills, the factor loadings for locomotor skills were higher than those for object control skills. Furthermore, T1 physical fitness also effectively predicted T2 fundamental motor skills (β = 0.50, SE = 0.212, p = 0.017). In physical fitness, the factor loadings of sit-and-reach were lower than those of the other dimensions.

[image: Figure 1]

FIGURE 1
 Cross-lagged model results for physical fitness and fundamental motor skills.





4. Discussion

This study used a cross-lagged model to investigate the bidirectional relationship between physical fitness and fundamental motor skills in preschoolers. In doing so, it compensated for the shortcomings of previous cross-sectional studies that could determine the magnitude but not the direction of the association, and provided new evidence for the relationship. The findings support our proposed research hypothesis that preschoolers’ fundamental motor skill levels could predict physical fitness (and vice versa) 6 months later.

To control the extraneous variables in the subsequent cross-lagged model, this study first examined the demographic variables of age, gender, and BMI. The results showed that age and gender had a significant effect on physical fitness and fundamental motor skills, while BMI did not. When cross-sectional and longitudinal data were combined, all indicators except BMI increased with age, which is consistent with previous studies (Yang et al., 2015; Ning et al., 2016b; Tu et al., 2021), and with the growth and development patterns of preschoolers. Boys outperformed girls in both object control skills and tennis ball throwing, whereas girls excelled in sit-and-reach. The TGMD-3 also found gender differences in fundamental motor skills when establishing regional norms in the United States (Ulrich, 2019) and Shanghai, China (Diao et al., 2018), thereby setting separate object control skill norms for boys and girls. Previous studies suggest that such gender differences are not biological (Goodway et al., 2021) but are associated with family, environmental, and sociocultural factors (Krombholz, 2006; Spessato et al., 2012; Iivonen and Sääkslahti, 2014). For example: parents tend to encourage boys to participate in ball games, and girls in sports related to gymnastics, dance, or role-play. As a result, boys and girls have different sporting experiences that cause them to perform differently in tennis ball throwing and sit-and-reach. The analysis in this study revealed no association between BMI and either physical fitness or fundamental motor skills. This contradicts previous studies that found a negative relationship between BMI and fundamental motor skills, particularly locomotor skills (Southall et al., 2004; Zhou, 2020). This is because preschoolers need to overcome gravity to coordinate their body movements; overweight and obese children find this more challenging, resulting in lower locomotor skills scores. A Chinese study that investigated the effect of weight on the physical fitness of children aged 5–6 found that the group with normal body weight had a higher level of physical fitness than the under-and overweight groups (Xu et al., 2015). The small number of overweight and obese children in this study’s sample (only 5%) may explain why BMI did not correlate with other indicators.

The cross-lagged results for fundamental motor skills and physical fitness in preschoolers revealed that T1 fundamental motor skills effectively predicted T2 physical fitness. This aligns with several previous longitudinal studies, which found that proficient fundamental motor skills in early childhood had a positive effect on future physical development, including cardiopulmonary endurance, and muscle endurance and strength (Hands, 2008; Fransen et al., 2014; Vlahov et al., 2014; Lima et al., 2019). Fransen et al. (2014) investigated fundamental motor skills, physical fitness and participation in physical activity among 6-year-olds in a two-year follow-up study, and found that children with low levels of movement rarely participated in physical activities. This resulted in a lack of opportunity to develop their fundamental motor skills and physical fitness, which in turn prevented them from catching up with their more active peers. Most of the studies discussed primarily examined the effects of locomotor and stability skills on physical fitness. Our study found further proof of the important role of object control skills in the development of physical fitness. Although the factor loadings for object control skills (0.59) were lower than those for locomotor skills (0.79), this might be related to the composition of the physical fitness test items and the short follow-up period. It does not imply that object control skills are less important than locomotor skills. Vlahov et al. (2014) found in their 11-year follow-up study that object control skills in preschoolers were more predictive of physical fitness in high school than locomotor skills. Despite our study’s shorter follow-up period (6 months), it provides evidence that fundamental motor skills are equally predictive of physical fitness in the short term.

The study also discovered that T1 physical fitness effectively predicted T2 fundamental motor skills, which does not support Stodden’s hypothesis of a unidirectional relationship between physical fitness and fundamental motor skills in early childhood (Stodden, 2008). Two longitudinal studies also found that the performance of 6-year-old children in grip, horizontal jump, and the 1-mile walk could predict fundamental motor skills at age 9 (dos Santos et al., 2018; Henrique et al., 2018). Wang et al. (2019) demonstrated that physical fitness explained 15–16 percent of motor skill variance. All these studies provide evidence of a bidirectional relationship between fundamental motor skills and physical fitness. Among the six physical fitness in this study, the factor loadings for flexibility, measured by sit-and-reach, were substantially lower than those of other fitness. This result aligns with previous studies, Coppens et al. (2019) found that flexibility in 8-year-old children did not predict fundamental motor skill levels two years later. Although flexibility is structurally less correlated with motor skills from a theoretical perspective, its actual impact needs to be confirmed by further studies, as current research is limited. Cattuzzo et al. (2016) highlighted that the interrelationship between fundamental motor skills and physical fitness is closely related, as both require substantial neuromuscular control to achieve efficient and coordinated motor performance. Furthermore, the two are related both directly, through neuromuscular function, and indirectly, through participation in physical activities. Therefore, Fundamental motor skills and physical fitness mutually enhance each other in early childhood, and both should be the focus of sports promotion in preschools.


4.1. Research limitations and prospects

This study contained some limitations that should be addressed in future research. Firstly, it utilized a limited number of variables; similar studies usually include a cardiorespiratory test, such as the 20-meter shuttle run, when measuring physical fitness in preschoolers. Additionally, fundamental motor skills include stability skills in addition to locomotor and object control (Barnett et al., 2016). Future studies are recommended to include more variables to explore the role of stability skills and their impact on physical fitness. In addition, sample size is considered important in longitudinal studies. To ensure acceptable attrition rates and account for the rapid growth and development during preschool years, this study used a six-month follow-up interval. However, it was not determined whether this interval was optimal for observing the developmental patterns of both variables. To more comprehensively reveal the developmental trends of the variables and the patterns of the relationships between them, future studies could obtain more accurate relationships between the development of physical fitness and fundamental motor skills in preschoolers by expanding the sample size and extending the duration and number of follow-ups.



4.2. Practical applications

Educators should take a balanced view when evaluating the role of fundamental motor skills in pre-school physical education. This study indicates a bidirectional predictive relationship between fundamental motor skills and physical fitness; in fact, physical fitness plays an even stronger predictive role in the development of fundamental motor skills. This two-way relationship contrasts with older perspectives, notably the Stodden’s theoretical model, which posited fundamental motor skills as the sole basis for physical fitness in preschoolers. Relying solely on such a model can result in an imbalanced curriculum that overemphasizes motor skills, hindering well-rounded development in young children.

Moreover, educators should continuously expand their understanding of both fundamental motor skills and physical fitness for preschoolers. Initial surveys from this study revealed that kindergarten teachers in China often have a narrow view, associating fundamental motor skills mainly with actions like “walking, running, jumping, throwing, crawling, climbing, and scaling.” This focus predominantly on locomotor skills overlooks the comprehensive framework of fundamental motor skills, which includes three key dimensions: locomotor, object control, and stability (Barnett et al., 2016). Additionally, in terms of physical fitness, strength, speed, and endurance should not be the focus for preschoolers who lack the necessary physical foundation; instead, attributes related to rapid neurological development such as agility, balance, and coordination should be emphasized (Istvan et al., 2013).




5. Conclusion

Physical fitness and fundamental motor skills have been found to exhibit a bidirectional predictive effect in preschoolers. Flexibility, compared to other forms of physical fitness, shows a weaker prediction, while locomotor skills predict more effectively than object control skills. This study provides new evidence for Stodden’s theoretical model, and underscoring the importance of simultaneous learning of physical fitness and fundamental motor skills during preschool years to foster the health and development of young children.
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Objective: The main objective of the present study was to examine the effects of an intermittent teaching unit based on the use of activity wristbands and behavior modification strategies on high school studentsʼ perceptions of autonomy support, satisfaction of basic psychological needs, motivation toward Physical Education and physical activity, intention to be physically active, and habitual physical activity levels.

Materials and methods: An initial sample of 353 high school students (final sample = 175; 45.7% females; mean age = 13.3 ± 1.2 years) from two public high schools were cluster-randomly assigned into the intermittent (IG, n = 100) and control (CG, n = 75) groups. The IG performed an intermittent teaching unit twice a week for eight weeks. Specifically, the last 15 min of each lesson were used. As the main strategy to promote the practice of regular physical activity, students wore an activity wristband the whole day during the intervention period. Additionally, other behavior modification strategies were also applied (e.g., educational counseling, physical activity goals or reminders). Regarding the CG, during the intervention period (i.e, the eight weeks that took place the intermittent teaching unit) they also performed two Physical Education sessions, but without using activity wristbands or other behavior modification strategies. Before and after the intervention, as well as at the end of the follow-up period (six weeks), students’ physical activity practice mediators and physical activity levels were measured by validated questionnaires.

Results: The Multilevel Linear Model results showed that the IG students statistically significantly improved cognitive and procedural autonomy support from pre- to post-intervention (p < 0.05). They also statistically significantly improved autonomy and relatedness basic psychological needs, and autonomous motivation toward physical activity scores from post-intervention to follow-up (p < 0.05). Moreover, the results showed that the IG students statistically significantly improved habitual physical activity scores from pre- to post-intervention, and from post-intervention to follow-up (p < 0.05).

Conclusion: The intermittent teaching unit based on the use of activity wristbands and other behavior modification strategies was effective for improving studentsʼ autonomy support and habitual physical activity levels, but not the rest of physical activity practice mediators.

Clinical trial registration: https://register.clinicaltrials.gov/, ID: NCT05949463.

KEYWORDS
 innovative program, wrist-worn wearables, autonomy support, motivation, physical activity levels, trans-contextual model, high school students


1. Introduction

Health benefits of regular physical activity (PA) in adolescents are well known (World Health Organization, 2020). The World Health Organization (2020) recommends that adolescents should do at least an average of 60 min per day of moderate-to-vigorous PA (MVPA) across the week. However, worldwide more than 80% of adolescents do not meet this recommendation (Guthold et al., 2020). Therefore, the promotion of adequate PA levels among adolescents is an important public health priority, which can take place in different settings of daily life (World Health Organization, 2018). Among others, the Physical Education (PE) subject plays an essential role in adolescents’ PA promotion (Association for Physical Education, 2020; World Health Organization, 2020), because it has been shown to have positive effects on their PA levels at school (Mayorga-Vega et al., 2018). Also, it provides adolescents with health literacy skills that empower them to be physically active outside school (Slingerland and Borghouts, 2011).

Although one of the main PE national standards worldwide is the promotion of studentsʼ lifelong PA (European Commission/EACEA/Eurydice, 2013; SHAPE America, 2013), there are several limitations that make difficult its achievement (Casado-Robles et al., 2019). For example, the large volume of curricular objectives and contents that have to be developed in a fairly limited time (Casado-Robles et al., 2019) or the difficulty of controlling studentsʼ PA outside school (Casado-Robles et al., 2019). A feasible solution could be promoting PA practice through the application of the intermittent teaching unit structure proposed by Viciana and Mayorga-Vega (2016). Intermittent teaching units are defined as those teaching units given in small temporary periods during all the lessons of the course or of a specific period (Viciana and Mayorga-Vega, 2016). For instance, this innovative structure of the teaching unit could consist of only a few minutes of each PE lesson (e.g., the last 15 min) for several lessons. Thus, it allows for dividing the lesson into several parts (i.e., two) and developing two or more related curricular objectives during the same lesson. This could provide teachers a more efficient use of the limited PE time developing various goals during the lessons, and students the opportunity to establish relationships between different PE-related contents. Previous empirical studies have shown the effectiveness of this teaching unit structure in developing and maintaining different health-related physical fitness curricular objectives over time, such as cardiorespiratory fitness or strength (Mayorga-Vega et al., 2016; Guijarro-Romero et al., 2020). Nevertheless, to date it has not been applied for promoting studentsʼ PA practice.

Additionally, even though PE is potentially considered a key context to promote studentsʼ PA (Association for Physical Education, 2020; World Health Organization, 2020), most PE-based interventions seem to show small or non-significant effects on increasing students’ PA levels (Borde et al., 2017; Love et al., 2019). Furthermore, Nguyen et al. (2016) observed that intervention effects diminish over the time, which may compromise long-term effectiveness of PA promotion interventions. The lack of theoretical behavior change frameworks in the design of school-based interventions could be the cause of these small effect sizes (Borde et al., 2017; Rhodes et al., 2017). Therefore, applying PE-based PA interventions, specifically grounded in theoretical frameworks of behavior change, could help to enhance motivational outcomes in PE and leisure-time PA context, as well as to maintain the beneficial effects of an intervention over time (Kwasnicka et al., 2016; Rhodes et al., 2017).

The Self-Determination Theory (SDT) is a motivational theory widely used to understand the antecedents and consequences of studentsʼ motivation toward PA both in the school context of PE and in the out-of-school context (Deci and Ryan, 1985; Ryan and Deci, 2020). The SDT considers motivation as a multidimensional construct with different levels along a continuum according to the degree of autonomy, ranging from more self-determined (i.e., autonomous) to less self-determined (i.e., controlled) forms of behavioral regulations (Ryan and Deci, 2020). Autonomous forms of motivation include intrinsic motivation, as well as integrated, and identified regulation (Ryan et al., 2021). Intrinsic motivation is related to the inherent pleasure and satisfaction provided by an activity; integrated regulation refers when activity is completely assimilated with individual’s sense of self; and identified regulation refers when an activity is aligned with personal values (Ryan and Deci, 2020). Controlled forms of motivation comprise introjected (i.e., acting to avoid sense of guilt or anxiety or to protect contingent self-worth) and external (i.e., doing an activity for contingent rewards or avoid punishments) regulations (Ryan and Deci, 2020; Ryan et al., 2021). Finally, amotivation is characterized by no intention of an individual to act due to different reasons such as lack of certain skills or knowledge necessary to act (Ryan and Deci, 2020). The SDT postulates that everyone has three basic psychological needs: autonomy, which refers to the need for initiative and ownership in one’s own behavior; competence, which refers to the need to feel capable of performing a behavior effectively, and relatedness, which refers to the need of belonging and connection by significant others (Ryan and Deci, 2020). Satisfaction of these three basic psychological needs, leads students to acquire more autonomous forms of motivation toward PA (Ryan and Deci, 2020). Furthermore, according to the SDT the autonomy support of PE teachers in PE plays a key role in the development of a more autonomous motivation toward PA (Ryan and Deci, 2020), which is positively associated with the interest in remaining active in the out-of-school time (Sevil-Serrano et al., 2022). The autonomy-supportive teaching style is characterized by making students feel that they can participate in their own learning (Ryan and Deci, 2020). In this sense, Stefanou et al. (2004) proposed that autonomy support could be characterized by three clearly different dimensions: organizational (i.e., autonomy in terms of encouraging students’ ownership of decisions in relation to PA), procedural (i.e., autonomy in terms of encouraging studentsʼ to conduct the teaching-learning process), and cognitive (i.e, autonomy in terms of promoting studentsʼ ownership to express and argue their particular viewpoint in the teaching-learning process). According to SDT framework, the application of an autonomy-supportive teaching style and the improvement of students’ autonomous motivation are considered key determining factors related to the acquisition and maintenance of students’ PA (Teixeira et al., 2012).

Based on the SDT and on the Theory of Planned Behavior (Ajzen, 1991), the trans-contextual model (TCM) was developed to conceptualize the transfer of self-determined motivation from educational contexts to out-of school contexts (Hagger and Chatzisarantis, 2016; Viciana et al., 2019). The premise behind this model is that motivation in these two contexts are likely to be highly salient in determining studentsʼ intentions and participation in PA. The TCM proposes three empirically testable propositions to explain the mechanisms by which teachersʼ support for motivation in school PE affects studentsʼ involvement in PA (Hagger et al., 2003). Firstly, studentsʼ perceptions of PE teachersʼ autonomy support are proposed to be related to their autonomous motivation toward activities performed in PE. Secondly, autonomous motivation in PE will predict autonomous motivation toward similar activities in leisure-time contexts. Thirdly, autonomous motivation in leisure-time contexts will predict studentsʼ future intentions to participate in similar activities, as well as actual behavioral engagement (Hagger and Chatzisarantis, 2016; Viciana et al., 2019). Specifically, the model suggests that attitude (i.e., studentsʼ perception of negative or positive evaluation of carrying out PA), subjective norm (i.e., studentsʼ perception of normative expectations to carry out or not to carry out PA), and perceived behavioral control (i.e., studentsʼ beliefs of ease or difficulty to perform PA) seem to be positively influenced by students’ autonomous motivation for leisure-time PA (González-Cutre et al., 2014a,b). As a consequence, attitude, subjective norm, and perceived behavioral control will positively influence PA intention, which will ultimately manifest in behaviors that will encourage students to integrate PA as part of their lives (González-Cutre et al., 2014a,b; Hagger and Chatzisarantis, 2016). The systematic review conducted by Hagger and Chatzisarantis (2016) showed empirical support of the TCM across multiple studies conducted in the PE context, highlighting significant relationships between perceived autonomy support and self-determined motivation in PE (i.e., first proposition), between self-determined motivation in PE and in PA (i.e., second proposition), and between self-determined motivation and intention toward PA and actual PA engagement (i.e., third proposition).

In addition to the aforementioned individual theories related to studentsʼ PA promotion, a recent systematic review and meta-analysis found that the inclusion of behavior change techniques (Abraham and Michie, 2008) such as PA self-monitoring (e.g., activity wristbands) as part of the PA promotion programs has shown to be an effective strategy in increasing studentsʼ motivation toward PA practice, as well as the practice itself (Casado-Robles et al., 2022a,b). Furthermore, this systematic review and meta-analysis also found that incorporating a greater number of behavior modification strategies (e.g., educational counseling lessons or goal settings; Abraham and Michie, 2008) have also shown to be effective for promoting motivation toward PA among students from the PE setting (Casado-Robles et al., 2022a,b). In this sense, only four studies in the PE setting have examined the effects of intervention programs based on the use of activity wristbands, either alone or in combination with other behavior modification strategies, on high school students’ PA practice promotion (Casado-Robles et al., 2022a,b). Unfortunately, to our knowledge, no previous studies have examined the effect of intermittent teaching units based on the use of activity wristbands and behavior modification strategies on studentsʼ PA practice mediators and PA practice itself. Additionally, although previous research has evidenced TCM to be a useful framework for understanding the role of self-determined motivation in PE in fostering PA (Hagger and Chatzisarantis, 2016), the current research evidence of PE-based intervention studies according to the postulates of the TCM is still scarce (Casado-Robles et al., 2022a). Especially incorporating innovative teaching unit structures together with activity wristbands and behavior modification strategies. The present study was designed to address these needs from a holistic perspective by investigating the effectiveness of an intermittent teaching unit based on the use of activity wristbands and behavior modification strategies and promoting an autonomy-supportive teaching style. Consequently, the main objective of the present study was to examine the effects of an intermittent teaching unit based on the use of activity wristbands and behavior modification strategies on high school studentsʼ perceptions of autonomy support, satisfaction of basic psychological needs, autonomous and controlled motivation toward PE and PA, intention to be physically active, and habitual PA levels. In line with the TCM tenets (Hagger and Chatzisarantis, 2016) and previous research that provide empirical support of the application of the TCM in the PE context (Sevil-Serrano et al., 2022), the main hypotheses were that students who perform the intermittent teaching unit based on the use of activity wristbands and behavior modification strategies will manifest: a) higher perceptions of autonomy support, satisfaction of basic psychological needs, and in consequence, higher autonomous and controlled motivation toward PE; b) higher motivation toward PA, intention to be physically active, and as a consequence, higher habitual PA levels compared with students in the control condition.



2. Materials and methods


2.1. Study design

The present study is reported according to the CONSORT for cluster-randomized trials guidelines (Campbell et al., 2012). The protocol conforms to the Declaration of Helsinki statements (64th WMA, Brazil, October 2013) and was approved by the Ethical Committee for Human Studies at the University of Granada (code number: 1252/CEIH/2020). Recruitment of participants was carried out in December of 2021, and the intervention was done from January 2022 to May 2022. For practical reasons and due to the nature of the present study (i.e., pre-established classes in a school setting), a cluster randomized controlled trial design was used (Casado-Robles et al., 2022a). This study was non-blinded (treatments were not masked from the students or teacher), and parallel-grouped (study with two different treatments; Spieth et al., 2016), with three evaluation phases. The study has been registered as a clinical trial (ID: NCT05949463).



2.2. Participants

Firstly, the principal and the PE teachers of two state high-school centers of the province of Granada (Granada, Spain) chosen by convenience were contacted and informed about the study, requesting permission to conduct it. After obtaining the approval to carry out the present study, all 353 students (47.5% females) from the seventh to tenth grades of secondary education (i.e., 12–16 years old) were invited to participate in it. Students and their legal tutors were fully informed about the study features. Participants’ signed written informed assent and their legal tutors’ signed written informed consent were obtained before taking part in the study. According to the center’s reports, all the students’ families had a middle socioeconomic level.

The inclusion criteria were: a) being enrolled in the seventh to tenth grade at the secondary education level; b) participating in the normal PE lessons; c) being exempt of any health problem that would make them unable to engage in PA normally; d) presenting the corresponding signed written consent by their legal tutors, and e) presenting their own corresponding signed written assent. The exclusion criterion was defined as not having performed the evaluation of the dependent variables correctly at the pre-intervention, post-intervention and/or follow-up measures following the administration rules (being removed only for incomplete variables and not for the overall study).



2.3. Sample size

A priori sample size calculation was estimated with the Optimal Design Plus Empirical Evidence Software Version 3.01 for Windows. Parameters were set as follows: significance level α = 0.05, number of participants per cluster J = 16, effect size δ = 0.60 (Casado-Robles et al., 2022b), intra-class correlation coefficient ρ = 0.01, statistical power (1 – β) = 0.80, and dropout = 20% (Howie and Straker, 2016). A minimum final sample size of at least 112 participants (minimum initial sample size equal to 135) was estimated.



2.4. Randomization

To avoid contamination of treatments, randomization was conducted at the school-level, using a computerized random number generator. This was done before the pre-intervention evaluation was administered by an independent researcher blinded to the study aim and following a 1:1 ratio into the intermittent (IG) or control (CG) groups.



2.5. Measures

Data collection was carried out at the beginning and at the end of the teaching unit (pre-intervention and post-intervention, respectively), as well as at the end of the follow-up period. All evaluations were performed during two PE lessons’ time by the same tester, instruments, and protocols. Prior to carrying out the intervention, students’ sex and age information were obtained from school reports. Additionally, the students’ anthropometric measures were taken following the International Standards for Anthropometric Assessment (Stewart et al., 2011). Moreover, students’ previous experience with activity wristbands and current use of them were collected. Then, the first half of two PE lessons were used to evaluate students’ psychological perceptions (i.e., autonomy support, basic psychological needs, motivation, and intention to be physically active) and self-reported habitual PA under silent conditions, leaving the second half for PA practice. At the beginning of the evaluation sessions, the researcher provided a complete explanation about how to correctly fill out the questionnaire. Students were asked for their maximum sincerity, and they were guaranteed the confidentiality of the obtained data. Although instructions on how to correctly respond to the questionnaire were printed at the top, the researcher was present during the whole evaluation session to clarify any question that might arise.


2.5.1. Anthropometric

Participants’ body mass and height were measured in shorts, T-shirts, and barefoot. For the body mass measure, the student stood in the center of the scale (Seca, Ltd., Hamburg, Germany; accuracy = 0.1 kg) without support and with their weight distributed evenly on both feet. For the body height assessment, participants stood with their feet together with the heels, buttocks, and upper part of the back touching the stadiometer (Holtain Ltd., Crymmych, Pembs, United Kingdom; accuracy = 0.1 cm), and with the head placed in the Frankfort plane. Two measurements of both body mass and height were performed and the average of each was calculated (Stewart et al., 2011). Then, the body mass index was calculated as body mass divided by body height squared (kg/m2). Finally, students’ body weight status was categorized by the body mass index cut-points as overweight/obese (i.e., sex- and age-adjusted cut-point values equal to or higher than the equivalent value of 25 kg/m2 at the age of 18 years) or non-overweight/obese (i.e., lower than the above-mentioned cut-point values) (Cole et al., 2000).



2.5.2. Perceived autonomy support

The PE teacher autonomy-support was assessed through the Spanish version of the Multi-Dimensional Perceived Autonomy Support Scale for PA (MD-PASS-PA; Trigueros et al., 2020). It consists of 15 items (five items per factor) that assessed organizational (e.g., “My PE teacher allows me to choose different exercise or sports options in my free time”), procedural (e.g., “My PE teacher gives me an overview of the different types of physical or sports exercise I can do in my free time”), and cognitive (e.g., “My PE teacher allows me to express my opinion about the physical exercise or sport I do in my free time”) autonomy support. The Spanish version of MD-PASS-PA has shown adequate psychometric properties among adolescents (CFI = 0.98; IFI = 0.92; TLI = 0.98; SRMR = 0.04; RMSEA = 0.05; Cronbach’s α = 0.82–0.86) (Trigueros et al., 2020).



2.5.3. Basic psychological needs

Students’ perceptions of autonomy, competence, and relatedness satisfaction in PE and physical exercise were assessed using the Spanish version of the Basic Psychological Needs in Exercise Scale (BPNES; Sánchez and Núñez, 2007). It consists of 12 items (four items per factor) that assessed autonomy (e.g., “The physical exercise program that I follow is closely related to what I like and what interests me”), competence (e.g., “I think I have made tremendous progress with respect to the final goal that I pursue”), and relatedness (e.g., “I feel very comfortable with the other participants in the physical exercise program”). The items were preceded by the statement “When I do PA….” The Spanish version of BPNES has shown adequate psychometric properties among adolescents (CFI = 0.95; IFI = 0.95; SRMR = 0.05; RMSEA = 0.08; Cronbach’s α = 0.74–0.87) (Sánchez and Núñez, 2007).



2.5.4. Motivation toward physical education

Participants’ self-determined motivation toward PE was measured by the Spanish version of the Revised Perceived Locus of Causality Scale (PLOC-R; Trigueros et al., 2017). It consists of of 23 items spread over six dimensions (four items each except external regulation) that measure intrinsic motivation (e.g., “Because PE is nice”), amotivation (e.g., “But I do not really know why”), integrated (e.g., “Because it agrees with my way of life”), identified (e.g., “Because it is important for me to do PE”), introjected (e.g., “Because I would feel bad about myself if I did not”), and external regulation (e.g., “Because it is compulsory”). This questionnaire was preceded by the statement “I participate in PE lessons….” The autonomous (i.e., averaging intrinsic, integrated, and identified regulation) and controlled (i.e., averaging introjected and external) motivations were also calculated (Chemolli and Gagné, 2014). The Spanish version of the PLOC-R has shown adequate psychometric properties among adolescents (CFI = 0.95; TLI = 0.94; IFI = 0.95; SMR = 0.038 RMSEA = 0.067; Cronbach’s alpha = 0.86–0.92) (Trigueros et al., 2017).



2.5.5. Self-determined motivation toward physical activity

Students’ motivation toward PA was measured using the Spanish version of the Behavioral Regulation in Exercise Questionnaire (BREQ-3; González-Cutre et al., 2010). It consists of 23 items distributed into six dimensions (four items each except identified regulation) that measure intrinsic motivation (e.g., “Because I think exercise is fun”), amotivation (e.g., “I think exercising is a waste of time”), integrated (e.g., “Because it agrees with my way of life”), identified (e.g., “Because it is important to me to exercise regularly”), introjected (e.g., “Because I feel guilty when I do not practice it”), and external (e.g., “Because the others tell me that I should do it”) regulation. This questionnaire was preceded by the statement: “I do PA…” The autonomous and controlled motivations were also calculated (Chemolli and Gagné, 2014). The Spanish version of the BREQ-3 has shown adequate psychometric properties among high-school students (CFI = 0.91; IFI = 0.91; RMSEA = 0.06; SRMR = 0.06; Cronbach’s α = 0.66–0.87) (González-Cutre et al., 2010).



2.5.6. Intention to be physically active

Students’ intention to be physically active in their free time was measured using the Spanish version of the Intention to partake in leisure-time PA questionnaire (Granero-Gallegos et al., 2014). It is composed of three items (e.g., “I intend to exercise at least three times a week for the next month”). The items were preceded by the sentence: “In my free time, after school…” The Spanish version of this questionnaire has shown adequate psychometric properties among adolescents (GFI = 1.00; RMR = 0.02; NFI = 1.00; NNFI = 0.99; CFI = 1.00; RMSEA = 0.03; Cronbach’s α = 0.93) (Granero-Gallegos et al., 2014).

To adapt the scale of the five previous questionnaires to the Spanish students’ school grades, a 10-point Likert-type was used according to previous studies (Casado-Robles et al., 2022a).



2.5.7. Habitual physical activity

Students’ habitual PA was measured using the Physician-based Assessment and Counseling for Exercise questionnaire (PACE; Martínez-Gómez et al., 2009). It consists of two questions that measure how many days in the last week and in a habitual week at least 60 min of PA are performed. A 7-point Likert-type scale, ranging from 0 to 7 was used. The PACE questionnaire has shown adequate psychometric properties among high-school students (r = 0.43) (Martínez-Gómez et al., 2009).




2.6. Intervention

Both IG and CG students were required to participate in two mandatory PE lessons per week during the intervention period. Before the intervention, grounded in the SDT the PE teacher was trained to be autonomy and need-supportive during the intervention. The PE teacher autonomy and need-support training was focused on motivation and behavior change techniques provided by Teixeira et al. (2020). Furthermore, the guidelines for correctly delivering the lessons of the IG were designed by the researchers and given to the PE teacher. The main researcher supervised all the lessons and made sure all guidelines were taken into account during the program.

The IG students performed an intermittent teaching unit (Viciana and Mayorga-Vega, 2016) twice a week for eight weeks aimed at promoting healthy PA habits. Specifically, the last 15 min of each lesson were used. The rest of lessons’ time other contents were worked on with no relation to any health PA habit (i.e., acrosport, badminton, basketball, volleyball, soccer and athletics). Based on recent literature (Casado-Robles et al., 2022b) as the main strategy of the teaching unit to promote regular PA practice, students wore an activity wristband the whole day (Xiaomi Mi Band 5) during the development of it. Reminders for an inactivity alert, achieved goal alert, and event alert for school recess and weekends were activated. In addition to the steps number, the activity wristband also measures heart rate, blood pressure, sleep time, distance, and calories. However, these options were hidden for participants in the activity wristband. At the beginning of the intervention, the main objective and activity wristband operation, including their specific mobile application (Mi Fit), were explained. Furthermore, with the aim of increasing participants interest, motivation, and commitment both teacher and IG participants signed a behavior change contract named “I improve my PA level” at the beginning of the intervention. Together with the contract, participants received a graph in which they had to reflect the average number of steps taken each week (data obtained from the Xiaomi Mi Fit). Next, participants of each class were organized in groups of four. Based on their preintervention PA levels, from the second to the last week of the intervention, a competition that consisted of achieving progressive step challenges, both individually and in teams, was established. During these last 15 min of the lessons, the information recorded by the activity wristband was analyzed in order to provide students with feedback of their daily PA habits. Additionally, together with the use of activity wristbands and PA goal challenges, educational counseling was applied (Casado-Robles et al., 2022b) in order to be need-supportive. Grounded in SDT motivation and behavior change techniques proposed by Teixeira et al. (2020), educational counseling included information about: (1) the benefits of regular PA practice; (2) PA recommendations, (3) types of PA that can be performed depending on the intensity and sedentary activities to avoid (PA pyramid), (4) healthy PA practice proposals for periods such as recess and leisure time, (5) barriers toward PA practice and their possible solutions, (6) sensitizing videos and news about PA practice, and (7) a list of 10 healthy behaviors. Also as part of the intervention, a personalized blog1 with all the resources created for the intervention (e.g., tutorials of the activity wristband and mobile application operation, posters of the PA pyramid, PA recommendations, a list of 10 healthy behaviors, a list of PA practice proposals, barriers toward PA and solutions, as well as audiovisual material) was created. Moreover, a WhatsApp group was created for the IG in order to: a) promote students’ satisfaction of basic psychological needs sending, every week from Monday to Saturday, six text messages (reviewed by a SDT specialist) (Ludwig et al., 2018), reminding students to synchronize the activity wristband with the mobile application (on Sunday), as well as to change the PA steps challenge. Finally, after the intervention, participants completed a six-week period in which they were encourage to autonomously maintain the PA challenge of 10,000 steps per day. They continued wearing the activity wristbands with the same reminders activated and were also encouraged to continue synchronizing the data of the activity wristband with the mobile application every week. However, no additional behavior modification strategies were applied.

Regarding the CG students, they also carried out two PE lessons a week during the intervention period. During these lessons, contents of handball, basketball, alternative sports and traditional games were developed. However, this group did not wear activity wristbands or receive any behavior modification specific strategy developed in the IG.



2.7. Statistical analysis

Descriptive statistics (mean ± standard deviation or percentage) for the general characteristics of the participants and dependent variables were calculated. Firstly, all the statistical tests assumptions were first checked for each dependent variable by common procedures (e.g., histograms and normal Q-Q plots for normality). Then, as exploratory analyses, the one-way analyses of variance (ANOVA) (continuous variables) and the chi-squared test (categorical variables) were conducted to examine potential differences in terms of general characteristics between the two groups. The internal consistency of the dependent variables measured by the questionnaires was examined with the Cronbach’s alpha. Afterward, the effect of the activity wristband-based teaching unit on students’ questionnaires scores was examined. All the participants were included in the statistical analyses regardless of adherence to the protocol (i.e., intention-to-treat approach). All the participants that did not follow protocol had failed to sustain a 100% attendance rate. Because the unit of intervention was the class, a Multilevel Linear Model with participants nested within classes and measures nested within participants as random effects, and with the between-group factor group (control, intermittent) and the within-group factor time (pre-intervention, post-intervention, follow-up) as fixed effects was selected (i.e., two-way mixed nested ANOVA/ANCOVA; Li et al., 2017). All the potential confounding variables (i.e., sex, grade, body mass, body height, body mass index, previous and current use of activity wristbands, and intervention attendance) were explored and used as covariables when necessary (see Table 1 footnotes). The maximum likelihood estimation method was used. Then, the post-hoc within-group pairwise comparisons with the Bonferroni adjustment for each group independently was carried out. Effect sizes were estimated using the Cohen’s d. Finally, although an intention-to-treat approach was followed in the present study, as a sensitivity analyses, all the above-mentioned analyses were also carried out with a per-protocol approach (i.e., including the participants, taking into consideration their adherence to the protocol, that is, 100%). All statistical analyses were performed using the SPSS version 25.0 for Windows (IBM® SPSS® Statistics). The statistical significance level was set at p ≤ 0.05.




3. Results


3.1. Final sample and general characteristics

Figure 1 shows the flow chart of the participants included in the present study. From the 353 students that were invited to participate in the present study, 175 students (45.1% females) agreed and met the inclusion criteria. However, 173 students (45.7% females) passed the exclusion criterion. A total of 70–75 and 88–98 participants from CG and IG, respectively, had dependent variables with completed data in the three measures. Table 2 shows the general characteristics of the included participants. The results of the one-way ANOVA and the chi-square test did not show statistically significant differences in terms of general characteristics between the two groups (p > 0.05), except for the body height and weight status (p < 0.05). Regarding the attendance rate, the IG participants obtained an average of 92.6% (number of participants with an attendance rate 50–59% = 3; 60–69% = 3; 70–79% = 4; 80–89% = 22; 90–99% = 8; 100% = 58). In the sample of the present study, the internal consistency of all the dependent variables measured by dimensional questionnaires was above 0.70 (from 0.76 to 0.92).
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FIGURE 1
 Flow chart of participants included in the present study. All numbers are school centers [students].




TABLE 2 General characteristics of the included participants.
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3.2. Effect of the activity wristband-based teaching unit on students’ questionnaires scores

Table 1 shows the effect of the intermittent teaching unit on students’ questionnaires scores. The Multilevel Linear Model results, followed by the within-group pairwise comparisons, showed that the IG students statistically significantly improved cognitive and procedural autonomy scores from pre- to post-intervention (p < 0.05), as well as procedural autonomy scores from pre-intervention to follow-up (p < 0.01); and they also statistically significantly improved autonomy and relatedness basic psychological needs, and autonomous motivation toward PA scores from post-intervention to follow-up, and from pre-intervention to follow-up (p < 0.05).



TABLE 1 Effect of the intermittent teaching unit on students’ questionnaires scores.
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Moreover, the results showed that IG students statistically improved the habitual PA scores from pre- to post-intervention, from post-intervention to follow-up, and from pre-intervention to follow-up (p < 0.05). However, the Multilevel Linear Model results, followed by the within-group pairwise comparisons, showed that the CG students statistically significantly improved controlled motivation toward PA scores from pre- to post-intervention and from pre-intervention to follow-up (p < 0.001). On the other hand, for the rest of variables statistically significant differences were not found (p > 0.05).



3.3. Sensitivity analysis

Supplementary Table S1 shows the sensitivity analysis (i.e., per-protocol approach) of the effect of the intermittent teaching unit on students’ questionnaires scores. The results with the per-protocol approach found similar outcomes as with the main analysis (i.e., intention-to-treat approach). Exceptionally, the Multilevel Linear Model results, followed by the within-group pairwise comparisons, showed that with the per-protocol approach the IG students statistically significantly improved controlled motivation toward PE scores from pre-intervention to follow-up (p < 0.001; for the main analyses the interaction effect p value was >0.05). Moreover, while with both approaches IG students statistically significantly improved autonomous motivation toward PA scores from post-intervention to follow-up (p < 0.01), with the per-protocol approach was not statistically significant from pre-intervention to follow-up (p > 0.05) as it was for the intention-to-treat approach (p < 0.05).




4. Discussion

The main objective of the present study was to examine the effects of an intermittent teaching unit based on the use of activity wristbands and behavior modification strategies on high school studentsʼ perceptions of autonomy support, satisfaction of basic psychological needs, autonomous and controlled motivation toward PE and PA, intention to be physically active, and habitual PA levels. Little research has examined the effects of intervention programs based on the use of activity wristbands on adolescents PA practice mediators, either alone or in combination with other strategies following the tenets of TCM. Results of this study have shown that the intermittent teaching unit improved studentsʼ cognitive and procedural autonomy support, as well as habitual PA levels from pre- to post-intervention. Interpreting the results under the tenets of the TCM, it seems that the PE intervention, centered on the promotion of studentsʼ autonomy for the participation in PA could increase their perception of autonomy support. This could be due to that: 1) the intervention was based on a continuous analysis of the information recorded by the activity wristband which provided students with feedback of their daily PA habits (Casado-Robles et al., 2022b), and 2) the educational PA counseling that included a wide variety of information about PA practice (Neil-Sztramko et al., 2021; Casado-Robles et al., 2022b). These findings are in line with previous school-based PA interventions where PE teachers support students’ leisure-time PA (González-Cutre et al., 2014a; Casado-Robles et al., 2022a; Sevil-Serrano et al., 2022). Regarding the absence of differences on the organizational autonomy factor, it could be because, although the PE teacher suggested a variety of activities that students could perform in different contexts (i.e., school recess and leisure time), most of them were based on achieving steps. Therefore, other activities like swimming, riding a bike or skipping rope, among others, were not suggested. This could lead students to perceived that these activities are the only ones that could be performed in the aforementioned contexts. However, it is important to highlight that they were suggestions, but students had the opportunity to choose what they considered more suitable to achieve the step goals proposed.

According to the TCM, autonomy support in PE will predict autonomous motivation in PE, which in turn influences his/her autonomous motivation toward similar activities in leisure-time contexts (Hagger and Chatzisarantis, 2016). Contrary to the TCM proposition (Hagger and Chatzisarantis, 2016) and past evidence (Cheon and Reeve, 2013; Sevil-Serrano et al., 2022), in the present study the increase showed in autonomy support was not translated into a positive effect in students’ motivational outcomes to leisure-time PA (i.e., basic psychological needs satisfaction and motivation toward PE and PA) from pre- to post-intervention. However, none of these studies used activity wristbands for promoting PA practice. Similar to the present study, Kerner and Goodyear (2017) examined the effect of wearing an activity wristband during eight weeks on studentsʼ motivation toward PA. These authors found that activity wristbands negatively impacted studentsʼ motivation toward PA. Nevertheless, this study did not apply any specific strategy during the intervention period. On the contrary, a recent systematic review and meta-analysis found that the inclusion of activity wristbands together with other behavior modification strategies as part of the PA promotion programs is an effective strategy to increase studentsʼ motivation toward PA practice (Casado-Robles et al., 2022b). In this sense, although the teaching unit applied in this study was centered on teaching the students about the importance of practicing regular PA and included strategies that have shown to be effective for promoting studentsʼ PA practice mediators (e.g., motivation; Casado-Robles et al., 2022b), maybe the time used of each teaching unit lesson (i.e., 15 min), as well as the total length of the intervention (Neil-Sztramko et al., 2021), were not enough to produce an improvement in these variables. González-Cutre et al. (2016) pointed out that strategies of PA promotion require time to become operational and modify studentsʼ behavior. Moreover, group competition established during the intervention could also affect the improvement of studentsʼ autonomy, competence and relatedness needs, since when students lose in competitions or do not achieve the objective (i.e., progressive steps challenges), perceptions of competence and intrinsic motivation decrease (Kerner and Goodyear, 2017). Additionally, another possible explanation of the lack of change in these variables in the IG could be the high starting values of IG studens for these variables which would be difficult to increase (González-Cutre et al., 2014b). Perhaps, if the intervention included other support agents like parents or tutors (Sevil-Serrano et al., 2022), as well as an innovative methodology like gamification, which have been shown to be effective strategies for improving students’ motivation (Arufe-Giráldez et al., 2022), an increase in this variable could be achieved.

Regarding studentsʼ intention to be physically active, results of this study showed that the intermittent teaching unit did not influence this PA mediator. These results are opposite to previous studies carried out in the PE setting that have also applied autonomy-supportive teaching styles and have found that student’s intention to be physically active increased (Cheon and Reeve, 2013; Casado-Robles et al., 2022a). Nevertheless, results obtained in the present study with this variable seem logical considering that previous PA practice mediators according to the TCM (i.e., basic psychological needs and motivation) did not change either. Furthermore, another factor that could explain this result is the high values of intention to be physically active (8.7 out of 10 points) reported by IG students before the intervention. That is, it could be possible that students perceived that they already were motivated enough for PA practice without the need for extra motivation with the proposed intervention (Owen et al., 2014). Therefore, it is important to highlight that the maintenance of a high baseline motivation is an important achievement of the present study. In this sense, it seems necessary to study which specific strategies should be implemented in the interventions with these types of students to help them maintain their intention toward PA practice, or even to continue increasing it, therefore obtaining greater health-related benefits (World Health Organization, 2020). Surprisingly, after the intervention statistically significant differences were found in habitual PA levels of the IG students. These findings are very valuable, since although previous PA practice mediators did not increase, IG students reported that they performed PA with a higher frequency after the intervention. These results may be attributable to the higher perception in autonomy support from the PE teacher (González-Cutre et al., 2016), as well as by the use of PA wristbands and educational counseling provided during the intervention regarding the importance of practicing regular PA (Casado-Robles et al., 2022b). Additionally, although students’ motivational outcomes to leisure-time PA (i.e., basic psychological needs satisfaction, motivation toward PE and PA, and intention to practice) did not improve after the intervention, the high values maintained in all of them suggest that the third preposition of TCM could be confirmed (Hagger and Chatzisarantis, 2016), and are consistent with previous studies (González-Cutre et al., 2016; Casado-Robles et al., 2022a; Sevil-Serrano et al., 2022). Contrary to these results, Bronikowski et al. (2016) found that after an eight-week intervention using activity wristbands, self-reported PA assessed using the same self-report measure (Martínez-Gómez et al., 2009) did not change. A possible explanation could be that these authors only applied one strategy to modify studentsʼ PA behavior (i.e., use of activity wristband), which it has been suggested to be less effective in comparison with multi-dimensional interventions that combine several strategies to influence PA practice mediators (Casado-Robles et al., 2022a,b).

To verify whether the effects are maintained over time, a follow-up measurement 6 weeks after the end of the intervention was performed. The results revealed that habitual PA level changes were maintained and even improved, meanwhile differences in perceived autonomy support and intention to be physically active were not found. These results seem logical for the following reasons. Firstly, no autonomy support from PE was applied during this period of the study. Secondly, as it has been mentioned previously, strategies of PA promotion require time to become operational and modify studentsʼ behavior (González-Cutre et al., 2016). Consequently, these results suggest that it would be necessary to increase the length of interventions to achieve greater effectiveness in PA practice mediators. In this sense, although no behavior modification strategies were applied (except the use of an activity wristband), students had the objective of autonomously maintaining at least 10,000 steps per day. However, the main difference was that there was no competition between students for achieving more steps. This fact could lead students to feel more comfortable with this part of the intervention program, therefore contributing to experiencing higher perceptions of autonomy need, as well as better integration (i.e., relatedness need) with their peers. Regarding competence need, the establishment of a specific step target (i.e., 10,000 steps/day) to be autonomously maintained might be the cause of the absence of differences in this variable. According to previous literature (Kerner and Goodyear, 2017) when students are only focused on the PA outcome (step target) rather than the process, it could lead to feeling that they are unable to complete the step target set in the activity wristband, making them think they are failing, which could negatively impact their sense of competence.

Additionally, new positive differences were observed in autonomy and relatedness needs and autonomous motivation toward PA. On the basis of the theorical tenets of TCM (Hagger and Chatzisarantis, 2016), studentsʼ satisfaction of basic psychological needs in leisure-time PA could significantly contribute to autonomous motivation toward PE and this to autonomous motivation toward PA. Although motivation toward PE did not increase in a statistically significant manner from the post-intervention to the end of the follow-up period, it is important to highlight that the average punctuation in this variable was maintained and slightly increased, with already high values at the follow-up measurement. Finally, although no differences were found on studentsʼ intention to be physical, habitual PA levels increased again. In this sense, in addition to the responsibility of autonomously maintaining the PA practice with the help of activity wristbands that students had, the greater values in autonomous motivation toward PA obtained could help to increase their habitual PA levels (Hagger and Chatzisarantis, 2016). Previous similar studies carried out in the PE setting observed that the habitual PA levels decrease after the follow-up period (e.g., Ridgers et al., 2021). However, it is important to point out that (Ridgers et al., 2021) follow-up was six months after the end of the intervention. The later follow-up together with the fact that no additional objectives were proposed to students during this period of time (i.e., do your best steps per day) could be the reasons for the lack of differences in habitual PA levels.

The main strength of the present study was that, this is the first study that examines the effects of an intermittent teaching unit based on the use of activity wristbands and behavior modification strategies on studentsʼ perceptions of autonomy support, the satisfaction of basic psychological needs, autonomous and controlled motivation toward PE and PA, intention to be physically active, and habitual PA levels. Another strength is the inclusion of a follow-up measure to examine the long-term effectiveness of the program as suggested by previous literature (Nguyen et al., 2016). Moreover, because of the nature of the context (i.e., school) and with the objective of keeping the ecological validity, the use of a cluster-randomized controlled trial design (balanced by grade) was more appropriate for the present research objective (Campbell et al., 2012). Furthermore, the comparison with a CG that did not wear PA activity wristbands or receive any behavior modification strategy, allows us to check that the effects obtained are due to the intervention. Finally, the evaluation of the effect of the teaching unit with a Multilevel Linear Model with participants nested within classes and measures nested within participants as random effects, represents an advancement with respect to the commonly applied analyses (Li et al., 2017).

This study also has some limitations that should be acknowledged. Firstly, the non-probabilistic and relatively small sample size provides a lower generalization power. This limits the generalizability of the obtained outcomes to the particular studied population and context. However, due to human, time, and material resource restrictions, a probabilistic and larger sample could not be examined. Moreover, the teaching unit length could have been a limitation to achieving greater effects on the PA mediator variables. However, considering the large volume of objectives that have to be developed throughout the academic year with a very limited time for the PE subject (Casado-Robles et al., 2019), the purpose was to perform a real study that would be feasible to perform in the context of PE. Additionally, and according to the SDT framework which distinguishes six specific types of PE teacher interpersonal behaviors, only one of them was studied (i.e., autonomy support). Finally, SDT framework studied was only focused on the bright motivation path (i.e., need-supportive environment-need satisfaction-autonomous motivation-adaptive outcomes). That is, the need frustration and need-thwarting behaviors which are part of the dark motivational path were not studied. Future studies should include a probabilistic and larger sample, which provide a higher generalization of the obtained outcomes. Additionally, it would be interesting to reproduce the present study including additional social agents like parents or school teachers with the aim of checking if better results on studentsʼ PA practice mediators are obtained. Moreover, it would also be interesting reproducing this study and measuring PA objectively to check if the strategies applied really influence studentsʼ PA levels. Even, it would be interesting including a qualitative evaluation (i.e., interviews or focus groups) of the intervention program. This, would help us to deeply understand the specific perceptions and/or situations that students experience during the intervention. That is, the reasons why some motivational effects appear or not after the intervention, or why they are maintained or not over time.


4.1. Practical implications

Promoting PA practice from the PE setting it is not an easy task considering PE planning limitations (Casado-Robles et al., 2019). Moreover, influencing PA practice psychological mediators represents a behavior change that requires time (Neil-Sztramko et al., 2021). Results of this study suggest that planning intermittent teaching units based on activity wristbands and behavior modification strategies seems to be a more efficient distribution of the learning time than using the entire lesson for an intensive period. In this sense, achieving the PA psychological mediators change progressively during more time through intermittent teaching units, instead of concentrating all the designated time to get this target in a few weeks, could guarantee its maintenance over time. Moreover, the results obtained in the present study may guide PE teachers to design effective interventions with a different distribution of the learning time that in addition to modifying student’s PA mediators, can affect their real PA engagement, therefore reducing their high levels of physical inactivity. Additionally, the results of this research also showed that apart from influencing PA psychological mediators, other PE curricular objectives can be developed during the same lessons’ time, solving several PE planning difficulties such as the reduced time allocation to PE or the high volume of curricular contents and objectives that have to be developed during the academic course. Finally, the present study opens the way for developing potentially effective interventions applying this innovative teaching unit structure incorporating other strategies that have shown being effective for modifying PA psychological mediators in order to potentiate the outcomes obtained after the intervention. To illustrate this, as part of the intervention of other support agents like parents or tutors (Sevil-Serrano et al., 2022), and even, innovative active learning methodologies such as gamification (Arufe-Giráldez et al., 2022), which have shown being effective for improving student’s autonomous motivation, should be included.




5. Conclusion

An intermittent teaching unit based on the use of activity wristbands and behavior modification strategies was effective for improving studentsʼ perceptions of autonomy support and habitual PA levels. However, after six weeks of autonomous PA practice with the activity wristbands, new effects were observed in studentsʼ autonomy and relatedness needs, as well as in autonomous motivation toward PA. What is more, habitual PA levels also increase after the follow-up period. These results suggest that increasing the length of the intervention would allow to increase all psychological PA practice mediators, therefore, leading to actual PA engagement. Additionally, findings obtained in the present study and future similar studies, may help PE teachers and the scientific community to understand and design effective PA promotion programs based on behavior change theories that combine key aspects such as innovative teaching unit structures, PA self-monitoring, and behavior modification strategies that can affect student’s PA practice mediators and therefore their PA engagement.
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The aim of this research is to analyze the effect of social interaction anxiety on satisfaction with life mediated by emotional intelligence. The research design was descriptive, cross-sectional, and non-randomized. In total, 1,164 Mexican physical education students participated (Mage = 21.21; SD = 3.26; 30.0% female; 69.6% male; 0.4% other). The scales used were the Social Interaction Anxiety Scale, Trait Meta-Mood Scale and Satisfaction with Life and a structural equation analysis with latent variables was conducted. The results highlight that it can be asserted that emotional clarity and repair had a mediating effect between social interaction anxiety and satisfaction with life, as they did decrease the negative effects of social interaction anxiety on satisfaction with life. In addition, social interaction anxiety had a direct and positive effect on emotional attention and a negative effect on emotional clarity and repair.
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1. Introduction

The restrictive measures in response to the COVID-19 pandemic triggered serious consequences on the general health of the world’s population (Faraci et al., 2022). The spread of the pandemic and the ensuing restrictive policies involving confinement, social distancing and mobility had a major impact on the global economy and the daily lives of people around the world (Di Crosta et al., 2020; Xiong et al., 2020; Gollwitzer et al., 2021; Kuo et al., 2021; Racine et al., 2022). These strategies came with severe negative psychological effects (Özdin and Bayrak Özdin, 2020; Pietrabissa and Simpson, 2020; Obschonka et al., 2021), including anxiety, depression, fear of illness, fear of death, fear of social interaction, post-traumatic stress and insomnia (Di Crosta et al., 2020; Rodríguez-Hidalgo et al., 2020; Torales et al., 2020; Sturgill et al., 2021). Said restrictive measures, meant to decrease community transmission (Weeden and Cornwell, 2020), even led to universities shutting down worldwide (Baños et al., 2022).

As a consequence of the COVID-19 pandemic, university education had to undergo a rapid transition from in-person classes to online learning systems (Baños et al., 2021). This increased the daily frequency of technology overuse among university students, especially smartphones (Bhatnagar et al., 2021). This in turn amplified the irrational fear and stress experienced by middle school (Nguyen et al., 2022) and university students (Zwilling, 2022) of being away from a device that facilitates both general communication and attending academic activities, especially in students who struggle to regulate their emotions (Ercengiz et al., 2020; Brown and Medcalf-Bell, 2022). Thus, COVID-19 not only comes with a dreadful pathology, but it is also the source of numerous secondary problems, such as becoming addicted to the use of the Internet, social networks and any form of media associated with recent technologies (Masrek et al., 2022). In fact, the disruptive use of smartphones surged from the onset of the first wave of COVID-19 (Zwilling, 2022), thereby increasing the incidence of pathologies such as stress and anxiety (Nguyen et al., 2022), which even doubled in some countries during the first confinement period (Amerio et al., 2021; Medda et al., 2022). Therefore, as the amount of time spent on screens (e.g., smartphones, computers, tablets, etc.) increases, physical interaction among people diminishes, which has an impact on their social interaction skills (Masrek et al., 2022). For all these reasons, it would be interesting to determine if the levels of social interaction anxiety (SIA) among students can affect their satisfaction with life once the confinement and social distancing measures are lifted and on-site classes return in a post-pandemic context. Despite the significance that the students’ emotional regulation can have in this situation, few studies have analyzed the effect of SIA on satisfaction with life taking into account the emotional intelligence of the students once they have returned to in-person classes at universities following the end of confinement.


1.1. Social interaction anxiety

SIA refers to intense, individual emotional reactions and avoidance behaviors, such as fear, anxiety and distress regarding one or multiple social interactions (Li, 2020). SIA is a widespread condition that can sometimes become chronic, causing severe impact on a person’s academic, occupational and social functioning, as well as their psychological well-being on a general level (Wittchen et al., 2000; Kessler, 2003; O’Toole et al., 2013). The fear of being judged or negatively criticized is the core motive that, together with the fear of contracting COVID-19, prompted people to avoid social interactions, which in turn affected the individuals’ daily functioning (Erliksson et al., 2020). Not addressing this pathology immediately and otherwise allowing it to develop in young people may lead to detrimental effects on their mental health and undermine their academic work and their lives in general (Chartrand et al., 2011). As previously mentioned, social interaction was rare or even non-existent during the pandemic, which could easily trigger SIA and unhealthy emotions, especially in young students who continued their education at home (Hahn, 2020). As age increases, so do the academic load and pressure put on young people, which can lead to an increase in interpersonal communication problems; therefore, the social environment can become overwhelming, leading to psychological conditions common in contemporary youth (Li, 2020). This can be particularly detrimental to students about to graduate, as their interpersonal environment has grown increasingly complex and they may become anxious more easily when facing interpersonal problems (Kwon et al., 2018).

People with high levels of SIA exhibit low self-esteem, depressive symptoms and increased dissatisfaction with life (Makadi and Koszycki, 2020). SIA has also been related to obsessive-compulsive disorders, depression and generalized anxiety disorder (Erliksson et al., 2020). A major characteristic of people with SIA is a lack of emotional regulation (Kashdan and Steger, 2006; Kashdan and Breen, 2008; Werner et al., 2011). Therefore, acknowledging or understanding emotions may play a significant role in the adaptive regulation of emotions during social interactions that cause the person to become anxious (O’Toole et al., 2013).



1.2. Emotional intelligence

In the university context, emotional intelligence has been highlighted as an adequate tool for coping with stressful situations and achieving successful academic performance and emotional well-being (Parhiala et al., 2018; Guil et al., 2021). Emotional intelligence is defined as an individual’s ability to assess and regulate their own emotions and use them to solve problems and accomplish goals (Salovey et al., 1995). Guil et al. (2021) propose that emotional intelligence is composed of three dimensions: emotional attention (i.e., self-perceptions about the degree to which an individual addresses their own emotional experiences), emotional clarity (i.e., self-perceptions regarding how clearly people understand emotional states) and emotional repair (i.e., self-perceptions about the ability to adequately manage emotions). In general, research has found that higher scores on emotional intelligence are associated with better psychological functioning and well-being, whereas low scores are linked to anxiety (Berenbaum et al., 2003; García-Fernández et al., 2015). Likewise, there are individual differences in the degree of the three dimensions (attention, clarity and repair), with each dimension having a different role (García-Fernández et al., 2015). Enhancing our understanding of broad emotional constructs and discrete emotions in SAD can have implications for theoretical models of SAD, for clinical assessment and diagnosis, and for treatment (Rozen and Aderka, 2023). Numerous authors have suggested further research on how these three dimensions interact and their relationship with SIA (Turk et al., 2005; Boden and Berenbaum, 2012; García-Fernández et al., 2015; Guil et al., 2019).

In this vein, the predisposition of SIA increases when one does not pay attention to the information that emotions provide or possesses high emotional attention but poor emotional clarity (Boden and Berenbaum, 2012). The role of emotional attention is less clear than those of emotional repair and clarity (García-Fernández et al., 2015). On the one hand, although individuals must pay at least some attention to their emotions in order to understand them and to remediate negative ones, high levels of attention have been found to be detrimental to emotional well-being (Salovey et al., 1995). On the other hand, emotional attention has been negatively related to SIA (Turk et al., 2005; Guil et al., 2019). As can be seen, there is controversy regarding the relationship between SIA and the dimension of emotional attention.

Because the ability to clearly identify one’s emotions is the first step to successful emotional regulation and coping (Butler et al., 2006), the importance of emotional clarity in regulating emotions has been particularly underscored. In this case, as opposed to the dimension of emotional attention, most studies agree that a lack of emotional clarity greatly increases SIA (Dixon-Gordon et al., 2014; Thompson et al., 2017; Butler et al., 2018; Guil et al., 2019). Likewise, individuals with lower levels of emotional clarity tend to describe more paranoid beliefs (Boden and Berenbaum, 2012). O’Toole et al. (2013) suggest that deficits in emotional clarity and difficulties in remediating negative emotions are key factors to consider when addressing SIA. In fact, several studies have negatively related emotional repair to SIA (Bigman et al., 2015; Klemanski et al., 2017; Guil et al., 2019; Masters et al., 2019). Specifically in the university context, it has been found that students who hoped to be more successful in regulating their negative emotions showed fewer signs of anxiety (Catanzaro and Mearns, 1999). Furthermore, middle school students who exhibited higher levels of emotional intelligence during the pandemic scored higher on satisfaction with life (Correa-Barwick et al., 2022; Torres-Gázquez et al., 2023). Along these lines, Sturgill et al. (2021) found that a Mindfulness program with university students increased their emotional intelligence and satisfaction with life, however, studies on this population conducted during the pandemic are scarce.



1.3. Psychological well-being

The concept of psychological well-being is closely linked to the subjective well-being and the quality of life or satisfaction with life (SWL) concepts (Baños et al., 2019). Diener and Emmons (1985) postulated the Subjective Well-Being Theory to analyze people’s SWL, defining “subjective well-being” as the subjective assessment of one’s own life quality, that is, the range of elements from transitory stages to relatively abstract assessments or evaluations of the meaning of one’s life. These authors stated that people can express being satisfied with their lives either from a global evaluation or after making different assessments in specific areas of their lives (e.g., family, work, social relationships, etc.; Diener and Emmons, 1985). Several studies have associated SWL with low levels of SIA (Wittchen et al., 2000; Kessler, 2003; O’Toole et al., 2013) and with high levels of emotional intelligence (Hodzic et al., 2016; Sánchez-Álvarez et al., 2016; Blasco-Belled et al., 2020).

In terms of the dimensions of emotional intelligence, a study conducted in Spain, Portugal and Brazil found that SWL was predicted by emotional clarity and emotional repair, but not by emotional attention (Hodzic et al., 2016). Blasco-Belled et al. (2020) also found that emotional attention was negatively related to subjective well-being, albeit this relationship was not significant in the study conducted by Ramos-Díaz et al. (2019). In this line, it is emphasized that a decrease in emotional attention and an increase in emotional clarity and repair should be the target of interventions in adolescents to improve their SWL (Guerra-Bustamante et al., 2019; Martínez-Marín and Martínez, 2019; Azpiazu et al., 2022; De la Barrera et al., 2023), since the intelligent management of emotions helps to prevent negative feelings and fosters positive ones, thus promoting greater SWL (Sánchez-Álvarez et al., 2016). Several studies have highlighted the importance of emotional clarity and repair for improved psychological functioning (Petrides et al., 2018; Masters et al., 2019), psychological adjustment (Salguero et al., 2012; García-Fernández et al., 2015; Butler et al., 2018) and psychological well-being (Gohm and Clore, 2002; Extremera and Fernández, 2005; Salguero et al., 2012).



1.4. The present study

After analyzing the scientific literature and observing the importance of emotional clarity and repair in preventing SIA and improving people’s SWL, both before and during the COVID-19 pandemic, the predictive analysis of SIA and emotional intelligence on SWL can be deemed relevant, understood that the sanitary restrictions have been lifted. In summary, on the one hand, studies have related SIA to emotional intelligence (Parhiala et al., 2018; Guil et al., 2021) and SIA to satisfaction with life (Wittchen et al., 2000; Kessler, 2003; O’Toole et al., 2013), and, on the other hand, emotional intelligence to satisfaction with life (Hodzic et al., 2016; Sánchez-Álvarez et al., 2016; Blasco-Belled et al., 2020). All these studies were conducted before or during the pandemic, however, we are unaware of the existence of studies that have analyzed emotional intelligence as a mediating variable between SIA and SWL, and if the relationships between these variables have been analyzed following the end of mobility restrictions and the return to in-person university classes. Moreover, research conducted with Mexican students was scarce even before the pandemic. Therefore, this study represents a contribution to the understanding of the relationships among SIA, the dimensions of emotional intelligence and SWL in the Mexican university context. Thus, the objective of this research is to analyze the effect of SIA on SWL mediated by emotional intelligence. Figure 1 shows the hypothesized model for examining the relationships described above. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) initiative (Von Elm et al., 2008).
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FIGURE 1
 Hypothesized model with the expected correlations.





2. Materials and methods


2.1. Design and participants

The research design was descriptive, cross-sectional, observational and non-randomized. The sample was composed of students from the Faculty of Sport of the three campuses (Campus Ensenada, Campus Mexicali and Campus Tijuana) of the Autonomous University of Baja California (Mexico). Inclusion criteria were the following: (i) to be enrolled in the Bachelor’s degree in Physical Activity and Sport at the aforementioned campus and university; exclusion criteria: (i) failure to provide their informed consent for data use in the study; (ii) failure to duly fill out the data collection form. An a priori analysis of the necessary sampling size was conducted to provide an answer to the study objective, considering a structural equation model (SEM) composed of five latent variables and 53 observable variables. The analysis was conducted using the Free Statistics Calculator v.4.0 software (Soper, 2023) and a minimum of 1,151 participants was calculated to detect effect sizes (f2) = 0.163, with a statistical power of 0.99% and a significance level of α = 0.05. In this research 1,164 physical education students (30.0% women; 69.6% men; 0.4% other) from the three campuses of the Faculty of Sports of the Autonomous University of Baja California (19.8%, Campus Ensenada; 30.7%, Campus Tijuana; 49.6%, Campus Tijuana) participated, aged between 17 and 50 years old (M = 21.21; SD = 3.26). There were no lost values in the responses included in the study. Apart from the total sample, 29 questionnaires were discarded because they were filled incorrectly, and 14 because the respondents did not give their consent to participate in the research.



2.2. Instruments


2.2.1. Interaction Anxiety Scale

This study used the scale adapted to the Mexican context by de la Rubia et al. (2013) based on the original version by Mattick and Clarke (1998). This instrument is composed of 20 items that measure social interaction anxiety (e.g., I find it hard to socialize with my classmates. “Se me hace difícil socializar con las personas con las que estudio”). Answers were collected using a 5-point Likert scale ranging from 0 (not at all) to 4 (completely). For this study, the CFA (Confirmatory Factorial Analysis) goodness-of-fit indices were acceptable: χ2/df = 5.01, p < 0.001; CFI = 0.98; TLI = 0.98; RMSEA = 0.059 (90%CI = 0.047, 0.070; pclose = 0.077), SRMR = 0.033.



2.2.2. Emotional intelligence

This study used the Mexican version by Valdivia et al. (2015) adapted from the original version by Salovey et al. (1995). The scale contains 28 items that measure emotional intelligence across three dimensions: emotional attention (8 items; e.g., I frequently think about my feelings. “A menudo pienso en mis sentimientos”), emotional clarity (8 items; e.g., I am capable of understanding my feelings. “Puedo llegar a comprender mis sentimientos”), and emotional repair (8 items; e.g., When I feel sad, I think about all the pleasures in life. “Cuando estoy triste, pienso en todos los placeres de la vida”). Answers were collected using a Likert scale ranging from 1 (completely disagree) to 5 (completely agree). For this study, the CFA goodness-of-fit indices were acceptable: χ2/gl = 4.97, p < 0.001; CFI = 0.98; TLI = 0.97; RMSEA = 0.058 (90%CI = 0.046, 0.068; pclose = 0.072), SRMR = 0.042.



2.2.3. Satisfaction with life

This study used the scale adapted into Spanish by Atienza et al. (2000) to measure satisfaction with life in general based on the original version by Diener and Emmons (1985). The scale contains 5 grouped items that measure satisfaction with life (e.g., My life circumstances are good. “Las circunstancias de mi vida son buenas”). Answers were collected using a Likert scale ranging from 1 (completely disagree) to 5 (completely agree). For this study, the CFA goodness-of-fit indices were acceptable: χ2/gl = 2.55, p = 0.054; CFI = 0.99; TLI = 0.99; RMSEA = 0.037 (90%CI = 0.000, 0.070; pclose = 0.071), SRMR = 0.011.




2.3. Procedure

First, a meeting was held with the three deputy directors and the general director of the Faculty of Sports of the three campuses of the Autonomous University of Baja California (Ensenada, Mexicali and Tijuana). The purpose of the study was explained and permission to apply the questionnaires was requested. Upon granted authorization, the participants were summoned to the institution’s computer room in March 2022. Participants were taught how to fill out the online questionnaires and informed about the importance of the research, that their participation was anonymous, and that there were no right or wrong answers; they were thus asked to be completely honest and were told that they could abandon the study at any time if they desired so. The questionnaire was completed in around 20 min and all participants gave their prior consent for their responses to be included in the study. The research protocol was approved by the Bioethics Committee of the University of Almeria (Ref: UALBIO2023/001).



2.4. Statistical analysis

A structural equation model (SEM) with latent variables was carried out to analyze how SIA is associated with emotional intelligence and satisfaction with life in Mexican university students. For the SEM, a two-step method following Kline (2016) was developed. In step-1, bidirectional relationships between variables were evaluated (i.e., measurement model). In step-2, the predictive effects between the variables were assessed. The SEM was controlled by the variable sex and campus of origin. The following indices were used to evaluate the models: chi square/degrees of freedom (χ2/df), CFI (Comparative Fit Index), TLI (Tucker–Lewis Index), RMSEA (Root Mean Square Error of Approximation) with a confidence interval of 90% (CI), and SRMR (Standardized Root Mean Square Residual). For the χ2/gl ratio, values <2.0 or <5.0 are, respectively, considered excellent (Tabachnick and Fidell, 2019) or acceptable (Hu and Bentler, 1999); for the CFI and TLI, values >0.95 are considered excellent, whereas the range between 0.90 and 0.95 is considered acceptable; for the RMSEA and SRME, values <0.06 are considered excellent, and <0.08, acceptable (Hu and Bentler, 1999; Marsh et al., 2004) Due to the lack of multivariate normality in the SEM (Mardia’s coefficient = 106.82; p < 0.001) the maximum likelihood (ML) method was used with the bootstrapping procedure for 5,000 re-samplings (Kline, 2016). The reliability of each scale was assessed using different parameters: McDonald’s omega (ω), composite reliability (CR), and AVE for measuring convergent validity. Reliability values >0.70 and AVE > 0.50 are deemed acceptable. For this study, even if the SWL scale yields an AVE value <0.50 (i.e., 0.47), such value is deemed acceptable according to Hair et al. (2018), as all the standardized regression weights were significant and >0.50.




3. Results


3.1. Preliminary results

Descriptive statistics and correlations between the different variables are shown in Table 1.



TABLE 1 Descriptive statistics and correlations among variables.
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3.2. Main results

During step 1, the SEM showed excellent goodness-of-fit indices: χ2/gl = 2.40, p < 0.001; CFI = 0.98; TLI = 0.97; RMSEA = 0.035(90%CI = 0.031; 0.038; pclose = 1.00), SRMR = 0.035. During step 2, the hypothesized SEM yielded a similar and excellent fit: χ2/gl = 2.40, p < 0.001; CFI = 0.98; TLI = 0.97; RMSEA = 0.035(90%CI = 0.031; 0.038; pclose = 1.000), SRMR = 0.035. The model was controlled by the sex and campus of origin variable and reached an explained variance of 31% for SWL, 3% for emotional attention, 4% for emotional repair and 10% for emotional clarity (Figure 2). The correlations among SIA, the emotional intelligence variables (i.e., emotional attention, emotional clarity, and emotional repair) and SWL can be attested in Figure 2 and Table 2.
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FIGURE 2
 Predictive relationships of the emotional intelligence on satisfaction with life through the mediating role of the social interaction anxiety. **p < 0.01; *p < 0.05. R2 = Explained variance; CI = Confidence interval. The dashed lines represent non-significant relationships. The model was controlled by the sex and the campus of the students.


Figure 2 outlines the SEM and shows that SIA has a direct, negative and significant relationship with SWL (p < 0.001), as well as emotional clarity (p < 0.00) and emotional repair (p < 0.001). On the other hand, SIA has a direct, positive and significant relationship with emotional attention (p = 0.004). In terms of the mediating effect of the dimensions of emotional intelligence, it should be noted that emotional clarity and emotional repair play a remarkable role between SIA and SWL, as they soften the negative direct effect of SIA on SWL, given that these two dimensions (i.e., emotional clarity and emotional repair) have a positive and significant direct effect on SWL (Table 2). In addition, Figure 2 demonstrates the CI (95%) of R2, thereby confirming that these values can be considered ES measurements (Dominguez-Lara, 2017).



TABLE 2 Estimation of significant standardized parameters and statistics of the mediation model.
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4. Discussion

The purpose of this research was to analyze emotional intelligence as a mediator between SIA and SWL. The main results illustrate the important role of emotional clarity and repair as mediating variables between SIA and SWL, given that they decrease the negative effect of SIA on SWL.

A possible explanation for this is that emotional clarity is the key to regulating emotions, as the ability to clearly identify one’s emotions is the first step to successful emotional regulation and coping (Butler et al., 2006). Thus, young people who understand their emotions and recognize their own abilities to solve problems and overcome difficult situations through their own efforts will adopt a positive emotional coping style, mitigating the distress caused by SIA and improving their social performance (Li, 2020), and thus their SWL (Hodzic et al., 2016). In this vein, Guil et al. (2019) highlight the importance of the interaction between the three dimensions of emotional intelligence concerning SIA. These authors state that students who are confident in their own abilities to cope with challenging situations, do not pay much attention to their emotions, and do trust their competencies to clearly perceive and repair their emotional states will cope more efficiently with SIA (Guil et al., 2019). In terms of the relationship of SIA with the dimensions of emotional intelligence, we consider that, because of its timely execution, this study provides the global university context with an important scientific contribution, understanding that the data for the present study were collected just 2 weeks after the return to in-person classes following the COVID-19 confinement, as the fear of contagion and stress in general due to the pandemic were still visible in society (Di Crosta et al., 2020; Rodríguez-Hidalgo et al., 2020; Torales et al., 2020).

However, according to our research, emotional attention did not have a significant direct effect on SWL, nor were there significant indirect effects between SIA and SWL. In this line, Hodzic et al. (2016) also did not obtain a significant relationship between emotional attention and SWL. Although the role of emotional attention compared to emotional clarity and repair is confusing according to García-Fernández et al. (2015), on the one hand, Blasco-Belled et al. (2020) have found that emotional attention negatively and significantly predicts SWL (Blasco-Belled et al., 2020), while others found a negative but not significant prediction (Hodzic et al., 2016; Ramos-Díaz et al., 2019). Emotional attention not predicting SWL could be due to the fact that this dimension does not have as much of a potential inference in people’s behavior as emotional clarity and emotional repair do (Salovey et al., 1995). Thus, when students pay too much attention to their emotions without understanding them or having repair skills, they negatively affect their mood and psychological functioning (García-Fernández et al., 2015; Butler et al., 2018; Petrides et al., 2018; Masters et al., 2019), while also decreasing their SWL (Guerra-Bustamante et al., 2019; Martínez-Marín and Martínez, 2019; Azpiazu et al., 2022; De la Barrera et al., 2023). On the contrary, the intelligent management of emotions helps students to prevent negative feelings and increases positive ones, contributing to the increase of SWL (Sánchez-Álvarez et al., 2016) while improving academic performance with appropriate learning strategies (García-Fernández et al., 2015). Because scientific literature in this context is scarce, and given that the results obtained are in line with the international literature, we consider this study to be a scientific contribution to the Mexican university context.

It is also worth mentioning that SIA significantly, positively and directly predicted emotional attention in this research. Since past studies have negatively related SIA to emotional attention (Turk et al., 2005; Guil et al., 2019), contrary to the results obtained in this research, the relationship between SIA and emotional attention remains controversial (García-Fernández et al., 2015). However, the results obtained in the present study are in line with the findings of Boden and Berenbaum (2012), who also described a positive relationship between SIA and emotional attention. These authors claim that when one does not pay attention to the information provided by emotions, or one has a high level of emotional attention, but with a deficient emotional clarity, the predisposition toward SIA increases. A potential explanation is that people with a high level of emotional attention tend to be hypervigilant about their own emotions and signs of anxiety, becoming less flexible to explain their states of anxiety and misjudging both their severity and visibility to others, and feeling more threatened by how others understand them (Roth et al., 2001; Wells and Papageorgiou, 2001; Edelmann and Baker, 2002).

Finally, we will describe a series of limitations and strengths of the present study, as well as future research perspectives. Limitations include: (i) the timing of data collection, 2 weeks after the confinement and mobility measures due to the COVID-19 pandemic had been lifted, as this might have caused widespread emotional and psychological instability in participants, even when filling the questionnaires; (ii) the variables were evaluated neither before nor during the pandemic, so we are not able to observe the evolution of these variables after such an upsetting experience; (iii) the cross-sectional design of the study does not allow for establishing causal inferences; (iv) there was no sample randomization, so the results cannot be generalized; (v) a possible social desirability bias due to the use of self-reporting, since participants may have exaggerated their responses. On the other hand, noteworthy strengths of this research include: (i) the timing of data collection may be a strength in itself since scientific literature on this topic set just after the end of mobility restrictions is scarce; (ii) the sample size of Mexican undergraduate Physical Education students from the three campuses of the Autonomous University of Baja California (Ensenada, Tijuana and Mexicali), as well as the statistical power of the study. We consider it necessary for future studies to analyze the dimension of emotional attention by conducting a quadratic regression analysis since both excessive emotional attention and low levels of this dimension are related to SIA. We also suggest longitudinal studies a few years after the pandemic to analyze how the post-pandemic dimensions of emotional intelligence relate to occupational success.



5. Conclusion

In conclusion, it can be asserted that emotional clarity and repair had a mediating effect between SIA and SWL, as they did decrease the negative effects of SIA on SWL. In addition, SIA had a direct and positive effect on emotional attention and a negative effect on emotional clarity and repair. Furthermore, emotional clarity and repair had a direct and positive effect on SWL, although emotional attention did not predict SWL. Therefore, we believe that university institutions should train and educate students in managing SIA by further developing their emotional intelligence. It would be interesting to provide university students with strategies to control and manage the understanding of their own emotions, and to manage negative emotions resulting from SIA. Finally, it is important to highlight the importance of young people not paying too much emotional attention, as an excess of it can increase SIA levels, undermining SWL at the same time.



6. Practical implications

The results of this research underline the importance of emotional clarity and repair in decreasing SIA and increasing SWL in Mexican university students after the pandemic and are in line with other studies conducted before the pandemic. Therefore, educational institutions should organize workshops related to the development of emotional intelligence to help young people to understand the feelings and emotions that they experience, and to remediate negative emotions that might be stressful for them (Correa-Barwick et al., 2022; Cabello-Sanz and Muñoz-Parreño, 2023; Torres-Gázquez et al., 2023). In this line, Valenti et al. (2022) consider that appropriate programs should be designed to help people to see the bright side of negative experiences, which permits a reshaping of harmful emotional outcomes by focusing on some positive aspects. In addition, it is recommended that people suffering from SIA practice activities such as Mindfulness (Butler et al., 2018), aerobic exercise (Jazaieri et al., 2012), or activities in natural environments (Chen and Huo, 2022), as they help to decrease SIA and to increase the levels of SWL.
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Introduction: Physical Education in the current education system has various objectives,including educating students on the values of physical activity and increasing the physical activity levels of students.

Objective: The purpose of the present study is to analyze the motivational profiles of students, to understand which profiles have higher levels of responsibility, satisfaction of autonomy, competence, and social relationship needs; intention to be physically active; and perception of autonomy support.

Methods: A total of 752 students from Primary, Secondary, and Non-compulsory Education (M = 13.809; SD = 1.984, 47.9% boys and 52.1% girls), from different educational centers in Spain, participated in the study, to whom a series of questionnaires were administered to find out their values of the mentioned variables. The results established the existence of four profiles: “high quality,” “low quality,” “high quantity,” and “low quantity” of motivation.

Results: The results reflect that the students of the “high quality” and “high quantity” profiles had higher values in all the variables in relation to the other two groups (except in amotivation and external regulation), discussing the differential analysis between the four groups. The group with the best results was the “high quantity” profile, as opposed to the “low quantity” profile. In turn, no differences were found according to gender, but according to the educational stage, the Primary Education stage was more related to the more self-determined profiles.

Discussion and conclusion: Therefore, it is necessary to look for more self-determined motivational profiles from an early age in order to improve levels of responsibility, perception of autonomy, satisfaction of basic psychological needs, and the intention to be physically active.

KEYWORDS
 Physical Education, autonomy support, responsibility, physical activity intention, basic psychological needs, physical activity


1. Introduction

Physical activity plays a crucial role in the overall well-being and development of young people. Numerous studies have highlighted the positive impact of regular exercise on various aspects of adolescent health. According to Meng et al. (2022), physical activity in students can improve body composition, cardiorespiratory fitness, and cardiometabolic markers. Additionally, research conducted by Janssen and Leblanc (2010) highlighted the association between physical activity and enhanced mental health, including reduced symptoms of anxiety and depression. Moreover, findings from a meta-analysis by Eime et al. (2013) revealed that participation in sports and physical activities positively influences social interactions and fosters a sense of belonging in young people. These findings collectively emphasize the importance of promoting and encouraging physical activity among young people to ensure their holistic development and well-being.

In this sense, promoting physical activity through education is of paramount importance in fostering a healthier and more active society. As pointed out by Tremblay et al. (2014), incorporating physical activity into the educational curriculum not only improves students’ overall health but also positively impacts their cognitive and academic performance. This synergy between education and physical activity is further supported by the findings of Day et al. (2019), who wrote that well-designed educational programs can effectively influence behavior change and create lasting habits that promote a physically active lifestyle.

On the other hand, motivation can be defined as the internal drive and enthusiasm that initiates, guides, and sustains goal-directed behavior. It is the force that compels individuals to act in pursuit of their desires and objectives, pushing them to overcome obstacles and persevere in the face of challenges. The Theory of Self-determination (SDT), proposed by Deci and Ryan (1985), is a crucial framework for understanding human motivation and its significance in various domains. According to Deci and Ryan (2000), the theory posits that individuals have innate psychological needs (BPN): autonomy, which reflects the possibility of carrying out activities by one’s own choice (Reeve, 2006); competence, involving a desire to achieve satisfactory results (Deci and Ryan, 1985); and relatedness, which refers to having a good social relationship with others, i.e., a reciprocal relationship (Leyton-Roman et al., 2020), which is essential for fostering intrinsic motivation. This theory explains that motivation goes from more autonomous and self-determined states of motivation (intrinsic motivation), continuing through identified motivation and introjected regulation, until it reaches more external motivation (extrinsic motivation) and, finally, lack of motivation (amotivation). In this field, White et al. (2021) focused on analyzing SDT, explaining that this theory is organized along a continuum involving the level of self-determination of a subject (i.e., the degree to which behavior is performed voluntarily, especially in intrinsic and identified motivation). Furthermore, Vallerand et al. (1992) said that intrinsic motivation plays a pivotal role in driving individuals to engage in activities for the inherent enjoyment and satisfaction they bring, leading to better performance and overall well-being. In educational settings, teachers who support students’ autonomy and provide opportunities for skill development and interpersonal connections can foster a sense of intrinsic motivation (Vansteenkiste et al., 2009), ultimately enhancing learning outcomes and promoting a positive learning environment.

Motivation has been widely studied by educational researchers. For instance, the authors of the SDT theory, Deci and Ryan (2017), investigated the significance of intrinsic motivation in students’ learning experiences and revealed that when learners are intrinsically motivated, they exhibit a genuine interest in the subject matter, leading to enhanced comprehension and long-term retention. At the same time, Physical Education plays a crucial role in fostering motivation (Moy et al., 2016) among students. In brief, SDT is a social cognitive theory that helps to explain student motivation in the context of PE classes (Deci and Ryan, 2000; Leyton-Roman et al., 2020).

The results of promoting motivation and autonomy in Physical Education classes facilitate the enhanced responsibility of students (Pozo et al., 2018; Valero-Valenzuela et al., 2019), autonomy support perception (Chang et al., 2016; Gil-Arias et al., 2020), or physical activity intention (Leyton-Roman et al., 2020).

In this line BPNs are determined by the social environment and autonomy support. In this sense, autonomy support consists of giving students the opportunity to make their own decisions (Reeve, 2016) and this variable is one of the most studied factors in the academic context. In this field, the relationship between autonomy support and BPN has been widely studied by different authors (Aguirre et al., 2016; Pérez-González et al., 2019; Gil-Arias et al., 2020; McCurdy et al., 2020) and this autonomy support is known as a facilitator of students’ autonomous behaviors (Borg and Alshumaimeri, 2019).

On the other hand, physical activity intention is a variable that predicts physical activity (Camacho-Miñano et al., 2013; Moreno-Murcia et al., 2018; Cid et al., 2019). Physical activity intention is important to reduce sedentary behaviors (Biswas et al., 2015; Edwardson et al., 2020) and improve physical activity during free time and self-determined motivation (Franco et al., 2017); it also has other benefits like improved memory, attention, information processing levels (Hillman et al., 2014), and self-esteem (Singh et al., 2015).

Responsibility is becoming an increasingly important phenomenon (Bugdayci, 2019) and is defined as making selections and accepting the consequences and effects of these selections, including taking care of oneself and others, fulfilling our obligations, and participating in society (Lickona, 1991). There are numerous recent studies based on the importance of increasing responsibility in students. For instance, the review by Shen et al. (2022) provides recommendations for responsibility programs, including collaborative efforts focusing on the importance of developing responsibility for students. This study includes 41 high-quality articles on the use of a Personal and Social Responsibility Model, whose main purpose is to promote responsibility in students, and many of these studies are linked to the SDT (Manzano-Sánchez and Valero-Valenzuela, 2019; Merino-Barrero et al., 2019).

However, there are a number of gender differences in motivation according to the meta-analysis of Turhan (2020). Usually, girls are more likely to be motivated by intrinsic factors, such as personal interests or helping others, and they have more academic motivation, while boys are more likely to be motivated by extrinsic factors, such as rewards and recognition, and their academic motivation is lower than girls (Bugler et al., 2015). In line with this, physical activity is lower in girls than in boys, but the most important gap in the literature is that motivation for physical activity support and the premise of self-determined motivation are strongly linked to higher physical activity participation (Lauderdale et al., 2015). This conclusion is in line with that of Shen (2015), who said that boys had higher intrinsic motivation and teacher autonomy support. The same conclusion was achieved by Abdoshahi et al. (2022) in a study involving primary school students, where the boys had higher scores in perceived autonomy support, intrinsic motivation, and intention to physically perform activities.

In the same field, it is important to study the age of participants because of the influence of educational stage on the academic motivation of girls and boys (Turhan, 2020); for this reason, studying both together is highly important. According to age, Nigg and Amarto (2015) indicate that the habits that are acquired during infancy and Primary school have a positive or negative impact on adolescence and in the future. Thus, the transition from primary to Secondary Education has been described as a phase of psychological, biological, and emotional transformation typical of entry into adolescence (Prieto and Delgado, 2017).

The secondary stage is considered a period of great difficulties due to the lack of motivation toward studies (Martínez and Blanco, 2005). In this sense, Manzano-Sánchez (2021) said that secondary school students have worse values in relation to motivation, BPNs, and responsibility than primary school students. Physical activity according to Singerland et al. (2011) is lower in secondary school students than primary students, especially in girls; furthermore, secondary school boys were found to be more active than girls. However, Jago et al. (2012) indicated that boys’ after-school physical activity declined by 16% after the move from primary to secondary school, compared to a 12% decline for girls. This is not a conclusion regarding whether the reduction of physical activity is higher in boys or girls, but there is evidently a reduction when students progress to the Secondary Education stage.

The purpose of this study is to study the motivational profiles of secondary and primary students to identify the differences in physical activity intention, autonomy support, and responsibility, identifying the differences between gender and educational stage. We hypothesized that (1) there would be different motivational profiles following the theory of Deci and Ryan and different studies (Yli-Piipari et al., 2009; Haerens et al., 2010; Sánchez-Oliva et al., 2015), (2) primary students would be more likely to be in the “high quality” or “high quantity” profiles than secondary and non-compulsory school students (Manzano-Sánchez, 2021), and (3) boys would have higher intention to be physically active and higher intrinsic motivation than girls, especially in the secondary stage (Bugler et al., 2015; Turhan, 2020; Aznar-Ballesta and Vernetta, 2023).



2. Method


2.1. Procedure

This is a cross-sectional and quantitative study. The questionnaires were coded on the online survey platform Google Forms1 and dates were collected from February to May 2023. First, contact was made with the different participating centers, through well-known Physical Education teachers, having different meetings with the corresponding management teams via Zoom or in person from different centers of Spain, specifically, Murcia (Región de Murcia), Alicante (Comunidad Valenciana), and Toledo (Castilla La Mancha). The link to the questionnaire was sent to Physical Education teachers, and a Zoom meeting was carried out to explain how to pass the survey to the students, this meeting lasted between 20 and 25 min. This questionnaire started with a presentation of the study, informing the participants of the objectives, including a clause of confidentiality of the data, where the participants had to indicate in the first place that they agreed to participate in the study and that they had understood the indicated information. After that, they answered sociodemographic questions and completed different questionnaires about motivation, physical activity intention, responsibility, and autonomy support. The time to complete the questionnaire was approximately 20–25 min. All procedures that were carried out were in accordance with the standards of the Helsinki Declaration and were approved by the University of Murcia Ethical Committee (1,685/2017).



2.2. Participants

This study adopted accessibility and convenience sampling selection. A total of 775 questionnaires were recovered, and after statistical atypical case selection with Mahalanobis Distance and according to exclusion criteria (one answer per participant and an answer to all questions), the final sample consisted of 752 students (97.03%, M = 13.675; SD = 1.967) from three Spanish regions: Comunidad Valenciana Region de Murcia and Castilla-La Mancha. The sample consisted of 360 boys (47.9%) and 392 girls (52.1%). Following the Spanish Education System, the students were from Primary and Secondary Education. Specifically, 253 (33.6%) from Primary Education (year 4 to year 6); Secondary Education, from year 7 to year 10 (61.3%); and 38 from non-compulsory education (5.1%).



2.3. Measures


2.3.1. Academic motivation

A Motivation in Physical Education Questionnaire was used [CMEF, Sánchez-Oliva et al. (2012)]. This questionnaire is composed of 20 items. The items are established on a Likert scale from totally disagree (1) to totally agree (5). This questionnaire includes four items for each scale. This questionnaire is composed by five scales. Specifically, intrinsic motivation (“Because Physical Education is fun”), identified motivation (“because I value the benefits that this subject can have on my self-development”), introjected regulation (“because it’s what I have to do to feel good”), external regulation (“because it is approved by the teacher and the classmates”), and amotivation (“I do not understand why we should have Physical Education”). The alpha’s Cronbach values were α = 0.867 (intrinsic motivation), α = 0.866 (identified motivation), α = 0.700 (introjected regulation), α = 0.781 (external regulation), and α = 0.702 (amotivation).



2.3.2. Satisfaction of basic psychological needs

Basic Psychological Needs Satisfaction Questionnaire [BPNES by Vlachopoulos and Michailidou (2006)]: to measure the satisfaction of basic psychological needs (BPNs). A Spanish version from Moreno-Murcia et al. (2008) was used. This scale has 12 items that aim to investigate autonomy values (“the types of exercise I do are in line with my interests”), competence (“exercising is something I do very well”), and relationship (“I feel very comfortable with my colleagues”). This questionnaire has a Likert-type scale from 1 (totally disagree) to 5 (totally agree). The Cronbach’s alpha values obtained were α = 0.842 (autonomy), α = 0.818 (competence), and α = 0.866 (relationship).



2.3.3. Responsibility

A Personal and Social Responsibility Scale [PSRQ by Li et al. (2008)] was used with the Spanish version developed by Escartí et al. (2011). This questionnaire is composed of two scales (personal responsibility and social responsibility) with a total of fourteen items and a Likert-type scale ranging from totally agree (1) to totally disagree (6). The internal consistency was α = 0.841 for personal responsibility and α = 0.904 in the case of social responsibility.



2.3.4. Autonomy support

An Autonomy Support Scale (EAA-EF, Moreno-Murcia et al., 2020) was used to check the perception of teacher support by students. This questionnaire has 11 items and a Likert scale with five responses, ranging from definitely not (1) to definitely yes (5). An example of an item is “They value our ideas and suggestions and let us propose things.” The internal consistency value was α = 0.828.



2.3.5. Physical activity intention

Measurement of the Intention to be Physically Active [MIFA in Spanish by Moreno-Murcia et al. (2008) adapted from Hein et al., (2004)] was used to analyze the physical activity intention of the participants. This scale is composed of five items on a Likert scale from 1 “strongly disagree” to 5 “strongly agree.” An example of an item is “I usually practice sports in my free time.” The internal consistency value was α = 0.811.




2.4. Statistical analysis

First, the database was filtered by applying the Mahalanobis distance once the data from the questionnaires had been entered, this distance was applied considering the variables that were built for the clusters (intrinsic motivation, identified motivation, introjected regulation, external regulation, and amotivation). Next, we calculated the mean and standard deviation for the scores and the data were Z-transformed to be standardized. We also investigated the correlation between variables, and the values of skewness and kurtosis were used to check the normality, considering values <3 and < 7, respectively, as normal values (Curran et al., 1996) and < 1.98 following Field (2017). After that, the Cronbach’s alpha coefficient was calculated to check the reliability of each variable. All variables that had values over 0.70 were considered acceptable (Viladrich et al., 2017).

Then, we checked the student’s profiles in a two-step cluster analysis approach using a combination of hierarchical and non-hierarchical methods (Hair et al., 2018). Subsequently, a hierarchical conglomerate analysis was performed using Ward’s method (Euclidean distance square) with Z-standardized scores of intrinsic motivation, identified motivation, introjected regulation, external regulation, and amotivation. We checked the dendrogram with a distance between 5 and 10 points, and a four-cluster solution was found to be the most suitable, so we selected this solution.

Furthermore, a univariate analysis of variance was performed to check the explanatory power of the cluster solution. In addition, we carried out a double-split cross-validation approach (the sample was randomly split into halves, and the same procedure was then repeated). The degree of agreement with cluster solution was 0.61 (p = 0.001) with the Cohen’s kappa test. This is a value that is considered appropriate according to Breckenridge (2000).

In order to check the differences in the variables of BPNs, responsibility, physical activity intention, and autonomy support, a multivariate analysis of variance was performed, including F value and size effect. A post hoc contrast was used with the Bonferroni test to check the differences between profiles. Size effect was considered, following Richardson (2011), as small (< 0.01), medium (0.01 to 0.06), medium-large (0.06 to 0.14), or large (>0.14). Furthermore, we examined the differences in gender and educational stage within each subgroup by checking the differences in the distribution in the different profiles and the statistical differences. All analysis was performed with IBM SPSS, v. 25.0 (SSPS Inc. Chicago IL, EE.UU) establishing the level of significance p < 0.05.




3. Results


3.1. Descriptive and correlation results

Table 1 shows the descriptive results of the different variables under study. The correlation between the variables was positive in all cases and significant (p < 0.01), except for amotivation, which was negative (except for the autonomy and autonomy support variables, where it was not significant). It is noteworthy that the highest correlation happened between intrinsic motivation and the three BPNs. At the same time, the BPN of competence had the highest correlations with responsibility and intention to be physically active than autonomy and relation. In turn, the skewness and kurtosis values were checked, showing adequate values (<2) in any case, as indicated in the statistical analysis section.



TABLE 1 Descriptive analysis and correlations.
[image: Table1]



3.2. Cluster profile result

With the final 752 participants (after exclusion criteria were applied), we started with cluster analysis. The dendrogram and the agglomeration coefficients reflected that the most adequate solution would be four or six profiles. Finally, we selected the four solutions due to the coefficients being increased highly by the movement between these two profiles, and the four-cluster solution has been supported in previous research (Sánchez-Oliva et al., 2015; Manzano-Sánchez et al., 2021). Finally, we checked the four-cluster solution and found that it was the profile that explained the variance of clustering of 68.2% (R2 = 0.682; R = 0.832). This cluster had significant correlations in p < 0.001 for intrinsic motivation, identified motivation, introjected regulation, external regulation, and amotivation. In Figure 1, we can see the values of the four profiles.

[image: Figure 1]

FIGURE 1
 Motivational profiles.


The non-hierarchical cluster confirmed the four-cluster solution. The profiles were named “high quantity” (n = 301, 40.0%), with high values in all autonomous and external motivation; “low quality,” with high values in amotivation and low values in more internal motivation (n = 131; 17.4%); “high quality,” with low levels of external motivation and amotiation and positive values in identified and intrinsic motivation (n = 239; 31.8); and “low quality,” with very low values of motivation (internal and external) and high levels of amotivation (n = 81; 10.8%). On the other hand, in Figure 2, we can see a scatter plot where the Y-axis is autonomous motivation and the X-axis is controlled and amotivation. We can see that the majority of the participants have values on the X-axis from 0.000 to 3.000 in the “low quality” and “low quantity” profiles. On the other hand, the majority of the other two profiles are between −1.000 and 2.000 on the Y-axis (Figure 2).

[image: Figure 2]

FIGURE 2
 Dispersion diagram from cluster. Y-axis, Autonomous motivation; X-axis, Controlled motivation and amotivation.


In Table 2, we can check the differences between the motivation variables from each cluster. The multivariate effect was significant at p < 0.001, pointing to the violation of the assumption of homogeneity. In this sense, the “high quantity” profile has greater values of all kinds of motivation. On the other hand, the “low quality” profile was the profile with more amotivation values and reduced values in internal and external motivation. The “high quality” profile had lower values in amotivation and high levels in intrinsic and identified motivation, with intermediate values in extrinsic regulation and introjected motivation. Finally, the “low quantity” profile had lower values in all variables except amotivation, for which it had the second highest values.



TABLE 2 Profile analysis according to motivation.
[image: Table2]

Finally, according to one of the main purposes of this study, we investigated the values of responsibility, BPNs, autonomy support, and physical activity intention between the profiles (Table 3). In order to know which groups were different from each other, we used the Bonferroni-correction test.



TABLE 3 Profile analysis according to BPNs, responsibility, autonomy support, and physical activity intention.
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3.3. Differences in motivational profile between groups

The four motivational profiles identified significantly differed from one another with respect to BPNs, personal and social responsibility, autonomy support, and physical activity intention. The results, using multiple comparisons, contrasted with Bonferroni’s correction, are in Table 4. Post hoc analysis reported that, in the case of autonomy, all variables had significant differences between clusters in p < 0.01 or p < 0.001 in favor of the “high quality” and “high quantity” profiles. Competence and relatedness followed a similar line, with higher values in the “high quality” and “high quantity” profiles. On the other hand, in personal and social responsibility, significant differences were found between the four motivational profiles, except between the “low quality” (2) and “low quantity” (4) profiles, with the highest values being recorded for the “high quality” profile, followed by the “high quantity” profile. Autonomy support had differences between profiles, with higher values in the “high quality” profile, followed by the “high quantity,” “low quality,” and finally, “low quantity” profiles.



TABLE 4 Analysis between clusters.
[image: Table4]

Finally, physical activity intention was higher in the “high quality” profile and the “high quantity” profile, with lower values being recorded for the “low quality” profile, and lower still for the “low quantity” profile. The only variable that did not have differences between the groups was social responsibility (between high and low quality and low quantity) and the significance of personal responsibility and MIFA for these groups was low (near to 0.50).



3.4. Differences between profiles according to gender and educational stage

Following Manzano-Sánchez et al. (2021), to check the differences in the distribution of the motivational profiles found in terms of gender and the course, it was decided that a difference analysis using Pearson’s chi-square statistic with cross tables would be performed. This test is adequate for observed and expected frequencies in a category to test whether all categories contain the same or different proportions of values for a user-specified proportion. We used corrected typified residuals to provide us with information regarding where the differences were found (greater >1.90 indicated that differences were significant).

In this sense, we did not find any differences between genders in the group distribution; however, the educational stage was found to be related to the different profiles. In summary, primary school students were in the “high quantity” profile, and this group was the most adequate in motivation, responsibility, satisfaction of BPNs, autonomy support, and physical activity intention. On the other hand, Secondary students were the group with the second highest number of students in the “high quantity profile” and the group with the most students in the “high quality” profile (All these variables were greater than 1.9). Finally, Non-compulsory Education students had a similar distribution in their profiles, and the only difference was in the low quantity profile, with a standardized residual of 2.1 (21.1% of the participants) (Table 5).



TABLE 5 Differences according to gender and educational stage.
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3.5. Differences according to gender and educational stage

Finally, we investigated the differences according to gender and educational stage. Gender did not have any differences in any variables, with similar values between boys and girls, taking into account the sample in general (Table 6).



TABLE 6 Gender and stage differences.
[image: Table6]

However, Table 6 shows the differences between stages, especially in variables with p < 0.001, except in amotivation, where differences did not occur between groups. Primary Education is a stage where the students have higher levels of internal and external motivation to engage in physical activity, and at the same time, they have good satisfaction with their BPNs (all these variables are higher in this group compared to Secondary Education and Non-compulsory Education). On the other hand, they feel that their teacher provides them with a good environment to be autonomous and they feel high levels of social and personal responsibility.

The differences between Secondary Education and Non-compulsory Education are in intrinsic motivation and identified motivation, physical activity intention, relatedness and competence, and autonomy support (higher in Secondary Education) following the post-hoc test. However, Non-compulsory students had higher levels of social responsibility.




4. Discussion

The purpose of this study is to study the motivational profiles of secondary and primary school students to identify the differences in physical activity intention, autonomy support, and responsibility and show the differences between gender and educational stage. The hypothesis was that (1) there would be four motivational profiles; (2) primary students would be more likely to be in the “high quality” or “high quantity” profiles than Secondary and Non-compulsory school students; and (3) boys would have higher intention to be active and have greater intrinsic motivation than girls, especially in the secondary stage.

According to the first hypothesis, we can confirm that there were four profiles, as initially hypothesized, agreeing with the studies by Sánchez-Oliva et al. (2015), where they found four profiles with 1,690 Secondary Education students, and Manzano-Sánchez et al. (2021), with 768 participants. However, in the studies cited, the levels of amotivation were also high in the profile called “high quantity,” which possibly caused this profile to have fewer adaptive consequences than the “high quality” profile, indicating to the authors that it could be due to a “standardized response” from the participants, which was not the case in the present study. In our study, on the other hand, the “high quantity” profile proved to be the one with the most positive results. This indicates that high levels of internal and external motivation (not amotivation) could play a significant role in improving adherence to physical activity, improving responsibility, satisfying BPNs, and the perception of autonomy support. Finally, note that the solution of profiles is an area still under study since other studies have identified the existence of two profiles (Yli-Piipari et al., 2009) or even five profiles (Haerens et al., 2010), probably due to the use of different motivational variables like autonomous or controlled motivation or the self-determination index. In this sense, future studies have to consider the amotivation variable, since it could have a negative influence on a “high quantity” profile.

Secondly, based on the second hypothesis, we must highlight that Romera et al. (2022) evidenced the role of age and gender in different adolescent behaviors and that, usually, girls would have higher levels of social values and less disruptive behaviors. Following this author, preadolescence (primary school) would be a particularly relevant stage to educate and develop values and social rules adjusted to the context. Our study corroborates that the educational stage of students has a special relevance to motivational factors. In this way, the Primary Education stage had the highest percentage of students in the “high quantity” and “high quality” profiles, which translated into higher levels of intention to be physically active, satisfaction of BPNs, responsibility, and autonomy support. All of this generates the need for Physical Education to seek to improve motivation and adherence to physical activity outside and inside school (Hagger and Chatzisarantis, 2014; Sánchez-Oliva et al., 2015), allowing for this motivation to also improve educational values, such as social responsibility (Bagøien et al., 2010), as well as BPNs (Vasconcellos et al., 2020). Therefore, we can conclude that promoting motivation in Physical Education classes must begin from the earliest age to maintain these values in adolescence and at the end of the Secondary Education stage, when the values of physical activity and satisfaction of BPNs are low. The same is indicated by Abdoshahi et al. (2022), where Primary Education students have the highest levels of intrinsic motivation, autonomy support perception, and intention to be physically active.

Finally, regarding the third hypothesis, we did not find clear results, since we did not find statistically significant differences between boys and girls, neither in the distribution of the profiles, considering the standardized residuals, nor in the general values without taking the profiles into account. This contrasts with studies such as Aznar-Ballesta and Vernetta (2023), where girls were shown to have higher sports dropout rates than boys. Similarly, the review by Turhan (2020) indicates that girls tend to have higher values of intrinsic motivation and boys experience motivation more related to external rewards (Bugler et al., 2015). In turn, regarding the level of physical activity, Bugler et al. (2015) indicated that girls tend to perform less physical activity than boys, but in our case, this data is not indicated as it is similar in both genders. Likewise, Shen (2015) shows that motivation is usually higher in boys, and they have a greater perception of autonomy from their teachers, a result similar to that of Abdoshahi et al. (2022). On the other hand, we corroborate the results of Lauderdale et al. (2015), where it is indicated that when there is greater motivation (especially intrinsic), the levels of physical activity are higher. This may explain the non-existence of differences between genders in the intention to be physically active, since no differences were seen at the motivational level, showing the importance of generating an adequate climate of motivation to achieve these results. Therefore, we conclude in this sense that it is still necessary to continue investigating the role of gender in motivation and experiences related to SDT and the variables of responsibility, autonomy support, and the intention to be physically active. We also consider the necessity of following Turhan’s suggestions, which insist on the importance of studying the motivation of girls and boys, especially in the change of educational stage from Primary to Secondary Education, since the habits that are generated in the early stages are necessary to create suitable habits in the future. It is worth highlighting the study of Cerro-Herrero et al. (2022) and the necessity to implement interventions that promote the vision of active movement to take advantage of the high levels of intention to be physically active. The study conducted by Ahmadi et al. (2023) is also interesting as they identified 57 motivational behaviors of teachers that could explain most of the motivational behaviors of students.



5. Limitations and future research

The main limitations of the study indicate the cross-sectional nature of the study, which does not allow for cause-effect relationships. Another limitation is the sample obtained in Non-compulsory Education students, which was reduced in relation to the rest of the participants. In turn, the solution of four motivational profiles has been widely studied, but it could have been considered to carry out profile analysis including BPNs or another variable, which could have varied the solutions. Finally, the use of larger samples from other countries or samples consisting of students with different socio-economic characteristics could be interesting to investigate the results in different social and cultural centers.

As a future line of study, it is recommended to carry out intervention studies where motivation is promoted within Physical Education classes to improve the satisfaction of basic psychological needs, especially seeking to use a teaching style where autonomy is encouraged to also improve adherence to physical activity. On the other hand, carrying out longitudinal studies or including larger samples, including different contexts, would be of great interest to the scientific community. Finally, it would be interesting to expand the sample to university students in order to understand whether the reduction of the variables studied continues at this stage, with the inclusion of new variables like satisfaction due to the mediating effect following SDT and physical activity intention (Pérez-Quero et al., 2023).



6. Conclusions and practical applications

It is concluded that there were four motivational profiles called “high quantity,” “high quality,” “low quantity,” and “low quality,” which were related to each other with the psychological needs of autonomy, competence and social relationships, responsibility, autonomy support, and the intention to be physically active. All profiles have statistically significant differences between all variables.

The profile that had more appropriate values was the so-called “high quantity” profile, which makes it necessary to promote motivation in Physical Education students (including external motivation), especially from an early age, to improve adherence to physical activity and the promotion of educational values. On the other hand, “high quality” was the second profile with more positive values of the variables under study, and “low quality” was the profile with the lowest values in intention to be physically active, responsibility, satisfaction of basic psychological needs, and perception of support for autonomy. No differences were found between girls and boys, but the students in Primary Education were in the most self-determined profiles.

For these reasons, motivation should be emphasized following the SDT from an early age to generate better habits related to physical activity and greater responsibility. Similarly, the interventions carried out in the field of education should focus on promoting physical activity and values such as responsibility with a teacher who conducts their classes promoting autonomy, competence, and relatedness, following recommendations for the use of behaviors based on the SDT, such as those made by Ahmadi et al. (2023).
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The effect of physical activity (PA) on academic achievement has long been a hot research issue in physical education, but few studies have been conducted using machine learning methods for analyzing activity behavior. In this paper, we collected the data on both physical activity and academic performance from 2,219 undergraduate students (Mean = 19 years) over a continuous period of 12 weeks within one academic semester. Based on students’ behavioral indicators transformed from a running APP interface and the average academic course scores, two models were constructed and processed by CHAID decision tree for regression analysis and significance detection. It was found that first, to attain higher academic performance, it is imperative for students to not only exhibit exceptional activity regularity, but also sustain a reduced average step frequency; second, the students completing running exercise with an average frequency of 1 time/week and the duration of 16–25 min excelled over approximately 88 percentage of other students on academic performance; third, the processing validity and reliability of physical observation data in complex systems can be improved by utilizing decision tree as a leveraging machine learning tool and statistical method. These findings provide insights for educational practitioners and policymakers who will seek to enhance college students’ academic performance through physical education programs, combined with data mining methods.
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Introduction

The relationship between physical activity and academic performance has been studied in various adolescent populations in different countries. For instance, data from public schools in the northeastern United States confirmed a positive correlation between physical fitness test scores and pass rates in math and English course assessments (Chomitz et al., 2010). Moreover, middle school students who met the aerobic endurance running standards not only had a higher likelihood of meeting standardized test benchmarks but also demonstrated improved academic performance (Bass et al., 2013). In Spain, after controlling for BMI z-scores, waist circumference, and body fat percentage, the levels of aerobic fitness and motor skills were positively correlated with the grades on math and language tests among 6–18-year-old adolescents (Esteban-Cornejo et al., 2014). Similarly, in Japan, cardiorespiratory fitness and overall health-related fitness were found to have significant positive effect on academic performance among middle school students (Ishihara et al., 2018). Meanwhile, in a study involving 183 college students examining the relationship between physical fitness and academic performance, it was found that, apart from body mass index (BMI), all students’ physical fitness tests showed a significant positive correlation with average academic scores, indicating that high levels of physical fitness contribute positively to academic success (Başkurt et al., 2020). Zhang (2022) further investigated the factors influencing physical fitness scores among college students and identified physical fitness level, exercise frequency, and physical injuries as key factors. Currently, there is a contentious debate in the academic community regarding the apparent association between physical activity and academic performance due to varying research methodologies and data sources employed (Rodriguez et al., 2020).

In addition to the correlation and predictability of physical exercise on academic performance, some previous research has incorporated social cognitive theories from psychology to explain the underlying mechanisms. This suggests that the enhancement of students’ cognitive abilities through physical activity primarily manifests in self-control, specifically focusing on self-regulatory efficacy (Anderson et al., 2006). The impact of self-efficacy on self-regulation and its association with exercise are highlighted, with self-regulatory efficacy positively correlated with exercise intensity (Bauman et al., 2012). This explanation aligns well with social cognitive theory, as identifying oneself as an exerciser is, to some extent, influenced by past exercise experiences and serves as a source of self-efficacy (Bandura, 1997). Moreover, achieving the desired intensity of exercise is associated with various behavioral outcomes related to academic development (Strachan and Whaley, 2013), including weekly exercise minutes (Strachan et al., 2010), weekly exercise frequency, duration and intensity of vigorous exercise (Strachan and Brawley, 2008), and the number of weeks engaging in exercise (Anderson et al., 1998). These studies indicate a correlation between exercise intensity and self-regulation. Therefore, the question arises as to which specific aspect of cognitive processes in adolescents may be impacted by physical exercise and how exactly it influences cognition. Current research has only scratched the surface by exploring certain facets of cognitive processes, and the studies conducted thus far remain fragmented (Balk and Englert, 2020).

In the study of the mechanisms underlying the impact of physical activity on academic performance, two approaches are commonly used: examining the mediating variables in the causal pathway between the two factors and exploring the underlying mechanisms from other disciplines such as psychology and cognitive science. The former approach, as proposed by Kayani et al. (2018), was “physical activity → self-esteem → learning motivation and performance,” which suggests that the strongest mediator between physical activity and academic performance is self-esteem. To put it another way, physical activity could enhance students’ self-esteem, which may serve as a guarantee for their motivation and academic success. Liang and Li (2020) explored the pathway of “physical activity → physical health → academic performance” by considering both explicit physical appearance and implicit physical skills as mediating factors. The scholars underscored the pivotal role of physical fitness as a significant mediating factor influencing academic achievement (Chacón-Cuberos et al., 2020; Koçak et al., 2021). The aforementioned studies illuminate the substantial correlation existing between psychological factors, physical well-being, and academic attainment. Specifically, factors such as self-control and low self-efficacy have been found to exert a significant influence on tendencies toward overeating, weight gain, and diminished physical fitness. As the volume of data utilized in sports research continues to grow, the expansive magnitude and complex nature of sports-related data necessitate enhanced data processing techniques.

In the field of sports research, there is an increasing inclination toward the utilization of non-linear data mining techniques. These approaches offer practical insights into associations between predictor variables (e.g., team performance indicators) and dependent variables (e.g., match outcomes) (Robertson et al., 2016). Unlike linear methods, these approaches can reveal multiple patterns within the data (Mandorino et al., 2021; Teixeira et al., 2022). One widely-used non-linear method is the decision tree, which partitions samples based on maximum information entropy (Mooney et al., 2017). Hijriana and Muttaqin (2016) applied decision trees to classify academic achievement, while You et al. (2018) used them to analyze physical activity’s impact on hypertension prevention in middle-aged and older adults in China. Pei et al. (2019) evaluated five classifiers for identifying individuals with diabetes based on clinical features. Benediktus and Oetama (2020) employed the decision tree C5.0 classification algorithm, based on information entropy, to predict student academic performance and explore the role of student activeness as a predictor. The use of information entropy allows for a comprehensive exploration of intricate relationships and patterns within the complex system of physical activity (Silva et al., 2016). In this study, information entropy was also employed to construct indicators of activity patterns, with the aim of quantitatively assessing the uncertainty and randomness in the exercise patterns and trends of college students.

The progression of research involving the CHAID (Chi-squared Automatic Interaction Detector) method, in contrast to the commonly used decision tree algorithm, can be traced through multiple studies. Sanz Arazuri and de Leon Elizondo (2010) initially elucidated the application of hierarchical segmentation with CHAID, laying the foundation. Subsequently, Gómez et al. (2015) employed CHAID to pinpoint influential variables in ball screens, demonstrating its practical use. Building on this, Robertson et al. (2016) delved deeper, revealing distinctions between teams and showcasing CHAID’s effectiveness in crafting performance indicator profiles. In a more recent study, Eagle et al. (2022) extended the research by utilizing CHAID for subgroup analysis and examining its role in assessing sport-related suicide risk. Throughout these studies, CHAID consistently displayed its potential in predicting behavior indicators and elucidating causal relationships, as underscored by Schnell et al. (2014), thus emphasizing its evolving significance in the field.

In the realm of academic inquiry, a contentious debate persists regarding the connection between physical activity and academic performance. This debate stems from the diverse research methodologies and data sources employed in previous studies (Rodriguez et al., 2020). Our research endeavors to contribute to this discourse by addressing several key objectives. Firstly, we aim to unravel the intricate relationship between physical activity and academic achievement among college students. we aspire to delve deeper into the impact of physical exercise on cognitive processes in adolescents. While prior research has touched upon this topic, our goal is to identify specific facets of cognition influenced by exercise intensity. Secondly, we recognize the need for advanced data processing techniques in sports research due to the complex and expansive nature of sports-related data. By embracing non-linear data mining methodologies and leveraging information entropy, we aim to offer a fresh approach to exploring intricate relationships and patterns within the realm of physical activity and its impact on academic achievement. Furthermore, we also aim to elucidate the interplay between psychological factors, physical well-being, and academic attainment. By focusing on variables such as self-control and self-efficacy, we intend to shed light on their significant influence on behaviors related to physical fitness. Our research seeks to provide a holistic perspective on student well-being and academic success. We focused on three principal research objectives:

• Q1: Is there a correlation between the data model constructed using behavioral indicators and academic performance?

• Q2: How can effectively uncover the factors that influence academic performance and attribute interpretability to physical activity metrics through the utilization of machine learning techniques?

• Q3: How can the establishment of a pathway depicting the factors of physical activity on academic performance aid in revealing the potential mechanisms?



Methods


Data source and preprocessing

The research data was gathered over a continuous 12-week period during one academic semester from undergraduate students at Sichuan International Studies University in China, with an average age of 19.08 years. The data was obtained from two different systems. Firstly, approximately 9,000 academic records, including the grades of three subjects and physical fitness test scores, were retrieved from the Educational Administration System. Secondly, the physical activity log data for the research subjects during the semester was extracted from a running app installed on their mobile phones, yielding approximately 34,000 records.

In the context of this study, the log data was distributed across various business systems, necessitating a series of preprocessing steps to fully harness the data’s intrinsic value when constructing predictive indicators. Initially, the log data undergone anonymization and aggregation, involving the removal of sensitive information such as names, ID numbers, and phone numbers, followed by the correlation and integration of multiple datasets. Subsequently, common issues associated with log data, such as missing and imbalanced data, were addressed. Specifically, post-aggregation data undergone cleansing and adjustments. For instance, approximately 3.5% of students lacked running data, and there existed an imbalance in the gender ratio at college (male-to-female ratio: 1:4.3). Hence, during the preprocessing stage, missing data were addressed by eliminating invalid and duplicate records. Additionally, for datasets exhibiting skewed distributions, a Stratified Sampling approach was employed for female students to reduce the sample size, while a Bootstrap method was applied to male students to augment the sample size. This adjustment resulted in a more balanced male-to-female student data ratio of approximately 1:1.5, ensuring the integrity and validity of the predictive dataset. Ultimately, following data processing, a sample of 2,129 students was retained for the purposes of this research.



Physical behavioral indicators

Behavioral indicators are input datasets used for machine learning modeling. Wearable sports monitoring devices or mobile apps are applied to quantify various parameters and indicators of individuals and even groups, such as movement trajectories, exercise habits, energy expenditure, and health status. There are two main types of behavioral indicators: demographic indicators and behavioral indicators. Demographic indicators include basic personal information about students, such as age, gender, and major, which have good predictive capabilities in the early stages of learning activities which represent static data (Whitener, 1989). Behavioral indicators, on the other hand, encompass changing data generated during learning activities, such as activity frequency, duration and speed. These indicators exhibit better predictive effects in the middle and later stages of activities (Hussain et al., 2018; Karthikeyan et al., 2020), representing dynamic data. The research primarily investigates students’ behavioral performance, specifically the impact of dynamic indicators on academic performance. Hence, in the construction of the analytical model, performance indicators pertaining to physical exercise are carefully chosen. Subsequently, directional indicators are employed to visually represent and classify the findings, thereby providing an effective means to elucidate the observed outcomes.

The utilization of information entropy in constructing an activity regularity indicator for college students aims to quantitatively measure the uncertainty and randomness pertaining to their exercise patterns and trends. Information entropy plays a vital role in the analysis of intricate systems in sports research, providing researchers with quantitative measures to assess and analyze various aspects of complex sports systems (Rhea et al., 2011). For instance, the utilization of entropy measurements in team sports has exhibited considerable potential in evaluating the uncertainty pertaining to players’ spatial distributions, dominant regions, and various collective team behaviors (Silva et al., 2016). Additionally, entropy has been employed to analyze the complexity and information content of heart rate variability as an indicator of activity (Namazi, 2021). In this study, entropy measures have been employed in investigating the variability of performance to unveil the underlying interactions governing activity regulation among college students, and the indicator Hx was calculated based on the distribution of exercise frequency. The entropy value was computed using the proportion of the number of exercise sessions on days for one student out of the total number of exercise sessions over days. The Hx indicator codes and descriptions are presented in Table 1.



TABLE 1 Descriptive characteristics of physical activity behavioral indicators and academic achievement indicators.
[image: Table1]

Physical behavioral indicators in current study were constructed based on the key indicators of the Physical Activity Readiness Questionnaire (PAR-Q). These indicators were developed from three aspects: exercise intensity, duration, and frequency (Thomas et al., 1992; Liang, 1994; Shephard, 2015). PAR-Q is widely used to assess physical activity levels. By scoring the three dimensions in the questionnaire, the individual’s exercise volume is calculated using the formula “intensity * duration * frequency = exercise volume.” This study built exercise indicators reflecting students’ physical activity (running) over a 12-week period in one semester. These indicators included distance covered (in meters), average step frequency (steps per minute), average pace (meters per minute), running duration (in seconds), exercise regularity, and frequency. Among them, distance, step frequency, and pace reflected exercise intensity; running duration reflected exercise time; exercise regularity and frequency reflected exercise frequency. The specific indicator codes and descriptions are presented in Table 1.



Academic achievement indicators

Academic performance (AP) indicators, are influenced by a number of factors such as teacher subjectivity, selection bias, and student behavior (Marques et al., 2018). Scholars commonly employ standardized tests to assess AP. Examples include the Academic Aptitude Test (SAT) in the United States, the National High School Examination (ENEM) in Brazil, and the General Scholastic Ability Test (GSAT) for higher education admission in Taiwan. Some researchers also use final grades from common courses and major-specific courses within the students’ respective schools as indicators of academic performance. In the current study, the physical fitness scores and standardized average scores from major-specific courses of first-year university students over one semester were used as predictive targets to evaluate their physical fitness and academic performance. As for the selection of major-specific scores, due to the large sample size and the variation among students’ colleges and majors, AP was primarily determined by the average scores of their highest credit courses. The conversion method is detailed in Table 1.



Data mining based on machine learning

In order to enhance the interpretability of the study’s predictions, the target variables for prediction were not the conventional classification categories such as “pass,” “good,” and “excellent,” but rather continuous variables directly associated with academic performance scores. This choice transformed the task into a typical regression problem. The study had two main parts: firstly, the data collected from the administration system and mobile apps are anonymized, aggregated, and cleaned, and the predictive variables for correlation and variance inflation factor (VIF) to identify the optimal predictors. Secondly, the CHAID decision tree algorithm was utilized for significance testing and branch prediction, providing statistical explanations and attributions to the results, and identifying potential factors influencing academic performance from the patterns of physical activity behavior among college students. The flowchart involving data collection, preprocessing, screening process, and data model construction, and CHAID decision tree modeling is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Flowchart of data mining based on physical activities.




Data model

To validate and compare the predictive capabilities of physical behavioral indicators on academic performance, the behavioral dataset was divided into two subsets. Both subsets were associated with the predictive target variables of academic performance, forming the learner data models Model 1 and Model 2, as follows. These data models served as the data source for subsequent prediction model construction and performance comparison.

Model 1: Physical behavioral indicators (Variables) - > Academic Performance Score (All Target).

Model 2: Physical behavioral indicators (Variables) - > Academic Performance Score (Only AP > 80).



Analysis tools

The predictive tools employed in this study utilized prediction algorithms provided by machine learning models, specifically SPSS Modeler for predictive modeling and analysis. The CHAID module in SPSS Modeler was used for decision tree visualization modeling. This module is used for branch prediction and significance analysis in the two data models. By utilizing the CHAID method, we could quickly and effectively unearth the primary influencing factors. This approach could handle nonlinear and highly correlated physical behavioral data. Furthermore, it could accommodate missing values, thus overcoming restrictions faced by traditional parametric tests in these aspects.




Results


Correlation analysis

Correlation analysis and variance inflation factor (VIF) tests were conducted on the behavioral indicators. The former assessed the phenomenon correlation between the predictive indicators and the target variable, while the latter evaluated the collinearity among the indicators within a controllable range. If the VIF value was less than 0.1 or greater than 10, it indicated poor predictive performance and necessitates adjustment or removal of the respective indicator (as shown in Table 2). From Table 2, it can be observed that the average running speed (SX) has a relatively high VIF value, but it still falls within a reasonable range. All other indicator VIF values are less than 3, indicating that all predictive indicators satisfy the collinearity condition and should be retained.



TABLE 2 Descriptive statistics, correlations, and VIF between physical behavioral indicators and academic achievement indicators.
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Impact of exercise performance indicators on academic performance from data model 1

The analysis of academic performance was conducted based on the indicators from data model 1, as shown in Figure 2.

[image: Figure 2]

FIGURE 2
 CHAID decision tree analysis diagram based on data model 1.


From Figure 2, it is evident that exercise regularity significantly influences academic performance (p < 0.00). In Node 2, 70% of students exhibited exercise regularity ranging from 0.488 to 0.753. These students, as long as they maintain good exercise regularity, can achieve satisfactory academic performance (AP = 79.951, comparable to the overall average of 79.553). Within the subset of students with higher exercise regularity, some individuals (Node 6) not only demonstrate regular exercise habits but also fulfill the designated running distance (Dx > 2731.63), resulting in above-average scores (AP = 80.896). The highest score is observed in Node 7, where students with the best exercise regularity (Hx > 0.796) and not necessarily fast running or high step frequency (FX > 155.13) achieve the best academic performance (AP = 78.0). It is the students who exhibit regular, slower-paced, and lower step frequency exercise patterns that excel in academic performance.



Impact of exercise performance indicators on academic performance from data model 2

When investigating the impact of exercise frequency and duration on academic performance, no significant differences were found in the decision tree analysis among all study subjects (p > 0.05). Therefore, the study sample was reduced, focusing primarily on students with good academic performance (AP > 80). From a total of 2,129 occurrences, 1,468 individuals (accounting for 68.9%) were selected as the new sample for further analysis, as depicted in Figure 3.
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FIGURE 3
 CHAID decision tree analysis diagram based on data model 2.


Based on Figure 3, it was evident that exercise frequency had a significant impact on achieving better academic performance (p < 0.00). As the number of exercise sessions (VX) increased from 8 to 10, academic performance also increased from 80.01 to 82.46, exhibiting a linear correlation trend. Among the majority of students (65.6%), exercise frequency exceeded 10 sessions (VX > 10). However, it was not the duration of each running session that determined the academic performance; instead, students (12.057%) with an average running time between 982.17 and 1555.33 s (16.4–26.1 min) achieved the best academic performance (AP = 83.632). Additionally, within this group of students, 44.69% had a running duration of less than 16 min, indicating relatively shorter running times and only meeting the minimum requirements. On the other hand, a small percentage (8.86%) of students had an average running time exceeding 26 min, indicating slower running speeds, primarily jogging or even walking, and insufficient intensity for cardiovascular exercise. Nodes 4 and Node 6 demonstrated a threshold effect, displaying an inverted U-shaped trend. While these students can also achieve satisfactory academic performance (AP > 82), their overall exercise effectiveness was inferior to that of students in Node 5, which exceeded the academic performance of approximately 88% of all other students.




Discussion


The effect of activity tasks on academic performance

In our academic endeavor, we undertook a correlation validation analysis to address the first research question (Q1) and utilized the CHAID methodology to identify the most substantial influencing factors in addressing the second research question (Q2). In terms of academic performance, students who successfully complete assigned tasks may achieve satisfactory average grades. However, to attain higher academic performance (AP = 82.932), as depicted in Node 7 of Figure 2, students not only need to demonstrate excellent activity regulation (HX > 0.796) but also maintain a lower stride frequency (FX < 155.13). This implies that students predominantly engage in jogging or walking, indicating lower exercise intensity compared to students in Node 8. It can be inferred that consistent engagement in low-intensity running promotes regular and sustained physical activity, indirectly affirming the endurance training component of exercise. This contributes to the development of students’ self-control and self-efficacy, which in turn aligns with their academic performance. In the academic domain, students are encouraged to cultivate a mindset of continuous learning and steadfastness, rather than relying solely on intense and short-term bursts of studying. It is through consistent effort and perseverance that students can build a solid foundation of knowledge and skills, enhancing their academic achievements in the long run. By integrating regular physical activity into their routines, students not only improve their cardiovascular and aerobic fitness but also develop important qualities such as discipline, focus, and resilience, all of which are conducive to academic success. This highlights the significance of maintaining a balanced approach to both physical exercise and academic pursuits, recognizing the synergistic relationship between the two domains. Therefore, emphasizing the value of consistent and moderate exercise contributes to the overall well-being and holistic development of students, ultimately benefiting their academic endeavors.



Optimal activity frequency and duration for academic performance

During the exploration of second research question (Q2), we sought to unravel the factors that exert a substantial influence on academic performance and simultaneously imbue interpretability into the realm of physical activity metrics, leveraging the capabilities of machine learning techniques. In pursuit of this objective, we turned to the CHAID method, a powerful tool that allowed us to identify and highlight the most pivotal influencing factors. According to Figure 2, 67% of college students engage in physical activity with a frequency ranging from 7 to 14 times over the course of 12 weeks, which yields the maximum improvement in AP. Furthermore, 44.29% of students participate in physical activity between 10 and 14 times (at least once per week on average), resulting in favorable academic achievements (AP > 82). According to Figure 3, students who engage in physical activity for durations ranging from 16 to 26 min demonstrate the highest predictive capability for academic performance. Although the proportion of these students in Node 5 is not high (12.06%), it reflects the positive impact of physical activity on improving cardiorespiratory endurance and regulating self-efficacy. Considering the average running distance, most students have covered over 2 kilometers after running for 16 min, which is a critical period for cardiorespiratory/aerobic fitness (C/AF) development. These students are capable of maintaining a moderate pace during running without rushing to complete the distance task. Their awareness of self-regulation efficiency influences goal selection, persistence in goal achievement, and response to setbacks, thereby enhancing their self-regulatory abilities (Maddux et al., 2012). Allocating up to an additionally approximate half hour per day of curricular time to AP program does not affect the academic performance of primary school students negatively, even though the time allocated to other subjects usually shows a corresponding reduction.



Mechanism underlying the impact of physical activity on academic performance

To address research question (Q3), which pertains to elucidating the potential mechanisms by which establishing pathways may be beneficial, our study furnishes evidence for a mediating pathway within the impact mechanism. Specifically, we propose the pathway as follows: “physical exercise → self-control ability → academic performance.” The self-control ability is derived from college students engaging in low-intensity running during physical exercise, which allows them to control their speed without rushing to reach their fitness goals while still achieving the required intensity. It also supports the findings of Xu et al. (2018), who concluded that executive function serves as an intermediate variable by which physical exercise promotes academic performance, explaining the pathway as “physical exercise → executive function → academic performance.” Furthermore, physical exercise offers the advantage of being regularly and consistently performed on a weekly basis, thus enhancing college students’ confidence and self-efficacy. This finding further corroborates with the research conclusion of Anderson et al. (2006) that while exercise directly influences academic performance, psychological-social factors and physical fitness levels play a mediating role. Through the expenditure of body fat calories during exercise, college students enhance their self-control ability and willpower, representing a self-regulatory structure that impacts individuals’ efforts to maintain consistency between cognition and behavior (Anderson et al., 2006).



Data mining in sport education research

Physical activity involves complex decision-making processes, necessitating the utilization of effective tools and techniques to support physical educators. In the context of physical education research, it is essential to continuously explore the utilization of various research and experimental tools in practical investigations, fostering the in-depth application of advanced quantitative research methods and tools. In the domain of regression problems, it is imperative for machine learning algorithms to demonstrate not just robust predictive abilities, but also effective generalization. Therefore, in this study, the analysis extended beyond examining mean values of each indicator. To better capture the model’s generalization and explanatory power, the CHAID decision tree was employed, enabling statistical significance testing and offering comprehensive regression results (Morgan et al., 2013). Decision trees, as a tool in machine learning have been playing a role in researching and solving complex problems in many fields, and has gained attention as a promising approach for tackling the intricacies and uncertainties associated with analyzing physical activity. Especially in the current era of big data, the abundance of data collected from observations of physical exercise (PE) and physical activity (PA) enables the emergence of behavioral patterns. By leveraging machine learning tools and statistical methods, the processing validity and reliability of physical observation data in complex systems can be improved (Robertson and Joyce, 2015). This serves as the material foundation and underlying logic for educational data mining and data-driven approaches, which are essential for enhancing educational management and informed decision-making. For instance, unsupervised learning methods can be employed to classify or cluster groups based on sports-related data using entropy-based techniques (Rhea et al., 2011; Namazi, 2021; Yang, 2021).




Limitations

First, this study leveraged a sizable sample for evaluating academic performance in relation to physical activity. Our research demonstrated an approach to enhance the interpretability and effectiveness of decision trees in processes. The challenges pertaining to missing physical exercise data, overfitting during model construction, and optimization of model parameters are to be addressed. Secondly, participants’ levels of physical activity may not be fully reflected in the data obtained from the running application (APP) since some special cases may have not been excluded completely, where low physical activity values could be due to student dropout or illness-related leaves and exceptionally high values could be attributed to student athletes or long-distance running enthusiasts (Lupo et al., 2017a). Thirdly, university students may engage in physical exercise for varying objectives, such as medals, participation in competitive events or improving their academic performance. Therefore, future research will delve further into the motivations behind physical exercise and their direct or indirect (mediating) impact on academic performance (Lupo et al., 2017b; Liang and Li, 2020).



Conclusion

This study utilized machine learning methods to investigate the impact of physical activity on academic achievement among undergraduates. The decision tree model effectively captured the relationship between physical and academic performance. Activity regularity exhibited varying degrees of influence on the interaction between physical test scores and academic achievement, and explaining the relationship between physical activity and academic achievement in terms of psycho-social factors and physical fitness level. These findings contribute to the existing literature on the subject and provide insights for educational practitioners to enhance academic performance through physical activity interventions.
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Physical activity patterns, sedentary habits and obesity levels among children and teenagers are indicators of a worrying reality which has been aggravated by the COVID-19 pandemic. In this context, this study has analysed the impact that new methodologies in Physical Education have on physical health aspects. Two teaching methods, namely, Teaching Personal and Social Responsibility and Sport Education Model, were hybridized, in a Secondary School in Murcia (Spain). Controlled quasi-experimental research was completed with a sample of 76 Secondary Education students aged 12–14 (male: 32; female: 44), developing a hybridization of both models in the experimental group. The Physician-based Assessment and Counselling for Exercise (PACE) questionnaire and Eurofit and Alpha Fitness motor tests were run to collect the results. Those showed significant improvement in standing long jump and speed-agility results in the control group. In the experimental group, on the contrary, no significant improvement was registered for either test, but out-of-school physical activity rates were higher. Following this research, it is concluded that both models have positive influence on physical activity habits, but the teaching time devoted to the subject of Physical Education is not enough to improve them.
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1. Introduction

Since the end of XX century, we have witnessed a struggle to incorporate health education in the Education field (Hurtado-García and Terrón-Bañuelos, 2022). As a matter of fact, Act 2/2006 of Education and Act 8/2013 for the Improvement of Education Quality established a specific block of contents which relates physical activity and health (Block IV. “Physical Activity and Health”) inside the subject of Physical Education. Nowadays, the current law, Act 3/2020, which modified Act 2/2006, (hereon referred to as LOMLOE) includes basic knowledge specific to Physical Education which is related to active and healthy lifestyle.

This relationship is not whimsical as childhood obesity is a global epidemic and a very worrying disease (Saliba and Cuschieri, 2021). This alarming situation has been aggravated by the public health crisis induced by COVID-19 (Babu, 2022). In fact, new terms such as “covibesity” have appeared to refer to this situation (Bagherian et al., 2022). The lockdown during 2020 increased sedentary and inactive lifestyle habits which are among the most influential factors on high obesity levels (Blanco et al., 2019). Furthermore, in general terms, those factors are also motivated by aspects such as the impact of technologies and screen-based activities on leisure time (Lozano-Sánchez et al., 2019).

In Spain, obesity in childhood has been increasing during the last decades reaching alarming levels (De Bont et al., 2022). The main cause is the low physical activity levels that young people present but also other aspects as unhealthy eating habits complicate its eradication (Ramos-Pino and Carballeira, 2022). In Murcia, Carpena et al. (2023) affirm that the situation in Murcia is also worrying being necessary to change this dynamic promoting physical and sport activities in secondary schools in this region.

In this context, studies about obesity and sedentary habits have proliferated as they are more and more frequent among children, pre-adolescents and adolescents (Aparicio-Ugarriza et al., 2020; Jiménez-Parra et al., 2022). At the same time, it can be argued that Physical Education is a powerful resource to change this tendency. Currently in Spain, there are different programs, initiatives and studies (Lozano-Sánchez et al., 2019; Aparicio-Ugarriza et al., 2020) which have similar objectives: to motivate students to change lifestyle habits in curricular and extracurricular time. Some instances are “Active Breaks” which defends the positive relation between short periods of physical activity and concentration (Jiménez-Parra et al., 2022) and “Active Playgrounds” which tries to increase physical activity levels during break time at school, motivating students by creating spaces to play different games accessible for everybody, reducing the star role which balls have traditionally had (Salas-Sánchez and Vidal-Conti, 2020) Also in Spain, but with an international influence, it would be important to mention “Pasos Study” which deals with physical activity, sedentary lifestyle and obesity among Spanish youth, being one of the main goals to improve and increase physical activity levels among children and adolescents (Gómez et al., 2020; Wärnberg et al., 2021).

Besides that, as it can be read in the current Spanish education law (LOMLOE), physical activity has a main role in the subject of Physical Education, being one of the most important objectives to change students’ inactive habits and developing a positive attitude to physical activity. To achieve this aim, it is necessary to consider the recommendation of World Health Organization (hereon referred to as WHO) in terms of physical activity. WHO defends that young people (5–17 years old) should practice 60 min of moderate-vigorous activity every day and spend, at least, 3 days per week doing 60 min of vigorous physical activity (World Health Organization, 2020).

Physical Education, however, was traditionally related to the quantitative development of physical capacities and sport skills and forgetting students’ motivation (Burgueño et al., 2017). This factor added to the presence of technologies in children’s lifestyle has caused students to reject sport practice and physical activity not only during Physical Education lessons but also in their leisure time (Hinojo Lucena et al., 2020). In view of this situation, the above-mentioned approach to Physical Education has proved ineffective, and it has been deemed necessary to work on new methods and strategies to increase the participation, motivation and involvement of students in an active way on Physical Education classes (Burgueño et al., 2017; Hinojo Lucena et al., 2020).

Sport Education Model (hereon, SEM) and Teaching Personal and Social Responsibility Model (hereon, TPSR) are two examples of this changing process (Bessa et al., 2019; Sánchez-Alcaraz et al., 2019). The first one, SEM, is focused on values related to “fair play” throughout sports. In this sense, the main goal is to offer an educational approach to sport, removing the excessive competitive spirit which characterizes institutional sport (Siedentop et al., 2004). Moreover, this model transfers the responsibility from teachers to students allowing them to manage the teaching–learning process development. Furthermore, SEM promotes some feelings and experiences such as the sense of belonging to the group or group cohesion (Calderón-Luquín et al., 2011), motivation and enthusiasm among teachers and students (Calderón-Luquin et al., 2010; Evangelio et al., 2018; Bessa et al., 2019) which are beneficial to students’ holistic development. To meet those objectives, this model applies specific resources and strategies (Fernández-Rio and Menéndez-Santurio, 2017):

▪ To divide students into groups.

▪ To organize the syllabus design in “seasons” which last between 18–20 sessions.

▪ To create different competitions during each season.

▪ To assign roles to each member of the group related to the sport (referee, captain, doctor, …).

▪ To celebrate a final festivity in the last session with a ludic approach.

On the other hand, TPSR is based on social and personal values development through Physical Education (Hellison, 2011) promoting social and personal responsibility, both in Physical Education classes and in their daily life (Escartí et al., 2010a,b; Caballero-Blanco et al., 2013). This model evolves through a sequence of values which ranges from total irresponsibility towards the transfer of values in non-formal contexts (Hellison, 2011):

▪ Level 0: Irresponsibility

▪ Level I: Respect and self-control

▪ Level II: Participation and effort

▪ Level III: Self-direction

▪ Level IV: Leadership and caring

▪ Level V: Transfer

Throughout each level, TPSR develops social values (respect, teamwork and cooperation) and personal values (effort and personal autonomy). The sequence is developed through the sessions being aware that the objectives of each level should be achieved before moving on to the next level (Hellison, 2011; Sánchez-Alcaraz et al., 2019). In the subsection Methods, a deeper description of each element is provided.

A series of factors determined the choice of these two models for this study. It is undeniable that both methods offer high educational value as they contribute to the holistic education of students, overcoming the traditional conception of Physical Education as a field to develop just physical capacities and skills. TPSR and SEM have a potential to transfer values to students, especially responsibility and motivation to students in physical activity and sport context from the Physical Education class to their daily lives (Fernández-Rio and Menéndez-Santurio, 2017). Nevertheless, that values are not developed by themselves in TPSR or SEM; it is necessary to guide the teaching–learning process, using methods, resources and strategies in line with those teaching models (Sánchez-Alcaraz et al., 2020). Both models have similar characteristics which can be combined to get the maximum of their possibilities (Fernández-Rio and Menéndez-Santurio, 2017; Bessa et al., 2019; Opstoel et al., 2020; Rodríguez et al., 2021; Sánchez-Alcaraz et al., 2021) as it will be explained in Method section.

In addition, both models approach the teaching–learning process based on motivational parameters which try to encourage students to do sport or physical activity outside school through positive experience in Physical Education classes (Escartí et al., 2010b; Fernández-Rio and Menéndez-Santurio, 2017). For this purpose, these models place students at the centre of the teaching–learning process, increasing their capabilities for building their own learning and for decision-making, thus improving their autonomy, motivation and participation in Physical Education classes (Opstoel et al., 2020).

Last but not least, this hybridization is common in the Education field as the combination of their characteristics is profitable for both models, being most of them complementary (Fernández-Rio and Menéndez-Santurio, 2017). Understanding hybridisation as the combination or fusion of different teaching–learning models, the characteristics of each one must be considered in a mixed way. In this sense, the methodology to be used should not be based on a single model but on a hybridisation, since the implementation of a single model does not allow to meet all the needs of the teaching–learning process (such as the content or the educational context) but the combination of different models allows to reduce this disadvantage (Evangelio et al., 2017).

There are several examples that have studied the application of both models and its influence on physical fitness levels and physical activity practice. One of them is the research developed by Sánchez-Alcaraz et al. (2021) in a context like this study, in which authors analysed the relation between the personal and social responsibility and physical activity levels on primary and secondary students at a high school in Murcia. In a similar way, also in Murcia, Gómez-Mármol et al. (2017) used a questionnaire to analyse the same relation. In Spain, there are other research as Fernández-Hernández et al. (2021) or Delgado-Floody et al. (2020) studies in which authors related physical activity levels in primary and secondary students with personal and social responsibility and other variables such as motivation. In all of those studies, results showed a positive influence on active and healthy habits.

Nevertheless, it is said that those models, especially TPSR, decrease motor engagement time as they use a vast amount of time in passive actions (meetings, organization, etc.) (Sánchez-Alcaraz et al., 2019; Salas-Sánchez and Vidal-Conti, 2020). For this same reason, short recent studies demand new proposals that hybridize teaching models which add motivational factors to physical activity and at the same time increase physical activity levels (Salas-Sánchez and Vidal-Conti, 2020).

There are also numerous studies that support the relationship between SEM and the increase in physical activity levels thanks to aspects such as improving motivation and predisposition towards the practice of physical activity (Valero-Valenzuela et al., 2020a). For example, Wallhead et al. (2014) analysed the influence of this model in relation to the motivation towards physical practice in the students’ free time. After the application of the SEM, results showed greater motivation and greater predisposition towards the practice of physical activity in non-formal environments. However, these authors stated that, despite this greater provision, the application of the model did not guarantee an increase in physical activity during the leisure, with an appropriate extracurricular outlet being necessary. Along these same lines, Perlman (2010; 2012) also states that the application of SEM has a positive influence on the student motivation. In his study, in which he compared the application of a traditional methodology versus SEM, the author affirm that SEM favors the commitment of the student towards physical practice.

However, there are few publications which attend to physical activity levels or physical fitness status using the hybridization despite the positive results that this combination present (Hastie and Buchanan, 2000). In Spain, Lorente and Joven (2011) developed a research during 12 years proving a positive relation between both models and physical activity practice in extracurricular contexts. More recently, there are more examples that use the hybridization of SEM or TPSR with other levels such as Teaching for Understanding Games model (García-Castejón et al., 2021) or gamification (Melero-Canas et al., 2021).

Considering this context, the aim of this study was to analyse the effect that the hybridization of TPSR and SEM have on secondary education students’ physical fitness levels and physical activity practice. The characteristics of both models were considered and hybridized, Eurofit and Alpha Fitness motor tests were implemented to assess physical fitness levels and PACE questionnaire was applied to assess physical activity practice, not only within the educational context but also out of it.



2. Materials and methods


2.1. Study design

Semi-experimental controlled research (own research) was carried out in a High School Centre in Algezares (Murcia, Spain) (Thomas et al., 2011). This school was selected by convenience, as the teacher leading the educational intervention was familiar with TPSR and SEM. The early-stage design was produced in cooperation with him to establish the working program because it had to adjust to the syllabus design for the subject. After he agreed, the head teacher and the principal of the high school gave their authorization. Legal tutors and students were duly informed about this intervention, and they also agreed to participate, by means of legal documents proposed by the Ethics Committee of University of Murcia (ID: 4117/2022). Furthermore, this Committee assessed the study design positively and allowed this pedagogical intervention.



2.2. Sample

This study was developed with 4 groups of second grade of Secondary School. At first, a group of 107 students were selected, but only 76 could fulfil the complete process. Results from students were deemed non-valid if (a) students had not complete pretest and/or post-test (b) students were absent from more than 3 sessions and/or (c) students did not do a single test correctly – whether theoretical or practical.

Those 76 students, aged 12 to 14, (male: n = 32; female: n = 44) were randomly divided into a control group (n = 36) and an experimental group (n = 40) formed by class-groups. The former followed a traditional methodology while the latter put into practice the hybridization of TPSR and SEM. All of them had two Physical Education classes (60 min each) per week, using the same sports facilities (school indoor gym and an outdoor multisport court).



2.3. Instruments

The following instruments were used for data collection. These instruments have been widely used in scientific literature due to their high values of validity and reliability, low cost and easy application.


2.3.1. Physical activity

This variable was assessed through the questionnaire Physician-based Assessment and Counseling for Exercise (PACE) (Kolimechkov, 2017). This survey has two questions: the first one refers to the level of activity that a student normally does, and the second one aims at the specific physical activity level in a punctual sense (the past 7 days). Each question has only one possible answer (0–7) which represent the number of days per week. The questionnaire was completed in class just before and after the experiment, with the teacher present in the classroom. Students were allowed to ask questions after the explanation was concluded and there was no time limit. The results were kept anonymous.



2.3.2. Physical fitness

To analyse physical fitness levels, it was necessary to refer to samples from Eurofit and Alpha-Fitness battery of tests. Standing long jump, speed-agility and cardiorespiratory endurance tests were selected as the teacher had previously included those motor tests in his syllabus design so we used them not to interfere in the normal development of the subject. Eurofit standing long jump test together with Alpha Fitness cardiorespiratory endurance and speed-agility test were the ones selected to assess the students’ physical fitness levels. All of them were applied the week before and the week after the intervention process both in control and experimental groups. Each test had some specific instructions:

1. Standing long jump test (Castro-Piñero et al., 2010): one by one, each students put their feet together behind a line marked by the teacher. When they were ready, they jumped as far as possible keeping their balance. After that, the distance was measured from the line to the student’s heels.

2. Speed-agility test (Ortega et al., 2008): before the practice, a circuit was prepared using two cones and demarcating a 10 m distance between each one. The students had to begin behind the first cone. The teacher started a countdown, saying “three, two, one, go.” When students heard “go” they started running as fast as possible touching each cone. They had to run to the second cone and back, five times in all.

3. Cardiorespiratory endurance (Liu et al., 1992): all the students started behind a line marked by the teacher. Before starting, the teacher explained that they were going to follow a recorded track which would give them instructions. Moreover, the teacher explained that they would have to run from the starting line to another line (located 20 m away) as many times as they could. They had to follow the recording which would indicate the moment when they had to stop and restart the run. If they reached the line after they heard the sound, the test was over for them.

Each motor test was explained beforehand in three different ways:

a) An oral explanation in class, emphasizing the key points and rules of each test.

b) Videos which allowed students to see how to act in each test.

c) A new oral explanation just before the motor test took place.

Along with the explanation of the tests, it was important to make students aware that it was not a competition, making emphasis on the importance of accuracy during their practice.

Before each test, the teacher led a warm-up process orientated to the specific motor test. After that, students had the opportunity to do each test twice, keeping the maximum mark.




2.4. Procedure

For 3 months (from January to March) and 17 sessions, the experimental group developed the hybridization of TPSR and SEM integrated into the school syllabus design. For that reason, sessions were organized in three teaching units which were based on three alternative games and sports:

▪ Teaching unit 1: based on Colpbol sport; 6 sessions. In this unit the aim was to develop respect and participating and effort which correspond to TPSR level 1 – spanning 4 sessions – and TPSR level 2–2 sessions. Those overlapped the first phase of SEM (presentation and introduction of model characteristics: roles, competition…) and also the second phase, namely preseason, which was based on practice directed by the teacher.

▪ Teaching unit 2: based on racket games; 6 sessions. It focused on TPSR level 2–2 sessions – and TPSR level 3, which dealt with personal autonomy – 4 sessions. This level concerned the autonomy of students, but the teacher made emphasis on respectful behaviours that had been worked on during the previous teaching unit. As for SEM, the second phase was completed, and third phase (season), based on competition, was developed.

▪ Teaching unit 3: based on Frisbee Ultimate sport; 7 sessions. The last teaching unit focused on TPSR level 4 – helping others – 4 sessions. The rest of the unit was programmed to reinforce previous TPSR levels. Regarding SEM, phase three was over and a final festivity was prepared and celebrated in the last session (phase 4).

On the other hand, the control group followed the same syllabus design, based on the same games and sports for the same period of time but putting into practice the traditional methodology proposed by the teacher. This methodology always observed the same session structure divided into three parts (Seners, 2001):

▪ First part (10–15 min): students went to the meeting point (locker room) where attendance was checked. After that, a warm-up routine was followed by students.

▪ Second part (30–35 min): at least three games or activities based on the arranged sport were played involving technique and tactic elements.

▪ Third part: (10–15 min): students developed a calm-down routine before returning to their reference classroom.

A unique teacher directed the teaching–learning process for both groups (control and experimental). The two syllabus designs were based on blocks I, II, and IV (Table 1) which were related to the following curricular elements (Ley Orgánica, 2013), (Ley Orgánica 8/2013, de 9 de diciembre, para la mejora de la calidad educative (LOMCE), 2013):



TABLE 1 Curricular framework (Decreto, 2015).
[image: Table1]


2.4.1. Model hybridization

The process of hybridizing TPSR and SEM had to comply with specific curricular elements. The characteristics that were considered during the process will be outlined now so that the merge can be fully understood.

Regarding TPSR, there were two standing characteristics: values progression and session model (Hellison, 2011; Sánchez-Alcaraz et al., 2016; Fernández-Rio and Menéndez-Santurio, 2017).

▪ Values progression: the main objective of this model is to gradually develop personal and social values throughout systematic progression throughout the whole intervention process (Hellison, 2011). This progression includes 5 levels which correspond to respect (level 1), participation and effort (level 2), personal autonomy (level 3), helping others (level 4) and the last level which consists in taking responsibility out of the Physical Education class context (level 5).

▪ Session structure: every session was divided into four parts as it is established in this model (Menéndez and Fernández-Rio, 2017).

o The first part is related to the awareness process of each value which is worked on at that moment. This part normally lasts from 10 to 15 min, including the time for getting to the outdoor court or the gym and checking attendance, among other class routines. During this time, the teacher introduces the session aims related to values, using an informative poster, displayed permanently on the gym wall.

o The second part, “activity plan,” is based on responsibility in action which means that students should put into practice the behaviours and attitudes explained by the teacher in part one. Therefore, for 25 to 35 min motor games and modified games are suggested, allowing students to learn the technique and tactic of each sport, as they ae given more and more responsibility for their own preparation using SEM roles together with autonomy practice, also typically of this second teaching model.

o The third part (from 10 to 15 min) consists of a meeting in which students discuss the most important elements and events which have taken place during the session. Students with referee roles direct an assembly sanctioning the behaviours which were against TPSR values and reinforcing the positive attitudes of their classmates.

o The last part is related with session assessment. For 2 min students individually draw conclusions from the previous part and assess the session using thumb test.

All these parts were organized into 60 min classes, including some time to go from the classroom to the court, to collect the material or to allow for students’ personal hygiene. In addition, this fix structure improved responsibility-level results among students as they better acquire the routines thus feeling confident and motivated (Prochaska et al., 2003).

The second model in the tandem, SEM, is based on the sport teaching process focused on providing gratifying experience to students and understanding the concept of fair play as a key point (Carriedo et al., 2022). To achieve its goals, this model puts into practice different strategies and dynamics (Siedentop et al., 2004; Fernández-Rio and Menéndez-Santurio, 2017):

The teaching units are called “seasons” which have a longer duration than traditional units. This study comprised the development of only one season overlapping three teaching units (one per sport/game).

▪ Students are divided into stable teams. Each team should have the same number of students. In this case, it was necessary to form three slightly different groups per class (5–6 students).

▪ Each member of the group has a responsibility role which changes every three sessions. For this study, roles were referee, assistant referee, captain, journalist, coach and assistant coach. Each role has specific functions which must be displayed at all times, easily visible on the wall of the class and indoor gym (for instance, captain had to collect the material; coach and assistant coach had to receive instructions from teacher and explain them to their teammates; journalist had to write one 300-words article after each session, referees and assistance referees must control match development taking decisions considering rules …).

▪ Sports and games are modified to adapt motor situations to the possibilities and limitations of students. Some strategies to achieve that in this context were to adapt spaces, material or time or rules (for instance, when the experimental group was playing racket games, the ball could touch the ground more than once). Throughout these modified situations, technique and tactics are included as part of the teaching–learning process.

▪ Different competitions are developed during each season. Nevertheless, this model prescribes different scoring taking into account not only the conventional point system related to each sport, but also including aspects related to the values which have been introduced previously.

▪ At the end of the season, a final festivity takes place. Each team competes in a ludic atmosphere, celebrating the end of the season. Students were allowed to bring banners, to design equipment or to create a choreography to introduce the team before the competition.





3. Results


3.1. Physical activity

Table 2 shows the results obtained both in control and experimental groups concerning the number of days that students do physical activity in a normal week. In this sense, pretest results showed that 12.5% of control-group students did not do any exercise during a normal week, being 15% the students who did not do any exercise in the experimental group. In contrast, post-test results showed that 3 control-group students (7.5%) did not do physical activity in a normal a week while 2 (5%) experimental-group students chose this option, post-test results being lower than pretest results in both groups.



TABLE 2 Question 1. Physical activity level in a normal week (control and experimental group).
[image: Table2]

In the control group the highest percentage in pretest was associated with option “4 days per week” with a total of 9 answers (22.5%), while in the experimental group the maximum number of answers were divided into zero, two, four and 6 days per week with a total of six answer (15%) in each field. As regards post-test, in both groups, the highest percentage was associated with the answer “3 days per week” as 12 (30%) students selected this option in the control group and 9 (22.5) did in the experimental group. For both, this option obtained the highest mark attending to pretest and post-test results. There were no significant differences between control group and experimental group neither in pretest stage (p = 0.748) nor in post-test stage (p = 0.996).

Table 3 shows results referred to question 2, related to the number of days that the students had done physical activity in the previous week. Pretest results showed that 7 students (17.5%) from the control group said that they had not done any exercise during the previous week, this result being higher than the same option for Question 1. However, 3 students (7.5%) said that they had done physical activity every day in the previous week while in Question 1 only one student selected this option. Regarding the experimental group, it can be observed that 9 students chose option “4 days per week” in pretest while 11 students selected that option in post-test. The same table shows that in post-test the option “0 days per week” was selected by 1 student (2.5%), from the control group, this being the minimum percentage register. There were no significant differences between control group and experimental group neither in pretest stage (p = 0.305) nor in post-test stage (p = 0.727).



TABLE 3 Question 2. Physical activity level in the previous week (control and experimental group).
[image: Table3]

Table 4 shows that physical activity levels increased in the control group and experimental group if the results in pretest and post-test are contrasted. As it can be seen, the mean was superior in both questionnaires and in both groups. In fact, the differences between the results of the second questionnaire for the control group were significative (p = 0.02), this being a medium effect size (0.4) as the control group was formed by less than 50 people (Escartí et al., 2013).



TABLE 4 Physical activity levels.
[image: Table4]

However, data in Table 4 reveal that the experimental group did not experience any significant change comparing pretest and post-test results. Even though there were higher results regarding the number of days that students did physical activity, the effect size was small for Question 1 (0.2) and Question 2 (0.1).



3.2. Physical fitness

Table 5 displays results for control group and experimental group students in motor tests (speed-agility, standing long jump and cardiorespiratory endurance). Comparing both groups, it shows that the experimental group achieved superior pretest results except for speed-agility test. The control group started from lower pretest results but experienced an improvement in all categories results after the intervention. The experimental group obtained higher results in speed-agility (M = 8.80, SD = 1.14) and cardiorespiratory endurance post-test (M = 2210.38; SD = 487.76) but had a decrease in standing long jump test as it can be seen in Table 5 (M = 1.58; SD = 0.27).



TABLE 5 Differences between control and experimental group (pretest and post-test).
[image: Table5]

Table 5 also shows that differences between the first and the second test were significant for the control group in the standing long jump test (p = 0.01) and the speed-agility test (p = 0.04). The same tests show non-significant differences in the experimental group in both categories (p = 0.17 and p = 0.88). Likewise, the cardiorespiratory endurance test proved no significant difference, neither in the control group (p = 0.6) nor in the experimental group (p = 0.87). Focusing on those differences, it is shown that a large effect size (d = 1) was obtained from calculating the average of control and experimental standing long jump and cardiorespiratory endurance pretest results. In the same way, speed-agility test showed a large effect size (d = 0.7) between control and experimental pretest results. On the other hand, post-test results did not show those differences, the largest effect size being the ones registered in speed-agility (d = 0.53) and standing long jump tests (d = 0.46), which represents a medium effect size. Finally, cardiorespiratory endurance post-test results showed a small effect size between the averages of both groups (d = 0.2).




4. Discussion

The main objective of this study was to analyse the influence that the hybridization of TPSR and SEM has on students’ physical activity levels and physical fitness status. With that purpose, it was decided to analyse habitual and punctual physical activity using PACE questionnaire.

Regarding physical activity levels, it could be said that there was significant improvement in the control group activity levels (habitual and punctual) but not in the experimental group. Nevertheless, this second group also showed an increase on both results.

Those results go in line with previous research which showed non-significant results for the experimental group in this dimension after the application of SEM (Pérez-Pueyo et al., 2021). Despite the results obtained with PACE questionnaire, these authors affirm that physical activity levels improved applying SEM, as this model has a positive influence on other variables such as participation or sportsmanship. Perlman (2011) also affirm that the application of SEM has a positive influence in students’ motivation. In the case of the application of TPRS, Gómez-Mármol et al. (2017) observe a relationship between increased accountability and improved levels of practice. Furthermore, in the work of Gómez-Buendía et al. (2022) they also conclude that both models (TPSR and SEM) and their hybridisation favour student enjoyment. Therefore, it can be considered that these variables encourage students’ willingness to participate in physical activities and sports.

As well as this previous study, other research also defends the relation between the improvement of those variables and physical activity levels (Valero-Valenzuela et al., 2020b). In this study, which deals with different active models (SEM and gamification), authors justified this relation mentioning that the improvement of students’ self-confidence and motivation rendered them more predisposed to participate in physical activities, not only in school but also in non-formal contexts. Pritchard et al. (2015) also affirm that a season of SEM has a positive impact on physical activity levels in non-formal contexts as their quantitative results showed better physical practice levels in students’ spare time such as summer.

After Valero-Valenzuela et al. (2020b) and Kurt et al. (2017) interventions, significant improvements were obtained in terms of physical activity levels, which contrast with those of our study. Indeed, their study was different to ours, as they applied the hybridized model oriented directly to developing physical fitness using specific techniques for that purpose, whereas our current study used the hybridization developing different alternative sports to achieve that goal.

Considering another study, which analyse the influence of TPSR on physical activity levels, the improvement on dimensions such as personal and social responsibility proved to have an impact on students’ perception of physical activity (Sánchez-Alcaraz et al., 2021). However, physical activity levels results were medium-low and there were no significant changes in any dimensions (punctual or habitual). In this sense, Hastie and Buchanan (2000) explain that the relation between this model and physical activity levels was indirect as the results and improvement were not only derived from the intervention itself, but also from the experiences or feelings such as enjoyment, task-involving and self-perception.

Consequently, it is important to emphasize that the results shown for both groups in our study allow us to understand that most of the students did physical activity 3 days per week, while the percentage of students who did exercise every day of the week as WHO recommends (World Health Organization, 2020) attained the minimum rate. In the light of that information, this study supports the current educational guidelines stating that all teachers should be able to encourage students to do sports and physical activity in their spare time. In fact, despite Physical Education being the specific area which deals with physical activity and health, this should be considered as transversal curricular content which should be included in each subject (Ley Orgánica, 2020), (Ley Orgánica 3/2020, de 29 de diciembre, por la que se Modifica la Ley Orgánica 2/2006, de 3 de Mayo, de Educación (LOMLOE), 2020).

Regarding physical fitness status, motor tests were run before and after intervention in both groups. On one hand, the control group produced better results after intervention, the difference being significant on standing long jump and speed-agility test. On the other hand, there were no significant improvements in the experimental group, which even showed a decrease in standing long jump test.

Those results might clash with a study based on physical activity (Pérez-Pueyo et al., 2021) which established a clear relation between the self-concept and self-confidence that an individual has and their physical activity level and physical fitness status. In addition, Carriedo et al. (2022) showed a direct relation between each dimension and the motor test results. They argue that motor tests in the educational field are influenced by personal self-confidence, and that is one of the elements which is worked on through the implementation of TPSR and SEM.

In fact, other research proved that SEM has a positive influence on the development of physical fitness throughout motor tests (Farias et al., 2018). Their authors defend that this kind of methodologies increase the motivational level and the interest in those motor tests. Moreover, Kurt et al. (2017) claim that this model allows students to discover their own possibilities and limitations increasing their confidence. However, this study did not actually test the quantitative results of motor tests.

Interestingly, better results in control group when applying physical fitness motor tests were also found in previous investigations (Rosa et al., 2019; Carriedo et al., 2022). There the control group students got better quantitative results in standing long jump, speed-agility and cardiorespiratory endurance tests as it happens in our study. The experimental group, however, showed a decreased in standing long jump test and non-significant improvements on cardiorespiratory endurance and speed-agility tests, similarly to the outcome reflected in our study.

The consistency of our results with the findings of Rosa et al. (2019) led us to reconsider and relativize our first hypothesis to explain them. Initially, the non-significant results in the experimental group were attributed to the public health crisis caused by COVID-19 pandemic. In Spain, during 2021, people who were infected by this virus had to stay at home for at least 10 days, as regulated by health authorities. This restriction meant that some students could not finish the study or could not complete all the sessions which were programmed. Other constrictions such as not sharing the material or not being able to touch each other also limited the normal course of the intervention.

However, these results could be pinpointing the fact that both models have some limitations that should be considered. Firstly, TPSR dedicates plenty of time to non-physical activities such as meetings, reflection or self-evaluation in each session. This could be a reason for not having better results in the experimental group as the main aim of this model is not related to the physical dimension of the human being. In the same way, SEM needs a vast amount of time for non-physical elements, such as organizing the competition, creating some material for the final festivity and holding meetings to resolve possible conflicts. This does not mean that the hybridisation of the two models is detrimental to motor development. This hybridisation considers the whole person and therefore focuses not only on the motor domain, but also on all other domains. In this sense, Pan et al. (2019) conclude that the hybridisation of TPSR-SEM increases learning in the motor, cognitive and affective domains. According to the authors, sport self-efficacy, passion for sport, responsibility and game performance improve.

Added to the limitation to the development of physical fitness which are inherent to the models chosen for the hybridization, and the non-inherent health restrictions in force at the time of the intervention, there was another factor which altered the course of the intervention as far as physical fitness development is concerned: unanticipated external agents such as weather. At this time of the year (January, February, and March) the practice of physical activity outdoors was difficult. On rainy days, it was not possible to use the uncovered court of the school where students have enough space to develop their physical skills comfortably, especially in sports such as Colpbol or Ultimate Frisbee. Instead of that, it was necessary to use the multiuse indoor gym which has rather limited space. To adapt to those conditions some alterations to the program were required. In this sense, Casado-Robles et al. (2020) point out that the improvement of physical fitness can depend on many factors, but it can have positive effects if there is adherence to the practice of physical activity. To this end, Segovia and Gutiérrez (2020) recommend programming the SEM model for a longer duration to encourage students to be physically active.

Finally, another aspect that could have influenced the results of our research both in terms of physical activity levels and physical activity status was the lack of time that this intervention had each week. Considering that this study is analysing healthy habits in students’ daily life, and trying to improve them in most cases, 2 hours per week could arguably not be enough to change an unfavourable situation. In the same way, a previous study defends this idea that time devoted to Physical Education in Spanish educational system should be increased (Hastie and Buchanan, 2000; Pérez-Pueyo et al., 2021).



5. Conclusion

The effect that the hybridization of SEM and TPSR has on secondary education students’ physical activity routines and fitness levels has been analysed in this study. Eurofit and Alpha Fitness motor test together with PACE questionnaire have been the tools implemented to obtaining the data for the research.

The study was motivated and justified by the current concern about teenagers and children’s health and their growing tendency to choose sedentary activities in their free time – a concern which is acknowledged and reflected in Act 3/2020 (LOMLOE, 2020). The hybridization of those specific models, TPSR and SEM, also responded to our perception of the need to bring the subject of Physical Education closer to up-to-date teaching methods based on the concept of integral or holistic education.

Over the last two decades, new active methodologies have been appearing, trying to put the student at the centre of the teaching–learning process overcoming the traditional conception of Physical Education exclusively focused on physical possibilities and capacities. The new methods take into consideration students’ individual necessities, and shifts focus from physical skills to health as a vital educational issue.

Before this study, SEM and TPSR had been applied in scientific research and there is bibliography in which SEM and TPSR prove effective in combination with the physical dimension of Physical Education to develop mental, social and emotional health. However, there are not so many studies which include those two models as a developmental tool of healthy habits as our research has done.

Considering the purpose of the research, the results of these study have concluded that the physical activity levels increased in the control group and experimental group, also there were significant improvements in standing long jump and speed-agility results in the control group. In the experimental group, on the contrary, no significant improvement was registered for either test, but out-of-school physical activity rates were higher.

However, implementation of PACE questionnaire did not provide complete information about students’ physical activity habits. Most of them said that they did activity at least 3 days per week, but data are not specific as to what kind of physical activity they referred to, differentiating between vigorous and moderate as WHO normally does. In addition, it would have been useful to know the physical activity context so as to learn more about those habits, taking into account, for instance, if students were engaged in out-of-school activities related to sports and exercise, if their practice was self-directed and informal, or if, on the contrary, they only did physical activity in Physical Education classes.

Another key factor was time. After this intervention we can ascertain that 2 h per week of Physical Education classes is not enough time to encourage students to do physical activity out of school and, even less to get them to do the amount of physical activity recommended by WHO. This research thereby supports the necessity to follow the current educational legal framework which reflects this situation establishing physical activity and health as transversal contents. Hence, it is not only Physical Education teachers’ responsibility to encourage healthy habits, but it should also be considered as a collective issue for every agent involved in students’ education and development.

In this sense, our research can shed light to the above-mentioned need in the education field. It is really important to use Physical Education as a source of motivation to encourage students to do physical activity in their free time and integrate that idea in other subjects too as transversal content. Our hybridization of TPSR and SEM obtained its most positive results when measuring the impact of our intervention in terms of physical activity frequency among our student sample, which in fact confirms previous research which have shown that using active methods in class such as SEM could have positive results in terms of motivation and physical activity levels in spare time (Spittle and Byrne, 2009; Merino and Mora, 2022) Thus from this study, it is considered appropriate to encourage teachers to apply those active methods and models to their own classes in order to comply with the current educational requirements and to encourage students to practice physical activity and sport in their spare time, considering physical activity as a means to instill physical, mental and social health. Moreover, by applying this hybridization during break-time through school-level organized competitions, schools would be directly palliating this disconnection between free time and physical activity among some of their students and bringing secondary school education closer to the guidelines recommended by WHO.

This research could be considered a pilot study that would be useful as a referent for further publications. As our study did not produce significant results, it is recommended to keep analysing this hybridization to get more results which relate the effect of TPSR and SEM to physical activity levels while still adhering to healthy habits as the main focus.

Future research might be able to provide deeper insight into the weaknesses of TPSR when applied to raise physical activity levels and physical fitness status so that they can be mitigated. Following bibliography, that mitigation would enhance the standing characteristics of SEM such as autonomy, participation in training and competition, and would allow us to reduce inactive time in Physical Education classes. For further investigations, it is also recommended to analyse the relation between the motivation parameters of SEM and TPSR and the amount of physical activity that students do in their leisure time.

Starting our research based on a syllabus design that was already in use at the school where the intervention took place proved positive for the development of our intervention since it already abided by Spanish educational legislation and did not interfere in the normal course of the subject of Physical Education. However, the shortcomings identified in our intervention, should be useful for upcoming studies to preclude the same difficulties.

Ideally, the intervention should be designed avoiding conditions dependant on external factors, such as the weather and other non-intrinsic restrictions. Moreover, the duration of the intervention should be longer as it has been argued in this research. Additionally, it would be useful to use a valid scale to assess physical fitness in order to quantify more precisely the extent to which results obtained in different moments have increased or decreased.

Investigations which defend a positive relation between physical activity levels and levels of satisfaction and motivation in the subject of Physical Education lessons were a starting point and determined the approach of this research. We conclude it now with the conviction that the whole educational system can play a role in the development of healthy active habits, so that physical activity and healthy habits pervade and transcend the context of formal education.
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With the advancement of technology and change in education concepts, applying STEAM pedagogy to physical education has become an innovative trend. This study investigates whether physics analysis based on STEAM concepts can increase junior high students’ participation in learning Shaolin Staff. Forty students were randomly assigned to experimental and control groups. The mean and standard deviation of age in the experimental group was 13.95 ± 0.83, and in the control group was 13.85 ± 0.81. The experimental group received STEAM teaching involving physics analysis, while the control group received conventional movement instruction. Student learning engagement was evaluated through questionnaires. Results are expected to show the experimental group being more engaged in learning. Introducing physics analysis may deepen understanding of related principles to movements. The study’s results found that the scores of motivation, attention, and intention to learn independently were significantly higher in the experimental group than in the control group (p < 0.01). The scores of interfering emotions were significantly lower in the experimental group than in the control group (p < 0.01), which verified that the STEAM teaching method could effectively improve learning engagement. This study promotes STEAM education in martial arts and provides insights on utilizing STEAM to boost student engagement.
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Introduction

STEAM education emphasizes the organic integration of science, technology, engineering, art, and other disciplines to provide a cross-disciplinary learning approach. This teaching method can stimulate students’ intrinsic motivation and enthusiasm for learning through a variety of ways, and STEAM education focuses on hands-on and inquiry-based project learning, allowing students to change from passive acceptance of knowledge to active participation in the process, giving full play to the subjectivity of learning (Wu, 2023). Research has shown that STEAM focuses on students’ creativity and imagination, encourages innovative practices, and allows trial and error. Project-making and art activities make learning fun. Furthermore, STEAM education provides a contextualized and immersive learning environment, applying knowledge to life situations and stimulating students’ emotional experience and engagement. In addition, the timely feedback mode of STEAM can bring a successful experience, satisfy students’ sense of achievement, and motivate them to continue learning (Belbase et al., 2022). It can be seen that the student-centered, participatory, and innovative learning elements of STEAM education can effectively stimulate motivation and enhance engagement in learning. This interdisciplinary approach teaches students about sustainable development while enhancing their understanding of related environmental issues and their ability to develop solutions. The interweaving of STEAM subjects with sustainability equips students with the knowledge and skills to comprehend and tackle the complex challenges of creating a just and ecologically sound future (Malecha, 2020).

STEAM education has gained traction recently, with increasing numbers of schools and teachers adopting this approach. As STEAM education proliferates, research into its implementation and impacts has grown. Song Naiqing et al. propose that assessment systems aligned with STEAM education principles could stimulate students’ intrinsic learning motivation. Integrating STEAM across curricula may cultivate key skills, including cognition, cooperation, innovation, and professional abilities. Well-designed assessments would allow students to identify their knowledge gaps, take initiative in their learning, and thus build endogenous motivation. This motivational force could potentiate the development of the diverse competencies needed to equip students for the future. Further research should investigate optimal assessment strategies to unlock the motivational and skills-development potential of STEAM education (Naiqing and Xin, 2021). Zhu Liming et al. propose that deep learning approaches inspired by the interdisciplinary framework of STEAM education could inform advances in core literacy, integrated curricula, and pedagogical innovations. Unlike technology-centric perspectives, STEAM-based deep learning promotes a humanistic style, prioritizing students’ emotional experiences and engagement during learning. Well-controlled studies are critical to elucidate the relative merits of humanistic, STEAM-based deep learning versus technology-focused methods. Such insights could refine emerging practices that effectively integrate STEAM and humanistic values, helping prepare students to navigate a complex world (Zhu Liming et al., 2023). Wenchao et al. propose integrating traditional cultural heritage within the interdisciplinary STEAM education framework. They argue that this synergy could enable the enduring transmission of cultural knowledge while advancing educational goals. The “interdisciplinary” ethos of STEAM could allow the holistic incorporation of traditional culture, infusing social responsibility, morality, and Chinese values. This may mitigate the utilitarian reputation of STEAM fields and foster deeper integration with the humanities. Further, student interest is critical for sustaining STEAM education (Wenchao et al., 2022). STEAM education for sustainable development takes this further by incorporating sustainability principles. This interdisciplinary approach teaches students about sustainable development while enhancing their understanding of related environmental issues and their ability to develop solutions (Hsiao and Su, 2021). For example, by integrating concepts of science, technology, and engineering with environmental ethics and nature conservation, students can gain holistic perspectives and skills to analyze complex sustainability challenges and develop innovative solutions (Yarime et al., 2012).

Yang et al. developed an elementary curriculum integrating STEAM and manufacturing concepts to foster interdisciplinary skills. This unified framework nurtures creativity, problem-solving, and student interest in STEAM fields. The authors highlight that stimulating self-efficacy through early manufacturing-STEM education may engage students and provide scaffolding to tackle complex real-world problems (Jia et al., 2021). Hsiao et al. explored the intersection of sustainability, STEAM education, and Virtual Reality (VR) technology in an experiential learning course. The study noted that combining STEAM with sustainability and VR technology to design an experiential learning course increased student motivation, satisfaction, and learning outcomes (Hsiao and Su, 2021).

Physical education is an important part of education. Integrating STEAM education concepts into physical education teaching can not only enable students to master sports skills and physical health knowledge but also cultivate comprehensive qualities such as scientific thinking, innovation, problem-solving ability, and teamwork so that they can have a more comprehensive development in physical education. While stimulating students’ interest in learning physical education courses, it opens students’ minds and further enhances teachers’ teaching effect. Integrating STEAM education concepts into physical education is an emerging teaching model that is gradually emerging at home and abroad, and there are more and more research results related to it. Lee examined the effects of STEAM-based physical education classes on students’ self-directed learning abilities and attitudes toward physical education classes related to alienation and avoidance of physical education through an experimental control method. The study showed that a physical education program incorporating STEAM education concepts positively impacted students’ attitudes and self-directed learning abilities in physical education classes, and he suggested integrating STEAM education with physical education (Lee, 2020). He also emphasized the need to apply dynamic pedagogical approaches and STEAM programs in physical education to address issues related to teacher instruction, student alienation, and avoidance of physical education (Lee, 2021). Yuan et al. explored the effects of continuous exercise on the positive psychological emotions of elementary school students by integrating STEAM education concepts under physical exercise. The current situation of physical exercise and the overall situation of positive psychological emotions of elementary school students were analyzed, and the role of physical exercise on positive psychological emotions of elementary school students was studied. Regular physical exercise can improve students’ physical and mental qualities and is essential for their comprehensive development (Yuan et al., 2022). The study of Iyakrus et al. concluded that the physical education teaching model established based on the STEAM education concept could effectively improve the physical fitness of elementary school students (Ramadhan, 2021).

It is clear from the above research that the STEAM education concept has emerged globally and is widely used in the current education sector. The concept combines science, technology, engineering, art, and math. It can cultivate students’ innovative and interdisciplinary thinking, stimulate their motivation and interest in learning, help them understand and apply knowledge more comprehensively, and cultivate comprehensive thinking and problem-solving skills. Incorporating STEAM education concepts into physical education teaching not only enables students to master motor skills and physical health knowledge but also improves their comprehensive qualities such as scientific thinking, innovation, problem-solving ability, and teamwork. So that they have a more comprehensive development in the field of sports. Domestic scholars have conducted fewer studies on integrating STEAM education concepts with physical education and even fewer studies on integrating traditional sports programs. Therefore, this study combines STEAM education concepts with the teaching curriculum of Shaolin Staff, a traditional Chinese sports program, to explore STEAM education concepts’ effects on students’ engagement in learning Shaolin Staff.

Many scholars in the above literature have explored the effects of integrating STEAM education concepts into teaching and learning on students’ independent learning ability, attitudes toward physical education programs, and mental–emotional and physical fitness through experimental design methods. Few studies combine STEAM education concepts with traditional Chinese sports programs, so the experimental designs and other research methods used in the above scholars’ studies can provide precedents and theoretical foundations for the design and conduct of the experiments in this paper.

Learning engagement refers to the degree to which students participate in the learning process’s physical, cognitive, and social dimensions. High levels of learning engagement increase student academic achievement, degree completion, and the creation of meaningful learning experiences. Learner engagement is an important instructional consideration in teacher education (Seo and Gibbons, 2019). This study focuses on five key dimensions of learning engagement: motivation, attention, intention to learn independently, satisfaction, and disturbing emotions. Motivation refers to students’ desire to participate in learning activities. Attention represents the focus and concentration on learning tasks. Intention to learn independently reflects students’ self-driven efforts to comprehend knowledge. Satisfaction indicates the fulfillment and pleasure gained through learning. Disturbing emotions refer to negative affective states like anxiety, boredom, and frustration during learning (Sun, 2022). Self-efficacy and self-directed learning abilities are closely related to learning engagement. Both self-efficacy and self-directed learning abilities foster a sense of ownership and empowerment in students’ learning experiences. When students believe in their capabilities and have the skills to guide their learning, they are more likely to become motivated, proactive learners who are fully engaged in their educational pursuits (Schunk and Zimmerman, 1994).

Personalized learning emphasizes that the learning process should begin with the learner and that participation should drive decision-making. Implementing and assessing personalized learning environments give learners more voice, promoting engagement and better learning outcomes. Thus, learning engagement can be used to view the learner experience, which enriches the understanding of the language of learner performance, skills, and competencies. Understanding the complexity and multidisciplinarity of learner engagement can be achieved by exploring the development of personalized learning environments and applying ideas from social media (Ballard, 2013). Learner engagement is strongly associated with important educational outcomes such as academic achievement and satisfaction. While some research has been conducted on learner engagement in blended learning environments, there is a lack of consistency and specificity in the definition, operationalization, and measurement of engagement. Therefore, developing a framework for defining, modeling, and measuring factors of learner engagement is critical to determining whether changes in instructional methods increase engagement. The study reviews existing literature on learner engagement and identifies constructs relevant to blended learning. The study proposes a possible conceptual framework for engagement, including cognitive and affective metrics, and provides methods for measuring these metrics in a technology-mediated learning environment (Halverson and Graham, 2019). The importance of engagement in learning has received much attention in education. Student engagement is closely related to educational outcomes, such as academic achievement, learning satisfaction, and school retention. Research has shown that creating interactive, personalized learning environments promotes student engagement. Teachers play a key role in the teaching and learning process, and they should use various teaching strategies to encourage active student participation and provide support and feedback. In addition, schools and education policymakers should also pay attention to learning engagement and provide resources and support to improve the learning environment to stimulate students’ motivation and interest in learning (Carini et al., 2006). Overall, learning engagement significantly impacts student achievement and learning experiences.

The staff, the most representative long weapon of Chinese martial arts, has much room for development. For thousands of years, it has been the most adaptable of Chinese martial arts instruments (Liu, 2014). An ancient martial arts proverb says, “The staff is the leader of all martial arts (Tang, 2008).” It is in this sense that it is said. On the other hand, the staff is also the most representative and central instrument of Shaolin Kungfu. The staff has played an important historical and cultural role in different Shaolin Kung Fu development periods. The unique guardian of the Shaolin Temple, King Jinnaluo, was famous for using the staff, and the historical legend of “Thirteen Monks with Staffs Saving Tang “also centered on using the staff by monks and soldiers. In the Ming Dynasty (1,386–1,644), when the development of Shaolin martial arts was in a subversive stage, the Shaolin staff became the most representative element of Shaolin Kung Fu in the world of martial arts (Shahar, 2001). At that time, Shaolin monks and soldiers were ordered to be recruited to the southeast coast to fight against the Japanese and protect the country. One of the basic techniques used was the Shaolin Staff Technique. Yuanyi, in his great book on military science, Wu Bei Zhi, has a paragraph stating that “all martial arts are based on the staff, and the staff is based on Shaolin” (Mao, 1984).

The inheritance and innovation of Shaolin Staff teaching methods are crucial to promoting the modernization and social value of this traditional martial art. Integrating STEAM concepts can achieve this goal by making learning more engaging and interdisciplinary. Student participation is vital for engagement in the STEAM teaching process. Therefore, this study assesses students’ interdisciplinary knowledge and learning engagement to reflect the quality of STEAM-integrated Shaolin Staff instruction. Analyzing physics principles cultivates systemic thinking to comprehend complex issues like sustainability. Assessing learning engagement provides key insights into the effectiveness of applying STEAM to modernize Shaolin Staff teaching while making it relatable to students’ development needs. This underscores the importance of participatory STEAM instruction for inheriting and innovating traditional martial arts education.

This study is framed by the theory of learning engagement (Halverson and Graham, 2019), which emphasizes active participation and student-centered learning. The degree of engagement is associated with academic outcomes. The implementation of STEAM education is grounded in constructionist learning theories (Morado et al., 2021), which posit that learning occurs most effectively when students construct their understanding through designing and creating things. Video analysis technology draws on personalized learning theories (Peng et al., 2019), highlighting customized feedback to meet individual learner needs. These theories jointly informed the instructional design and analysis of results.

We are developing a series of traditional martial arts programs integrating STEAM to achieve this goal. The aim is to fully develop students’ knowledge, abilities, and literacy at the K-12 level. This paper reports the results of our first round of development and answers the following questions: (a) How to integrate STEAM concepts into the curriculum framework based on STEAM teaching and learning? (b) How do we develop a curriculum based on the framework? (c) How to assess the effectiveness of the developed curriculum? We expect to improve the Shaolin Staff curriculum’s learning experience and outcomes by focusing on student engagement in learning.



Research objects and methods


Objects of study

A non-random sampling method was used in this study. The following requirements were met: the study subjects had to be in the second year of junior secondary school. This means they should be in the second academic year of the secondary education system, usually between the ages of 13 and 14. The study population consisted of both boys and girls. It has been shown that a small class size is more suitable for blended learning programs like STEAM because it is more conducive to teacher-student interaction. In small class teaching in China, a class usually has no more than 25 students (Jyun, 2021).




Research methods


Experimental method

The experimental group was taught martial arts by introducing the STEAM teaching concept, and the control group was taught traditional martial arts. The teaching process was divided into three main parts, i.e., the preparation part (5 min), the basic part (35 min), and the ending part (5 min), and the same teacher led the practice for a total of 14 lessons. In the pre-experimental period, the POLAR TEAM2 table and the K4B2 cardiopulmonary function tester were applied to test the exercise intensity of the Shaolin Staff Technique. It was made to reach the medium intensity level and medium intensity aerobic exercise. The athlete’s respiratory heart rate increased significantly, and the heart rate reached (170-age) ± 10–20 beats. At this time, the subjective feeling is that the respiration and heartbeat are accelerated, slightly sweating, and can speak but not sing (Shanxi Sports Science Institute, 2021). The moderate intensity in this experiment was controlled at (Max HR) 60–70%. The heart rate was monitored in real time for experimental and control groups. Wearing a heart rate monitor controlled their heart rate at a moderate intensity level. The exercise intensity can be controlled in the experiment by adjusting the time between exercises and intervals, the center of gravity, and the height of movements during exercises so that the subjects sweat slightly without feeling fatigued. Parents or guardians of all the participants in this study signed an informed consent form to ensure that the study complied with ethical norms. There were ten boys and ten girls in each group of this experiment. There were 20 cases in the experimental group and 20 in the control group. Consent to participate in this study should be obtained from the study subjects. Patients with contraindications to exercise were excluded. Subjects who were unwell on their way to the experiment and those who needed better compliance and did not comply with the experiment were excluded. Figure 1 shows the design flow of this experiment.

[image: Figure 1]

FIGURE 1
 Flow chart of instructional design.




Framework for developing an integrated STEAM program


Course overview and goals

Introduce the background and goals of the course, emphasizing the importance of STEAM teaching concepts in increasing student engagement in learning. Articulate the goals of the course, including increasing student interest, motivation, and engagement in the Shaolin Staff program, as well as fostering their scientific literacy and skill development.



Science module

Introduces the principles of human kinematics and mechanics and explores their relevance to staff movements. Analyze the effects of staff fighting on the body and study energy transformation and force. Explore the relationship between staff skills, anatomy, physiology, and motor control. Conduct hands-on activities that allow students to apply scientific principles to optimize staff handling movements.



Technology module

Quantitatively analyzing and improving staff movements using video analysis software. Record and analyze individual staff-fighting demonstrations using video capture and editing techniques. Use mobile apps and online resources to access information about martial arts history and techniques.



Art module

Appreciate ancient Shaolin staff fighting songs and drawings and create routines that express Shaolin culture and philosophy to demonstrate the beauty of staff fighting. Students are encouraged to learn traditional Shaolin staff fighting performances and movement choreography to demonstrate grace and fluidity of movement.



Mathematics module

Analyze the angles and strength of staff movements involving concepts of geometry and trigonometry. Calculate the speed and acceleration of staff movements using kinematics and dynamics formulas.



Assessment and feedback approach

Utilize an array of effective assessment methods, encompassing practical performance evaluations, interviews, and questionnaires. The Learning Engagement Scale was employed to comprehensively evaluate students’ engagement, including motivation, attention, intention to learn independently, satisfaction, and disturbing emotions (Sun, 2022). The scale’s internal consistency reliability (Cronbach’s alpha) was established at 0.81, ensuring measurement accuracy. Employ questionnaires to gather data on students’ learning engagement and gage their level of involvement and interest in the course. Implement a consistent cycle of instructional feedback from educators and students to continually enhance and refine course content and instructional techniques.



Integration of STEAM framework and interview insights

Our developmental framework integrates STEAM teaching principles by fusing science, technology, art, and math into the Shaolin Staff curriculum. This strategic integration elevates student learning engagement by applying physics analysis and video analytics. After the experiment, we conducted semi-structured interviews with 20 participants randomly selected from the STEAM teaching group. The primary aim was to gather qualitative insights into their learning journey and perceptions of the STEAM-incorporated Shaolin Staff course. The interview format encompassed open-ended questions strategically designed to uncover students’ perspectives regarding the amalgamation of science, technology, art, and math within the curriculum and the potential impact on their learning engagement.




Course design of Shaolin staff technique

The course covers several principles of physics:

1. Rotational Moment: The rotational moment is the force acting on an object that causes the object to rotate around a fixed axis. Its magnitude is equal to the product of the force and the force arm, which is the perpendicular distance between the force and the axis of rotation. The rotational moment determines the speed and direction of rotation of the object.

2. Moment of Inertia: The moment of inertia is the property of an object that resists changing its rotation state. It is related to the object’s mass distribution and its axis’s position. The larger the moment of inertia, the more difficult it is for the object to change its rotation state. The moment of inertia can be used to describe the response of an object to a rotational moment.

3. Angular Velocity: Angular velocity is the rate of change of angle per unit of time when an object is rotating about an axis. It indicates the speed of rotation and is expressed in radians per second. The greater the angular velocity, the faster the object rotates.

4. Linear Velocity: Linear velocity is the speed of a point on an object along a trajectory as it rotates. It is related to the angular velocity and the distance from the axis of rotation to that point. Linear velocity is a physical quantity that describes the difference in velocity at different points on a rotating object.

5. Balance Lever: A balance lever is a rigid rod supported by a fulcrum with forces of different magnitudes or directions acting on either side. The principle of a balanced lever is based on the law of levers, which states that the left side moment equals the right side moment, making the lever balanced. This means that a balanced lever will remain at rest when the force on the left multiplied by its distance to the fulcrum is equal to the force on the right multiplied by its distance to the fulcrum.

6. Interaction Force: Interaction force is the force exerted by two objects on each other. According to Newton’s third law, interaction forces always occur in pairs and are equal in magnitude and opposite direction. When one object exerts a force on another object, the other object also exerts a force of equal magnitude and opposite direction on the first object. These forces are the result of the interaction between two objects (see Table 1).



TABLE 1 Course design of Shaolin Staff technique.
[image: Table1]

In addition, the content we selected for teaching Shaolin Staff originated from the book “Explanation of Shaolin Staff Technique” by Cheng Zongyou, a famous martial arts master in the Ming Dynasty. In order to realize the characteristics of Arts in the STEAM teaching concept, we also set the contents of the drawings and staff tips in the staff score in the teaching of the corresponding technical movements, respectively. This enables students to understand the historical origins of the Shaolin Staff Technique and improves their ability to recognize and discover beauty (as shown in Figures 2, 3).

[image: Figure 2]

FIGURE 2
 Xiapi posture of the Ming Dynasty “Shaolin Staff Method Elaboration” (Ma and Ma, 2015).


[image: Figure 3]

FIGURE 3
 Immortal sits in a cave posture of the Ming Dynasty Shaolin Staff Method Elaboration (Ma and Ma, 2015).




Teaching cases


Description of the Xiapi (下劈)

The left foot slightly stirs the ground, and the left waist, hips, and shoulders are quickly twisted to the right so that the front of the body faces the front. The left-hand raises the staff forward and upward to a position at the same height as the forehead. At the same time, the right hand quickly slides down the staff so that the right hand is directly above the head. The waist and hips are then quickly twisted to the left, and the right-hand slide handle is pressed downward. The left hand pulls down and presses down so the staff splits horizontally. The arms are then pushed upward to inhibit the downward movement of the staff.

This movement can be analyzed in three stages:

1. Initial state: the right foot is in front, and the left is behind in a slight stirrup. The front of the body is slightly to the left, arms down, holding the staff.

2. Stage 1: the left side of the waist, hips, and shoulders are twisted to the right, utilizing the legs and lower back muscles to exert force and give themselves a rotational torque. This torque can be described by Newton’s law, acting on the center of mass of the body with the magnitude:

[image: image]

[image: image] is torque, [image: image] is the moment of inertia, and [image: image]is the angular acceleration. The moment of inertia is a physical quantity that describes the ease with which an object can rotate, and it can be calculated using the following equation:
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Where [image: image] is the object’s mass and [image: image] is the distance from the axis of rotation to the center of mass.

At the same time, the left-hand raises the staff forward and upward to a position at the same height as the forehead. The right hand quickly slides down the staff to position the right hand directly above the head. During this process, the left arm will be lifted faster than the right arm slides down, and the force arm becomes longer; the body’s rotational inertia is also changing.

During this process, the lower limb muscles must be controlled to support the body weight and maintain balance. At the same time, the involvement of muscles such as the low back musculature and the rectus abdomens plays a key role in the steering of the body. The lifting motion of the left arm is achieved through the strength of the scapular girdle and upper arm muscles. The sliding of the right hand, on the other hand, requires the corresponding joints of the shoulder, elbow, and wrist to work in tandem to control the accuracy and speed of the movement.

1. Stage 2: the waist and hips are quickly twisted to the left, the right-hand slide handle is pressed forward and downward, and the left hand is pulled downward and pressed so the staff splits downward when it reaches a horizontal position. The velocity of the endpoint of the staff changes from [image: image] to [image: image] with the velocity formula:

[image: image]
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Where [image: image] and [image: image] are the angular velocity before and after action, [image: image] and [image: image] are the radius before and after action, respectively.

This process involves muscle contraction and relaxation to maintain balance in the body’s tilting and the staff’s movement. At the same time, the sliding speed of the staff must be allowed to accelerate at an even rate to increase the force on the target.

1. Stage 3: the arms are powered upward to inhibit the continued downward movement of the staff. The main function of this phase is to counteract the effect of gravity on the staff and ensure that the staff does not continue to fall downward after the downward chop has reached the designated position. In this process, a reverse force equal to the gravity of the staff needs to be applied, which can be calculated using the following formula:

[image: image]

This process requires a synergy of muscles throughout the body to stabilize the balance of the body and control the staff through the resistance of the arms and force generation of the legs.

The main mechanical concepts involved in the downward chop are rotational moment, balanced leverage principle, interaction force, muscle control, etc. Strong muscle strength and body control are required to maintain good balance and arm accuracy. At the same time, one needs to master the coordinated movement of the scapular girdle and upper arm muscles to achieve smooth and powerful movements (Figures 4–7).

[image: Figure 4]

FIGURE 4
 Initial state of Xiapi.


[image: Figure 5]

FIGURE 5
 Stage 1 of Xiapi.


[image: Figure 6]

FIGURE 6
 Stage 2 of Xiapi.


[image: Figure 7]

FIGURE 7
 Stage 3 of Xiapi.






Findings of the study


Students’ engagement in learning

The five dimensions of learning engagement examined were motivation, attention, intention to learn independently, satisfaction, and disturbing emotions. The learning engagement scores collected from the questionnaire survey were compared and analyzed between the two groups before and after the experiment. The chi-square test was used for count data. The count data were calculated to be consistent with normal distribution, which repeated measures and group simple effects tests can test. As shown in Table 2, there is an interaction effect between different interventions and intervention time in the dimensions of motivation, attention, intention to learn independently, satisfaction, and disturbing emotions.



TABLE 2 Comparison of experimental and control groups’ learning engagement scores before and after the experiment (X ± SD).
[image: Table2]

Regarding the learning motivation dimension, it was found by multiple comparisons that the mean values of the learning motivation dimension of the pre-test, the mid-test, and the post-test of the learning motivation dimension increased in the order of significance (p < 0.01) in the group where the STEAM teaching concept was introduced. In the group using conventional teaching, the mean value of the learning motivation dimension of the pre-test was significantly higher than that of the post-test (p < 0.01). However, it was not significantly different from the mid-test (p = 0.093). The group simple effects analysis results showed that in the baseline, there was no significant difference in the mean values of the learning motivation dimension between the two groups (p = 0.26). In both the mid-test (p = 0.01) and post-test (p < 0.01), the mean values of the motivation to learn dimension were significantly higher in the STEAM teaching group than in the regular teaching group (as shown in Figure 8).
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FIGURE 8
 Comparison between experimental and control groups before and after the experiment of estimated marginal means of learning motivation dimensions.


In terms of attention dimension, it was found by multiple comparisons that in the group where the STEAM teaching concept was introduced, the mean values of attention dimension of pre-test, mid-test, and post-test of attention dimension increased sequentially, and all of them reached the level of significance (p < 0.01). In the group with conventional teaching, the mean value of the attention dimension of the pre-test was significantly lower than that of the post-test (p < 0.01). However, it was not significantly different from the mid-test (p = 0.062). The group simple effects analysis results showed that in the baseline, there was no significant difference in the mean values of the attention dimensions between the two groups (p = 0.63). In both the mid-test (p = 0.02) and post-test (p < 0.01), the STEAM instruction group had significantly higher mean values of attention dimensions than the regular instruction group (as shown in Figure 9).
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FIGURE 9
 Comparison of the experimental and control groups before and after the experiment of estimating the marginal mean of the attention dimension.


Multiple comparisons found the independent learning intention dimension. In the group where the STEAM teaching concept was introduced, the mean values of the independent learning intention dimension of the pre-test, the mid-test, and the post-test of the independent learning intention dimension increased sequentially. All reached the level of significance (p < 0.01). In the group with conventional instruction, the mean value of the attention dimension of the pretest was significantly lower than that of the posttest (p < 0.01). However, it was not significantly different from the middle test (p = 0.23). The group simple effects analysis results showed no significant difference in the mean values of the independent learning intention dimension in the baseline between the two groups (p = 0.88). In both the mid-test (p < 0.01) and post-test (p < 0.01), the mean values of the attention dimension were significantly higher in the STEAM teaching group than in the conventional teaching group (as shown in Figure 10).
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FIGURE 10
 Comparison between the experimental and control groups before and after the experiment of estimating the marginal mean of the dimension of the autonomous learning intention.


In terms of satisfaction dimension, it was found by multiple comparisons that the mean values of satisfaction dimensions of pre-test, mid-test, and post-test satisfaction dimensions of satisfaction dimensions increased sequentially in the group where the STEAM teaching concept was introduced, and all of them reached the level of significance (p < 0.01). In the group with conventional teaching, the mean value of the satisfaction dimension of the pre-test was significantly lower than the post-test (p < 0.01) but not significantly different from the mid-test (p = 0.14). The group simple effects analysis results showed that in the baseline, there was no significant difference in the satisfaction dimension means between the two groups (p = 0.86). In both the mid-test (p = 0.07) and post-test (p < 0.01), the STEAM teaching group had significantly higher satisfaction dimension means than the regular teaching group (as shown in Figure 11).
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FIGURE 11
 Comparison between experimental and control groups before and after the experiment of estimating the marginal mean of satisfaction dimension.


Regarding the disturbed emotion dimension, it was found by multiple comparisons that the mean values of the disturbed emotion dimension of the pre-test, mid-test, and post-test decreased sequentially in the group introduced to the STEAM teaching concept. All of them reached the level of significance (p < 0.01). The mean values of the disturbed emotion dimension of the pre-test were significantly higher than those of the mid-test and post-test under the regular teaching intervention (p < 0.01). However, the estimated marginal mean values of the disturbed emotion dimension of the group taught with the introduction of the STEAM concept decreased significantly faster. The group simple effects analysis results showed that at baseline, there was no significant difference in the mean values of the disturbed emotions dimension between the two groups (p = 0.80). At the mid-test, there was also no significant difference between the two groups in the disturbed emotion dimension (p = 0.06). In the post-test, there was a significant difference between the mean values of the disturbed emotion dimensions of the two groups (p < 0.01) (as shown in Figure 12).
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FIGURE 12
 Comparison of the experimental and control groups before and after the experiment of the marginal mean of the interference mood dimension estimation.




The results of interviews with participants in the STEAM+ Shaolin staff teaching group

The qualitative insights from interviews shed light on students’ learning encounters within the STEAM-integrated Shaolin Staff course. Beyond the controlled experiment, this research also involved interviewing 20 participants from the experimental group regarding STEAM-related instructional aspects. The ensuing feedback highlights their perceptions regarding the fusion of science, technology, art, and math within the context of the Shaolin Staff curriculum.

Participant A stated, “I felt that science was integrated into the teaching and learning activities in the Shaolin Staff program. The teacher teaches techniques while analyzing the principles of human kinesiology and mechanics. This enabled me to understand better and optimize my staff movements. In addition, my teacher helps us analyze the staff’s effects on the body and study energy transformation and the role of force. If I lengthen the leverage of the staff, it will be more laborious for me to swing it.

Participant D said, “I had much fun using Mathematics in the Shaolin Staff course. By learning the angles and rotations of the staff, I began to realize the importance of mathematics in movement. I learned how to calculate angles and distances and apply geometric principles to improve my movements. This way of learning by combining math with actual movements has given me a new interest in math and helped me understand and apply math concepts more deeply in my Shaolin Staff studies.

Participant F said, “I appreciate using Art in the Shaolin Staff program. Through studying the history and culture of the Shaolin Staff, I began to appreciate and understand the artistic value of Shaolin Wushu. We learned physical expression and coordination in a class by imitating traditional Shaolin Staff movements and postures. While mastering my staff skills, I also developed my aesthetic ability. This way of incorporating artistic elements into my learning has given me a deeper interest in the Shaolin Staff and helped me develop my artistic perception.

Participant H said: I was pleasantly surprised by the use of Technology in the Shaolin Staff program. I could observe and evaluate my performance in real time through video analytics. This personalized feedback gives me a clearer understanding of my strengths and directions for improvement. At the same time, I improved my technical skills by learning to record and analyze my movements using technical tools. This way of learning by incorporating technology has increased my enjoyment of learning and made me more actively engaged in my studies.

Participant I said: For me, applying science, technology, art, and math to the Shaolin Staff course is a very integrated and interesting learning experience. Through studying these different disciplines, I have realized how interrelated and complementary they are. Science helps me to understand the principles of movement, mathematics helps me to calculate and optimize movements, art helps me to express and coordinate body movements, and technology helps me to observe and improve my performance. This integrated approach to the disciplines has enabled me to develop myself holistically and given me new insights for my future studies and life.

In summary, students felt positive about applying math, art, and technology to the Shaolin Staff curriculum. This integrated application enabled students to understand and apply concepts from related disciplines more deeply and stimulated their interest in learning. Through the parsing of scientific principles, mathematical calculations and optimization, artistic expression, and application of technology, students gained a rich learning experience and increased engagement in learning. They gained competence in several areas. This further validates the effectiveness of applying STEAM teaching concepts to the Shaolin Staff program and provides a new teaching model for physical education.




Discussion and analysis

By applying STEAM teaching concepts and video analytics to the Shaolin Staff Technique course, students’ dimensions of learning engagement can be effectively improved. STEAM teaching methods emphasize students’ active participation and practical operation, making students the main body of learning, not just passive receivers (Madden et al., 2013). In this study, theoretical knowledge from different disciplines such as science, math, art, and physics is integrated into the teaching of Shaolin Staff, and the students not only master the Shaolin Staff technique itself but also learn the knowledge of other disciplines in the process of learning Shaolin Staff. In the process of learning the Shaolin Staff Technique, students not only mastered the technique itself but also learned other subjects. In addition to increasing students’ interest and participation in learning, it further stimulated their exploratory mentality and ability to think and solve problems. It can be seen that the application of STEAM education concepts in physical education can integrate physical education with other disciplines and enhance the effectiveness of physical education. This study is also a positive attempt to improve traditional Chinese physical education’s teaching concept and teaching effect. In studying the STEAM education concept to improve students’ learning interest and participation, some scholars combine the STEAM education concept with Olympic education. This improvement in education can make students have a stronger interest in Olympic-related knowledge and Olympic events and begin to actively pay attention to the Olympic movement and learn the Olympic spirit (Li and Yuan, 2022). Therefore, integrating STEAM education concepts into educational sessions can recognize the diversity of student learning, increase student engagement in learning, and promote integration and transformation across subject areas (Allina, 2018). In the Shaolin Staff Technique course, students can understand and master the techniques and principles more deeply, stimulate learning interest and motivation, and improve learning participation through actual practice and operation. Video analysis technology plays a key role in the Shaolin staff fighting course. By analyzing students’ movements through video, students can clearly understand their performance and progress in the learning process. Personalized feedback mechanisms motivate students and increase their commitment and engagement in learning. Students can observe and assess their movement skills, correct deficiencies, and see their progress. This personalized feedback boosts students’ self-confidence, motivation, and learning engagement (Cauley and McMillan, 2010).

At the same time, the combination of STEAM teaching methods and video analytics can also improve students’ aesthetic ability. Art is the foundation of all educational fields, and art education can break down the barriers between different educational fields by combining STEAM education concepts. It allows students to combine ideas and experiences to find new meanings, which develops their artistic creativity and aesthetic level and stimulates their aesthetic awareness and perception (Lee, 2014). The combination of art and science serves a unique purpose, enabling students to think outside the box to break down complex problems simultaneously. The corresponding solutions are then applied to the real world, providing a pathway to personal meaning-making and self-motivation (Land, 2013). Therefore, students are drawn to Shaolin culture while learning Shaolin Staff Techniques, thus developing and improving their aesthetic ability. This helps students appreciate and understand art and promotes the development of creative thinking and expression development.

Additionally, the analysis of technical movements in conjunction with physics demonstrates how this pedagogical approach improves student dimensions of learning engagement and athletic performance. Previous research on STEAM education has included integrating STEAM education with physics instruction. Creative integration education programs that utilize physical computing so that students can develop their creative problem-solving skills through computation, learn about science and other subjects in an integrated way, and increase students’ interest in learning (Yin et al., 2020). Incorporating STEAM education concepts into physics instruction can foster the development of students’ CT skills (Juškevičienė et al., 2021). Students can understand the scientific principles and mechanisms behind the movements by parsing the physics concepts of mechanics, kinematics, and kinetic energy transformation in movements. This theoretical knowledge increases students’ knowledge and understanding of technical movements, enabling them to grasp the key elements and execution of movements more accurately. Applying physics principles also gives students scientific thinking and analytical tools (Wang et al., 2015). Students can apply physics principles to analyze and evaluate their movement performance, analyzing factors such as the magnitude and direction of force changes in speed and acceleration and thus judging the accuracy and effectiveness of movements. In addition, through the guidance of the principles of physics, students can better master the essentials and techniques of movements and improve the quality of movement performance. This interdisciplinary approach aligns with education for sustainable development, which equips students with integrated knowledge and competencies to address sustainability issues (Annan-Diab and Molinari, 2017).

Generally speaking, the concept of STEAM education is being widely applied to teaching in various fields. Students can be exposed to the theoretical knowledge of other subjects while learning a certain subject, which in turn stimulates students’ desire for exploration and interest in learning. This educational concept has gradually become the development trend of modern education. Integrating the STEAM concept into physical education may become a new direction for future development. In this paper, it can be seen that applying STEAM teaching concepts and video analyzing technology to the Shaolin Staff Technique course can improve students’ participation in learning. The STEAM teaching method stimulates students’ interest and motivation through active participation and hands-on practice, and the video analysis technology provides personalized feedback to promote students’ self-confidence and engagement. At the same time, the analysis of technical movements in conjunction with the principles of physics enhances students’ understanding and knowledge of the movements and improves the accuracy of their performance. These mechanisms interact with each other to provide students with a rich learning experience and stimulate their learning interests and engagement. Therefore, integrating STEAM teaching concepts, video analyzing techniques, and physics principles is an effective teaching approach to improve students’ learning engagement and movement performance. While self-efficacy and self-directed learning are also important for student learning, this study narrowed its scope to assessing improvements in learning engagement. Further research could investigate how enhanced engagement may influence self-efficacy and self-directed learning abilities.



Limitations

This study found that the experimental group had significantly better learning outcomes than the control group, which may be related to the application of STEAM pedagogy. However, we did not test the potential mediating variables such as interest in learning, sense of engagement, etc. The STEAM approach emphasizes hands-on learning and interaction, which may increase students’ interest and engagement and affect the learning outcomes. However, due to the study’s limitations, we were unable to measure and test these mediating variables, which is a limitation of this study. We believe STEAM pedagogy may affect learning outcomes through mediating processes, but further research is needed to confirm the exact mechanisms. In the future, we will improve the research design, collect data on the mediating variables, and test the mediating effects by using path analysis and other methods to explain more comprehensively the influence of STEAM teaching on learning outcomes. This study lays the foundation for further research and raises questions that deserve further investigation.



Conclusions and recommendations

The study assessed how effectively the STEAM teaching model enhances student engagement in a Shaolin staff fighting course. Results reveal a significant increase in student learning engagement by blending science, technology, engineering, art, and math, along with video analytics for movement assessment and feedback. The utilization of a questionnaire to measure student learning engagement proved highly effective. This comprehensive approach not only nurtures interdisciplinary thinking but also aids in understanding intricate subjects such as sustainable development. Qualitative interviews provided evidence that the STEAM-integrated curriculum bolstered student motivation, knowledge application, skill enhancement, and overall learning experience in multifaceted manners.

Currently, China is actively promoting a strategy of cultural renaissance and advocating the modernization and transformation of traditional sports culture (Jinping, 2019). The teaching method explored in this study provides a way to improve traditional martial arts teaching. The Shaolin Wushu culture, as an important part of traditional Chinese culture, can improve students’ learning participation through this teaching method and indirectly promote the inheritance and innovation of Shaolin Wushu culture. This teaching method provides students with a richer learning experience, which can help them understand and master Shaolin staff skills more deeply, and at the same time, cultivates their interest in and identification with Shaolin Wushu culture.

This study brings the following implications for current physical education practices:

Firstly, the existing physical education teaching has the problems of single content and boring form, which cannot stimulate the student’s interest, and the diversity and comprehensiveness of the STEAM teaching method, as well as the intuitive image of video feedback, can make up for this shortcoming. Teachers should actively explore these new methods to make the curriculum more interesting.

Second, teachers need continuous professional development to improve their ability to utilize new technologies and theories. Educational administrations should provide teachers with training and resource support and encourage them to innovate the content and format of their teaching. At the same time, teachers need to upgrade themselves to better meet the diverse needs of their students.

Third, teachers should provide personalized instruction using video and scientific literacy to enhance student engagement during the teaching process. This requires educational institutions to create supportive environments that encourage teachers to explore new modes of teaching.

In conclusion, this study proves that the STEAM teaching method can effectively stimulate students’ interest in learning and promote the inheritance and innovation of traditional sports culture. The future development of physical education requires the joint efforts of teachers, schools, and administrations to improve the quality of teaching and create a supportive atmosphere for teaching innovations to increase students’ participation and promote the overall progress of physical education.
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Background: Physical education teachers’ health communication competence is a key factor in health promotion. Although health communication is a multidisciplinary field, medical practitioners are the primary focus of health communication research, whereas physical education teachers are marginalized. Therefore, this study proposes a theoretical model of health communication competence for physical education teachers.

Methods: This qualitative research utilized interviews as the primary data collection method. Purposeful sampling was employed to select participants, including university teachers, primary and secondary school teachers, and health education professionals from diverse regions of China. A total of 31 participants were interviewed through two focus groups (N = 15) and individual semi-structured interviews (N = 16). Grounded theory was used to analyze and code the collected interview materials.

Results: The health communication competence of physical education teachers consisted of three main categories, 10 subcategories, 30 concepts, and 240 statement labels. The three main categories were as follows: (i) foundations of health communication knowledge and skills (this category encompassed three subcategories, namely sport and health knowledge reserve, health beliefs, and health behaviors); (ii) health communication perception competence (this category included two subcategories, namely health risk and crisis perception competence and communication audience perception competence); and (iii) practical competence of health communication (this category consisted of five subcategories, namely language expression competence, organizational and design competence, utilization of new media tools competence, communication content selection and processing competence, and professional skills).

Conclusion: The theoretical model of health communication competence in this study provides a foundation for the involvement of physical education teachers in health communication work. It can serve as a reference for the development of both pre-service health education courses and in-service training systems for physical education teachers. Future research can expand the sample size and geographic coverage to further validate the applicability of the findings. Additionally, investigating the factors influencing the formation of the identified competencies is recommended.

KEYWORDS
 health communication competence, physical education teacher, grounded theory, focus group (FG), model development


1 Introduction

Health communication plays a crucial role in promoting healthy lifestyles and enhancing public health literacy (1–3). Additionally, it serves as a focal point in academic discourse. Although health communication has characteristics that span across various disciplines, research in this field predominantly takes place in hospital settings. Examples include controlling smoking or promoting vaccine literacy (4). The primary objective of these initiatives often relies on medical professionals, such as doctors or nurses (5). China believes that exercise is the best medicine; therefore, physical education has been seen as a potential means of health communication. As for the young generation, social media has become the most popular space for them to acknowledge health information and foster health communication (6). As social media is a space where user-generated content (UGC) is generated, health-related communication is problematic, especially when pseudoscientific or commercial information is prevalent (7). In light of the prevalence of health communication in social media, and the threat of “bad money driving out good money,” accurate scientific health communication has become increasingly important.

As physical health among the youth has declined dramatically in recent years (8–11), current research offers significant guidance regarding health communication in physical education, focusing on curriculum change (12), and the development of scientific standards (13). The reform of physical education curriculum means encouraging students to establish healthy lifestyles and values, which requires physical education teachers not only to have professional knowledge in the field of physical education, but also to have knowledge in health education, healthcare, and other discipline. Therefore, physical education teachers need to have certain interdisciplinary teaching abilities (14). With respect to the development of scientific standards, several policies have been launched, including the “Guidelines on Physical Activity and Sedentary Behavior” from the World Health Organization in 2022 (15), “Guidelines on Physical Activity and Sedentary Behavior for Chinese Residents,” and “Guidelines for the Evaluation of Health Literacy of Chinese Residents” from the Chinese government (16, 17). Regardless of the focus, be it curriculum change or the development of scientific standards, the competence of physical education teachers in health communication always emerges as pivotal. The domain of physical education and health is where a physical education teacher’s expertise, both in terms of knowledge and effective teaching practice, is deeply rooted. In essence, the competence of physical education teachers in health communication stands as a key determinant of the success of these health communication policies.

For the objectives of health communication research, medical professionals, including those such as doctors, nurses, and general practitioners, have been central. Their professional development trajectories and models of health communication competencies have been scrutinized (18). Studies have attempted to identify specific health communication competencies for diverse groups. Coleman et al. (13) employed the Delphi approach to establish a theoretical framework for health literacy practice education among in-service medicine practitioners (19). Timothy (20) conducted a questionnaire survey to assess health communication competencies among preservice health professionals at the graduate level. He found that specific elements, such as media, interaction, and health promotion theories, form the core of health communication competence. Park et al. (21) conducted a quantitative study to explore the ideal health communication competence for in-service health educators. The study identified health theoretical foundation, communication skills, and interdisciplinary abilities as key attributes of health communication competence (22).

Rogers introduced the concept of health communication, which essentially refers to any form of human interaction that pertains to health-related content (23). From Rogers’ definition, it is apparent that health communication should span across more relevant disciplines and groups. However, existing health communication research reflects interdisciplinary studies and is primarily a combination of the fields of medicine and communication. Physical education, actively promoting health, is an essential component of any comprehensive health system. However, there is limited research on physical education teachers and their role in promoting health in existing health communication studies. Within the sphere of health communication concerning physical health issues, physical education teachers are more specialized than healthcare professionals such as doctors and nurses. In China, physical education teachers not only need to acquire knowledge in physical education but also study subjects such as exercise physiology, sports health science, sports anatomy, and sports biochemistry. Given the substantial population of in-service and preservice physical education teachers in the 317 universities offering physical education teacher education courses out of 2,688 universities in mainland China (24), they can potentially reach a broader spectrum of professions and individuals when engaging in health communication.

Despite the abundance of research in the field of health communication conducted from various perspectives and proposed resolutions, the role of physical education teachers remains overlooked. Furthermore, the majority of studies are predominantly macro-level, leaving a gap in translating these findings into practical strategies for unique groups, such as physical education teachers engaging in health communication collaboratively. This void constrains the effectiveness of health communication initiatives. Importantly, questionnaire surveys have dominated health communication competence research. In most cases, questionnaire surveys rely on relatively simple questions, which are unlikely to yield complex information (25), while grounded theory is especially useful when the information to be gathered is varied or complex, or when the study is exploratory (26). Since physical education is a complex social phenomenon (27), grounded theory is widely accepted in the field, such as physical activity (21), physical education courses (28), and teacher’s professional development (29). Therefore, this study aims to address this gap by investigating the health communication competence of physical education teachers using grounded theory. This model seeks to offer practical guidance for physical education teachers involved in health communication and introduce a fresh perspective for research in the field of health communication.



2 Materials and methods

The study employed grounded theory, which is widely used in research on physical education teachers (30–32). Grounded theory is an approach that avoids preconceived notions and follows a bottom-up process of theory development, making the theoretical model constructed more objective (33). It is characterized by its focus on practice, reliance on empirical evidence, and foundation in real-world experiences. As a typical qualitative research method, grounded theory not only possesses the holistic characteristics common to all qualitative research methods but also assists researchers in delving deeply into the experiences, beliefs, and emotions of the research subjects (29). This method gradually facilitates a more profound understanding and interpretation. The bottom-up approach to theory generation inherent in grounded theory ensures the thoroughness and authenticity of the constructed theory (34). Therefore, the theoretical models developed through grounded theory are more intricate, offering better practical guidance and making them suitable for constructing theoretical frameworks (26). The reliability and accuracy of the original data have a significant impact on the results of grounded theory. These characteristics are particularly valuable in the current context in which there is a lack of research on the health communication competence of physical education teachers. Grounded theory can help physical education teachers quickly establish a comprehensive awareness of the competence needed for health communication, enabling a rapid immersion into health communication practices.


2.1 Participants

The reliability and accuracy of the original data have a significant impact on the results of grounded theory. The requirements of grounded theory for interviewees were reflected in three aspects: (i) the number of participants; (ii) the approach of interviews; (iii) the representativeness of interviewees. For the number of participants, according to Guest et al. (35), 12 interviews were sufficient to reach data saturation. When considering the huge population size in the context of China, additional interviews provided more nuanced insights. Hence, a total of 31 participants were selected by a purposive sampling approach in this study. Specifically, 16 participated in individual interviews and the remaining 15 were divided into two focus groups to gather the data.

The first focus groups were conducted with nine participants, and six participants joined in the second focus group sessions. Based on the limited research available regarding the health communication competence of physical education teachers, the number of interviews provides another reason to construct a theoretical model of the health communication competence among Chinese physical education teachers. For the approach of interview, qualitative research emphasizes in-depth exploration and understanding of participants’ experiences, perspectives, and insights (36). By conducting individual interviews and focus groups in the field of physical education teacher, we can gather a rich and diverse range of data from both individuals and group discussions and interactions that may generate additional insights (37).

The representative questions were mainly based on the results of grounded theory. In order to enhance the scientificity and practicality of the theoretical model constructed by the research institute, this study not only selected primary and secondary school physical education teachers as interviewees, but also selected research scholars in health communication and health communication practitioners (nurses) as interviewees (see Table 1 for details of the participants). The inclusion criteria of the participants included: (i) a minimum of 2 years teaching experience in physical education; or (ii) a minimum of 2 years working experience in health communication as health education professionals. Prior to the interviews, informed consent was obtained, and the interview process was recorded with the participants’ permission.



TABLE 1 Information about the interview participants (N = 31).
[image: Table1]



2.2 Interview

The ethical review was approved by the author’s institution. The interview questions were informed by relevant literature reviews (38–40), as well as the insights that were gathered from three experts before the interviews began. A physical education expert and two experts in the fields of communication and health education were selected to participate in this pilot study. As a result of their expertise, we refined the interview outline to ensure that the interview questions were aligned with the research inquiries that were being addressed in the interview. The study ultimately designed four open-ended questions (see Table 2), which were mainly focused on two aspects: (i) the interviewees’ experiences in health communication and (ii) the dimensions of health communication among physical education teachers. Owing to geographical distances, respecting the subjective preferences of the interviewees, and the lockdown policy related to the COVID-19 pandemic in China, interviews were primarily conducted online.



TABLE 2 Interview questions (N = 4).
[image: Table2]

Each interview took 45–60 min and adhered to the guidelines established by the interview guidance on sports, exercise, and health (25, 27, 41): (1) the list of questions should be as concise as possible, incorporating probing questions to extract additional information from the participants and delve deeper into their accounts, responses, and stories. Our study’s probing questions were developed based on the interview guidance provided by Clegg and Butryn (19) in the field of physical education (42). For instance, the first interview question in our study is, “Have you ever engaged in health communication with your family and friends? If so, please provide examples.” Following Clegg and Butryn’s guidance, we developed sub-questions such as: how has such engagement with friends/family affected you? What thoughts stood out for you in a special moment during health communication? How do you feel when you imagine engaging in health communication with your family or friends, even if you have not done so yet? (2) Kvale (43, p.103) suggests that the sample size of qualitative research is not one that should be determined at the beginning of a study (44). Additionally, Baker (45) notes the basic rules of how to become a good interviewer in social science: the researcher should be committed at every interview to spend sufficient time to gather enough data. Therefore, the 45–60 min allocated for each interview was determined based on the conversations with interviewees, concluding each session when saturation was achieved. Owing to the dynamic nature of conversations in focus groups and the emergence of unexpected thoughts during group interactions (25), focus group sessions in our study lasted slightly longer than individual interviews.



2.3 Data analysis

After the interviews, the audio recordings were first converted into text using Microsoft Word software. The transcriptions were then organized and read through, and irrelevant content was removed. Through both individual interviews and focus groups, the researchers compiled a total of 18 interview transcripts, amounting to 44,736 words. Next, the interview data were analyzed using the three-level coding approach of grounded theory with Nvivo19 software. The coding process involved open coding, axial coding, and selective coding (26). This analysis aimed to construct a theoretical model of health communication competence for physical education teachers in China.


2.3.1 Open coding

Open coding is the process of the initial screening and analysis of the collected interview data in the research. It can be understood as the process of “labeling” the data. During this process, irrelevant content was removed to ensure that the coding was not influenced by subjective understanding or existing research. Relevant statements were analyzed and extracted to form labels and categories for related concepts.

Step 1: Labeling involves the process of transforming interview data into labeled statements, as described in Table 3. The labels in the text follow the naming convention of “EN + label statement,” for example, “E1 You should have healthy behaviors and lifestyle.” A total of 240 labeled statements were generated (see Table 4). The labels indicate that the interviewed teachers and experts primarily focused on several aspects of the components of health communication competence for physical education teachers, such as language expression, knowledge reserves, and the use of information technology devices.

Step 2: Conceptualization. Through comparing, refining, analyzing, and integrating the labeled statements, similar or related contents were merged, further refining the 240 labeled statements generated in the labeling process. In this study, 30 concepts were integrated from the 240 labeled statements. The concepts are presented using the format “DN+ Concept Name.” For example, D1 Health Lifestyle. Detailed examples of the process from labeling to conceptualization can be found in Table 5, and the results of conceptualization are shown in Table 6.

Step 3: Categorization. Categorization was achieved through continuous analysis, comparison, and induction of the 30 concepts generated. From these concepts, categories were extracted, emphasizing the need for high exclusivity among various categories and high representativeness of the concepts within each category. Through this process, a total of 10 categories were identified. The categories are presented using the format “CN + Category Name,” e.g., “C1 Sports and health knowledge reservoir.” Detailed examples of the categorization process can be found in Table 7, and the complete results of categorization are shown in Table 8.



TABLE 3 Examples of the tagging process for the interview data.
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TABLE 4 Labeling results.
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TABLE 5 Example of the process from raw materials to conceptualization.
[image: Table5]



TABLE 6 Conceptualization results of 240 label statements.
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TABLE 7 Example of the categorization process of raw materials.
[image: Table7]



TABLE 8 Categorization results of 30 concepts.
[image: Table8]



2.3.2 Axial coding

Axial coding is the second level of coding in the grounded theory three-level coding process. It builds upon the concepts and categories formed in the initial coding stage. In axial coding, the focus of our study was on analyzing the causal relationships, interactive strategies, and phenomena among the categories obtained from the open coding process. In this study, three main categories, denoted as BN (Basic Categories) followed by their names, were identified. The three main categories were as follows: B1: Foundation of Health Communication Knowledge and Skills, B2: Health Communication Perception Competence, and B3: Practical Competence of Health Communication (refer to Table 9). The category “B1 Foundation of Health Communication Knowledge and Skills” includes three subcategories: C1: Sport and health Knowledge Reserve, C2: Health Beliefs, and C3: Health Behaviors. The category “B2: Health Communication Perception Competence” consists of two subcategories: C4: Health Risk and Crisis Perception Competence and C5: Communication Audience Perception Competence. The category “B3: Practical Competence of Health Communication” encompasses five subcategories: C6: Language Expression Competence, C7: Organizational and Design Competence, C8: Utilization of New Media Tools Competence, C9: Communication Content Selection and Processing Competence, and C10: Professional Skills. These main categories and subcategories represent a comprehensive and condensed theoretical model of health communication competence for physical education teachers, derived from the in-depth understanding of the research participants.



TABLE 9 Results of the main axis coding for 10 categories.
[image: Table9]



2.3.3 Selective coding

Selective coding is the final process in constructing the grounded theory three-level coding. Its main purpose is to distill the “core concept” that can encompass all the concepts (26). This core concept must have a unifying nature and be able to encompass the majority of the research findings. Through in-depth analysis of the 10 subcategories and three main categories formed, combined with the concepts and labels identified in the previous coding process, and considering the original interview content, the core category that emerged, encompassing all other categories, was “Health Communication Competence of Physical Education Teachers.” This study followed the three-level coding process in grounded theory, progressing through the processes of labeling, conceptualization, and categorization in the first-level coding, main categorization in the second-level coding, and core categorization in the third-level coding. The three-level coding resulted in the theoretical model of health communication competence for physical education teachers, which includes three main categories, 10 subcategories, 30 concepts, and 240 statement labels (see Figure 1; Appendix A).

[image: Figure 1]

FIGURE 1
 The health communication competence of physical education teachers.





2.4 Trustworthiness

To ensure the credibility of the components of physical education teachers’ health communication competence, a coding process was conducted first for individual interviews, with the data from two focus group coded after the completion of the individual interviews. This process did not result in the emergence of new concepts or categories. Additionally, three sets of materials were reserved in advance during the coding process of individual interviews. After completing the coding, these reserved materials were coded as well, but no new concepts or categories were identified. Finally, the data collected from the individual interviews were coded, followed by the selection of one interviewee for further interview coding. However, no new concepts or categories were discovered. Therefore, the constructed framework for physical education teachers’ health communication competence in this study was considered saturated and aligned with the research requirements.




3 Results

Based on the three-level coding process of grounded theory, it can be observed that the health communication competence of physical education teachers can be primarily described through the overall framework of Basic Health Communication Knowledge and Skills, Perception of Health Communication, and Practical Ability of Health Communication. The combination of these main categories and subcategories provides a comprehensive depiction of the theoretical model of health communication competence for physical education teachers.


3.1 The foundation of health communication knowledge and skills

From the constructed categories, it is evident that physical education teachers need to possess a strong reservoir of physical education and health knowledge to communicate health effectively to promote healthy behaviors and awareness in pupils. The need for physical education and health knowledge was also mentioned frequently by participants.


3.1.1 Sports and health knowledge reserve

When engaging in health communication, physical education teachers primarily focus on content related to physical education and health. Health knowledge, particularly physical education health knowledge, is highly time-sensitive, and topics related to health also entail a certain level of professional expertise. Therefore, physical education teachers can only carry out health communication successfully when they have acquired a certain theoretical foundation. This point is raised in response to the prevailing issue of “pseudo-experts” in the field of health communication.


“To promote physical education and health, it is essential for us to possess relevant knowledge in this field. Teachers must understand which exercise can lead to specific outcomes of health promotion. Therefore, equipping professional knowledge in physical education and health is crucial for physical education teachers” (Individual interviewee, Individual interview materials 03).
 



3.1.2 Health beliefs

Health beliefs reflect the long-term and public welfare nature of health promotion work. The effectiveness of health communication may not be immediately apparent, which requires physical education teachers to have firm beliefs. Physical education teachers should have confidence and enthusiasm in their health communication work. The proposal of this ability also reflects the common profit-seeking problem in the field of health communication. Health communication should primarily serve the public interest. However, due to the lack of regulation in this field, many health communication entities prioritize profitability, leading to a certain consumer-induced tendency in the dissemination of health information.


“A physical education teacher needs to persevere in their efforts because the effects of health communication may not be immediate. Therefore, they must have faith in the value of the health communication work they are engaged in” (Individual interviewee, Individual interview materials 04).

“There is currently a strong commercial influence in the field of health communication. Many health-related contents disseminated through the internet have some commercial purposes. For example, during the process of health communication, there are instances where products are inadvertently promoted. Therefore, for physical education teachers to effectively engage in health communication, they need to first recognize the underlying public welfare aspect of this matter and possess a certain level of belief in it” (Individual interviewee, Individual interview materials 02).
 



3.1.3 Health behavior

Health behavior, as a capability, reflects the current trend in the Chinese health communication field characterized by an “emphasis on theory, neglect of practice.” While health education professionals, such as doctors and communication scholars, possess substantial health knowledge, they also engage in sedentary behaviors. The most significant deficiency in the field of Chinese health communication is a communicative agent that not only possesses theoretical knowledge but also serves as a behavioral model. Overemphasizing the transmission of theoretical knowledge can lead to diminishing returns in the effectiveness of health communication in practice. Therefore, physical education teachers themselves also need to maintain healthy behavior in order to become role models for students and effectively ensure that complex health knowledge is put into practice.


“When engaging in health communication, we focus on not only slogans and knowledge dissemination but also providing practical examples. For instance, an [sic] user called Genghong Liu in Douyin (a social media platform similar as TikTok), who guiding other online users for physical fitness training by live streaming [sic]. During his live streaming, more than 100,000 online users participated in exercise. This type of online physical fitness course embraced by online users was more effective than delivering health education classes or physical education lessons on campus” (Individual interviewee, Individual interview materials 10).
 




3.2 Practical competence of health communication

Health communication work possesses a certain level of complexity, requiring physical education teachers to have relatable abilities to coordinate various influential factors to achieve maximum effectiveness.


3.2.1 Language expression competence

Language expression skills were mentioned by all participants. Strong language expression skill is crucial for physical education teachers to effectively delivery health communication work. With the development of information technology, physical education teachers need to consider how to make complex sports and health knowledge more appealing for pupils when using various social media platforms for communication. Excessive specialization in health knowledge can limit the scope of communication. Therefore, overcoming the issue of diverse cultural literacy among the audience during the communication process is essential, and the role of language expression skills becomes particularly significant. Additionally, the ability to interact with the audience during communication places higher demands on language expression skills. This ability also allows them to establish a personal brand and form the basis of a communication community.


“I think language expression is necessary because when you want to communicate with pupils, you need to make sure they can understand what you teach. It’s essentially a form of language expression. You may have the health knowledge yourself, but when you explain it to pupils, it may be misunderstood by others. So, I believe that art of language matters, namely physical education teachers need to know how to express ourselves” (Individual interviewee, Individual interview materials 09).

“Firstly as a physical education teacher, you definitely need the ability to express yourself through language during teaching, specifically the ability to organize your health knowledge. It’s similar to how an expert delivers a lecture in any other field. An expert must possess language expression skill to convey their knowledge in the simplest and most understandable way possible” (Focus Group Interview Material 01).
 



3.2.2 Organization and design competence

The organizational design competence suggests that the requirements of diverse communication channels in current health promotion. Whether the health communication among physical education teachers is online or offline, teachers need to possess skills in organizing activities, particularly in coordinating time and space. Given the unevenly developed fitness-related infrastructure across the different regions of China, organizing health communication activities poses challenges for physical education teachers. Additionally, the ability to design effective activities is crucial as it determines the quality of physical education teachers’ health communication work and plays a significant role in maintaining the stability of the communication community.


“In the context of health communication, one approach is to design practical fitness tests or health-related exercises such as sports injury prevention. Students can absorb health knowledge easily and authentically by participating in health-related activities. Another approach is to implement health-related tests or competitions focusing on enhancing health levels instead of judgment. By receiving feedback from such a test or competition, students can get chance to understand how to enhance and use the health knowledge they learned from physical education teachers. These initiatives require physical education teachers to possess adequate abilities in activity organization and design” (Focus Group Interview Material 02).
 



3.2.3 Utilization of social media competence

With the development of technology, the context of health communication has shifted to social media (46). In China, WeChat and Douyin are the primary social media for health-related information dissemination, especially among the young generation. This transformation is mainly driven by the convenience of accessing health information through social media, which has broken the monopoly of traditional media in the dissemination of health information. Therefore, owing to an increasing number of pupils learning health-related knowledge from social media, physical education teachers need to learn the wisdom of social media to support pupils in the new era. Moreover, social media facilitate the formation of virtual communication communities, which potentially provide opportunities for emotional support between teachers and pupils. In turn, it would benefit the health communication for physical education teachers.


“There are two key requirements for creating effective health-related videos through social media. First, health-related content expression ability is essential, especially physical education and health knowledge required more authentic experience than other subjects such as math and English [sic]. Second, proficiency in using social media, such as video editing, incorporating various materials. These abilities are crucial for conducting health communication in any social media platforms [sic]” (Individual interviewee, Individual interview materials 13).
 



3.2.4 Communication content selection and processing competence

The ability to select and process communication content for health promotion requires physical education teachers to choose appropriate content based on their own pupils’ needs. Unfortunately, the content of the health communication delivered by physical education teachers will more likely promote public health literacy and health awareness rather than specifically target their own pupils. Thus, the main form of health communication should be refined by considering pupils’ needs instead of the general public.


“To establish a comprehensive health system, it is essential to focus on specific aspects rather than being too broad. Physical health encompasses a wide range of topics, and there are numerous activities that can be included. For instance, exercises like Tabata involve various physical movements, and many other fitness exercises can be incorporated as well. While the exercise for adults might not acceptable for students, so it is important to choose a specific project and refine it to cater to the target audience [sic]. By focusing on a particular activity and ensuring its precision and effectiveness, a more targeted approach can be achieved in health communication” (Individual interviewee, Individual interview materials 01).
 



3.2.5 Professional skills

Professional skills in health communication refer to two aspects. First, it pertains to the physical abilities and demonstration skills of physical education teachers themselves. Owing to the specificity of professional identity among physical education teachers, the content of health communication taught by physical education teachers focused on sports and physical training. Second, professional skills in health communication implicates skills in sports injuries, such as injury prevention, the handling of emergency sports injuries, and sports rehabilitation. In conclusion, subject matters are the prominent factors that distinguish the core duty of physical education teachers compared with those of other health communication practitioners.


“For a physical education teacher, it is essential to have proficient physical abilities and at least be capable of demonstrating standard movements. Additionally, teach health communication for physical education teachers means teach sports injury prevention and possess knowledge of sports rehabilitation methods [sic]. Therefore, physical education teachers need to acquire these relevant professional skills for effective health communication” (Individual interviewee, Individual interview materials 11).
 




3.3 Health communication perception competence

The perception competence of health communication plays a vital role in enhancing the breadth and depth of health communication for physical education teachers within the overall health communication competency model.


3.3.1 Health risk and crisis perception competence

When it comes to health communication, most of the participants mentioned competence related to risk and crisis perception. Participants suggested that the aim of health communication is to enhance the effectiveness of health communication by improving cognition at the behavioral level and seizing specific opportunities for pupils. Theoretically, as for physical education teachers, the purpose of health communication is to influence behavior through cognitive changes, which is similar to the fundamental “knowledge-attitude-behavior (KAP)” model in the field of health communication.


“For example, if one of students gets injured during course, the physical education teacher should perceive this challenging situation as an opportunity for teaching pupils about how to deal with such injuries [sic]. It includes not only teaching students how to handle emergency sports injuries in class, but also educating them on injury prevention and self-evaluating physical condition during after-class physical activities. This situation puts physical education teachers’ perception ability of health crises to the test” (Focus Group Interview Material 01).
 



3.3.2 Communication audience perception competence

The concept of audience perception competence in health communication arose from the call for professional development trends in the competency of physical education teachers in health communication. It also aligns with the capacity for selecting and processing communication content. In other words, health communication content should strive for refinement. The need for refinement stems from the fact that health communication often targets diverse audiences, which vary in terms of age, gender, physical condition, and even job type. For example, office workers are more likely to have sedentary behaviors, whereas physical workers or teenagers are less likely to have sedentary behaviors. Therefore, physical education teachers need to understand the specific needs of their students, whether they are university students, high school students, or primary students.


“To achieve greater scientific accuracy and appropriateness, it is necessary to identify different population groups and age ranges, rather than relying on intuition or general statements. There should be established standards to guide the standardization and meticulousness of health knowledge in this regard. I believe it is essential to pay close attention to the standardization and specificity of health knowledge. Even if individuals have some understanding, it cannot be claimed to be 100% accurate. Therefore, targeted health knowledge is more scientific and accurate” (Individual interviewee, Individual interview materials 04).
 





4 Discussion


4.1 Interrelationships among all subcompetences in health communication competence

The objective of this study was to examine the health communication competence of physical education teachers through the application of grounded theory. The goal was to provide practical guidance for physical education teachers engaged in health communication and bring a new perspective to research in the field of health communication. Based on the constructed health communication competence for physical education teachers in our study, the health communication competence of physical education teachers can be categorized into three main sub-competences: health communication knowledge and skills, health communication perception competence, and practical competence of health communication.

These subcompetences are interconnected and mutually influential. For instance, physical education teachers must possess sufficient health communication knowledge to develop a strong belief in health communication and maintain a sustainable healthy lifestyle (47). Similar to the health communication competence explored by the objectives of medicine practitioners from Clifford (2013) (19) and Park (21), practical competence in health communication is crucial for teachers to effectively apply their health communication knowledge in practice, guiding their behaviors when engaging in health communication activities.

This becomes particularly relevant in the context of new media, as physical education teachers need to understand how to utilize social media platforms to disseminate appropriate health communication information (32). Furthermore, health communication perception competence plays a vital role. Only when physical education teachers recognize the value of maintaining good health and perceive the risks associated with an unhealthy lifestyle, will they be more motivated to work in health communication. Additionally, they will be inclined to learn more about the specific health communication needs of different individuals and show enthusiasm for participating in or establishing health communication communities.



4.2 Professional identity as opinion leaders and communication agents in physical fitness

Among all health professionals, physical education teachers have different responsibilities than doctors or researchers in the field of communication. While doctors focus on areas such as pharmacology, disease diagnosis and management, clinical skills, and patient assessment, researchers in health communication specialize in competence related to persuasion and negotiation and verbal and non-verbal communication (18). Physical education teachers, on the other hand, have unique responsibilities that require them to learn from doctors and researchers in the field of communication but with a primary emphasis on physical fitness (43, 48–50).

Their professional identity is reflected in categories such as C1 sports health knowledge reserve, C3 health behavior, and C10 professional skills, which highlight their expertise in sports and physical health. Chinese physical education teachers are required to acquire theoretical knowledge of physical health, exercise physiology, and other exercise-related theories. When they become physical education teachers in schools, colleges, or universities, they also need to systematically learn health promotion practices and training. Therefore, physical education teachers are well-positioned to take on leadership roles and act as agents in the realm of health communication, particularly in promoting physical fitness. It is important to note that the specialization of physical education emphasizes the significance of health practices rather than solely delivering health knowledge. This highlights the need to address the current issue of overemphasizing theory and undervaluing practical aspects in health communication. This change cannot be easily achieved by other health professionals, such as doctors or researchers, alone.

Consequently, it is crucial for physical education teachers to actively engage in health communication work and acquire the necessary competence to effectively deliver their expertise and collaborate with other health communication professionals to maximize outcomes. The theoretical model of physical education teachers’ health communication competence underscores their professional identity, positioning them as opinion leaders or agents in the field of sports health and fitness communication. They commit to bridging the gap between theory and practice in health communication.



4.3 Physical education teachers’ health communication competence guides professionalization

The study on physical education teachers’ health communication competences highlights the necessity of acquiring sufficient physical education and health knowledge (51). In today’s context of social media, in which anyone can freely voice their opinions, health-related information often becomes distorted for profit-seeking purposes (6). Physical education teachers should take an active role in navigating digital health communication, particularly in promoting physical health. However, the integration of health into physical education is still in its early stages, and it remains voluntary rather than compulsory for physical education teachers.

This implies that they need to make efforts in their professional development journey toward health and commit to behaving like health professionals (52). The professional development path for health communication practice should encompass areas such as sports health knowledge, sports injury prevention, sports rehabilitation, physical training, and fun fitness training (12). Additionally, physical education teachers need to recognize that the audience for health communication extends beyond just students in school (53). Therefore, the professional development path for health communication practice also emphasizes the active understanding of different target groups and acknowledging their specific needs in health promotion. Furthermore, in the context of new media, health communication takes on a different form than with offline contexts. Physical education teachers should embrace new media platforms, such as TikTok, Kuaishou, and WeChat, which are popular online spaces for the public (43, 54, 55). These platforms can serve as tools for health communication and provide opportunities for physical education teachers to learn from other health communication professionals.

Although health communication for physical education teachers predominantly occurs in the digital space, it is important to stress the combination of online and offline approaches (56). Physical education teachers’ health communication work should not be limited to knowledge alone but also involve practical implementation. This could include offline activities such as disseminating sports rehabilitation exercises and promoting healthy physical training methods. In conclusion, the theoretical model of physical education teachers’ health communication competence suggests a clear professional development path that includes acquiring health-related knowledge, properly utilizing new media platforms, and understanding the specific needs of diverse target audiences.



4.4 The cross-disciplinary integration trend in health communication competence

The model of physical education teachers’ health communication competence constructed in our study encompassed a range of subcompetences that extended beyond the field of physical education. This implies that physical education teachers need to step out of their comfort zone and engage in broad learning (57). In today’s context, public health needs have become increasingly individualized and complex (58), and relying solely on a single discipline may no longer be sufficient (59). The theoretical model of health communication competence clearly indicates that physical education teachers should seek knowledge and insights from professionals in medicine, communication, and even computer science.

Embracing cross-disciplinary approaches poses a challenge for physical education teachers in their health communication work. However, it also serves as a motivation for them to broaden their horizons and seek professional and emotional support from a larger community of health communication professionals beyond the realm of physical education. In fact, cross-disciplinary collaboration has already demonstrated its significance in the field of medicine (60, 61). For instance, exercise health has made notable contributions to post-operative rehabilitation and the prevention of chronic diseases (62). Similarly, the theories of communication can significantly enhance the effectiveness of physical education teachers in flexibly disseminating health knowledge, whether it be in community settings or on a one-to-one basis. Interpersonal and group communication knowledge from communication studies can prove particularly valuable in this regard. Furthermore, computer science plays a crucial role for physical education teachers, as they primarily use digital spaces for health communication (9). Through big data analysis, they can identify the diverse health needs of online users, enabling them to better understand their target audiences and pinpoint the most critical needs among different audience groups.

In summary, the theoretical model of physical education teachers’ health communication competence highlights the importance of embracing cross-disciplinary learning. Physical education teachers not only need to understand their expertise in sports but also expand their knowledge by seeking insights from medicine, communication, and computer science. This approach allows them to effectively address the increasingly individualized and complex public health needs. By broadening their horizons and engaging with a larger community of health communication professionals, physical education teachers can enhance their professional capabilities and provide valuable support beyond the scope of physical education alone.



4.5 Limitations and future research

Although the competences of physical education teachers exhibit social and cultural variations, it is important to acknowledge that significant cultural differences exist among different religions in China (63). However, a notable aspect to acknowledge is the study’s sample size, which, although suitable for exploratory research, may not be sufficiently large to comprehensively represent all regions. This limitation poses potential challenges in generalizing the findings to the entire population of physical education teachers across the country or worldwide. To address this limitation and enhance the practicality and scientific validity of the theoretical model, future research endeavors should prioritize expanding the sample size. By including a more diverse and extensive representation of regions, researchers can capture the nuanced variations in cultural and social contexts, making the theoretical model more applicable and applicable across a broader spectrum of other populations or ethnicities.

Furthermore, future research can delve deeper into the various factors influencing the formation process of physical education teachers’ health communication competence, building upon the existing foundation. One avenue worth exploring is the role of social media competence among physical education teachers. This entails a detailed examination of the current state of teachers’ social media skills and their proficiency in conveying health communication knowledge through digital platforms. The research could involve a nuanced analysis of teachers’ social media repertoires, investigating the range of platforms they use and how adeptly they navigate these channels to effectively communicate health-related information. This exploration would not only contribute valuable insights into the proficiency levels of physical education teachers but also provide a deeper understanding of the strategies and approaches they employ to engage with diverse audiences on multiple media platforms.

Moreover, we acknowledge that qualitative research can provide deeper insights into perceptions, attitudes, and beliefs in research on health communication, but our experience has indicated that analyzing qualitative data from semi-structured interviews presents greater challenges than analyzing qualitative data from structured interviews. The transcription of focus group data is particularly challenging due to issues such as voice overlapping and simultaneous speech, which requires approximately 6 h to complete. Additionally, there was a lack of diversity in the conversation because of some individuals dominating it. To enhance data quality, future research should select a location that is noise-free if interviews are to be conducted. To achieve high quality qualitative data, interviewers must be proficient in asking probing questions, possess excellent organizational skills, and be able to guide interviewees toward the research questions politely without causing unwanted topic deviations.

Lastly, it would be valuable for future studies to extend their focus to other professionals involved in health communication, such as doctors, nurses, and health education teachers. Exploring the theoretical model of their health communication competence would provide insights into the unique competences and skills required in their respective fields. This comparative analysis would contribute to a comprehensive understanding of health communication competence across various professional domains.




5 Conclusion

The research formed the constitution dimension of health communication competence of physical education teachers through three-level coding guided by the grounded theory approach. It resulted in three main categories: health knowledge and skill, health communication perception competence, and practical competence of health communication. The health communication knowledge and skills included three subcategories: sports and health knowledge reserve, health belief, and health behavior. Health communication perception competence included health risk and crisis perception competence and communication audience perception competence. The practical competence of health communication included five sub categories: language expression competence, organization and design competence, utilization of new media tools competence, communication content selection and processing competence, and professional skills. The three main categories and 10 subcategories were derived from 30 concepts and 240 labels from individual interviews and focus groups. Finally, through theoretical saturation testing, it was proven that the theoretical model of Chinese physical education teachers’ health communication competence has good reliability and validity.
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Background: This study aims to investigate the impact mechanism of personality traits on physical education satisfaction among college students, validating the mediating effect of trait flow and the moderating effect of physical education difficulty. By analyzing the influence mechanism of personality traits on college students’ satisfaction with physical education classes, it helps to explore more channels to enhance satisfaction with physical education classes.

Methods: A questionnaire survey was conducted using the Big Five Personality Scale, the Physical Education Class Satisfaction Scale, the Trait Fluency Scale, and the Physical Education Class Difficulty Scale with 868 public physical education students in 10 universities in Shanghai. Moderated mediation modeling was conducted using Hayes’ PROCESS macro.

Results: Personality traits are positively correlated with physical education satisfaction, and the predictive effect is significant (β = 0.786, p < 0.001). This association is mediated by trait fluency (indirect effect: β = 0.797, p < 0.001), accounting for 62.7% of the total effect. Physical education difficulty significantly moderates the predictive effects of personality traits on physical education satisfaction (β = −0.183, p < 0.01) and trait fluency (β = −0.130, p < 0.001). Additionally, physical education difficulty significantly moderates the predictive effect of trait fluency on physical education satisfaction (β = 0.172, p < 0.001).

Conclusion: Personality traits predict physical education satisfaction, with trait fluency playing a mediating role, and physical education difficulty moderates the direct and indirect paths through which personality traits influence physical education satisfaction.

KEYWORDS
 personality trait, trait fluency, student satisfaction, personality factors, difficulty and flow experience, moderated mediation


1 Introduction

In China, school physical education, as one of the key tasks of educational modernization (General Office of the CPC Central Committee, 2019), has received significant attention. Over the past decade, various Chinese central government departments have jointly issued as many as 18 working documents related to school physical education (Liu et al., 2023). These documents aim to provide guidance for school physical education and promote physical education programs (Chen and Wang, 2022). The primary objective of school physical education has always been to enhance students’ physical fitness (Zhang, 2015). Physical education courses are considered a crucial component of the Chinese education system (Ma, 2020), spanning from primary and secondary schools to universities (Wang, 2012). Due to the impact of COVID-19, physical education programs have been variably affected, leading to a reduction in physical activities among college students (Cha, 2022). In recent years, the physical well-being of Chinese university students has witnessed a persistent decline (Chen et al., 2020; Education, 2021; Yu et al., 2022). As of the year 2020, the proportion of Chinese university students failing to meet the standard of physical fitness stands at 30% (Wu and Ji, 2023). Moreover, there exists a marked indifference toward sports consciousness and interests, coupled with a lack of awareness and capacity for self-health management (Baena-Extremera et al., 2012). Public physical education classes represent the primary bastion for college students’ physical exercise and the cultivation of sporting interests (He, 2019), high quality physical education classes can improve students’ physical fitness and health (Kavoura et al., 2021). Measuring satisfaction has become a “hot topic” in higher education research. Previous research has demonstrated the importance of satisfaction in physical education classes, which is critical to improving students’ physical health, motor skills, mental health, and social competence (White et al., 2021; Correa-Barwick et al., 2022). This is reinforced by the above mentioned physical fitness status of college students, thus there is a great need to explore the current status of college students’ satisfaction with physical education classes as well as the direct and indirect factors.

Research has indicated that personality traits have an impact on students’ academic satisfaction (Bolliger and Erichsen, 2013; Kim et al., 2013; Shih et al., 2014). Sutin’s study found a significant correlation between personality traits and engagement in physical activities, with personality traits either facilitating or hindering such involvement (Sutin et al., 2016). Evaluating personality traits allows for a relatively accurate prediction of students’ levels of satisfaction with their academic experiences (Baruth and Cohen, 2023). Personality traits cover a wide range, and having the extroverted quality of cheerfulness and friendliness produces positive emotions after physical activity (Huang et al., 2007; Wichers et al., 2012). Additionally, personality traits that exhibit emotional richness, creativity, conscientiousness, and dutifulness have been confirmed to positively correlate with course satisfaction (Cohen and Baruth, 2017; Kavoura et al., 2021) and significantly predict satisfaction with courses (Baruth and Cohen, 2023). Furthermore, research has shown that traits such as agreeableness and humility positively influence course satisfaction (Baruth and Cohen, 2023), but some studies have yielded conflicting conclusions, finding no significant relationship (Downs, 2019; Kavoura et al., 2021). Taking Baruth’s study as an example, it explores the relationship between personality traits and course satisfaction among 108 current university students at Israel (Baruth and Cohen, 2023). However, prior research has not examined the mediating and moderating mechanisms, leaving room for further investigation in this study. Thus far, there has been no direct research investigating the relationship between personality traits and satisfaction with physical education classes, and the underlying potential mediation and moderation mechanisms remain largely unknown. The present study seeks to explore the connection between personality traits and satisfaction with physical education classes, while examining the potential mediating and moderating roles at play.

On the other hand, despite the prevalent use of linear models to explore the relationship between personality and satisfaction, it is imperative to investigate the inconsistencies by employing mediator and moderator variables (Hou et al., 2018). The presence of mediator or moderator variables adds complexity to the relationship, but theoretically provides a more accurate explanation of the observed phenomena. Among these variables, flow experience describes a state in which individuals wholeheartedly immerse themselves in an activity, experiencing a high level of satisfaction and enjoyment (Beck, 1992). Jackson distinguish flow experience into state fluency and trait fluency. State fluency pertains to the psychological state in which individuals experience flow in specific circumstances, whereas trait fluency represents a personality trait, reflecting an individual’s capacity to experience flow. Individuals with higher levels of trait fluency are more prone to experiencing flow states (Jackson et al., 1998). Engaging in physical activities can evoke the experience of trait fluency (Kawabata, 2018; Yoon et al., 2020), with each physical activity having the potential to induce trait flow in its unique way (Elkington, 2011). On the one hand, college students’ trait fluency in physical education classes influences their satisfaction with these classes (Hu et al., 2008). On the other hand, recent studies have demonstrated that trait fluency plays a mediating role in physical activities (Duan et al., 2022; Lin, 2023; Qiu et al., 2023), with individuals high in trait flow more inclined to persevere in exercise and establish a regular exercise routine (Qu et al., 2017). Therefore, trait fluency may act as a mediating variable connecting personality traits to satisfaction with physical education classes.

Furthermore, research has provided evidence of a significant correlation between course difficulty and satisfaction (Lee and Nuatomue, 2021). In a study investigating factors influencing student satisfaction in British business schools, Sutherland found that increasing levels of academic difficulty negatively impact satisfaction, leading to a decline in overall satisfaction (Sutherland et al., 2019). Another study showed that occupational difficulty significantly affects life satisfaction, and college students’ employment difficulty can negatively affect satisfaction (Cheng et al., 2014). Thus, it is evident that course difficulty plays a pivotal role in course satisfaction (Tu, 2007). However, there has been a dearth of research examining course difficulty as a moderating variable to explore its relationship with personality traits and course satisfaction. Consequently, this study aims to investigate the moderating role of course difficulty and analyze its influence on the relationship between personality traits and satisfaction with physical education classes.

Drawing upon the aforementioned literature, we have proposed a theoretical model, as depicted in Figure 1, with the aim of exploring the interplay between personality traits, satisfaction with physical education classes, trait fluency, and physical education difficulty. Our objective is to analyze the mechanisms through which personality traits influence satisfaction with physical education classes and to validate the mediating effect of trait fluency and the moderating effect of physical education difficulty. Specifically, we have put forth the following hypotheses:

[image: Figure 1]

FIGURE 1
 Theoretical model.



Hypothesis 1: There is a positive correlation between personality traits and satisfaction with physical education classes.

Hypothesis 2: Trait fluency serves as a mediating mechanism in the relationship between personality traits and satisfaction with physical education classes.

Hypothesis 3: The direct and indirect relationships between personality traits and satisfaction with physical education classes are both influenced by the moderating effect of physical education difficulty.
 



2 Methods


2.1 Participants

In the preliminary pre-survey, 80 questionnaires were distributed to students at Shanghai Normal University. Eighteen questionnaires were excluded due to missing key information and items, resulting in 62 valid questionnaires. In the subsequent main survey, the qualified questionnaires from the pilot survey were used, and a convenient sampling method was employed to survey college students from 10 universities in Shanghai. Both online electronic questionnaires and offline paper-based questionnaires were distributed. Only participants who provided informed consent were allowed to proceed with the survey. The participants in this study were students from various universities and majors, representing diverse academic backgrounds, including computer science, literature, and arts colleges, among others. Inclusion criteria were as follows: (1) undergraduate students, (2) students who had completed a certain number of physical education courses, and (3) students in good physical health. Exclusion criteria were: (1) non-undergraduate students, (2) students with severe health issues or injuries, and (3) students who had not participated in a sufficient number of physical education courses. A total of 957 questionnaires were distributed, with 489 being online surveys and 468 in paper format. Sixty-nine online surveys and twenty paper surveys were excluded due to incomplete data. This resulted in 868 valid questionnaires, with an effective response rate of 90.7%. According to research standards, a sample size between 5 to 10 times the number of items on the questionnaire is acceptable (Fritz and MacKinnon, 2007). In this study, there were a total of 43 items, so a sample size exceeding 215 is adequate. The final sample size for this study was 868, meeting the requirements. The average age of the participants was 19.29 ± 1.26 years, with 33% being male and 67% female. The participation rates of participants from each university were approximately 10%.



2.2 Measurement


2.2.1 Big five personality scale

This study employed the Brief Form of the Chinese Adjective-Based Big Five Personality Inventory (BFFP-CAS-S), devised by Luo and Dai (2018), to assess the Big Five personality traits. The inventory consists of 20 items, encompassing five individual dimensions: extraversion, agreeableness, conscientiousness, neuroticism, and openness. Examples of questions are “I am often afraid,” “I feel like I am going to break down when I am under pressure” and “I have quite an imagination.” Each item in the scale was rated on a 5-point Likert scale, ranging from “strongly disagree” (1) to “strongly agree” (5). Previous research has substantiated the BFFP-CAS-S to demonstrate sound reliability and validity (Luo et al., 2019). The Cronbach’s alpha coefficient for the entire scale was calculated to be 0.86.



2.2.2 Physical education class satisfaction scale

This study employed the Adolescent Physical Exercise Satisfaction Scale, revised by Yang (2016) which is an adaptation of the Satisfaction with Life Scale originally developed by Diener et al. (1985). In this study, the term “physical exercise” was replaced by “physical education class” to form a unidimensional structure consisting of five entries, including: (1) “Most aspects of my physical education class are close to my ideal.” (2) “My state during physical education class is very good.” (3) “I am satisfied with my physical education class.” (4) “So far, I have obtained important things I wanted from physical education class.”(5) “If I could go back and choose my physical education class again, I would hardly change anything.” Each item in the scale was rated on a 5-point Likert scale, ranging from “strongly disagree” (1) to “strongly agree” (5), with higher scores indicating higher satisfaction with physical education classes. The Cronbach’s alpha coefficient for the entire scale was calculated to be 0.90 (See Supplementary material).



2.2.3 Trait fluency scale

This study used Liu’s (2010) simplified single-dimension multi-item Trait Fluency Scale to evaluate participants’ general inclination to experience flow characteristics. Participants were asked to recall the frequency with which they typically experience each flow-related item during physical education classes. The scale consists of 9 items, corresponding to 9 flow characteristics: 1 = balance between challenge and skill; 2 = integration of action and awareness; 3 = clear goals; 4 = immediate feedback; 5 = concentration; 6 = sense of control; 7 = loss of self-consciousness; 8 = altered sense of time; 9 = autotelic experience. Each item on the scale was rated using a 5-point Likert scale, ranging from “never” (1) to “always” (5). The overall scale demonstrated excellent internal consistency, with a Cronbach’s alpha coefficient of 0.90.



2.2.4 Physical education difficulty scale

In this study, the MOOC Difficulty Scale, revised by Zhang (2019), was employed, with the term “MOOC” replaced by “physical education classes,” resulting in a unidimensional structure consisting of three items to assess the difficulty level of physical education classes. This scale was used to measure students’ evaluation of the difficulty level in physical education classes, including: “I find completing gym class to be difficult,” “Completing physical education classes is a challenge for me.” and “I find PE very complicated.” Each item on the scale was rated using a 5-point Likert scale, ranging from “strongly disagree” (1) to “strongly agree” (5), with higher scores indicating higher difficulty in physical education classes. The Cronbach’s alpha coefficient for the entire scale was calculated to be 0.87 (See Supplementary material).




2.3 Procedures

This study illustrates the specific steps and procedures of data collection (Figure 2). Data for the pilot survey and the formal survey were collected from February to March 2020 within university settings using a combination of online and offline methods. Offline data collection was carried out by researchers through on-site surveys at various universities in Shanghai, where they interacted with participants and addressed their inquiries. Online data were collected using the secure online survey platform “Wenjuanxing” (https://www.wjx.cn). Our survey was conducted in an environment of independent completion, without the presence of teachers waiting nearby. We provided the questionnaire link to students and promoted it in the classroom, encouraging them to complete the survey within the specified time. This design was implemented to maximize the autonomy and independence of the participants. Trained researchers administered these measures using scripts and procedural manuals to ensure standardization in the data collection process. Prior to data collection, informed consent forms were distributed to university students, and all students provided their consent for the handling of their relevant data in association with their participation in the study. Students were informed that their participation was entirely voluntary, and they could opt out at any time.

[image: Figure 2]

FIGURE 2
 Data collection flowchart.




2.4 Statistical analysis

All statistical analyses were conducted using SPSS 23.0 software. Initially, descriptive statistics (i.e., M, SD) were computed for all variables, followed by bivariate correlations among these variables, with p < 0.05 (two-tailed) set as the significance level. Moderated mediation analysis was performed using the SPSS-Process 4.1 developed by Hayes. The association between personality traits and satisfaction with physical education classes was mediated by trait flow. Model 4 was employed to examine the mediated relationship between personality traits and satisfaction with physical education classes through trait flow. The moderating effect of physical education class difficulty on the mediation model was tested using Model 59, employing 5,000 bootstrap samples and bias-corrected 95% confidence intervals for bootstrap analysis. All models controlled for covariates such as age, gender, and school.




3 Results


3.1 Descriptive statistics

The results of the descriptive statistical analysis (Table 1) reveal that the mean score for satisfaction with physical education classes is 3.50 ± 0.89, indicating that college students’ satisfaction with physical education classes is at a moderately high level.



TABLE 1 Descriptive statistics of college students’ satisfaction with physical education classes (overall score situation).
[image: Table1]

The demographic characteristics are presented in detail in Table 2. There were no significant differences in university students’ satisfaction with physical education courses regarding gender (p > 0.05). However, significant differences were observed in terms of grade level (t = 5.923, p < 0.05) and school (t = 24.751, p < 0.01). Concerning grade level, sophomore students had a higher mean satisfaction score (M = 3.583), while senior students had a lower mean score (M = 3.195). Regarding schools, satisfaction with physical education courses was higher at Shanghai Normal University (M = 3.923) and lower at Shanghai Sports University (M = 3.325).



TABLE 2 Analysis of differences in satisfaction across demographic variables (N = 868).
[image: Table2]



3.2 Correlation matrix of physical education class satisfaction with other variables

The results of correlation analysis (see Table 3) indicate that personality traits are significantly positively correlated with satisfaction with physical education classes and trait fluency. Moreover, trait fluency is significantly positively correlated with satisfaction with physical education classes. On the other hand, there is a significant negative correlation between the difficulty of physical education classes and both satisfaction with physical education classes and trait fluency. Thus, Hypothesis 1 is supported.



TABLE 3 Analysis of relevant results (N = 868).
[image: Table3]



3.3 Testing for mediation effect

After controlling for gender, age, and school as covariates, the mediating effect of trait fluency in the relationship between personality traits and satisfaction with physical education classes was examined. The results are presented in Table 4. It was found that personality traits significantly predicted satisfaction with physical education classes (β = 0.786, t = 16.409, p < 0.001). Furthermore, even after introducing trait fluency as a mediating variable, the direct predictive effect of personality traits on satisfaction with physical education classes remained significant (β = 0.293, t = 5.564, p < 0.001). Additionally, the predictive effect of personality traits on satisfaction with physical education classes remained significant under the mediation of trait fluency (β = 0.797, t = 21.845, p < 0.001), and trait fluency also significantly predicted satisfaction with physical education classes (β = 0.618, t = 15.677, p < 0.001).



TABLE 4 Mediation model test for trait fluency (N = 868).
[image: Table4]

Subsequently, based on bootstrap confidence intervals, the direct effects of personality traits on physical education class satisfaction, as well as the upper and lower bounds of the mediating effect of trait fluency, were found to be non-inclusive of 0 (Table 5). The direct effect (0.293) accounted for 37.301% of the total effect (0.768), while the mediating effect (0.493) accounted for 62.712% of the total effect (0.768). These findings indicate that personality traits not only have a direct predictive effect on physical education class satisfaction but also exert their predictive influence on it through the mediating role of trait fluency. Therefore, Hypothesis 2 is supported.



TABLE 5 Breakdown of total, direct, and mediating effects.
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3.4 Tests for moderated mediation effects

After controlling for covariates such as gender, age, and school, we examined the moderating effect of physical education class difficulty on the direct and indirect relationship between personality traits and physical education class satisfaction. The results revealed (Tables 6, 7) significant predictive effects of the interaction term between personality traits and physical education class difficulty on physical education class satisfaction (β = −0.183, t = −3.849, p < 0.01), as well as on trait fluency (β = −0.130, t = −3.801, p < 0.001). Additionally, the interaction term between trait fluency and physical education class difficulty significantly predicted physical education class satisfaction (β = 0.172, t = 5.201, p < 0.001). These findings suggest that physical education class difficulty not only moderates the direct prediction of personality traits on physical education class satisfaction but also moderates the prediction of personality traits on trait fluency and trait fluency on physical education class satisfaction. Therefore, Hypothesis 3 is supported.



TABLE 6 Mediation model test with moderation (N = 868).
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TABLE 7 Moderated mediating effects of difficulty in physical education classes across levels of moderation.
[image: Table7]

To reveal specific moderating effects, participants were divided into “low group” and “high group” based on M ± 1SD, and further subjected to simple slope analysis (see Figures 2–4). From Figure 2, it can be observed that for participants with lower levels of physical education class difficulty (M−1SD), personality traits significantly positively predicted trait fluency (βsimple = 0.91, p < 0.001). Similarly, for participants with higher levels of physical education class difficulty (M + 1SD), personality traits also positively predicted trait fluency (βsimple = 0.66, p < 0.001), but the magnitude of this prediction was relatively smaller. This suggests that with the increase in physical education class difficulty, the predictive effect of personality traits on trait fluency gradually diminishes.

From Figure 3, it can be observed that for participants with lower levels of physical education class difficulty (M-1SD), personality traits significantly positively predicted physical education class satisfaction (βsimple = 0.54, p < 0.001). Similarly, for participants with higher levels of physical education class difficulty (M + 1SD), personality traits also positively predicted physical education class satisfaction (βsimple = 0.18, p < 0.001), but the magnitude of this prediction was relatively smaller. This suggests that with the increase in physical education class difficulty, the predictive effect of personality traits on physical education class satisfaction gradually diminishes.

[image: Figure 3]

FIGURE 3
 Moderating role of physical education class difficulty in the relationship between personality traits and trait fluency.


[image: Figure 4]

FIGURE 4
 Moderating role of physical education class difficulty in the relationship between personality traits and physical education class satisfaction.


[image: Figure 5]

FIGURE 5
 Moderating role of physical education class difficulty in the relationship between trait fluency and physical education class satisfaction.


Based on Figure 5, it is evident that for participants with lower levels of physical education class difficulty (M-1SD), trait fluency positively predicted physical education class satisfaction (βsimple = 0.40, p < 0.001), but the predictive effect was relatively smaller. Conversely, for participants with higher levels of physical education class difficulty (M + 1SD), trait fluency also positively predicted physical education class satisfaction, and the predictive effect was relatively larger (βsimple = 0.75, p < 0.001). This suggests that with the increase in physical education class difficulty, the predictive effect of trait fluency on physical education class satisfaction shows a gradual upward trend.




4 Discussion

This study conducted an investigation on college students’ participation in public physical education classes, aiming to explore the mediating role of trait fluency and the moderating effect of physical education class difficulty in the relationship between personality traits and physical education class satisfaction. The research findings have provided valuable data and contributed to a deeper understanding of the factors related to physical education class satisfaction with respect to personality traits.

The importance of personality traits as influential factors on course satisfaction has been empirically supported (Bolliger and Erichsen, 2013; Shih et al., 2014). In this study, we further refined course satisfaction to specifically focus on physical education class satisfaction, and the results revealed a positive correlation between personality traits and physical education class satisfaction. Moreover, personality traits were found to have a predictive effect on physical education class satisfaction, consistent with prior research such as the studies conducted by Baruth and Cohen (2023) and Shih et al. (2014), which demonstrated that personality traits can predict satisfaction in online learning courses among college students. Numerous studies have demonstrated that personality traits are significant factors influencing physical activities (Burgos-Garrido et al., 2011; Wilson et al., 2016; Engels et al., 2022; Piepiora et al., 2023), and they can serve as indicators for predicting sports engagement (Smith et al., 2017) and performance (Piepiora, 2021). The research by Piepiora corroborates the relationship between sports and personality traits: as the duration of physical activities increases, so do the scores on the Big Five personality traits (Piepiora et al., 2022). Personality traits play a role in determining athletic success, interpersonal relationships, and psychological well-being (Piepiora, 2020). Furthermore, distinct sports may exhibit specific associations with particular personality traits, with team sports showing higher scores on Big Five personality indicators (Piepiora, 2021). These findings underscore the pivotal role of personality traits in satisfaction with physical education courses and lend support to the outcomes of this study.

Furthermore, our study indicates a positive correlation between trait fluency and physical education class satisfaction, with trait fluency mediating the relationship between personality traits and physical education class satisfaction. Personality traits significantly predict physical education class satisfaction through the mediation of trait fluency, and trait fluency itself also significantly predicts physical education class satisfaction, confirming its importance as a determinant of class satisfaction (Hu et al., 2008). Consistent with the theory of flow, which posits that the experience of flow is driven by intrinsic motivation (Mandigo and Holt, 2006), individuals engaged in activities driven by intrinsic motivation tend to demonstrate greater engagement and satisfaction (Jackson, 1992). Intrinsic motivation has been found to be positively associated with participation in physical activities (Li, 2010), and extensive research has highlighted trait fluency as an essential factor in physical activities (Yu and Hu, 2009; Gao, 2010; Qu et al., 2017). Moreover, intrinsic motivation is enhanced with an increase in the frequency of trait fluency experiences (Wang et al., 2011). Based on these analyses, our study posits that trait fluency can stimulate intrinsic motivation in physical activities, leading to a greater tendency for highly trait fluent college students to persist in exercising during physical education classes, resulting in higher levels of class satisfaction.

Our research findings confirm the moderating role of physical education class difficulty in the direct and indirect associations between personality traits and physical education class satisfaction. Specifically, we observed a significant negative correlation between physical education class difficulty and class satisfaction, consistent with the findings of Lee and Nuatomue (2021) and Sutherland et al. (2019). The moderated mediation test showed that as the level of physical education class difficulty increased, the predictive effect of personality traits on trait fluency and physical education class satisfaction decreased significantly, while the predictive effect of trait fluency on physical education class satisfaction increased significantly. This indicates that as the level of physical education class difficulty increases, personality traits are relatively more likely to enhance their physical education class satisfaction through trait fluency. The reason behind this could be that certain college students’ trait fluency does not align well with the difficulty level of public physical education classes, making it more likely for them to disengage when faced with higher levels of difficulty. On the other hand, individual students with higher trait fluency may find it easier to experience flow states and match the higher difficulty levels. Similar research seems to support this notion, as demonstrated by Wang et al. (2020), where learning difficulty, as a moderating variable, significantly predicted classroom negativity. Both low and high learning difficulty levels resulted in negative outcomes (Daschmann et al., 2014; Cui et al., 2017), but higher learning difficulty was more likely to induce negative emotions (Tanaka and Murayama, 2014). Therefore, only an appropriate level of difficulty in physical education can promote students to achieve trait fluency and enhance satisfaction in physical education.

This study has certain limitations. Firstly, it adopts a cross-sectional design, which precludes the establishment of causal relationships. For instance, conducting experimental interventions targeting trait fluency and physical education difficulty, altering teaching methods and content, could be employed to ascertain whether improvements in student satisfaction occur. Furthermore, monitoring changes in university students’ physical education satisfaction over time could provide validation of the mediating and moderating effects. Future research should employ longitudinal or experimental designs to confirm the causal hypotheses proposed in this study. Secondly, the limited representativeness of the sample, which is predominantly concentrated in the Shanghai region, hinders the generalizability of the findings. Subsequent research should broaden the sample size to investigate university students from diverse regions and cultural backgrounds, aiming to explore and validate the proposed model. Third, this study exhibits a significant gender imbalance, and future research should consider a more balanced distribution of sexes. Fourth, due to the impact of the COVID-19 pandemic, data collection occurred through a mixed online and offline approach. Despite measures taken to ensure quality and reliability, potential biases cannot be entirely ruled out. Subsequent research should contemplate data collection in more typical circumstances. Fifth, we did not analyze the impact of the five dimensions of personality traits on satisfaction with physical education courses. Subsequent studies delving into the influence of each dimension on satisfaction may offer more insights.

The results of this study can offer guidance to educational policymakers concerning how to enhance university physical education programs to improve student satisfaction. By highlighting the significance of trait flow and the difficulty of physical education courses, school administrators can utilize these findings to enhance their institution’s physical education programs and better cater to student needs. Additionally, these results provide a research framework for other researchers to further investigate practical approaches for personalized improvements in physical education courses.



5 Conclusion

This study examines the influence of personality traits on physical education satisfaction among Chinese university students and reveals the mediating role of trait fluency in this relationship. Furthermore, it investigates the moderating effect of physical education difficulty in the pathway between personality traits and physical education satisfaction. For college students, trait fluency enhances physical education satisfaction, and an appropriate level of physical education difficulty serves to further elevate satisfaction by moderating trait fluency. This study provides a theoretical foundation for improving physical education programs and enhancing student satisfaction in these courses.
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Introduction: In recent years, cyberbullying rates have increased, especially among adolescents in the school environment. According to the literature, the factors that influence this type of behavior are access to technologies, physical activity and BMI, among others.

Aim: The aim is to find correlations between motor self-efficacy and cyberbullying.

Methods: The ECIP-Q and E-AEM questionnaire was applied to 1,232 students from Spanish schools and institutes (8–18 years old) in a cross-sectional study.

Results: Significant inverse correlations were found between the ECIP-Q and the E-AEM on the variables of gender, educational stage, daily physical activity, BMI, telephone ownership and hours spent on the Internet.

Conclusion: In conclusion, it can be understood that the higher the level of self-efficacy, the lower the level of abuse and victimization. Therefore, physical activity could be considered to act as a regulator of cyberbullying. And it would be interesting for public administrations to increase the number of hours of physical education, to expand out-of-school physical activities and to promote an active lifestyle in order to eradicate this type of abusive school behavior.
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1 Introduction

The lifestyle habits of citizens have changed over time, going from a more active lifestyle to a much more sedentary lifestyle. Currently, sedentary lifestyle rates in Spain are alarming; the population aged between 15 and 69 years does not meet the minimum physical activity recommendations proposed by the World Health Organization (WHO). Specifically, the latest data published by the Ministry of Health, Consumer Affairs, and Social Welfare reveal that 14% of children spend their free time on sedentary activities, which is more common in girls than in boys. In addition, 73.9% of children spent more than 1 h during the week with an electronic device, including tablets, smartphones, computers, and video games, increasing to 92.6% on weekends (Ministerio de Sanidad, 2018). Another more recent study conducted in the Spanish population revealed that 52.9% of children aged 6–10 years spend more than 2 h in front of screens for leisure and recreation purposes, rising to 67% in children aged 10–14 years, revealing an increase in screen time as they get older (Pons et al., 2021).

Unfortunately, this increased use of the Internet and social networks by children has led to the emergence of cyberbullying, a somewhat unpleasant phenomenon. This type of behavior is defined as a relatively new phenomenon that modifies traditional bullying, which is described as an unbalanced power relationship between perpetrator-victims, in which malicious actions are repeated, ranging from derogatory nicknames to degradation and manipulation of physical and material aggression (Menesini and Nocentini, 2009). Cyberbullying adapts to social networks, relying on anonymity frequently in chats or social networks, although there are other methods, such as the manipulation of photographs, which are often used in the context of cyberbullying (Roland, 2002; Hamburger et al., 2011; Gladden et al., 2014; Hinduja and Patching, 2019). This type of bullying can occur in any context (Kowalski et al., 2018), although it is much more frequent in schools and institutes, since adolescence is the period in which personality is formed and many changes occur at a physical level, establishing a sensitive period, involving the one who executes it, the one who suffers it, and the witnesses that this activity is taking place. The consequences for victims of cyberbullying are very negative, seriously deteriorating their physical and mental health because they can develop depressive disorders, anxiety, personality, eating behavior, suicidal behaviors and thoughts, self-harm, and isolation, among other types of pathologies (Moore et al., 2017; Armitage, 2021). In the European Union, studies report a cyberbullying rate ranging from 5.5 to 44%, depending on the country. In recent years, the number of cases has significantly increased. In Spain, although the rate is among the lowest in Europe, 26.65% of adolescents claim to have been victims of cyberbullying (Athanasiou et al., 2018), accounting for more than a quarter of those surveyed, and this trend has been on the rise in the last few years (Zych et al., 2016). One of the most bullied profiles at school is a student with a body mass index (BMI) above the average, with overweight and obesity being one of the groups that performs the least physical activity and has the lowest physical self-perception (Storch et al., 2006). To quantify and characterize this phenomenon, a measurement tool was developed in the form of a scale called the European Cyberbullying Intervention Project Questionnaire (ECIP-Q) (Del Rey et al., 2015). This questionnaire is composed of 22 items differentiated into two dimensions, that of the victim and that of the abuser, and is designed to identify situations of harassment or victimization.

In this sense, the scientific literature has studied the behavior of students with the aim of identifying which factors are involved in the development of this dangerous type of behavior in order to intervene effectively and improve students’ experience at school so that they can obtain the best possible learning outcomes. One of the factors studied is perceived self-efficacy, defined as the perception and feeling of capability regarding the tasks and challenges that appear in people’s daily lives and their ability to face and overcome them satisfactorily, controlling these situations (Hernández-Álvarez et al., 2011). With the aim of developing a tool that allows the measurement of this construct and enables comparison with other variables, the (E-AEM), a scale composed of 10 items, was developed (Hernández-Álvarez et al., 2011). Self-efficacy has been studied as a determining factor in academic performance, finding positive correlations in fields such as mathematics and language (Hayat et al., 2020; Luo et al., 2023), in the field of physical activity, specifically in motor self-efficacy, it has been determined that the perception of self-efficacy acts as a mediator in the regulation of behavior, directly associated with the practice of physical activity in youth and, therefore, with the appearance of aggressive or undesired behaviors (Welk and Schaben, 2004; Greco, 2021). Authors who have studied the possible relationships between physical activity and behavior have found that physical activity is an ideal and effective means for the transmission of prosocial and positive values, while those who practice physical activity on a recurrent basis are less likely to develop problematic behaviors, including a lower probability of bullying and cyberbullying (Portolés Ariño and González Fernández, 2015; González et al., 2016; Arcila-Arango et al., 2022). In addition, negative correlations have been found between the practice of physical activity and bullying related to the physical appearance and weight of victims, where those with a higher BMI practice less physical activity (Storch et al., 2006; Losekam et al., 2010), establishing a high correlation between BMI and the likelihood of teasing by peers (Ievers-Landis et al., 2019).

The life stage in which this type of bullying occurs most often is childhood and adolescence. Studies have examined the factors that predict cyberbullying, finding a correlation with age, although only in adolescence, since older adolescents tend to perpetrate it more than younger adolescents and children, although in adulthood it is only higher in younger adults (Yudes et al., 2020). Since cyberbullying has become a highly prevalent social problem that greatly affects the mental health of adolescents, it is important to identify the factors involved in the development and profile of those who suffer it, with the intention of developing strategies to help reduce this incidence and the effects of this harmful practice. Therefore, this study aimed to explore the possible correlations between motor self-efficacy and cyberbullying, using the E-AEM scale and the ECIP-Q questionnaire, as a function of different variables: gender, educational stage, BMI, and the use and possession of electronic devices.



2 Materials and methods


2.1 Design

This work was designed as a cross-sectional study as defined in Setia (2016). It was carried out in schools and institutes in the autonomous community of Extremadura, Spain, during the year 2022.



2.2 Participants

According to the Census Report provided by the National Institute of Statistics,1 there are 43,043 inhabitants between 8 and 18 years of age in the autonomous community of Extremadura (Spain). The sample size was 1,232 participants exceeding 381 participants for a Confidence Level of 95%, with a margin of error of ±5%. A non-probability convenience sampling technique was used to select the appropriate sample size (Salkind, 1999). The final sample consisted of 1,232 students from schools and institutes of the community of Extremadura, belonging to primary education (from 8 to 11 years old), secondary education (from 12 to 16 years old), or high school (from 16 to 18 years old). Of the total number of students, 49.1% were boys and 50.9% were girls, establishing a fairly balanced sample with respect to gender. Most of the participants stated that they had a smartphone (Yes = 97.9%; No = 2.1%) and that they had access to different electronic devices with Internet connections (Yes = 90.7%; No = 1.5%; Sometimes = 7.7%). The characteristics of the sample are listed in Table 1.


TABLE 1 Sociodemographic profile of physical education students (N = 1232).
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2.3 Instruments

Sociodemographic Questionnaire: To collect sociodemographic data from the sample, they were provided with a specific questionnaire containing questions on the variables shown in Table 1: age, sex, possession of a smartphone, access to electronic devices with Internet connections, such as computers and tablets, cyberbullying, and physical activity.

The European Cyberbullying Intervention Project Questionnaire (ECIP-Q): This scale, validated by Del Rey et al. (2015), is composed of 22 items divided into two dimensions: (1) that of the bully, composed of 11 items aimed at measuring the frequency, duration, and severity of cyberbullying actions (example: 1- I have said swear words to someone or insulted them using SMS or Internet messages; and (2) the victim, composed of 11 items aimed at measuring the emotional and behavioral responses that appear as a consequence of cyberbullying (example: 1- Someone has said swear words to me or insulted me using email or SMS; and (2) Someone has hacked my account and impersonated me). For quantification, the questionnaire used a Likert-type scale ranging from 0 (never) to 4 (always). The authors (Del Rey et al., 2015) reported a reliability value of Cronbach’s alpha coefficient: total = 0.87, victimization = 0.80, aggression = 0.88).

Motor Self-Efficacy Scale (E-AEM): This instrument was validated in Spanish for school-aged children by Hernández-Álvarez et al. (2011) consists of 10 items that present possible situations experienced during physical sports practice (e.g., Item 1: During a sports game, I can get into trouble even if someone opposes me; Item 7: Whatever happens during a sports game, I am usually able to handle the situation). Respondents indicated their level of agreement on a Likert-type scale, with values ranging from 1 (“strongly disagree”) to 4 (“strongly agree”). Scores were calculated by summing up the 10 items, with possible scores ranging from 10 (indicating a low level of motor self-efficacy) to 40. The instrument has a reliability value of 0.82 based on Cronbach’s alpha coefficient.



2.4 Procedure

In order to collect a sample for the study, the researchers accessed the database of the Department of Education and Employment of the Regional Government of Extremadura to identify schools where physical education (PE) is taught to students aged 8–18. They then contacted PE teachers at these schools by email, explaining the study’s objectives and requesting that they arrange for a researcher to visit the school to administer a questionnaire on cyberbullying to students whose parents had provided informed consent. The questionnaire included sociodemographic questions as well as the ECIP-Q and E-AEM scales. Students were given a tablet to access the questionnaire via a Google Form, and each question was explained to them to avoid any confusion. Once all the questionnaires were collected, the researchers processed and anonymized the data before passing it on to another researcher for blind analysis.

In order to carry out this research, a protocol was adhered to following the considerations of the Declaration of Helsinki and this protocol was approved by the Biosafety and Bioethics Committee of the University of Extremadura in Spain (Registration Code 72/2022).



2.5 Statistical analysis

SPSS statistical software version 23 for MAC (IBM SPSS, Chicago, IL, USA) was used to process the collected data. First, the Kolmogorov-Smirnov test was used to explore the assumption of normality in the distribution of continuous variable data. It was found that this assumption was not met, so nonparametric statistical tests were used. Spearman’s Rho test was used to analyze the relationship between each of the ECIPQ dimensions and the E-AEM scores. To interpret the correlation coefficients, the thresholds proposed by Mondragón Barrera (2014), were followed: rom 0.01 to 0.10 (low correlation), from 0.11 to 0.50 (medium correlation), from 0.51 to 0.75 (considerable correlation), from 0.76 to 0.90 (very high correlation) and from 0.91 to 1.00 (perfect correlation). Cronbach’s alpha and McDonalds omega were used to analyze the reliability of each instrument. To interpret the values of the reliability test, we took as a reference those set out by Nunnally and Bernstein (1994): <0.70 (low), 0.71–0.90 (satisfactory) and >0.91 (excellent). To ensure the integrity and quality of the data, to give robustness to the accuracy of trends and patterns within our study sample, an outlier study was conducted that involved detailed inspection of extreme values for all items in individual responses. Those responses whose values in all items of the scale (32) were extreme were eliminated.




3 Results

Spearman’s Rho test was used to analyze the relationship between the different dimensions of the ECIPQ and the E-AEM scores (Table 2). Significant inverse associations were found between the two dimensions of ECIPQ and E-AEM scores. However, the ECIPQ dimension concerning the victim showed a low correlation, whereas the second dimension concerning the abuser exhibited a moderate correlation. According to gender, all correlations were inverse, showing higher correlations in male students. In contrast, female students did not show significant associations between the first dimension of the ECIPQ and the E-AEM. Similarly, inverse correlations were found when evaluating the associations according to the educational stage to which the student belonged, manifesting higher correlations in the primary education stage; however, the only non-significant result was manifested when correlating the first dimension of the ECIPQ and E-AEM in the primary education stage.


TABLE 2 Correlation between ECIPQ dimensions and E-AEM scores according to student gender and educational stage.
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Regarding the relationship between the ECIPQ and E-AEM (Table 3), the daily PA performed by the students generated disparate results. On the one hand, students who performed less than 60 min did not show significant correlations between the ECIPQ and E-AEM. However, those who performed more than 60 min daily showed inverse and medium correlations, although the only significant association was between the second dimension and E-AEM score. Similarly, underweight students showed significant mean and inverse correlations between both ECIPQ and E-AEM dimensions. Similarly, students with a healthy weight showed low inverse correlations, significant only in the second dimension of the ECIPQ. Finally, in overweight children, the trend was reversed with positive correlations; however, none of these correlations were significant.


TABLE 3 Correlation between the ECIPQ dimensions and the E-AEM score as a function of hours of daily PA and BMI.
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Table 4 shows the correlations between both scales when considering the daily hours spent in front of technological devices and students’ possession of a cell phone. Students who spent less than an hour and a half in front of a device showed significant and average inverse correlations. By contrast, those who exceeded the general recommendations showed a low and significant inverse association. Likewise, students who do not have a cell phone show inverse, medium and significant associations, while those who do have a mobile phone also show inverse and significant, but low associations.


TABLE 4 Correlation between ECIPQ dimensions and E-AEM scores as a function of daily hours in front of a technological device and owning a telephone.
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Finally, the reliability values of Cronbach’s alpha and McDonalds’ omega for each of the dimensions studied are presented in Table 5. Thus, the values of the ECIPQ were considered satisfactory and those of the E-AEM, excellent.


TABLE 5 Reliability values of Cronbach’s alpha and McDonalds’ omega.
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4 Discussion

The aim of this study was to search for and identify correlations between the ECIP-Q questionnaire and the E-AEM scale, as well as to compare these scores between gender, educational stage, BMI, hours of daily physical activity, time dedicated to technologies, and possession of these technological devices.

First, an inverse and significant correlation was found between the E-AEM scale scores and both dimensions of the ECIP-Q questionnaire of average character in the abuser, which means that the higher the score on the motor self-efficacy scale, the lower the score on this dimension, establishing that the abuser is less likely to commit actions of this style if he/she has higher motor self-efficacy. In this sense, authors who have explored the behaviors of students in relation to motor self-efficacy have found results in line with what has been described, establishing that a better motor self-efficacy could be related to a better regulation of behavior and an increase in empathy towards peers, decreasing this type of disruptive behavior (Greco, 2021; Arcila-Arango et al., 2022). Other studies have found that a higher level of self-efficacy can reduce the likelihood of students being victimized by cyberbullying. This can be considered a useful tool for preventing disruptive behavior (Kokkinos et al., 2015). According to these results, designing strategies that increase students’ motor self-efficacy would reduce cyberbullying rates because there would be fewer abusive behaviors and fewer victims of this phenomenon, thus improving students’ coexistence. Regarding the gender variable, significant inverse correlations were found in both genders and dimensions, except in the first dimension of the ECIP-Q in females. These associations were higher in males, with an average character in both dimensions. These results coincide with those obtained in other studies conducted in the exploration of motor self-efficacy, where boys had higher self-efficacy than girls (Hernández-Álvarez et al., 2011; Chen et al., 2019; Ortiz Gómez, 2021). In the same way, the correlation is higher in boys than in girls in both dimensions; this behavior can be explained by what is found in the scientific literature, which suggests that boys are more likely to occupy the role of abusers than girls (Smith et al., 2019), although there are discrepancies about which gender tends to occupy the role of the victim more (Chocarro de Luis and Garaigordobil Landazabal, 2019; Smith et al., 2019). Regarding educational stage, the results show a significant inverse association in both dimensions in the secondary stage and in the second dimension in the primary stage. Students in primary education obtain a higher correlation in general, with motor self-efficacy gaining more importance; these results express that self-efficacy decreases with age, and the significant medium inverse correlation of the abuser dimension of the ECIP-Q explains that, the higher the self-efficacy, the lower the incidence of this role in this educational stage. The authors agree that the decrease in self-efficacy with age may be due to the self-esteem problems reported in adolescence (Hernández et al., 2008; Velázquez Buendía et al., 2015; Perea Chafé et al., 2016). This is a sensitive period in which personality and social circles are formed, making this population prone to a decline in self-esteem and the appearance of these risky behaviors. However, motor self-efficacy can act as a regulator of this behavior.

Continuing the results of the exploration between the dimensions of the ECIP-Q and E-AEM scores as a function of physical activity and BMI, significant correlations were found only in students who performed >60 min of physical activity per day, with an inverse and average character. Therefore, those who performed more than 60 min of physical activity per day had greater motor self-efficacy and scored lower on the ECIP-Q abuser dimension. The results obtained by the scientific community support those obtained in this work, stating that physical activity, in addition to being an emotional regulator and ideal means for the promotion of values, is an effective tool for implementing programs that decrease the incidence of cyberbullying (García-Hermoso et al., 2020; Benítez-Sillero et al., 2021; Benitez-Sillero et al., 2022). Additionally, other studies have determined that students who are more physically active have less time to use phones or other technologies, so these rates of cyberbullying would also decrease Relative to BMI, the results show significant correlations of inverse nature and mean magnitude in both dimensions of the ECIP-Q in students with a BMI below 18.5 and those with a BMI between 18.5 and 24.9 in the bully dimension. This correlation implies that students who are in the underweight range and have higher scores on motor self-efficacy are less likely to be in the role of bullies or victims of cyberbullying, and those in the normo weight on the bully dimension. Studies on the relationships between BMI, motor self-efficacy, and cyberbullying are scarce, and studies carried out to date have examined the influence of overweight and obesity in both roles, determining that both increase the probability of being a victim of cyberbullying (Lee et al., 2018; Carvalho et al., 2021), although the results of this study did not show significant associations in people with a BMI over 25.

Finally, regarding the correlations between the dimensions of the ECIP-Q and E-AEM according to the time spent on technologies and the possession of a smartphone, significant correlations were obtained in all dimensions and variables. The strongest associations occur in those who spend less than 90 days with electronic devices and do not have their own phones, both in the abuser and victim dimensions. Research published in this area shows similar results, identifying as risk factors the time spent on screens and the possession of one’s own phone and Internet, establishing that the more time, the greater the probability of suffering and executing it (Chen et al., 2017; You and Lim, 2018; Redondo Pacheco, 2023).

Lastly, the results showed that the higher the motor self-efficacy, the lower the perpetration of cyberbullying, both in the dimension of abusers and victims in different populations. Knowing how the variables behave helps to understand the profiles and behaviors of this phenomenon, establishing the lines of action that should be taken in the future to curb these situations. In this sense, studies on motor self-efficacy report that it is higher in those who are physically active, as in the results obtained in this paper, establishing this variable as a useful tool to reduce cyberbullying situations through prosocial values and the use of more time exercising, being farther away from social networks and the Internet (García Puello et al., 2020; Sheikh et al., 2022).


4.1 Practical applications

The results of this study reveal information about the research gap, knowing the correlations and behaviors of the variables that influence the appearance of these behaviors, contributing to the knowledge of the factors involved in cyberbullying, both in the role of abusers and victims, with the aim of promoting practices that prevent the occurrence of these behaviors. The results obtained in this study show that those who engage in more physical activity have more motor self-efficacy and are therefore less likely to perpetrate the behaviors that characterize cyberbullying as well as being less likely to suffer it. Physical activity is also related to healthier lifestyles, with a lower incidence of overweight and obesity, which is one of the most influential factors in bullying. Thus, it seems logical to propose that the promotion of physical activity is an effective means of reducing cyberbullying rates. This promotion could be done from educational institutions through physical education or from other institutions, such as municipalities, with physical activity workshops that promote positive values and awareness of this type of behavior.



4.2 Limitations and future lines

The results obtained in this study should be interpreted with caution, as they present some limitations. Since this is a cross-sectional study, causal relationships cannot be established, and electronic questionnaires were used, which have both advantages and disadvantages. Moreover, a non-random sampling method based on convenience sampling was used; therefore, the results should be interpreted with caution. Finally, caution must be taken in the interpretation of the results, since the sample belongs only to the community of Extremadura, and there may be cultural factors that influence the results obtained. In the future, it would be interesting to replicate the study in other communities to increase the sample to other contexts; also, it would be interesting to repeat this study in other samples to obtain data on the variables of motor self-efficacy and cyberbullying, since the scientific literature on this topic is quite scarce, and it is difficult to compare the results.




5 Conclusion

The ECIP-Q and E-AEM scales were used to measure motor self-efficacy and cyberbullying bully-victim behavior. The results showed an inverse correlation (for all variables), whereby the higher the motor self-efficacy, the lower the incidence of both dimensions of cyberbullying, measured in different populations. In general, boys scored higher on the E-AEM scale and had a higher correlation with cyberbullying, as did primary school boys than secondary school boys. Moreover, those who performed more than 60 min of daily physical activity had a higher score in motor self-efficacy, although only in the bullying dimension. With respect to BMI, they are the ones who have underweight a higher correlation in both dimensions, without finding significant correlations in those with a BMI greater than 25. Finally, the strongest associations of an inverse nature are higher in those who do not have their own telephone and spend less time on technologies. Based on these results, it is worth considering that it is necessary to implement strategies to ensure that they comply with the maximum recommended time in front of screens, one of which is physical activity, as it increases motor self-efficacy and keeps them away from screens for the duration of the activity. On the other hand, it is a means to promote positive values that could increase empathy and decrease the incidence of cyberbullying.
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The objective of this study was to analyse the impact of the educational programme of the Real Madrid Foundation (RMF) on the acquisition of educational values at social-sports football and basketball schools among children aged between 12 and 16 years in Italy, Romania, Spain and the United Kingdom. The most significant results showed that: (a) between the 20–21 and 21–22 seasons, there were statistically significant increases in personal and team success, self-fulfilment, personal and group superiority, health and physical fitness, and peaceful behaviour; and (b) the increase in variables being studied was different according to the country analysed in such a way that: in the per-sonal and team success dimension there was a rise in the United Kingdom and Italy; in self-fulfilment there was an increase in the United Kingdom; in the personal and group superiority dimension there was a rise in Italy and Romania; in the health and physical fitness dimension there was an increase in social-sports schools in the United Kingdom and Italy; in the peaceful behaviour dimension there was a rise in social-sports schools in the United Kingdom and a drop in social-sports schools in Romania. There were very significant improvements in the majority of dimensions and countries, although the development of the various dimensions is different and specific to every one of the distinct countries, meaning that it is necessary to keep adapting the educational programme of the Real Madrid Foundation in line with the sociocultural characteristics of each of the countries in which it is implemented.
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1 Introduction

Within teaching/learning of team sports, the new teaching/learning models based on cognitive constructivism processes and dynamic ecology, with their various approaches and distinctive features (Teaching Games for Understanding, Sport Education, Non-linear Paedagogy, Real Madrid Foundation Model, etc.) emphasise the need to create sport environments that follow certain principles of a paedagogical, physical-physiological, psychological, emotional, cognitive and social nature, in a controlled environment in order to maximise comprehensive development in children and youths (McCarthy et al., 2016; Torstveit et al., 2018; Vallence et al., 2019; Niemistö et al., 2020). A common and essential factor in all these new teaching/learning models is the need to promote values education among athletes, even designing teaching-learning models in which this aspect is the central axis, for example the “Social Responsibility Model” proposed by Hellison (2010), the “Sports Education Model” developed by Siedentop (1994), and the Real Madrid Foundation Project “For a REAL Education: Values and Sport” (Ortega-Vila et al., 2012; Ortega et al., 2021).

The Social-sports School model of the Real Madrid Foundation (RMF) “Por una Educación REAL: Valores y Deporte” (For a REAL Education: Values and Sport), is characterised by the following paedagogical approaches (Ortega et al., 2015): (a) educational values are the central axis on which the model is based; (b) inclusion and non-selection or discrimination (as regards level, gender or disability) are sought; (c) the coaches are mostly teachers; (d) the rules of the sport competition are adapted to the psycho-evolutionary characteristics of the athletes; and (e) there is an educational programme and family involvement. To implement the RMF model, regular educational activities are carried out for teachers, families and students participating in these sports schools. Likewise, the development processes of the model are decisive, through an educational evaluation that allows and favours the use of feedback and feedforward in educational matters.

The model is currently being implemented in more than 94 countries on five continents. In this respect, scientific literature stresses that it is increasingly necessary to carry out transcultural studies that make it possible to know to what extent the cultural factor of each country, territory, etc. may have an effect on generally doing sport itself (Rodríguez-Muñoz et al., 2021), on the perception that athletes have of sport values (Balish and Caron, 2015), the perception that mothers/fathers have of the important of values in sport (Bhalla and Weiss, 2010), on the relationship between values and emotions (Jin et al., 2017), the leadership style of coaches (Babbitt, 2019), on the need for coaches to adapt to the cultural environment of each country in order to achieve an appropriate education process (Borges et al., 2022), as well as on the typical effectiveness and adaptation of the different teaching models in particular (Sánchez-Gómez et al., 2014).

The objective of this study was to analyse the impact of the educational programme of the Real Madrid Foundation (RMF) on the acquisition of educational values (Personal and team success; Self-fulfilment; Personal and group superiority; Health and physical fitness; Peaceful behaviour) at social-sports football and basketball schools among children aged between 12 and 16 years in Italy, Romania, Spain and the United Kingdom.



2 Materials and methods


2.1 Participants

The sample was made up of 395 athletes from 4 countries (117 from Spain, 34 from Romania, 101 from Italy and 143 from the United Kingdom), aged between 12 and 16 years. This accounted for 60 girls and 335 boys belonging to a total of 21 RMF social-sports football and basketball schools. They had spent 1.7 ± 1.4 years on average doing sport at the RMF social-sports schools. A total of 191 athletes participated in the 2020–2021 season and 204 in the 2021–2022 season. Of the total number of athletes, 243 were novices at the RMF sports schools, meaning it was their first year, while 139 were veterans, meaning they had already participated in at least one season previously at the RMF sports schools.



2.2 Procedure and materials

The educational programme of the RMF was implemented which is called “Por una Educación REAL: Valores y Deporte”. This is a sport programme that places an emphasis on advancement and values education (respect, self-esteem, motivation, equality, autonomy, health and team spirit) by means of a comprehensive teaching methodology and changes to competition rules (Ortega et al., 2021). The programme was implemented for two seasons, in such a way that for 9 months each season, the athletes completed two training sessions a week, each lasting 1 h.

In order to record educational values, the Questionnaire on Values in Team Sports (CUVADE) (12–16 years) was used (Ruiz et al., 2017). The questionnaire was validated in Spanish, translated and adapted to English, Italian and Romanian. This tool comprised 29 items divided into six dimensions. Each item was answered by means of a five-point Likert scale, where 1 = not important at all and 5 = very important. The dimensions recorded in this tool are:


(a)Personal and team success (values related to the importance of winning, feeling of superiority, mastery of the sport. Example: Acting with firmness, determination and in an energetic way, in order to obtain an advantage over an opponent in a game situation);

(b)Self-fulfilment and pro-social conduct (importance given to enjoyment, self-acceptance, helping and supporting other peers. Example: Being accepted by others in the group);

(c)Sportsmanship and fair play (aspects related to respect, fairness, sportsmanship and tolerance. Example: Being sporty, polite to others and knowing how to act when winning and losing);

(d)Personal and group superiority (importance that young people give to the public image, to the feeling of superiority. Example: Feeling that we are superior to the rival team in the competition);

(e)Health and physical fitness (importance given to sport as an enabler of health and improved performance in sport. Example: Improving my fitness to improve my health);

(f)Peaceful behaviour (use of dialog as a means to resolve conflicts. Example: Acting peacefully, resolving conflicts, when they arise, through dialog).



The study was conducted in accordance with the Declaration of Helsinki, and approved by Ethics Committee (Comité Investigación Biomédica de Andalucía, PEIBA) (protocol code 0803-N-20; approved 23 July 2020).



2.3 Data analyses

A basic descriptive analysis of the main trends and deviations was carried out for each dimension and item, both overall and broken down into countries. The non-parametric Mann–Whitney U-test was used to analyse the general differences in the various dimensions between one sport season and another, making use of the rank-biserial correlation effect size.

In order to analyse the possible effect of the country in the development of educational values from one season to another, a two-way analysis of variance (2 × 4) was carried out on seasons (2020–2021 vs. 2021–2022) and country of the sports school (Italy, Romania, Spain and the United Kingdom), using the Bonferroni’s post-hoc test. Eta squared was employed to measure the effect size using the following values of reference (Ferguson, 2009): no effect (η2 < 0.04), small effect (0.04 ≤ η2 < 0.25), medium effect (0.25 ≤ η2 < 0.64), and large effect (η2 ≥ 0.64). All data were calculated using version 25.0 of the SPSS statistics programme, with a significance level of p < 0.05.




3 Results

Table 1 shows the means and standard deviations obtained in each of the dimensions for the 2020–2021 and 2021–2022 seasons. As regards the value ratings of the different dimensions, it was observed that the most highly valued in the 2020–2021 season were: Sportsmanship and fair play, and Health and physical fitness, while the least valued were: Personal and group superiority, Personal and team success; while in the 2021–2022 year the most highly valued was Health, physical fitness and team spirit and the least valued was Personal and group superiority.


TABLE 1 Mean values and standard deviation of each dimension.
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When analysing the differences between the 2020–2021 and 2021–2022 years in Table 1, statistically significant increases were observed in all dimensions, except in Sportsmanship and fair play, where no statistically significant differences were found between the values of the 20–21 and 21–22 seasons.

Table 2 shows the arithmetic means obtained in each of the athlete dimensions in the 2020–2021 year, and in the 2021–2022 year, taking into account the country of the sports school of the participants.


TABLE 2 Mean values of each dimension, according to country of the social-sports school.
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After carrying out a two-way analysis of variance (2 × 4) on seasons (2020–2021 vs. 2021–2022) and country of the sports school (Italy, Romania, Spain, and the United Kingdom), it was observed that the interaction effect of the Season factor with the Country was not statistically significant in the Sportsmanship dimension [F(3.384) = 0.478, p = 0.689, η2 = 0.004]. It may therefore be stated that the interaction between both factors did not affect the changes brought about in these dimensions (see Figure 1).
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FIGURE 1
Development of the personal and team success dimension, according to country.


On the contrary, statistically significant effects were observed in the dimensions of Personal and team success [F(3.381) = 23.172, p = 0.000, η2 = 0.154]; Self-fulfilment [F(3.382) = 3.644, p = 0.013, η2 = 0.028]; Personal and group superiority [F(3.375) = 8.304, p = 0.000, η2 = 0.062]; Health and physical fitness [F(3.384) = 6.456, p = 0.000, η2 = 0.048]; and Peaceful behaviour [F(3.384) = 2.938, p = 0.033, η2 = 0.022].

In Figure 1 it is seen that in the Personal and team success dimension, there is a statistically significant increase in the United Kingdom and Italy, and a slight decrease in Spain and Romania which is not statistically significant.

When analysing the Self-fulfilment dimension in Figure 2, a statistically significant in-crease is observed in the United Kingdom; as well as a slight increase in Italy, and a slight decrease in Romania and Italy, although in these cases there were no statistically significant differences.
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FIGURE 2
Development of the self-fulfilment dimension, according to country.


On the other hand, when analysing the Personal and group superiority dimension, in Figure 3 a statistically significant increase is seen in Italy and Romania; as well as a slight increase in Spain and a slight decrease in Romania, although in these cases no statistically significant differences were recorded.
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FIGURE 3
Development of the personal and group superiority dimension, according to country.


When analysing the Health and physical fitness dimension (see Figure 4), a statistically significant increase is seen in social-sports schools in the United Kingdom and Italy, and a slight decrease is observed in Romania and Spain, although in this case no statistically significant differences were recorded.
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FIGURE 4
Development of the health and physical fitness dimension, according to country.


Lastly, when analysing the Peaceful behaviour dimension (Figure 5), a statistically significant increase is observed in social-sports schools in the United Kingdom and a statistically significant decrease is seen in social-sports schools in Romania. On the other hand, there is a slight increase in Italy and Spain.
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FIGURE 5
Development of the peaceful behaviour dimension, according to country.




4 Discussion

The objective of this study was to analyse the effects of the RMF model on athlete values, considering factors of multiculturalism, according to the country where the model is implemented. However, considerable improvements are observed in the majority of dimensions and countries, while the development of the various dimensions is different and specific to the distinct countries. This aspect implies the need to keep adapting the educational programme in line with the Sociocultural characteristics.

From a general perspective, sport is an ideal environment in which to develop skills of a social and attitudinal nature (Gutierrez et al., 2017). Some current methodological approaches take these values that are normally attributed to sport for granted without observing the necessary paedagogical intention that must go with it in order for the educational experience of sport to really be valuable and positive (Shields et al., 2018; Rivera-Mancebo et al., 2020).

To date, most scientific evidence has exclusively focussed on proposals and models related to physical education in the area of curricular and formal education. In this respect, various paedagogical models in physical education have demonstrated the capacity and effectiveness as regards personal and social development (e.g., Siedentop, 1994; Hellison, 2010). In these studies, the following is observed in particular: the effectiveness of interventions for the psychosocial development of youths (Opstoel et al., 2020), improvements in behaviour related to empathy (Hastie and Sinelnikov, 2006), respect or consideration toward others (Pill, 2008), leadership (Clarke and Quill, 2003) and social relations (Molina et al., 2020). The results of this study confirm that the RMF model makes it possible to export these benefits not only to the area of formal physical education, but also to the field of extracurricular sport. Furthermore, advantages were identified in this research concerning other positive values such as health, peaceful behaviour and sportsmanship. In this respect, the current results reinforce and complete the evidence gathered in recent years about the usefulness of models based on the development of positive values.

However, just like what occurs in other studies that analyse the values of sport in different cultures (e.g., Visek et al., 2010; Jin et al., 2017), the development of these values is seen to be different according to the multicultural environment, dependent on each country. Culture can be defined as a pattern of basic assumptions, shared, invented, discovered or developed by a given group (in this case by a country), which is used to cope with its problems and which works well enough to be considered valid and, therefore, must be taught to new members of the group as the correct way to perceive, think and feel in relation to those problems (Schein, 1991). Expanding on this definition as regards doing and teaching physical activity and sport, sport coaches have beliefs and values that affect their choice of strategies, manners and ways of acting in training and teaching sessions. Any possible educational differences must be considered together with these cultural differences.

The RFM, by means of its education courses, proposes educational activities which are the basis for subsequently implementing its methodological proposals in the various social-sports schools of different countries (Ortega-Vila et al., 2012; Ortega et al., 2021). Even though the education is identical in all of them, the cultural environment has a clear effect on the way in which it is interpreted by coaches, and therefore on its implementation in the sport environment. In this sense, the results of this study show suitable developments in the different countries in almost all dimensions. Having said this, particular emphasis must be put on the improvement of the Personal and team success dimension in schools in the United Kingdom and Italy, and the decrease in values of the Health and physical fitness dimension in Spain and of the Peaceful behaviour dimension in Romania. The high data from the UK and Italy in the Personal and Team Success dimension may be attributed to the perception of both countries as traditional sports powerhouses, evident in their Olympic medal standings. Conversely, Spain has not traditionally been regarded as a nation with notable athletes or physically fit citizens, culturally placing less emphasis on this aspect and prioritising dimensions related to sports values (Serrano-Sanchez et al., 2012). Finally, low scores in the peaceful behaviour dimension in Romania could be a result of cultural and sporting influences from the former Soviet Union, where sporting success took precedence above all else (Parks, 2016).

Thus, it is suggested that the impact of the cultural environment on the development of the various dimensions of the different countries should be analysed, and also that the possibility of including cultural aspects specific to each country in the educational programmes of the RMF itself should be assessed in order to bring the model closer to the cultural needs and distinctive features of each environment.

Regarding the fact that the practical application suggests the necessity to adapt the ongoing RMF training courses conducted in various countries to the psycho-social characteristics of each nation. There is a particular emphasis on raising awareness about values with poorer indicators and generating specific strategies for coaches to implement in their respective environments. The values obtained in this study can serve as a reference so that those responsible for designing materials for the continuous training of RMF coaches can align specific proposals with the authorities in each country. Consequently, using the RMF model as a foundation, minor adaptations will be made in each country to enhance the indicators of values with suboptimal results.

The data of this study reinforce the RMF model as a cross-cutting tool applicable to any kind of cultural context, proving to be an effective alternative to the current sport models which have fed on the new social and political dynamics that are having such a negative effect on the values that have traditionally been associated with sport. Nonetheless, it shall be essential to reinforce the educational process of the model by adapting it to each of the cultural environments where it is implemented, based on the prior analysis of each cultural environment.



5 Conclusion


•The RMF model, a sports model that seeks to improve the values of young people through sport, is a very applicable and effective model in different cultural contexts, although minor adaptations will be necessary in each context.

•The main contributions that are appreciated in the present study of the implementation of the FRM Model are:


○With respect to the improvement of the value of personal and team success the FRM model gives less importance to the results of the competition, there are no rankings, action is taken when there is too much difference to avoid large differences in the final results, etc.

○With respect to the improvement of the value of self-realisation and prosocial behaviour in the FRM model, great importance is given to the athletes, both during training and competition, reaching high levels of perceived efficacy and self-realisation. For example, in competitions, many rules are modified to adapt the sport to the psycho-evolutionary characteristics of the young athletes, such as: number of participants, size of the playing field, height of the basket, etc.

○With respect to the improvement of the value of health, physical fitness and fellowship, the FRM model gives great importance to the improvement of health through specific actions such as strategies to achieve adequate specific warm-ups, promote showers, improve hydration, raise awareness about the importance of changing clothes, eating fruit, or achieving an adequate diet, etc.

○- Regarding the improvement of the value of Sportsmanship and fair play in the FRM model, the sportiest teams score points for white cards, coaches take advantage of conflicts to educate and promote values, it is important the union within the team and with other teams (the initial warm-up is done together, they reflect at the end of each game).

○With respect to the improvement of the Personal and group superiority value and the Peaceful behaviour value, the FRM model gives great importance to the need to use dialog to resolve conflicts, so that, both in training and in competition, when a conflict arises, it is necessary to dialog to resolve it, not only individually but group actions are carried out to reflect on what happened and resolve it. For example, after the end of each game, all the players of both teams meet to comment on what happened in the game, highlighting specific actions of other players, commenting on conflictive situations so that they do not happen again, highlighting plays or actions of players, etc.



•The FRM model does something that until now had not been considered in the field of sport, which is to evaluate, plan and sequence in its plan of action in the short, medium and long term as a priority the contents related to values, in addition to other more traditional aspects such as technical, tactical, physical and psychological content.
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Introduction

Approximately 70% of children and adolescents worldwide fail to meet the recommended level of physical activity (He et al., 2021). As obesity-related health issues become increasingly serious, researchers focus on the essential role of physical education (PE) in health promotion for children and adolescents (Hills et al., 2015). PE incorporates a variety of lifetime activities into curricula. School-based interventions are considered an applicable and effective strategy to increase daily PA for children and adolescents, thus leading to a healthy, active lifestyle in adulthood (Bukowsky et al., 2014). Abundant evidence has shown positive effects of PE on physical, affective, social, and cognitive promotion (Bailey, 2006; Donnelly et al., 2016). A recent project provided evidence for the positive influence of a PE program on motor and cognitive development for pre-school children (Battaglia et al., 2020). After 16 weeks of PE classes, significant improvement was identified in locomotor and object control skills. The children also indicated better pre-literacy skills, implying academic success in the future.

Comprehensive motor development in endurance, strength, power, balance, and flexibility is of great importance to children and adolescents (Lubans et al., 2010; van Baak et al., 2021). However, the current PE places a specific attention to quantitative aspects of PA and health-related components of physical fitness such as aerobic fitness, muscular endurance, flexibility, and body composition, but a lack of emphasis on skill-related components in agility, coordination, power, speed, and balance (Myer et al., 2015; Cho et al., 2022; Hao and Yang, 2022; Hastie et al., 2022). Research has shown that PE classes often fail to provide sufficient exercise intensity to induce changes in body tissue composition and physical fitness (Domaradzki et al., 2020). Class activities that incorporate short-term, high-intensity interval training (HIIT) protocols are considered a promising approach to adequate exercise intensity. In addition to the concern with intensity, quality PE requires the class beyond “effective” (Ennis, 2017). By taking advantage of knowledge and theories across disciplinaries, researchers look for novel pedagogical strategies to enhance motivation and facilitate learning (Fang et al., 2022; Pang et al., 2023).

Recently, small-sided games (SSG) have raised a wide interest among PE teachers due to practical considerations. The main reason for the increasing notice on SSG can be attributed to the limited campus space which is particularly evident in Asian countries (Fang et al., 2023). For example, a typical class size of elementary and middle schools in China is about 40. A soccer game in a full field usually accommodates approximate 20 students to play at the same time, leaving the other half of the class not engaged in the game play. Additionally, the large ratio of student to teacher (40:1) also raises a challenge for PE teachers to tack care of the whole class when the students perform individual practice. In this sense, SSG can help PE teachers to organize and manage the class in an efficient manner. A teaching environment requires creative ways to keep appropriate class size in PE (Ennis, 2017). Therefore, the current study aims to lay a theoretical foundation for a wide application of SSG under PE settings by critical analysis on the characteristics and effects of the training modality.



Features of SSG in support of application to PE

As an effective, motivating, and fun exercise that stimulates physiological responses and neuromuscular adjustments, SSG has been widely applied in team ball sports (Ouertatani et al., 2022). The effectiveness of SSG leads to a reasonable implication of applying this PA modality to enhance teaching and learning in PE settings.

Flexible design is a prominent factor to justify successful application of SSG to PE class. Instructors can easily modulate SSG format by the number of players (Moreira et al., 2016), pitch configuration (Chaouachi et al., 2014; Stevens et al., 2016), time, and rules (Clemente et al., 2021a,b) to achieve diverse objectives. Typically, altering the number of players and pitch size is the common approaches to organizing the training modality in practice, which produces significant influences on training intensity (Clemente et al., 2021a,b). Research has shown a positive relationship between relative area and intensity. Reducing the number of players in a constant pitch size increases the relative area for individual players, which stimulates a higher physical load (Moreira et al., 2016).

It is also important to notice the advantage of SSG in replicating the movement patterns of competition (Giménez et al., 2020). This enables players to develop sport-specific fitness and skills required in a high-intensity game situation. Researchers compared soccer players taking 3 vs. 3 SSG with their counterparts performing interval running in an 8-week training program (Radziminski et al., 2013). Changes in VO2max and soccer-specific skills are greater in the SSG group than the interval running group. The prominent improvements are attributed to the increased number of accelerations completed in SSGs compared with the full-size football field (Giménez et al., 2020; Castillo Alvira et al., 2021). Similarly, a systematic review on SSG in volleyball indicated that skill-based conditioning training, which was carried out in the formats of 5 vs. 5, 5 vs. 4, and 5 vs. 3, successfully simulated the high-intensity physiological demand of national-level competition and improved physical fitness in speed, vertical jump, spike jump, agility, upper-body muscular power, and maximal aerobic power (de Oliveira Castro et al., 2021).

High intensity makes SSG a time-efficient training modality for PE (Arslan et al., 2020; de Oliveira Castro et al., 2021; Stojanović et al., 2021). In a typical 45 minutes of PE class, the time for physical activity can be limited excluding the required activities such as warm-up, instructions, and cool down. An alternative to warm-up routines contain a series of high-intensity, short-duration activities inducing a post-activation potentiation effect (Zois et al., 2015). Instructors may consider using SSG as specific conditioning training, which enhances physiological demands in practice (Davids et al., 2013; Mazurek et al., 2018; Arslan et al., 2020; Jurišić et al., 2021).

Due to the intense and intermittent activities in SSG, research evidence has shown advantages of SSG over HIIT. While SSG induces comparable effects on physical performance to HIIT protocols, additional benefit in technical skills has been reported in basketball (Delextrat and Martinez, 2014; Arslan et al., 2022) and soccer (Chaouachi et al., 2014; Arslan et al., 2020). In a meta-analysis on effects of soccer SSG compared with conventional endurance training, no significant difference was identified in endurance performance between the two training groups (Moran et al., 2019). Researchers recommended SSG as a more efficient protocols for simultaneous development of endurance and skills. Despite the benefits of SSG, it is worth noting specific advantages of HIIT in promoting physiological abilities, including maximal oxygen uptake, aerobic performance, linear sprint ability, and repeated sprint ability (Clemente et al., 2021a,b). Researchers and practitioners thus attempt to combine SSG with HIIT for better effects on running performance (Clemente and Sarmento, 2021). Compared with SSG-only approach, the combined protocol increased the acute mechanical load and high-intense running stimuli (Clemente and Sarmento, 2021). Enhanced physical performance in linear sprint, repeated sprint, agility, and countermovement jump have been reported in the combined SSG for young soccer players (Arslan et al., 2021).

Another feature in support of applying SSG to PE is the greater enjoyment than traditional practice. In a study involving youth soccer players, SSG induced greater enjoyment than interval training (Los Arcos et al., 2015). Physical education teachers could use this during specific soccer sessions to maintain a high level of motivation among the students, which induces engagement in class activities (Araújo et al., 2016; Larsen et al., 2018; Sahli et al., 2020). Motivational exercises in PE classes can stimulate physical effort, personal feeling, and enjoyment (Aydi et al., 2023). SSG induces higher physiological responses while maintaining players' motivation. Therefore, SSG increases the amount of time spent in playful and enjoyable activities by allowing learners to experience simulations of competitive team games.

The above analysis identified key features of SSGs to facilitate its application to PE classes, including flexible design, replication of game patterns, high intensity, and enjoyment. By modulating pitch size, player numbers, rules, and play time, instructors can implement the SSG-based class in a time-efficient manner, which effectively enhances strength conditioning and sport-specific skills of the students.



PE class design based on team ball SSG

While the features of SSG imply promising applications to PE class, in this section, further investigations focus on organizations of SSG in team ball sports. Soccer is the mostly studied team ball sport in the existing literature. Organizations of SSG in soccer can be manipulated by variations in pitch area, player number, and rules (Hill-Haas et al., 2011; Halouani et al., 2017). In addition, experienced coaches are skilled at making an adaptive session by altering game rules. A commonly applied approach is to limit the number of touches. Compared with free touch, demanding a maximum of 2–3 touches can increase mental workload as well as intensity during game play (Hill-Haas et al., 2010). Another way to modify game rules is the neutral player. The neutral player transitions to the team in possession to create unbalanced situations between defensive and offensive teams (Mallo and Navarro, 2008). Scoring rules are also determinants of performance in SSG. Researchers have found that the size of goals and presence of goalkeepers influence players' behaviors. In general, the presence of goalkeepers stimulates players' motivation and effort in both attack and defend, which increased the physical load (Dellal et al., 2008).

SSG in basketball is often organized in 2-, 3-, and 4-a-side in half court (Klusemann et al., 2012; Zeng et al., 2021). For example, in a 6-week intervention program, participants underwent 2 vs 2 training in a size of 28m × 7.5m, which induced greater improvement in defensive agility, shooting skills, and upper body power than HIIT (Delextrat and Martinez, 2014). Rule modifications are also applied to organize basketball SSG. In a series of 3 vs. 3 basketball games, specific rules were given to the attacking team, including seven seconds possession and three passes maximum per attack (Camacho et al., 2021). The constraints in time and pass placed a higher demand on cognitive and skill performance, which provide a good example of organizing basketball SSG by rule modifications. Another factor to impose a high level of intensity is the work to rest ratio. In a half court 3 vs. 3 basketball training, researchers designed long-intermittent SSGs which consisted of three 4-min bouts interspersed by 2-min passive recovery, and short-intermittent SSGs which consisted of six 2-min bouts interspersed by 1-min passive recovery (Sansone et al., 2020). The work to rest ratio is a key factor in designing basketball SSG in that shorter regime induces higher technical demands.

SSG in volleyball can be implemented by modified court size. Pekas et al. (2019) conducted 2 vs. 2 in a size of 7m × 3m and 3 vs. 3 in 12m × 6m for young volleyball players. The SSG protocol induced greater improvement in lower body explosive power (i.e., block jump, spike jump, and countermovement jump) than controls. It is interesting to find SSG an effective teaching approach for volleyball novices. Researchers designed 2-a-side in four court configurations which resulted in the area/player ratios of 4.5 m2 (3.0 m x 3.0 m), 8.0 m2 (4.0 m x 4.0 m), 10.58 m2 (4.6 m x 4.6 m), and 13.52 m2 (5.2 m x 5.2 m). In addition to the benefits in technical skills, tactical behaviors indicated significant improvement after the 3-day training. School-based programs have shown the feasibility of implementing SSG in volleyball PE classes. In an 8-month after-school volleyball program for high school students, significant effects were identified in promoting physical fitness and reducing aggressive behaviors (Trajković et al., 2020).



Conclusion

Evidence-based literature indicated SSG an effective access to high-intensity exercise, suggesting a feasible application of this training approach to PE classes. SSG is characterized by flexible design, replication of game patterns, high intensity, and enjoyment. Integrating SSG into PE classes can effectively stimulate engagement and moderate-to-vigorous physical activities. Based on the characteristics of SSG, PE class design was discussed on soccer, basketball, and volleyball. By modifying pitch size, player numbers, rules, and work to rest ratios, PE teachers can effectively engage students in SSG which promotes physical fitness in concurrent with motor skill learning.
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The purpose of this study is to determine the influence of psychological mood on the performance and mental health of athletes during VR training. The study involved representatives of both men’s and women’s basketball teams from universities in China (62 girls and 65 boys, whose average age was 18.2). The participants were divided into 2 groups. Both groups trained regularly, except the experimental group used VR technology, while the control group did not. To study the physical performance of respondents, a complex psychophysiological test was used. The Warwick-Edinburgh Mental Well-Being Scale (WEMWBS) was used to assess the psychological mood and mental health of respondents. The VR training has been proven to increase the psychological attitude of basketball players during the training. Specifically, it has a positive effect on the psychophysiological performance indicators and mental health of athletes. Prospective research will be aimed at a comparative study of the impact of VR technology in the training process on the results of basketball players and representatives of other team sports.
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1 Introduction

Modern education is characterized by the use of virtual learning environments (Shi et al., 2022). Basketball requires an athlete to be tough both physically and mentally, be stress-resistant, and to have the ability to quickly make extraordinary decisions (Shao et al., 2022). The relationship of physical activity with physical and mental health is an interesting topic to study. The importance of the problem of mental health of athletes is evidenced by the increased attention to this issue by the International Society of Sports Psychology. The importance of the athlete’s mental health is emphasized as the main resource that determines the athlete’s sports career and his life after the end of this career (Henriksen et al., 2020). Undoubtedly, physical culture has long been successfully used to treat somatic diseases and mental disorders, such as anxiety and depression. On the other hand, an increase in physical activity may cause the development of psychological abnormalities. Such abnormalities appear as syndromes of somatoform disorders, overtraining, or excessive physical stress (Liu et al., 2018). This is explained by the stressful nature of VR gaming situations (Brand et al., 2013) and underpins the Mental Health Model (MHM) of sports performance (Raglin, 2001). It is assumed that the basketball training system using VR technologies, ensuring an increase in the effectiveness of training, thereby helps to reduce their stress level, having a positive effect on the mental health of athletes (Ma et al., 2020; Tsai et al., 2021). Therefore, the task of ensuring and supporting the psychological well-being of basketball athletes is more relevant than ever, and it is facilitated by the use of VR technology (Richlan et al., 2022).

The scientific novelty of the study lies in studying the complex effect of VR technology on the physical endurance and mental health of basketball athletes. Moreover, the study justifies the use of VR technology to guide athletes’ psychological attitude toward achieving successful results.

The practical significance of the study results is filed as the possibility of using them to develop Chinese basketball and achieve its leading position in the international arena.



2 Literature review


2.1 Theoretical justification of the use of VR technologies for training basketball players

In the present day, basketball is an important part of students’ physical education. The use of VR technologies in learning to play basketball is an effective way to foster physical and psychological qualities of athletes (Bedir and Erhan, 2021; Li, 2021). Artificial Intelligence (AI) is seen as an auxiliary technology that can support athletes in the training process (Wei et al., 2021). The use of VR allows to reduce the cognitive anxiety of athletes (Harrison et al., 2021) and helps them learn to control their body, emotions and behavior (Biele, 2022). Ultimately, this leads to better performance (di Fronso et al., 2020) and justifies the importance of gamification both for training athletes (Cmentowski and Krueger, 2021; Uhm et al., 2022) and for solving the sports rehabilitation problems (Yan, 2022). A VR basketball training system allows considering many factors, providing feedback and, thus, improving the efficiency of training (Huang et al., 2019).



2.2 The importance of the psychological attitude of basketball players and the impact of VR training on their performance and mental health

The physical and cognitive health of athletes is a necessary factor in achieving sportsmanship and high performance in basketball (Nanda et al., 2021). Some factors such as cohesion, communicative competence, confidence, attention, anxiety, depression, self-esteem and decision making impact athletes’ achievements, and are reflected by the concepts of sports psychology. Additionally, resilience, alertness, and sleep contribute to athletic success, while mental and emotional well-being reduces the risk of injury (Herraro et al., 2020). Mental and physical traumas, as well as stress can cause the rhythm disruption of basketball players’ throws (Meng, 2022). For that reason, it is necessary to identify negative factors in order to prevent mental disorders (Sutcliffe and Greenberger, 2020).

The need to deal with stressful factors requires the development of an early monitoring system that would create strategies for managing stress and preventing its negative consequences (Lopes Dos Santos et al., 2020). The use of Athlete Psychological Stress Questionnaire (APSQ) and the Warwick-Edinburgh Mental Well-being Scale (WEMWBS) is recommended (Stewart-Brown et al., 2009; Rice et al., 2020). During training, it is important to consider each athlete’s personal psychological profile and psychological skills (Obminski et al., 2020), as it has a significant impact on the performance (Nanda and Dimyati, 2019).



2.3 The use of VR technology in basketball training

Basketball industry uses AI technologies for training athletes, analyzing and predicting the outcome of competitions, as well as for preventing injuries and increasing enjoyment of the game (Li and Xu, 2021). A highly immersive VR basketball training system allows a comprehensive exploration of the intended structure of natural reality. Hence, it improves the effectiveness of teaching basketball tactics and the overall quality of training (Ma et al., 2020; Jin and Zou, 2021; Tsai et al., 2021).

VR provides a solution to applied tactical and technical problems of basketball teaching and self-learning in accordance with educational standards (Bao and Yao, 2021). The result is the higher technical level of basketball training and the comprehensive development of players’ abilities (Qingtao, 2020; Wei et al., 2022). Furthermore, the use of VR contributes to fundamental changes that ensure progress in the Chinese basketball industry (Le, 2021; Shi, 2021).

Considering the information stated above, it can be concluded that the study of VR technology and its effect on the psychological attitude and mental health of basketball athletes is a relevant topic aimed at increasing the competitiveness of Chinese basketball at the international level (Wang and Song, 2022).

The purpose of the study is to determine the impact of psychological attitude on the performance and mental health of basketball players during VR training.

The objectives of the study are: (1) to analyze data from scientific literature sources regarding the problem of using VR for basketball development; (2) to conduct a psycho-diagnostic study of the impact of psychological attitude on the performance and mental health of basketball players during VR training.

The research hypothesis holds that the use of VR technology when training basketball players helps improve their psychological attitude to the training process, and has a positive effect on the psycho-physiological performance and mental health of athletes.




3 Materials and methods


3.1 Research design

The study consists of four successive stages. The first stage was to analyze the scientific literature published in the field of basketball development in modern China and the use of VR technology. The impact of online training on the motivation and performance of basketball athletes, their physical and mental health was also analyzed. Although many researchers are attracted to the topic of the psychological health of basketball players who use VR technology, it remains insufficiently studied. Consequently, this very fact determined the purpose and objectives of the study. During the next stage, the hypothesis of the study was formulated, a sample of respondents was created, and valid research methods were identified. The third stage consisted of conducting an empirical study, statistical processing and analyzing the results. The fourth and final stage concluded the study and determined the prospects for further research. The methodological basis of the study was the philosophical understanding of the person’s biopsychosocial nature, the priority role of personal factors in achieving success in sports, as well as understanding The Mental Health Model of sports performance (Raglin, 2001). The said model affirms the presence of a feedback between psychopathology and sports achievements.



3.2 Sample

The sample of respondents was determined by the peculiarities of China’s sports policy, focused on basketball development and the search for sports talent through promoting university basketball teams. Both male and female university basketball teams were selected randomly, which made it possible to study the gender aspect of athletes’ online training. The study lasted throughout the whole academic semester. Respondents were divided into 2 study groups: experimental group (32 girls and 33 boys, average age 18.7 years) and control group (30 girls and 32 boys, average age 18.9 years).

During the academic semester, the experimental group was taught using VR technologies, while the control group adhered to the traditional method of learning. In the experimental group, VR technologies were used during the training of basketball students. The VireFit program in basketball game mode was used to practice shooting technique, increase reaction speed, develop accuracy and concentration. Immersive training modes using special VR glasses allowed basketball athletes to analyze the game scenario, which contributed to improving their tactical training.



3.3 Study methods

In order to study the physical performance of the respondents, a complex psychophysiological test developed in 1985 by A. A. Nuzhny and R. N. Makarov was used. Since the test allowed us to assess the important psychophysiological parameters of the respondents, it is valid for use in international sports practice (Burov and Erokhina, 2020). The equipment used for the test included 6 foam-covered mats, 2 blue and 2 red 80 cm racks, 3 basketballs of different colors (red, blue, yellow), one 230 cm high gymnastic crossbar, 1 gymnastic bench, 2 wall targets (1×1 m. each), two stopwatches and 11 nameplates with mathematical examples. The athletes were to run the total distance of 57 m.; the lower edge of the targets was at a height of 2 m (Figure 1).

[image: Figure 1]

FIGURE 1
 Scheme for performing a complex psychophysiological test.


Test execution algorithm: after hearing the “Go” command, the respondent must perform 2 side flips from a standing position on the start line, then 2 somersaults forward with eyes closed, and then continue running forward. During this time the respondent solves the proposed mathematical example. Depending on the result of the solved example, the respondent chooses a basketball of a certain color (numbers from 5 to 10 represent the blue ball, 15 and more is a red ball, any integer is a yellow ball). After choosing the right ball, the respondent dribbles it around the rack No. 1 and then performs 4 throws at the target No. 1, turning 360° after each throw. Next, the respondent dribbles the ball to rack number 2, and, depending on the results of the next solved mathematical example (obtaining an even or odd number), they pass the ball around the red or blue rack. Target #2 is hit by a ricochet off the floor. Then the respondent gives the ball to the researcher, climbs up the inclined gymnastic bench onto the crossbar and jumps feet down into the hole without touching the edges with their hands. There are 7 checkpoints for capturing the results throughout the entire distance. The criteria for evaluating the test results are presented in Table 1. The respondents are given 3 attempts to complete the test. If the test is passed, the remaining attempts are not used. The evaluation of the stages (in points) is presented in Table 2.



TABLE 1 Criteria for evaluating the complex psychophysiological test results.
[image: Table1]



TABLE 2 Evaluation of athletes’ psycho-physiological qualities on a complex psychophysiological test.
[image: Table2]

The psychological attitude and mental health of the respondents were assessed using the Warwick-Edinburgh Mental Well-Being Scale (WEMWBS; Tennant et al., 2007; Stewart-Brown et al., 2009). The methodology scale consists of 14 items that include affective-emotional and cognitive-evaluative aspects and psychological functioning. These items are assessed using a 5-point Likert scale (1 – never, 2 – rarely, 3 – sometimes, 4 – often, 5 – always). The overall minimum score is 14 and the maximum possible score is 70. The higher the score, the higher the level of mental well-being (Tennant et al., 2007).



3.4 Data processing

Statistical processing of data was carried out using Microsoft Excel programs (accumulation, sorting, visualization of data) and the Minitab program (analysis of the results obtained). Current calculations were made using the Social Science Statistics online calculator. To determine the statistical reliability and significance of the study results, Student’s t-test was calculated for related and unrelated populations and ANOVA analysis of variance was performed for independent and dependent samples. Cohen’s d test was used to assess the actual difference between scores. The relationship between the studied indicators and scales was assessed using the Pearson correlation coefficient. The significance of VR technology as a factor contributing to improved physical performance and improved mental health stability was assessed based on the χ2 criterion, which was calculated using four-field tables.



3.5 Ethical issues

Ethical issues were resolved by obtaining permission to conduct the study from the ethics commission and the administrations of the universities. More importantly, the written informed consent to participate in the experiment was obtained from each respondent, ensuring anonymity and confidentiality, academic integrity, and compliance with other bioethical norms. It is worth mentioning that the study did not receive any special funding and there was no conflict of interest. The research was conducted ethically in accordance with the World Medical Association Declaration of Helsinki. The research was approved by the local ethics committees of Xinxiang University (Protocol no. 4993 dated from 02/02/2022). Informed consent was signed by parents of the children.




4 Results

Comprehensive psychophysiological testing was carried out twice - at the beginning and at the end of the academic semester. The summarized results of the statistical analysis are presented in Table 3.



TABLE 3 Semester dynamics of psychophysiological indicators of female basketball students of the experimental (A—primary study, A1—repeated study) and control (B—primary study, B1—repeated study) groups.
[image: Table3]

Initially, the indicators of the experimental and control groups were comparable; there were no statistically or actually significant differences between them (p > 0.05; r < 0.05). In a repeated study conducted at the end of the academic semester, in both groups—experimental and control—statistically reliable and significant positive psychophysiological dynamics were revealed, which is confirmed by the results of calculating the Student’s test and conducting ANOVA analysis of variance (p < 0.05). Cohen’s d (r > 0.50) indicates that there is a real difference between the primary and repeat scores in both groups. However, if during the initial study, no statistically and actually significant differences were revealed between the indicators of the experimental and control groups, then the results of the repeated study indicate that the dynamics of the indicators of the experimental group were statistically and actually more significant compared to the control group, as can be seen from Table 4.



TABLE 4 Comparative analysis of the dynamics of indicators of the experimental (A1) and control (B1) groups during repeated research.
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As can be seen from this table, as a result of training conducted during the academic semester, the positive dynamics of psychophysiological indicators of student-athletes in the experimental group who used virtual reality technologies was statistically and actually more significant than that of student-athletes in the control group, which is confirmed by the calculation results Student’s t-test (p < 0.05), ANOVA analysis of variance (p < 0.05), as well as Cohen’s d test (r > 0.50).

Further, in the course of the study, the features of the dynamics of physical performance of respondents in the experimental and control groups were analyzed depending on the gender factor. Comparative results of the influence of the training method on the psychophysiological indicators of male student-athletes of the experimental and control groups are presented in Table 5.



TABLE 5 Semester dynamics of psychophysiological indicators of male basketball students in the experimental group (Am—primary study, Am1—repeat study) and the control group (Bm—primary study, Bm1—repeat study).
[image: Table5]

As can be seen from this table, in both groups—in the experimental group, where virtual reality technologies were used during the training of student-athletes on basketball teams, and in the control group, where virtual reality technologies were not used during the study—the dynamics of male athletes’ performance was positive. The advantage of VR training is evidenced by the overall average score of male basketball students, which in the experimental group increased from 40.5 ± 0.4 to 46.2 ± 0.2 points, while in the control group it increased from 40.5 ± 0 0.3 to 43.1 ± 0.2 points. This difference between the results of the primary and repeated measurements was significant and significant both statistically (p < 0.05) and factually (r > 0.50). However, a comparison of the results of a repeated study of the psychophysiological indicators of male basketball students showed that the observed positive semester dynamics were both statistically and actually more pronounced in the experimental group that used virtual reality technologies for training. The statistical reliability and significance of the identified difference is confirmed by the calculation of Student’s t-test (p < 0.05), the results of ANOVA analysis of variance (p < 0.05) and the values of Cohen’s d test (r > 0.50).

Comparison of those presented in Table 5 psychophysiological indicators of male basketball students with data from female basketball players showed that the psychophysiological performance of women is slightly lower than that of men. This fact is explained by anatomical and physiological differences between men and women. At the initial assessment, it was 39.1 ± 0.3 points for female basketball students in the experimental group and 40.5 ± 0.4 points for female basketball students in the control group (p > 0.05; r < 0.50). In a repeated study, the psychophysiological indicators of female basketball players statistically and actually reliably and significantly increased (p < 0.05; r > 0.50), amounting to 45.1 ± 0.4 points in the experimental group and 42.8 ± 0.6 in the control group. The gender characteristics of the dynamics of psychophysiological indicators of respondents in the experimental group are evidenced by the results of the study presented in Table 6.



TABLE 6 Comparison of psychophysiological indicators of student basketball teams depending on the gender factor (student basketball players: Am—primary study; Am1—repeated study; female basketball students: Af—primary study, Af1—repeated study).
[image: Table6]

Most of the psychophysiological indicators of both male and female basketball students during the initial measurement corresponded to the average level. With repeated measurements, in the control group of basketball athletes who trained in the traditional way, psychophysiological indicators statistically and actually reliably and significantly improved (p < 0.05; r > 0.50), but continued to remain in the range of average values. At the same time, it was revealed that in most psychophysiological parameters, male basketball athletes were superior to female basketball players. This difference was statistically and factually significant and significant (p < 0.05; r > 0.50). At the same time, female basketball players were superior to male basketball players in the ability to quickly change the structure of activity (38.2 ± 0.3, 38.2 ± 0.3 and 36.9 ± 0.4 points; p < 0.05; r = −0.88).

Upon repeated research, the level of psychophysiological indicators of both male and female student-athletes increased significantly and reached a range above average. At the same time, female basketball players outperformed male basketball players in psychophysiological indicators related to the functioning of the vestibular apparatus. However, if the indicators of changes in the speed of information perception, operational thinking during vestibular irritations of female basketball players exceeded the similar indicators of male basketball players statistically and in fact reliably and significantly (45.1 ± 0.3 points vs. 44.3 ± 0.2 points, p < 0.05; r = −0.84), then the statistical and actual difference in working memory indicators during vestibular stimulation in female basketball players and male basketball players was insignificant (45.2 ± 0.4 points vs. 44.8 ± 0.6 points; p > 0.05; r = −0.37). VR training resulted in higher development of most psychophysiological qualities in male basketball students than in female basketball students. However, female basketball students had better working memory during vestibular stimulation (45.1 ± 0.3 and 44.8 ± 0.6 points).

Also during this study, the influence of the traditional training method and the training method using virtual reality technologies on the mental health indicators of male and female basketball students was compared. In the next Table 7 shows the results of a study of the semester dynamics of the mental health of male basketball students in the experimental group who used VR technology in training, and male basketball students in the control group who trained without using VR technology during the experimental semester. VR technologies.



TABLE 7 Semester dynamics of mental health indicators of male basketball students in the experimental group (Am—primary study, Am1—re-study), and male basketball students in the control group (Bm—primary study, Bm1—re-study).
[image: Table7]

Comparative statistical analysis presented in Table 7 shows the advantage of training male basketball students using VR technology compared to traditional training. The positive dynamics of mental health are more pronounced in the experimental group (33.2 ± 0.3 and 45.4 ± 0.4 points, p < 0.05, r > 0.50) compared to the control group (33.6 ± 0.3 and 36.2 ± 0.4 points, p < 0.05, r > 0.50).

The results of the study of the dynamics of mental health indicators of female basketball students in the experimental group and female basketball students in the control group are presented in Table 8.



TABLE 8 Comparative dynamics of mental health indicators of female basketball students in the experimental group (Af—primary study, Af1—re-study), and female basketball students in the control group (Bf—primary study, Bf1—re-study).
[image: Table8]

The mental health indicators of female student basketball players in the primary study were statistically comparable (34.3 ± 0.4 and 34.3 ± 0.4 points, p > 0.05, r < 0.50). The second study revealed a statistically and actually significant increase in indicators in the experimental group (42.4 ± 0.3 points vs. 36.5 ± 0.3 in the control group, p < 0.05, r > 0.50; Table 9).



TABLE 9 Comparison of gender characteristics of the dynamics of mental health of basketball students in the experimental group who trained using VR technologies (student basketball players: Am—primary study; Am1—repeated study; female basketball students: Af—primary study, Af1—repeated study).
[image: Table9]

The primary study revealed that the mental health indicators of female basketball students are statistically and actually reliably and significantly higher than those of male basketball students (34.3 ± 0.4 and 33.2 ± 0.3 points, p < 0.05, r > 0.50). Training using VR technologies significantly improved mental health indicators of student-athletes of both sexes (p < 0.05, r > 0.50). However, the mental health indicators of male basketball students increased more significantly, exceeding the same indicators of female basketball students (45.4 ± 0.4 and 42.4 ± 0.3 points, p < 0.05, r > 0.50).

A direct close correlation was found between the positive psychophysiological dynamics of athletes and their mental health improvement during VR training (Pearson’s correlation coefficient for female basketball teams is 0.9994, for male teams—0.9976). A chi-square (χ2) value in female basketball teams is 6.5971, and in male teams, it equals 5.3455, at p < 0.05. When it comes to the mental health of athletes, the χ2 value equals 11.1604 and 11.2612 at p < 0.05. This confirms the assumption that training using virtual reality technologies helps to increase the performance and mental endurance of male and female basketball athletes. After examining these values, we can conclude that the hypothesis of the study is true.



5 Discussion

The development of digital technologies is characterized by their penetration into all spheres of human life. The possibilities of virtual and augmented reality make it possible to create conditions for learning, acquiring and improving the necessary skills. One of the current and promising areas is the use of virtual and augmented reality for training athletes. Despite the fact that the creation of virtual training simulators of sports games is a new direction in the sports industry, their use is becoming increasingly in demand. However, the evidence base for the advantages of VR technologies over traditional training is insufficient, which motivates research in this direction.

One of the factors that determines an athlete’s ability to achieve success is performance, which is based on psychological and psychophysiological mechanisms. The sports environment is characterized by increased stress, which also places increased demands on the mental health of athletes.

The popularity of university sports is growing all over the world. In China, this process is characterized by increased attention to the development of basketball, which is spectacular and contributes to the development of communicative competence, stress resistance and other qualities that make basketball an attractive university sport. The active introduction of VR technologies into the training program of basketball athletes raises the problem of their influence on the psychological and physical state of athletes, their performance and mental health.

The use of innovative information technologies and the positive experiences they entail for basketball players in physical training, stress management and psychological adaptation (Post et al., 2020; Morales Téllez et al., 2021; Talha, 2022) make virtual sports an important part of healthy lifestyle (Bum et al., 2018; Chen and Zhu, 2022; Hamad and Jia, 2022). Moreover, such an approach improves the mental health of athletes (Hurley, 2021), trains their perceptual-cognitive skills (Walton et al., 2018) and optimizes performance (Bertollo and Terry, 2021; Siekańska et al., 2021; Richlan et al., 2022). Scientific literature suggests that students experience equal satisfaction from real-life and virtual basketball training (Bum et al., 2018), but AI-assisted training improves the mental health of athletes to a greater extent than traditional gym training (Zhang, 2022).

The results of our study confirm that basketball training using VR technologies contributes to a more significant improvement in the psychophysiological indicators of athletes than traditional training. Also, the use of VR technologies, as shown by the results of our study, has a positive effect on the mental health of basketball athletes.

In addition, the study revealed features of the dynamics of psychophysical indicators and mental health indicators of basketball students depending on the gender factor. It was shown that most psychophysiological qualities were more developed in male basketball students, but female basketball students had better working memory during vestibular stimulation. In addition, training using VR technologies contributed to improvements in mental health indicators, which were more pronounced in male basketball students.

Thus, the evidence presented in our study shows that VR training has more benefits than traditional training and therefore confirms its effectiveness. The results obtained in the study regarding a direct correlation between psychological factors and athlete injuries coincide with the data of scientific literature sources (Leguizamo et al., 2021). Therefore, there is a need for monitoring and analyzing the psychological attitude of athletes in order to improve their future performance (Lochbaum et al., 2021, 2022; Zhou, 2021). Virtual basketball training is more interactive, visual, targeted and effective (Jiang et al., 2022), which is also confirmed by the results of this study.


5.1 Limitations of the study

The limitations of the study include the limited amount of time for conducting the study and a relatively small sample size. These limitations arose because of the peculiarities of forming the university student basketball teams, as well as the complexity of organizing a psychophysiological test. However, due to the randomization procedure and the use of valid research methods, the sample can be considered relevant, and the obtained results are typical for the general population of basketball students.




6 Conclusion

To summarize, this study justifies the use of VR technology as a tool to shape a positive attitude among basketball players and help them achieve success. In addition, the impact of VR training on the psychophysiological indicators and mental health was revealed to vary depending on gender. The study also showed the complex effect of VR technology on the physical endurance and mental health of basketball players. VR technologies managed to increase the psychophysiological indicators to an above-average level, which rarely happened during traditional training.

The positive effect of VR training is proven by the overall average psychophysiological score: 46.2 ± 0.2 points for boys and 45.1 ± 0.4 points for girls in the experimental group; 43.1 ± 0.2 and 41.7 ± 0.4 points, respectively, in the control group. The research hypothesis was confirmed. Such a conclusion is extremely valuable for the development of Chinese basketball industry and it is a huge step toward achieving the leading position of Chinese teams in the international arena.

Future research could compare the performance of basketball players and other team sports representatives when using VR technology in the training process.
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Introduction: Numerous studies within the school and academic contexts have underscored the profound impact of psychometric variables such as academic self-efficacy, self-esteem, and loneliness on academic achievement among children. Although physical activities and dance practices are known to bolster academic self-efficacy and enhance academic outcomes, the effect of Artistic Sports Activities on these psychological determinants among left-behind children (LBC) in rural schools remains underexplored.

Method: This study was conducted from September 2020 to January 2022 among 405 LBCs aged 9 to 13 from six randomly selected primary schools in Hunan Province, China. Schools were chosen in collaboration with the Hunan Women and Children’s Federation, ensuring informed consent through stakeholder informational sessions. The study employed rigorous sampling and data analysis methods, including the Shapiro–Wilk test for normal distribution and Cronbach’s alpha for reliability, alongside Pearson correlation, independent and paired t-tests, and multiple linear regression analyses to investigate the effects of Artistic Sports Activities on psychometric variables and academic performance among LBCs. Data collection involved standardized questionnaires assessing academic self-efficacy, self-esteem, and loneliness before and after intervention.

Results: Findings indicate that Artistic Sports Activities significantly improved academic self-efficacy and self-esteem and reduced loneliness, leading to enhanced academic performance. Notably, loneliness was identified as mediating the relationship between academic self-efficacy and self-esteem among LBCs.

Discussion: The findings highlight the critical role of integrating Artistic Sports Activities in educational frameworks to bolster psychological and academic outcomes for LBCs. The study reveals the intricate interplay between loneliness, self-esteem, and academic self-efficacy, underscoring the necessity for targeted educational interventions.
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1 Introduction

In China, large numbers of rural residents are migrating to urban areas for job opportunities (Gu, 2022), resulting in the emergence of Left-Behind Children (LBC), kids under 18 with one or both parents working away, leaving them with grandparents or local communities (Chen et al., 2022). The school environments of these LBCs reflect significant challenges rooted in psychosocial factors. Extended parental absence correlates with adverse educational outcomes such as increased school dropouts (Li and Hu, 2021), bullying in school (Zhang et al., 2022), high suicidal thoughts (Zhou et al., 2022), aggressive behaviors in school (Yu et al., 2022), higher levels of antisocial behavior (Liu et al., 2022), loneliness (Wang Q. et al., 2021), reduced academic performance (Mao et al., 2020), lower self-esteem (Zhou et al., 2022) and lower self-efficacy (Liang et al., 2018).

From a the school and academic contexts, it’s imperative to understand the interplay of psychometric variables like academic self-efficacy, self-esteem, and loneliness in shaping a student’s educational journey (Neroni et al., 2022). As shown in various studies, these psychological determinants are pivotal in predicting academic outcomes. For instance, Bhatt and Bahadur (2018) highlighted that higher levels of academic self-efficacy among students increased motivation and resulted in higher academic performance, while Huang (2011) found a positive association between self-esteem and academic performance, as well as Honicke and Broadbent (2016) emphasized that academic self-efficacy has a strong moderated positive correlated with academic performance. Moreover, the adverse effects of loneliness on students’ well-being and academic progress have been documented by Qualter et al. (2015). In a pivotal finding, Zhou et al. (2023) discovered that improving self-esteem can increase academic self-efficacy, thereby enhancing the academic performance of LBCs. These insights underscore the significance of addressing psychometric variables in educational settings to foster a conducive learning environment (Table 1).



TABLE 1 Overview of psychometric variables influencing academic performance.
[image: Table1]

Within the school and academic contexts, the triad of academic self-efficacy, self-esteem, and loneliness has been recognized as crucial determinants of students’ academic performance. However, the intricate relationships among these psychometric variables, especially the mediating role of loneliness between self-esteem and academic self-efficacy, remain uncharted for left-behind children (LBCs).

According to Bandura’s Social Cognitive Theory (Bandura, 2012), individuals’ mental states are influenced by combining self-influence factors and social systems (Bandura, 1977). Regarding self-influence factors, Bandura’s Social Cognitive Theory highlights the significance of self-efficacy, which refers to an individual’s belief in their capabilities to organize and execute actions to achieve desired results (Bandura, 1997). In the academic context, researchers often use academic self-efficacy to mean the level of self-efficacy that learners judge in themselves about their abilities to achieve educational goals (Morales-Rodríguez and Pérez-Mármol, 2019). Affuso et al. (2022) highlighting that high self-efficacy improves children’s academic performance. Another self-influence factor is self-esteem (Bhatt and Bahadur, 2018), which is included in Abraham Maslow’s theory of “Maslow’s Hierarchy of Needs.” Maslow and Lewis (1987) suggest that if self-esteem needs are unmet, individuals cannot grow, develop, or achieve their self-goals, including children’s academic performance (Noronha et al., 2018).

When considering the social systems, Bronfenbrenner’s ecological systems theory (Bronfenbrenner, 1992) underscores the family and peers’ pivotal roles in influencing children’s development, especially in adversities (Ren and Li, 2020). This emphasis is critical when a child’s primary microsystem fails to provide the needed psychological support, spotlighting the importance of other microsystems in such instances (Hertler et al., 2018). For children from left-behind backgrounds (LBCs), the absence of parental and peer support markedly increases their risk of social anxiety and loneliness (Cavanaugh and Buehler, 2016). Theoretical insights suggest that the quality of interactions within these social systems–family and peers–can profoundly affect self-influencing factors, such as self-esteem and academic self-efficacy. Loneliness, significantly shaped by these interactions, emerges as a critical factor impacted by family and peer dynamics. Meanwhile, Fuentealba-Urra et al. (2022) highlighted the importance of considering the relationship between the type and context of physical activity in adolescents. This underscores the theory’s broader implication that nurturing relationships in these systems can mitigate negative emotional states and enhance psychological resilience in children.

In the diverse range of school-based activities, Wang et al. (2024) revealed that school-based physical activity significantly influences children’s self-identity and reduces social anxiety, also artistic sports activities have uniquely beneficial, which include artistic elements like music, choreography, and costumes, they aim to boost the sport’s esthetic value and provide an audio-visual and postural expression of fitness and esthetic appreciation (Qi, 2018). This blend distinguishes artistic sports from their non-artistic counterparts by fostering physical and mental growth, offering a distinctive pathway to bolster children’s psychological health (Zhang, 2009). Jianshe Zhou (2020) notes the unique potential of these activities, beyond what conventional activities can achieve, to fortify psychological well-being. Disciplines such as figure skating, aerobic gymnastics, dance sports, rhythmic gymnastics, and synchronized swimming (Qi, 2018) play pivotal roles. Specifically, Latino Dance has been found to reduce loneliness (Hong-gang Shan and Yu, 2011) and significantly enhance academic self-efficacy (Zhou et al., 2023), diminish anxiety (Shan and Yu, 2011), lessen self-accusation tendencies and improve both self-efficacy (Hui and Junyu, 2014) and self-esteem among LBC students (Zhou et al., 2023).

Therefore, this study aims to investigate whether artistic sports activities interventions (Aerobic Gymnastics and Latin American dance) can enhance the academic performance of LBC (improve students’ academic self-efficacy and self-esteem and reduce loneliness). Four research hypotheses will be verified in this research: Hypothesis 1 (H1): Artistic Sports Activities interventions, specifically Aerobic Gymnastics and Latin American dance, will increase academic self-efficacy among LBCs. Hypothesis 2 (H2): Participation in Artistic Sports Activities will improve self-esteem levels among LBCs. Hypothesis 3 (H3): Engaging in Artistic Sports Activities will reduce feelings of loneliness among LBCs. Hypothesis 4 (H4): Loneliness will mediate the relationship between academic self-efficacy and self-esteem among LBCs, such that reduced loneliness associated with participation in Artistic Sports Activities will improve both self-esteem and academic self-efficacy.



2 Methods


2.1 Design

This study adopted a research design to investigate the impact of physical education (PE) on the holistic development of left-behind children (LBCs) in primary schools across Hunan Province, Southern China. The suitability of this design was chosen to match the study’s research aims, which aimed to explore the associations between artistic sports intervention and various psychological outcomes in a specific educational context, providing valuable insights into the potential benefits of PE for child development, particularly among LBCs.



2.2 Participants

Between September 2020 and January 2022, this study was conducted in six randomly selected primary schools in Hunan Province, Southern China. Southern China. Hunan Province, known for its diverse educational landscape and significant number of ‘left behind’ children due to urban migration, provides a unique context for studying the impact of physical education (PE) on child development. The China PE primary curriculum, which emphasizes the holistic development of students through physical activities, sports, and health education, plays a crucial role in the well-being of children, particularly those left behind by migrating parents. These schools were selected using a list provided by the government-sponsored Hunan Women and Children’s Federation. Before the commencement of the study, the research team established a strong relationship with the school principals, obtaining their permission to proceed. Informational sessions were then conducted with teachers, parents, and guardians to clearly understand the research objectives, procedures, and potential benefits for the left-behind children. Informed consent forms were distributed to parents or guardians, emphasizing the voluntary nature of participation, and contact information was provided for any questions or concerns. Furthermore, interactive activities and workshops were organized in collaboration with the school staff to foster a supportive and inclusive environment, ensuring the active engagement and involvement of the left-behind children in the study.

Four hundred eighty-six (486) 9 to 13-year-old LBCs were invited to participate in the study. Each LBC voluntarily registered, and parent/guardian consent was required to participate. Before data collection, the research was approved by the ethics committee of Hunan Agricultural University (Approval Reference Number: ETHICS 2022107) and was funded by the Hunan Provincial Social Science Foundation in China (Project Reference Number: XSP21YBC310). During the sessions, 405 out of 486 participants completed the study; 50.4% (204) were Male, and 49.6% (201) were Female. All participants provided written informed consent, and the research was conducted according to the Helsinki Declaration. The questionnaires were administered using a paper-and-pencil format to ensure ease of completion and to maintain the tradition of personal engagement in our research methodology.

During pre-intervention (September 2020) and post-intervention (January 2022), trained research assistants administered self-reported questionnaires, including a sociodemographic questionnaire the Morgan-Jinks Student Efficacy Scale (Jinks and Morgan, 1999), Self-Esteem Scale (Rosenberg, 1965; Cheng and Hamid, 1995), and Asher’s Loneliness and Social Dissatisfaction Questionnaire (Asher et al., 1984).



2.3 Tools “questionnaires”


2.3.1 Morgan-Jinks student efficacy scale

The Morgan-Jinks Student Efficacy Scale is a tool to determine children’s academic self-efficacy. The scale comprises 30 items, and it uses a 4-point Likert scale that reflects informal language typically used by children. To assess the participating children’s perceived academic self-efficacy at the baseline, we utilized the Chinese version of Jinks and Morgan (1999) Morgan-Jinks Student Efficacy Scale (Zhou et al., 2023). This scale assists practitioners in evaluating students’ beliefs in their academic capabilities by featuring statements such as “I work hard in school” to gage students’ self-efficacy beliefs toward academic success.



2.3.2 Rosenberg’s self-esteem scale

Rosenberg’s self-esteem scale measures an individual’s self-worth and evaluates children’s or adolescents’ perceptions of their worth (Rosenberg, 1965; Cheng and Hamid, 1995). We used the Chinese version of Rosenberg’s (1965) Self-Esteem Scale (RSES-C) to evaluate the self-esteem of the children who participated in the study (Wu et al., 2017). The questionnaire contains ten (10) items on the scale: five (5) items related to positive self-esteem and five (5) items related to self-deprecation, with items such as, “I take a positive attitude toward myself”.



2.3.3 Asher’s loneliness scale

According to Asher et al. (1984), the Children’s Loneliness Scale measures children’s perception of loneliness and social dissatisfaction. We have utilized Asher et al.’s (1984) Child Loneliness Scale (CLS-C) in its Chinese version. The CLS-C has been validated and previously used effectively in research focused on Chinese left-behind children’s loneliness (Chen et al., 2014). The questionnaire consists of 24 items, 16 of which address children’s feelings of loneliness, and the rest focuses on social adequacy (Cassidy and Asher, 1992), employing statements like, “No children play with me.” Each item is rated on a 5-point Likert scale (1 = “totally disagree” to 5 = “totally agree”).




2.4 Procedure and intervention

Two artistic sports activities, Aerobic Gymnastics and Latin American dance, were selected between September 2020 and January 2022. One hour and 30 min per lesson, two lessons per week over three semesters, 32 lessons each semester, 96 lessons and 144 h in total. (Three semesters: September 2020 to January 2021, February to June 2021, and September 2021 to January 2022).

Students in six schools (two classes per school) were instructed in the same sub-types of Latin American dance (Samba and Cha-Cha) and Aerobic Gymnastics. At one school, one class taught Latin American dance, and the other taught Aerobic Gymnastics to compare the effectiveness of both activities.

The course consists of three major components: basic dance movements, dance routines for solos and couples, and music understanding. All dance routines were taught to the LBCs during three semesters.

Before the intervention, thirty-six (36) qualified teachers (teachers’ average years of expertise is 6.5, and at least had a minimum of three (3) years of children’s teaching experience) were selected, eighteen (18) each for Aerobic Gymnastics and Latin American Dance. Within each dance style, a random drawing was conducted to divide eighteen (18) teachers into six (6) LBCs’ primary schools. Finally, three (3) places for Aerobic Gymnastics and Latin American Dance teachers were set down in one (1) LBC’s primary school. To avoid the potential influence of teacher effects on the variables’ scores assigned to the children, all teachers involved in the study underwent a unified teaching content learning and training program at the same university before the research commenced. The training program aimed to standardize the instruction and delivery of Aerobic Gymnastics and Latin American dance among all teachers, providing them with detailed guidelines and instructional materials. By equipping the teachers with the necessary expertise to effectively teach these activities to the LBCs, the training program ensured consistent and standardized implementation of the intervention strategies.

Additionally, a team of six PhD-level researchers with backgrounds in psychology was also trained in advance to help collect data and assist the students as they filled out the questionnaire. They utilized non-directive assistance (encouraging LBCs to provide technical support, clarifications, or answer procedural questions if needed, but did not offer any opinions or suggestions that could sway the children’s decisions). They assured them that their responses would remain anonymous and confidential. At the outset and conclusion of the intervention study in six schools, students were asked to complete sociodemographic and three standardized paper-and-pencil questionnaires regarding their academic self-efficacy, self-esteem, and loneliness.



2.5 Data analysis

This study examines artistic sports activities interventions (Aerobic Gymnastics and Latin American Dance) to improve students’ academic self-efficacy and self-esteem, reduce loneliness among LBC students in rural areas, and enhance academic performance. Firstly, the Shapiro–Wilks test was chosen for its appropriateness in analyzing the normal distribution of variables within the sample size, considering the participants’ gender and engagement in two distinct artistic sports activities. To ensure the reliability and validity of the questionnaires used in this study, both Cronbach’s alpha (α) and the Kaiser-Meyer-Olkin (KMO) coefficient were calculated. Furthermore, the relationships among academic self-efficacy, loneliness, and self-esteem (including its sub-dimensions, Positive Esteem and Self-Deprecation) were initially explored using Pearson correlation analysis (R-values) to identify the strength and direction of these associations.

Then, independent samples t-tests were conducted to compare differences across various demographic variables, including gender. Additionally, paired samples t-tests were utilized to examine the differences in psychological indicators related to artistic sports activities before and after the intervention. Following this, Pearson correlation analysis was employed to determine the relationships among the variables (i.e., LCB’s academic self-efficacy, self-esteem, and loneliness), laying the groundwork for testing mediator and moderator effects (Ren and Li, 2020). This clarification specifies the types of t-tests performed, enhancing the reader’s understanding of the statistical methods used.

Meanwhile, mediation analyses were conducted using the pre-interventional data, which included the psychometric variables of “students’ academic self-efficacy,” “self-esteem,” and “loneliness.” These analyses aimed to explore whether loneliness served as a mediator between self-esteem and academic self-efficacy among left-behind children (LBCs), with the pre-intervention data chosen for its potential to reflect the actual mental state of LBCs better after the data collection had ended. The findings from these analyses will provide insights into the interplay between self-esteem, loneliness, and academic self-efficacy among LBCs, shedding light on the mechanisms that may influence their academic performance.

Multiple linear regression was employed to assess the role of loneliness as a mediator between self-esteem and student’s academic self-efficacy, using bootstrapping to test the significance of the indirect effect. For this purpose, 95% bias-corrected confidence intervals were generated through Bootstrap sampling. An indirect effect was considered significant if the 95% bias-corrected confidence interval did not include zero. The statistical analyses were performed using SPSS 28.0, including the PROCESS macro by Hayes (2017) for bootstrapping procedures essential for testing the significance of indirect effects in mediation analysis, which ensuring a precise and reliable examination of the hypothesized relationships.




3 Results


3.1 Participant characteristics and reliability-validity of scales

During the sessions, 83.4% (405 out of 486) participants (9 to 13 years old) completed the study; 50.4% (204) were Male, and 49.6% (201) were Female. The 16.6% withdrew for various reasons, including lack of interest and shyness. The Shapiro–Wilk test results indicated the data were normally distributed (p values >0.05). Using Cronbach’s alpha (α) and Kaiser-Meyer-Olkin (KMO) coefficients, the study showed good reliability and validity of the overall scales. Morgan and Jink’s children’s perceived academic self-efficacy scale are both 0.75 (Good) and 0.79 (Average suitability), Rosenberg’s self-esteem scale, Cronbach’s alpha coefficient is 0.83 (Good), while the KMO coefficient is 0.9 (Suitable), Asher children’s loneliness scale, Cronbach’s alpha coefficient in this study is 0.71 (Good), and the KMO coefficient is 0.78 (Average suitability).



3.2 Impact of artistic sports activities among left-behind children

Pre- and Post-student academic self-efficacy have a p < 0.01 (t = −39.22, p = 0.000), and the specific comparison difference shows that Pre-student academic self-efficacy (62.70 ± 10.48) has a significantly lower average value than Post-student academic self-efficacy (90.60 ± 9.41); while the specific comparison difference shows that Pre- Self-Esteem (15.42 ± 3.21) is significantly lower than Post- Self-Esteem (28.79 ± 4.91), with a level of p < 0.01 significance between the two tests (t = −45.38, p = 0.000); also A p < 0.01 level of significance exists between Pre- and Post-Loneliness (t = 6.69, p = 0.000), the specific comparison difference indicates a significantly higher average value for Pre-Loneliness (35.12 ± 8.02) than Post-Loneliness (33.36 ± 7.72). All data are reported in Table 2, which evidence that artistic sports activities significantly impact all LBC’s psychological variables of student academic self-efficacy, self-esteem, and loneliness.



TABLE 2 Pre-test and post-test of artistic sports activities group intervention (N = 405).
[image: Table2]

In terms of different artistic sports activities there was also a significant positive impact on all LBC’s psychological variables in different artistic sports activities (Aerobic Gymnastics and Latin American Dance) between pre-test and post-test (p < 0.01). In the Aerobic Gymnastics intervention group, post-test scores for self-esteem and student academic self-efficacy were significantly higher than pre-student academic self-efficacy scores (t = −28.77, p < 0.01) and pre-self-esteem (t = −33.12, p < 0.01), also post-test loneliness scores were significantly lower than pre-test levels (t = 4.73, p < 0.01). In the Latin American Dance group intervention group, post-test scores for self-esteem and student academic self-efficacy were significantly higher than pre-student academic self-efficacy scores (t = −26.72, p < 0.01) and pre-self-esteem (t = −31.13, p < 0.01), also post-test loneliness scores were significantly lower than pre-test levels (t = 4.73, p < 0.01). Data are reported in Table 3.



TABLE 3 Pre-test and post-test of aerobic gymnastics group/Latin American dance group intervention (N = 405).
[image: Table3]



3.3 Self-efficacy, self-esteem, and loneliness

Table 4 provides correlation and statistical information for the main variables between the five items, including self-esteem with its two sub-dimensions (positive esteem and self-deprecation), student academic self-efficacy, and loneliness. The R-value indicates the degree of correlation between each variable by identifying strong or weak correlations. The specific analysis shows that student academic self-efficacy is strongly positively correlated with self-esteem (r = 0.117, p < 0.05) and strongly negatively correlated with loneliness (r = −0.276), with a significant statistical correlation (p < 0.01). A significant positive correlation was also found between student academic self-efficacy and the two self-esteem sub-dimensions “positive self-esteem (r = 0.105, p < 0.05)” and “self-deprecation (r = 0.109, p < 0.05).” Additionally, self-esteem exhibited a significant negative correlation with loneliness (r = −0.168, p < 0.01), as well as loneliness demonstrated a significant negative correlation with two sub-dimensions of self-esteem, “positive self-esteem” (r = −0.134, p < 0.01) and “self-deprecation” (r = −0.176, p < 0.01).



TABLE 4 Descriptive statistics and Pearson correlation coefficient table (N = 405).
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3.4 Mediator’s role of loneliness

As shown in Table 5, study results indicated that in Model 1: self-esteem is an effective predictor of student academic self-efficacy (β = 0.117, p < 0.05). Consequently, in Model 2, the study employed loneliness as the dependent variable and self-esteem as the predictor variable. It was found that self-esteem had an effect on the prediction of Loneliness (β = −0.168, p < 0.01). Furthermore, in Model 3, using student academic self-efficacy as the dependent variable and self-esteem and loneliness as the independent variables, the results of the multiple linear regression analysis revealed that when the loneliness variable was included, the regression coefficient of self-esteem for student academic self-efficacy decreased (Tables 5, 6) displays total effect (c = 0.223) and direct effect (c’ = 0.138) and significant (β = 0.072, p < 0.01). As well the results show that loneliness can effectively predict student academic self-efficacy (β = −0.264, p < 0.01).



TABLE 5 Direct effect of loneliness on self-esteem and academic self-efficacy (N = 405).
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TABLE 6 Indirect effect results.
[image: Table6]

Moreover, Table 6 shows that indirect of self-esteem on academic self-efficacy via decreased loneliness was significant for 95% Boot CI (the interval is 0.012 ~ 0.088, does not include 0), and the mediation effect was 0.085, which demonstrates that loneliness mediates self-esteem and student academic self-efficacy. The findings above indicate that loneliness influences the relationship between academic self-efficacy and self-esteem among LBC students. Loneliness is perceived as a mediator.

To simplify the model, the mediating effect of loneliness in the multiple linear regression model is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Model of mediation effect (indirect effects). **Significant (p < 0.01).





4 Discussion


4.1 Summary of findings

Among Chinese LBCs, the results supported the hypothesis that artistic sports activities (Aerobic Gymnastics and Latin American Dance) intervention can significantly boost academic performance by improving students’ academic self-efficacy and self-esteem and decreasing loneliness. Moreover, based on the preconditions of loneliness being strongly negatively correlated with LBC’s self-esteem and academic self-efficacy, the findings also supported the hypothesis that loneliness was a mediator of the relationship between academic self-efficacy and self-esteem among LBCs.



4.2 Highlights and implications


4.2.1 Impact of artistic sports activities among left-behind children

The data reveals that the psychological variables of self-esteem and academic self-efficacy significantly improved after Aerobic Gymnastics and Latin American dance practice. The result is consistent with previous studies on Aerobic Gymnastics activities, which show that aerobic gymnastics cannot only have a positive effect on students’ academic performance (Marino, 2010; Lucky, 2016) but also improve their self-esteem (Marino, 2010), after a study Marino (2010) in which 64 students (8–10 years old) participated in an aerobic dance intervention once a week for 8 weeks during their physical education classes for 40 min. However, research on Latin American dance’s impact on academic self-efficacy is limited. Some studies indicate that dance participation may improve students’ academic performance, such as Higueras-Fresnillo et al. (2016) study, 714 young girls aged 11.83 ± 2.50 who participated in dance scored significantly higher in academic performance (Mathematics and Language) than those who did not. This supports our finding that Latin American dance positively impacts LBCs’ academic self-efficacy.

Additionally, a study by Sanchez (2020) found that Latin American dance (salsa) promotes compassion and healthy self-esteem in children, and Yuan (2021) concluded that Latin American dance not only has a positive effect on self-esteem and its dimensions but also can enhance learners’ mental health through better social development. A systematic review by Park (2021) found that dance movement (dance-related activities) could improve children’s self-esteem. Based on this study, research data indicate that Latin American dance interventions in LBCs can effectively improve their academic self-efficacy.

The results highlight that artistic sports activities can help LBCs become more socially connected and create peer relationships to reduce loneliness, improve a student’s self-esteem and enhance academic self-efficacy, resulting in better academic performance. Studies on the impact of artistic sports activities (Aerobic Gymnastics and Latin American Dance) on loneliness are relatively scarce. Some studies indicate that participation in sports may reduce feelings of loneliness among children, as Page et al. (1992) found that children (ages 6 to 11) who participated in sports reported lower levels of loneliness, and Weiss and Smith (2002) found that participating in sports can reduce feelings of loneliness by providing positive peer interaction. This is probably why artistic sports activities positively impact the loneliness of LBCs.



4.2.2 Mediator’s role of loneliness

This is the first research concerning whether loneliness mediates self-esteem and academic self-efficacy in LBCs. Based on the theoretical explanation in the introduction section revealed that individuals’ mental states are influenced by a combination of self-influence factors and social systems (family and peers). Therefore, the relationships individuals have with their family and peers have the potential to impact self-influence factors, such as self-esteem and academic self-efficacy, in which loneliness is one of the impacted factors that family and peers influence.

Based on the findings, loneliness mediated the relationship between academic self-efficacy and self-esteem among LBCs. There are two reasons to support this result. Firstly, student academic performance is strongly negatively correlated with loneliness after studying 438 elementary school students from 9 to 13 in China (Lian-Yun, 2013), and loneliness scores were negatively correlated with academic self-efficacy after investigating school children’s drinking behavior (mean age 13.5 years) (McKay et al., 2017). Secondly, loneliness among LBCs is closely related to the absence of parental support (Li et al., 2021) and friendship (Zhang et al., 2021).




4.3 Conclusion

The results show that Artistic Sports Activities (Aerobic Gymnastics and Latin American Dance) intervention can effectively and positively improve each psychometric test variable of students’ academic self-efficacy, self-esteem, and loneliness among LBCs in Chinese rural areas to boost students’ academic performance, which matched the research aim of this study. The results also show that loneliness mediated the relationship between academic self-efficacy and self-esteem among LBCs.

This study offers new insights into how artistic sports like Aerobic Gymnastics and Latin American Dance affect Left-Behind Children (LBCs) in three main areas: academic confidence (self-efficacy), self-esteem, and feelings of loneliness. Our work especially shows the psychological benefits of these artistic sports. We found that loneliness impacts LBCs’ feelings about themselves and their academic abilities and is crucial in linking the two. This helps us understand better how emotions and social connections influence learning and self-view among LBCs. For educators and those working with children, our findings suggest a practical way to help LBCs feel better about themselves and do better in school. By including Aerobic Gymnastics and Latin American Dance in school activities, we can address their academic needs and improve their mental health and social connections. This approach could make a significant difference for LBCs, offering them a more supportive and enriching school experience.



4.4 Limitations and future research directions

Several limitations were noticed in this study. The study examined the effects of artistic sports activities (Aerobic Gymnastics and Latin American Dance) on the academic performance of LBC, which considered the two styles as interventions. It would be more valuable to explain the impacts of different artistic sports activity styles, such as Figure Skating, ballroom dance, or Synchronized Swimming. (ii) Intervention was carried out only three semesters (one and a half years). Thus, a more comprehensive analysis of the long-term effects of our study is necessary. Meanwhile, this study did not include a control group, a limitation that merits acknowledgement. While employing a within-person/repeated measure intervention design allowed for the observation of significant differences in study outcome variables at pre- and post-intervention phases, the absence of a control group raises uncertainties regarding the extent to which observed changes can be attributed directly to the intervention, as opposed to other unobserved variables or changes occurring during the study period. Future iterations of this research will benefit from incorporating a control group to enhance the clarity and reliability of the results obtained.

For future research, these findings address a previous void in the literature, emphasizing the potential of artistic sports activities to reinforce psychological well-being among LBC groups. In the context of school psychology, this implies that interventions aimed at elevating self-esteem and mitigating feelings of loneliness can further bolster the academic self-efficacy of LBCs, thereby improving their academic performance. The increased social connectivity and peer relationship development stemming from these activities highlight their value in mitigating loneliness, thus boosting students’ self-esteem and academic self-efficacy, resulting in better academic performance. Educators, school psychologists, researchers, and practitioners should consider integrating such artistic sports activities within the school curriculum, whether in PE or art classes, to harness these psychological benefits for LBCs. Future research might explore diverse artistic sports activity formats to curate sustainable interventions and also delve into a broader spectrum of psychological metrics, like social anxiety, to yield more holistic insights into the efficacy of these artistic sports activity interventions.
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The development of motor competence is thought to be a crucial precursor to raising the trajectory of PA throughout a person’s life. The objectives of this study are to determine motor competence and the daily time of moderate and vigorous physical activity of students in 5th and 6th grade elementary in Chile, and to establish whether there are differences in motor competence according to sex and compliance with physical activity recommendations. 368 schoolchildren (M = 11.10 years; 54.3% girls) participated. To assess motor competence, the MOBAK 5–6 test was used. Physical activity was measured using ActiGraph wGT3X-BT® accelerometers. Boys (M = 3.65, SD = 2.14) showed better performance than girls (M = 2.39, SD = 1.80) in Object Control (p ≤ 0.001, PS = 0.67). For Self-Movement, the girls (M = 2.72, SD = 2.14) performed better than the boys (M = 2.40, SD = 1.86); however, there were no significant differences between the two sexes (p = 0.257). Boys (M = 48.4, SD = 22.8) presented more daily minutes of moderate and vigorous physical activity than girls (M = 35.9, SD = 16.9), with statistically significant differences (p ≤ 0.001, PS = 0.67). About MC according to compliance with the physical activity recommendations, only in Object Control there is a statistically significant difference (p ≤ 0.001; PS = 0.29) between the students who comply with the recommendations (M = 4.28, SD = 2.12) and those who do not achieve the recommended minutes (M = 2.67, SD = 1.29). By contrast, an analysis of Self-Movement found no significant difference (complies: M = 2.73, SD = 1.97; does not comply: M = 2.54, SD = 2.04; p = 0.408) between the two groups. It is necessary to generate instances that develop motor competence in all its dimensions to promote higher levels of moderate to vigorous physical activity.
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1 Introduction

Physical activity (PA) provides multiple benefits to people’s health (Telama et al., 2005); however, the number of people who comply with PA recommendations is very low (Hallal et al., 2012), including a large proportion of the child population (Aubert et al., 2022). Current worldwide PA recommendations for children and adolescents indicate that they should engage in an average of at least 60 min of mainly aerobic physical activity of moderate to vigorous intensity daily (World Health Organization, 2020), however, several studies indicate that low percentages of children and adolescents comply with these recommendations (Aubert et al., 2022). In the particular case of Chile, this situation is worse, as it is one of the countries with the worst PA-related indicators (Aubert et al., 2022). Through the use of accelerometers, several studies have objectively identified that the percentage of children and adolescents who comply with these recommendations ranges between 3.7 and 14.6% (Toledo-Vargas et al., 2020; Ceppi-Larraín et al., 2021). These figures show that sedentary behaviors can become entrenched among a high proportion of the Chilean child population if measures are not taken to address this issue (Aguilar-Farías et al., 2017). To reverse this problem, factors that favor the practice of regular PA need to be developed (Robinson et al., 2015), especially moderate and vigorous physical activity (MVPA) (Silva-Santos et al., 2021). One of these is motor competence (MC), which is thought to be a crucial precursor to raising the trajectory of PA throughout a person’s life (Stodden et al., 2008; Barnett et al., 2016; Tyler et al., 2020).

MC is defined as a person’s ability to dominate a variety of locomotor and stability skills, and control objects needed to carry out daily tasks (Utesch and Bardid, 2019). Theoretical models have suggested that MC interacts positively with PA (Stodden et al., 2008; Robinson et al., 2015), identifying MC as essential to a physically active lifestyle. Several empirical studies have confirmed this interaction based on these theoretical models, identifying a positive association between MC and PA (Holfelder and Schott, 2014; Logan et al., 2015; Lopes et al., 2020). In fact, PA and MC presented a reciprocal association across childhood and early adolescence (Lima et al., 2017).

Although the importance of developing MC in the child population is recognized, performance levels are concerning. In Europe, various studies have demonstrated that students have low MC, with a high proportion of students who require motor reinforcement (Herrmann et al., 2016; Quitério et al., 2017; Scheuer et al., 2019; Duncan et al., 2020; Wälti et al., 2022). In Latin America, particularly in Chile, the panorama is no different, and studies show low levels of MC (Martinez-Lopez et al., 2021; Rodríguez-Briceño et al., 2021; Müller et al., 2022; Quintriqueo-Torres et al., 2022; Carcamo-Oyarzun et al., 2023). Previous studies have already identified that most schoolchildren have gross motor development levels categorized as poor and very poor (Luarte et al., 2014; Bermúdez-Ferrales et al., 2015), which is why this situation has not changed in recent years. One important aspect to consider in MC development is the role of sex. There is strong evidence that boys present significantly higher levels in object control tasks, both in international (Iivonen and Sääkslahti, 2014; Barnett et al., 2016) and Chilean studies (Carcamo-Oyarzun and Herrmann, 2020; Martinez-Lopez et al., 2021; Rodríguez-Briceño et al., 2021). However, in tasks related to self-movement, there is no certain consensus, as in some studies the results indicate that girls perform better than boys (Iivonen and Sääkslahti, 2014), while in others no differences have been found between both sexes (Barnett et al., 2016). In studies within the Chilean context, the trend indicates that in the performance of boys and girls in self-movement skills there are no significant differences (Rodríguez-Briceño et al., 2021; Quintriqueo-Torres et al., 2022; Gonzalez-Huenulef et al., 2023).

Although previous studies have demonstrated the link between MC and PA (Lopes et al., 2020), further study is still needed to better understand this interaction (Barnett et al., 2022). Few studies have addressed this topic from the point of view of compliance with child physical activity recommendations; hence, this study has two purposes: (a) to determine motor competence and the daily time of moderate and vigorous physical activity of students in 5th and 6th grade elementary in Chile, and (b) to establish whether there are differences in motor competence according to sex and compliance with physical activity recommendations.



2 Method


2.1 Participants

A non-probability sample by convenience comprised 368 elementary students from 5th and 6th grade (M = 11.10, DE = 0.91 years; 54.3% girls) from five schools in la región de la Araucanía, Chile. The inclusion criteria were regular participation in physical education classes and having no health problems that would prevent them from performing the tests. All the participants had signed permission from their fathers, mothers, or guardians. In addition, each participant indicated their intention to participate by signing a consent form. The Universidad de La Frontera Scientific Ethics Committee approved the study protocol, file 125_17.



2.2 Instruments


2.2.1 Evaluation of motor competence

To assess MC, the MOBAK 5–6 test was used, which was created by Herrmann and Seelig (2017) and validated in Spanish by Carcamo-Oyarzun and Herrmann (2020). This test focuses on the resolution of 8 motor skills tasks consistent with the curricular objectives of the subject of physical education (Carcamo-Oyarzun et al., 2022). The structure of the test groups these tasks in 2 dimensions: (a) Object Control, corresponding to four tasks associated with motor manipulative skills (bouncing, dribbling, throwing, and catching), and (b) Self-Movement, comprised of four tasks linked to locomotor and stability skills (jumping, running, rolling, and balancing). Table 1 describes each of the tasks on the MOBAK 5–6.



TABLE 1 Descriptive summary of the tasks on the MOBAK 5–6 Test [adapted from Carcamo-Oyarzun and Herrmann (2020)].
[image: Table1]

There are 2 attempts for each motor task, except throwing and catching, where 6 attempts are included for each. The score is dichotomous (0 = unsuccessful, 1 = achieved). Therefore, a record of valid attempts must be kept considering that 0 times achieved is 0 points, 1 time achieved is 1 point, and 2 times achieved is 2 points. In the case of throwing and catching, considering there are 6 attempts, the score corresponds to 0 points when 0 to 2 times are achieved, 1 point for 3 to 4 times, and 2 points for 5 to 6 successful attempts. Then, the sum of the scores obtained in each task gives the score of the respective dimension, with a possible score of a minimum of 0 points and a maximum of 8 points. The application details and scoring of the MOBAK 5–6 test can be found at https://www.mobak.cl/mobak-5-6.



2.2.2 Daily time of moderate and vigorous physical activity

To measure the amount of MVPA, the ActiGraph wGT3X-BT accelerometer was used, a device that records continuous and high-resolution data of physical activity for 24 h a day. The data were downloaded with a storage time of 60 s using the ActiLife 6.13.4 software. First, sleep was detected with the options Scoring Sleep and Detection Sleep to conduct an individual review to identify possible inconsistencies. Subsequently, the time of use was validated with the Choi algorithm, and it was stipulated that for the use of the accelerometer to be valid, it had to be used 4 days, where at least 1 must be a weekend and with a minimum of 10 h of correct use per day. Finally, the intensity of the physical activity was determined with the Evenson et al. (2008) algorithm. For a student to be included in the category of compliance with the physical activity recommendations, the physical activity recommendations proposed by the World Health Organization for children and adolescents between 5 and 17 years of age were taken as the baseline, consisting of 60 min of moderate to vigorous intensity physical activity per day (World Health Organization, 2020).




2.3 Procedure

The participants were asked to wear the accelerometer constantly for 7 days straight (Tudor-Locke et al., 2015). The accelerometers were programmed with a storage time of 60 s (epochs), 4 days of minimum use with at least 1 day on a weekend, considering 10 h of use adequate for a day to be valid, stipulating its use on the right side of the waist. Then, an accelerometer was delivered to each student at school with its respective code. The correct way to use it was explained, indicating that they must keep the device on for 7 days, including sleeping, and they can only take it off for showering, swimming, or any activity that would get the strap wet. Once they had their accelerometer, the students moved to the gymnasium to take the MOBAK 5–6 test, where trained evaluators had prepared each of the 8 motor tasks. Each evaluator was in charge of 3 to 5 students depending on the number of students in each course. Each motor task was first explained and then demonstrated. An approximate time between 45 and 60 min was considered to finish evaluating the entire group.



2.4 Statistical analysis

The data analysis was performed using SPSS Statistics 25.0. Descriptive analyses of central tendency were done. To determine the normality of the sample, the Kolmogorov–Smirnov test was used. After identifying that the sample presents a non-normal distribution, the Mann–Whitney U test was used to analyze the differences in motor competence based on sex and compliance with the physical activity recommendations. p < 0.05 was considered the level of significance. The probability of superiority (PS) was calculated to determine the effect size, an analysis recommended when using non-parametric tests that seek comparisons of two groups (Li, 2016). The interpretation corresponded to PS ≥ 0.56 as a small effect size, PS ≥ 0.64 as medium, and PS ≥ 0.71 as large (Grissom, 1994). To analyze whether there are sex differences between students who comply with the recommendations and those who do not, a nonparametric Kruskal-Wallis test was used.




3 Results

Table 2 provides the descriptive analyses of the motor tasks of the MOBAK 5–6 test and minutes of MVPA per day according to the student’s sex. In terms of MC, for Object Control, the boys (M = 3.65, SD = 2.14) performed better than the girls (M = 2.39, SD = 1.80), being statistically different (p ≤ 0.001, PS = 0.67). For Self-Movement, girls (M = 2.72, SD = 2.14) and boys (M = 2.40, SD = 1.86) exhibited similar values (p = 0.257). In terms of daily time of MVPA, the boys (M = 48.4, SD = 22.8) recorded more minutes than the girls (M = 35.9, SD = 16.9), with statistically significant differences (p ≤ 0.001, PS = 0.67). Both groups’ mean MVPA daily times are below the recommended 60 min daily that the World Health Organization suggests.



TABLE 2 Descriptive statistics of motor tasks on the MOBAK 5–6 test and minutes of MVPA per day, based on sex.
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Figure 1 illustrates the percentages of compliance with the WHO’s physical activity guidelines. 29.8% of the boys complied with the 60 min of daily MVPA, a much higher percentage than the girls, as in this group, only 8.5% managed to achieve the recommended PA levels.

[image: Figure 1]

FIGURE 1
 Compliance with the physical activity recommendations according to sex.


Table 3 describes the results in MC according to compliance with PA recommendations. In Object Control, there is a significant difference (p ≤ 0.001; PS = 0.29) between the students who comply with the recommendations (M = 4.28, SD = 2.12) and those who do not achieve the recommended minutes (M = 2.67, SD = 1.29). By contrast, an analysis of Self-Movement found no significant difference (complies: M = 2.73, SD = 1.97; does not comply: M = 2.54, SD = 2.04; p = 0.408) between the two groups.



TABLE 3 Differences in motor tasks on the MOBAK 5–6 test based on compliance with physical activity recommendations.
[image: Table3]

When analyzing whether there are differences according to sex between students who comply with the recommendations and those who do not, the results indicate that in Object Control there are significant differences (H = 48.925, df = 3, p < 0.001), specifically between boys and girls who comply (p = 0.036, PS = 0.67), boys and girls who do not comply (p < 0.001, PS = 0.64), girls who comply and girls who do not comply (p = 0.024, PS = 0.34), and boys who comply and boys who do not comply (p < 0.001, PS = 0.32) (Figure 2). Regarding the results of Self-Movement, no significant differences were found between the groups (H = 3.712, df = 3, p = 0.294).
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FIGURE 2
 Comparison of motor competence according to sex between students who comply with the recommendations and those who do not. (A) Object control; (B) Self-movement. *significant differences at the level of p ≤ 0.05; **significant differences at the level of p ≤ 0.001; n.s., means no significant differences.




4 Discussion

This study sought to analyze the MC and daily time of MVPA of 5th and 6th-grade elementary students in Chile and to establish if there are differences in MC based on sex and compliance with PA recommendations. The results referring to MC according to sex indicate that, in Object Control, there is a significant difference between the two groups, where the boys perform better than the girls, confirming this trend posited in international studies (Iivonen and Sääkslahti, 2014; Barnett et al., 2016; Brian et al., 2019) within the Chilean context (Carcamo-Oyarzun and Herrmann, 2020; Martinez-Lopez et al., 2021; Rodríguez-Briceño et al., 2021). In reference to the tasks associated with Self-Movement, girls obtained similar values than boys which is consistent with the findings of the systematic review by Barnett et al. (2016), where no differences or associations were determined according to sex in locomotor or stability tasks. Studies with a Chilean school population also agree with this tendency (Rodríguez-Briceño et al., 2021; Quintriqueo-Torres et al., 2022; Gonzalez-Huenulef et al., 2023). These differences could be explained by the existing stereotyping of physical activities, where the boys tend to participate in ball sports, whereas the girls participate in activities associated with body control (Crane et al., 2015; Temple et al., 2016).

With respect to the amount of MVPA that they do on average per day, the students analyzed reached a mean of 41.6 min of MVPA, below the times found in studies with Spanish students, who reached means between 53 and 56 min per day (Martínez Martínez et al., 2012; Calahorro-Cañada et al., 2015). In addition, the values of the Chilean students are below students in Australia (65 min per day) or Canada (58 min per day), although approaching students in India (48 min per day) and Brazil (44 min per day) (Thivel et al., 2019). When analyzing possible differences concerning sex, it is observed that boys perform more MVPA than girls, which coincides with other studies where boys are also found to be more active than girls (Glinkowska and Glinkowski, 2018; Gutierrez-Hervas et al., 2020; Ceppi-Larraín et al., 2021). This situation could be due to multiple factors, both biological, such as the structure of the muscle cells induced by sex hormones (Wang et al., 2019), and cultural, where boys receive more support and opportunities than girls for participating in certain physical activities (Temple et al., 2016).

Regarding the proportion of schoolchildren who meet the PA recommendations proposed by the WHO (60 min daily with moderate to vigorous intensity), in the sample studied, 18.2% reach this figure, which is higher than previous studies on the Chilean population, where it was identified that only 10.5% comply with this recommendation (Aguilar-Farias et al., 2021). Even so, these proportions show that most children in Chile do not comply with the current directives on PA, making it necessary to produce strategies that promote the factors associated with regular participation in physical activities (Guthold et al., 2020). Considering that MC is recognized as a factor that interacts bidirectionally with participation in PA (Barnett et al., 2022) when analyzing the MC results in terms of compliance with PA recommendations, it is noted that in Object Control, the children who comply with the PA recommendations show better results than the rest, with a significant difference. This situation is confirmed in comparisons by sex, where girls and boys who comply with PA recommendations differ significantly from their respective peers who do not comply. The results in Object Control agree with this MC-PA bidirectionality (Barnett et al., 2022); however, with respect to Self-Movement, although the students who comply with the PA recommendations have slightly higher values than those who do not, these differences are not statistically significant.

When the interaction between sex and PA recommendations was analyzed, interesting findings were obtained in object control skills. Boys and girls who comply with PA recommendations outperformed their peers who do not comply. These results underscore the need to offer programs to increase regular participation in PA, which includes activities that enable the development of the two dimensions of MC. Several studies have identified that the students who participate in physical-sport workshops outside school do more PA and present better indicators in their MC (Strotmeyer et al., 2020; Müller et al., 2022; Wälti et al., 2022; Carcamo-Oyarzun et al., 2023). Thus, the results of this study serve as input for teachers on which to base their methodological strategies oriented to the development of MC. At the same time, schools can promote activities that offer opportunities for their students to have various options for PA, like extracurricular workshops focusing on developing MC. Moreover, we cannot leave out the promotion of public policies where the aforementioned measures are reinforced to strengthen the development of schoolchildren and generate active and healthy lifestyles over time. These results are important not only because they add to the limited evidence that exists in Latin America on this issue, but also because they highlight the need to take measures to promote physical activity and the development of physical literacy in this region (Ortega-Benavent et al., 2024).

Despite the relevant findings presented, this study is not without limitations. It is possible to mention that the study design, being cross-sectional, does not determine causal links between MC and PA. Another limitation is that it must be borne in mind that the number of schoolchildren who comply with PA recommendations is very low, which is why the differences encountered must be considered with caution. Furthermore, this study did not consider the type of PA that students develop or its context, which could have given more robust information concerning the results of MC based on compliance with PA recommendations. However, it is also important to highlight the strengths of the study, which lie in the instruments used for data collection. The measurement of MVPA time using accelerometers stands out, providing much more objective data than other assessment tools, such as self-reported questionnaires. On the other hand, it is also important to point out that the evaluation of MC has been performed previously with a test validated for the school population participating in this study. For future studies, we recommend considering other intensities in addition to MVPA, and even considering compositional and isotemporal analyses, to see if increasing a certain number of minutes of MVPA at the expense of sedentary or light PA can help to achieve the minimum recommendations. In addition, we recommend to use longitudinal designs to understand the bidirectionality in the interaction between MC and PA, as well as the inclusion of underlying variables that act as mediators in this association, such as perceived MC and health-related physical conditioning.

In conclusion, in this study, differences were found in MC according to the sex of the students, specifically in the dimension Object Control, where the boys present a better motor performance in these tasks than the girls. By contrast, no significant differences were noted between the two groups in the dimension Self-Movement. Regarding the time of MVPA, the analyses revealed differences between boys and girls, with the boys presenting more minutes of daily activity in this range of intensity. In addition, most children do not manage to reach to complete the recommendations of 60 min daily of MVPA. In that sense, the children who comply with the recommendations of 60 min of MVPA daily present higher MC values in the dimension Object Control than those who do not, whereas in the dimension Self-Movement, the two groups do not differ. This highlights the need to implement strategies that develop MC and promote PA programs both at school and beyond, offering more alternatives for participation that can stimulate adherence to the regular practice of PA.
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Physical Education has had to evolve and change throughout history to adapt to the demands of society. As a result, teachers have had to seek pedagogical alternatives to ensure that students are active, motivated, and engaged in the classroom. This approach allows for the development of motor, cognitive, and socio-emotional skills in students, ultimately contributing to the holistic development of the individual, which is the primary goal of education. Out of this intrinsic need for Physical Education, Alternative Sports have emerged, providing opportunities for different types of learning compared to more traditional sports. Cornerball, a hybrid between split-court and wall-based sports, played in a somewhat unique playing area—a 90° corner, is introduced with the aim of offering a new Alternative Sport. The objective of this descriptive study is to present a new pedagogical proposal designed for the educational context, highlighting its characteristics and fundamental aspects to consider, such as rules, the playing field, participants, and methodological strategies for its implementation within a Physical Education classroom. Therefore, the aims and purposes of this work are to describe a new sports game so that in the future, more detailed and specific empirical studies can be proposed.
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1 Introduction

The Physical Activity (PA) configures a mechanism of great importance for today's society. It contributes to raising awareness about the significance of movement in the well-being and health of the population. Through an active and healthy lifestyle, potential pathologies in the youngest can be prevented, obtaining benefits not only for physical health but also for psychological and behavioral aspects among students (1, 2). To achieve this, the educational system relies on a powerful tool: Physical Education (PE).

Over the past few years, PE has undergone modifications in its curricular elements (3) to become a more comprehensive model, adapting to modern times and addressing the educational needs posed in the 21st century (4). To adjust to these changes and requirements, PE teachers must seek new formulas to motivate their students, adapting basic content in their classes, such as motor skills or games and sports (5).

The primary purposes of the PE area within our country's educational system encompass physical-motor development, the creation and recreation of physical culture, and the comprehensive development of individuals (4); To achieve these aims, an element such as games is available. Games are understood as human activities that undergo modifications depending on the society or culture in which they develop. Through games, students expand their knowledge via physical-motor, cognitive, affective-emotional learning, teamwork, and value education (6–9). Similarly, play holds a very valuable cultural value from the perspective of those who engage in it, making it a powerful tool for Physical Education teachers to achieve holistic child development (10, 11). Given that sociomotor sports, containing a social component, fit perfectly into Physical Education classes, they foster valuable attitudes and social skills (10).

On the other hand, sport is considered one of the primary tools within PE to achieve its pedagogical objectives (12). Educational sport is one of the basic and most developed contents in PE (13). It should distance itself from high-performance sports by reducing competitiveness (14), focusing on transmitting values, and reinforcing regular practice of physical-sporting activity among students (15, 16).

However, certain sports considered “traditional,” characterized by excessive competition or regulation, fail to motivate students (17–19). In the same line, Gil-Madrona et al. (10) note that popular sports activities are very present in a child's motor biography, making it less likely to surprise and motivate them in PE classes. Therefore, alternative, inclusive, and challenging sports should be proposed to achieve maximum student participation, regardless of their abilities (20–22). From this necessity, arise sports known as “alternative sports” (AS). AS lacks a universally accepted definition due to a lack of standardization of their peculiar and individual characteristics encompassing all of them (23). AS share common elements such as active student participation, value transmission, flexible regulations, and the use of innovative, original, and alternative equipment (24–26), sidelining competitiveness and results to be more appealing to students (27).

Therefore, Feu (24) recommends the inclusion of this type of sport in PE classes. They describe it as a more educational approach since all students start from the same level of knowledge about the game and a more equal motor competence to generate new motor situations and, consequently, new learning.

Consequently, AS could be defined as those departing from the standard using physical-sporting practice, alternative materials, facilities, etc., as fundamental elements to achieve educational objectives and value transmission, enhancing student motivation, emphasizing cooperation over competition, thus promoting healthy lifestyle habits and an active lifestyle (13, 28, 29).

On the other hand, classifying these sports is somewhat complicated because, depending on their understanding, the type of sport, implements to use, time, participation, etc., various classifications exist, such as those by Ellis (30), Almond (31), or Méndez-Giménez (32), among others.

To locate this new proposal, Méndez-Giménez's (32) classification, a modification of Almond's proposal in (31), will be used. It proposes classifying sports into: invasion sports, wall or barrier sports, divided court sports, striking and fielding sports, moving target sports, and fixed target sports with or without opposition.



2 Alternative sports in physical education

The AS arise from the need to foster “sports for all,” diverging from the traditional archetype dictated by the requirements in high-performance sports and federative guidelines, wherein only those with better physical abilities fit (33). Consequently, AS prioritize cooperation, values, satisfying experiences, and, notably, the promotion and practice of PA (13). Furthermore, they modify rules or norms, as well as structural elements of traditional sports, to achieve comprehensive student development (27, 34).

Contemporary society demands the application of methodologies, adequate resources, training … in short, seeking alternatives to ensure that learning resonates with students and, thereby, achieve comprehensive individual development (35). Teachers design their sessions based on their experiences, training, available facilities… (36). Therefore, similar to other authors (25), it is proposed and defended to utilize AS in the educational context.

The application of different sports, termed “alternative,” yields a series of benefits supported and confirmed in scientific literature. Firstly, they provide physical benefits by increasing physical-sporting activity during the play of certain alternative sports compared to traditional ones (37–40). Additionally, concerning co-education and gender equality, through Quidditch (41, 42) or Korfball (43, 44), it has been demonstrated that social stereotypes decrease, providing more opportunities than other more traditional sports. Along the same lines, through Pinfuvote, it has been shown to contribute to the development of sporting attitudes and values, cooperation, teamwork, and, of course, healthy lifestyle habits (45–48).

Moreover, increased physical activity has been found in co-educational classes, with girls' participation standing out in playing Korfball (49) and Kinball (40). Related to this, students have preferred co-educational orientation in PE classes (50). Conversely, in other studies, it has been demonstrated that boys practice more in the sports field, regardless of the type of sport (51).

Furthermore, it has been evidenced that the use of an alternative sport vs. a traditional one favors student participation and motivation in PE classes (13, 52), additionally enhancing aspects related to involvement and motivation when applying teaching models like the Sports Education Model (SEM) (53).

Due to the surge of AS in the Physical Education classroom such as Ringol (20), Twincon (22), Goubak (21), Unihoc (29), Pickleball [Barranca-Martínez, Hernández-Beltrán, & Gamonales (54)], Brokenball (55), or Artzkirol (56) among others, the following is proposed in this document: to describe and detail the characteristics of a new alternative sport to be used in Physical Education classes and thereby achieve the acquisition of new learning and motor behaviors. Since, in each different game situation, one can appreciate the operation of different logics based on the structure of the game, its internal logic, or the possible relations of cooperation or opposition (57). Therefore, split-court sports have highlighted the constant interaction among players, thus promoting the development of cognitive and tactical skills. Likewise, wall and court sports challenge spatial perception and foster quick decision-making in the face of unpredictable rebounds. Hence, this proposal is highly suitable for generating motor learning by blending skills from both sports and utilizing key aspects of both types of sports.

However, in physical education, there are other sporting alternatives, ambivalent and with optimal playability, such as motor triads, which are those sports games that intermix 3 opposing teams, generating the phenomenon of the paradox of being able to cooperate with one team at a specific moment of the game or, on the contrary, oppose and collaborate with the opponent (58, 59). This alternative also holds high educational value by fostering communication among participants to achieve the teaching-learning process (60) and involving decision-making processes with a playful sense (61).


2.1 Pedagogical justification

As current legislation on Primary Education (62), states, “one of the objectives of Physical Education at this educational stage is the approach to cultural manifestations of a motor nature and the development of all decision-making processes involved in the resolution of motor situations” (62).

To achieve this, the execution of motor actions in different situations and spaces will allow the development of motor, cognitive, affective, and social skills.

To address this, the educational curriculum for Primary Education (ages 6–12) includes a content block entitled “Problem-solving in motor situations”, with a transdisciplinary approach aimed at developing individual, cooperative, oppositional, and collaboration-opposition motor actions (62), within which the proposal of this sport, Cornerball, is framed. We highlight:

Block C “Problem-solving in motor situations” (62).


	•Decision making: Coordination of actions with peers in cooperative situations. Adjustment of action to the opponent's location in motor situations of pursuit and interaction with a mobile object.

	•Perceptual-motor abilities in practice context: integration of body schema; body awareness; laterality and its projection in space; eye-foot and eye-hand coordination; static and dynamic balance.

	•Conditional capacities: basic and resultant physical capacities (coordination, balance, and agility).



Furthermore, it presents another block, named “Emotional self-regulation and social interaction in motor situations”, which focuses on the development of social skills and the promotion of constructive and inclusive relationships among participants in these motor contexts (62). We highlight:

Block D “Emotional self-regulation and social interaction in motor situations” (62).


	•Social skills: verbalization of emotions derived from interaction in motor contexts.

	•Respect for game rules.

	•Concept of sportsmanship.



Concept of fair play or “sportsmanship”. Similarly, legislation regarding Compulsory Secondary Education (12–16 years) also divides the Physical Education subject into the same content blocks (62).

Block C is also referred to as “Problem Solving in Motor Situations,” and Block D as “Emotional Self-regulation and Social Interaction in Motor Situations” (62).

Just like in Primary Education, the contents of these blocks are also suitable for development through our sport. We list the following:

Block C “Problem Solving in Motor Situations” (62):


	•Decision-making: Group guidelines to optimize the group's motor resources for resolving the action/task in cooperative situations. Adapting one's own movements to the actions of the opponent in opposition situations.

	•Delimitation of prior attack and defense strategies based on the characteristics of the team members in collaboration-opposition motor situations involving pursuit and interaction with a mobile object.

	•Conditional capacities: development of basic physical capacities.

	•Specific motor skills associated with technique in physical-sporting activities.



Block D “Emotional Self-regulation and Social Interaction in Motor Situations” (62):


	•Emotional self-regulation: Mood control and failure management strategies in motor situations.

	•Respect for rules: Fair play at different levels of sport and physical activity.

	•Identification and rejection of behaviors contrary to coexistence in motor situations.






3 Cornerball: description of the proposal

Cornerball is presented as a hybrid recreational-sporting modality that blends two very characteristic types of sports: court-divided sports and wall sports. Both share common principles; they aim to send the mobile object to an opponent's area to gain an advantage or prevent its correct return (63).

Specifically, court-divided sports involve players positioned face-to-face, separated by a net (line, rope, or a “dead” zone), aiming to send the object over it to gain an advantage or hinder the opponent's return (64). Similarly, wall sports involve sending an object against a wall, exchanging hits indirectly (after contact with the wall), making it challenging for the opponent to return (64).

The shared principles between these two sports include alternative participation (no possession dispute over the object), opposition (one or more opponents with opposing intentions), spaces (separated in court-divided games or shared in wall sports where the wall is crucial for gameplay), game objectives (making the object touch the ground twice or having the opponent take it out of the field boundaries), the object itself (varying in sizes or materials), or the use of implements (utilizing one or both body segments) (64, 65).

Moreover, the sporting gesture of hitting (defensive and offensive) is a common technical element in both sports (64). In terms of shared tactical aspects, there is a need to send the object to a distant area of the field (66), move the opponent to a specific zone, leaving the field open, or exploit the opponent's weaknesses (64).

This document aims to showcase the development and implementation of a new alternative sport by modifying the main variables that make up the general structure of sports games (object, implements, net, spaces, time, players, and rules) (64).


3.1 Cornerball court


3.2.1 Playing field


	•The playing field consists of two walls forming a 90-degree angle.

	•The playing area is delimited by an arc, drawn from wall to wall with an 8 m radius measured from the vertex formed by the two walls and the ground.

	•The no-bounce zone after the serve is set at 2 m.

	•The total area of the playing field is 50.26 square meters.

	•The court is divided into 2 halves of 45 degrees by a net.

	•The lines marking the arc (baseline), the no-bounce line, and the vertical line (wall) at the end of the field will be 5 cm wide and white.





3.2.2 Net


	•The net spans 8 m from the angle formed by both walls, dividing the field into 2 halves of 45 degrees.

	•The net is suspended at 0.85 m above the ground, rising at its ends to a maximum of 0.90 m.

	•The net is suspended using a metal cable with a maximum diameter of 0.01 m, connected at its ends to a pole that can have a maximum height of 0.85–0.95 m and can be anchored to the ground for national or international competitions. Alternatively, at the vertex between the two vertical walls, the net can be connected to a hook at 0.85–0.90 m.

	•For initial sports training or facilities not specifically prepared for Cornerball, the poles can be mobile and supported on the ground with horizontal supports.

	•The net poles are positioned so that their outer surfaces align with the edges of the baseline and the corner. These poles may have a circular or square shape, but they must have rounded corners. Also, the pole placed in the corner must have a corner-shaped support foot to fit without obstructing the game (Figure 1).

	•The net is finished with an upper band of 0.05 m width in white, and the cable securing the net runs through its interior.

	•The net must be fully extended to occupy the entire space between the poles and the court surface, leaving no space between the net's ends and the poles.

	•The threads will be made of artificial fibers, and the mesh size will be small enough to prevent the ball from passing through.




[image: Figure 1]
FIGURE 1
Playing field. Perspective 1.





3.2 Cornerball materials

For the development of Cornerball, specific characteristics for the ball and paddle are necessary (Figures 2, 3).


[image: Figure 2]
FIGURE 2
Playing field. Perspective 2.



[image: Figure 3]
FIGURE 3
Cornerball net.


The ball will be made of soft rubber, with a uniform surface in a striking color. Its dimensions should range between 5 cm and 6 cm in diameter (Ø), weighing between 45 and 50 g.

The paddle consists of two parts: the head and the handle in a single body. The paddle material should be rigid, non-compressible, such as plastic, layers of fiberglass, and/or carbon, providing stiffness and comfort. Additionally, the striking surface will be the same on both sides, which may be flat, smooth, or textured. It must have a non-elastic cord or strap for wrist attachment at the end of the handle as a safety precaution, which must be mandatory:


	•Handle: The handle will have a length of 12 cm–15 cm, a width and thickness of 3 cm–5 cm.

	•Head: The head's length, added to the handle's length, should not exceed 40 cm. It will have a maximum width of 18 cm–20 cm and a maximum thickness of 10 mm–15 mm.

	•Weight: The weight will depend on the material used in construction.





3.3 Cornerball participants

Cornerball is an inclusive and innovative alternative sport in which athletes can compete individually or in pairs, although the preferred mode is mixed pairs.

Each pair of players will position themselves on each side of the net, located on opposite ends of the court. The player initiating the ball into play serves (server), and the one responding is the receiver (receiver).

The receiving player can position themselves anywhere in their court, as can their partner and the partner of the server, except during the serve when all 4 players must be outside the court.

Additionally, player participation must alternate; when a player hits and sends the object to the opposing court, they must immediately step back to allow their partner to take over the playing space. Furthermore, except during the serve, players can position themselves wherever they deem suitable for gameplay.



3.4 Cornerball regulation


3.4.1 Rule 1: scoring system

The scoring system in Cornerball operates as follows: there is no time limit, and the match consists of 3 sets of 15 points, without a points advantage. The first team to win two sets wins the match. The unique aspect of the scoring system in this new alternative sport is that both teams start at 15 points, and the first to reach zero wins.



3.4.2 Rule 2: the serve

The court sides will be determined by a draw before the match begins, and sides will change after each set. The first serve of each set always starts from the left side of the court, facing the corner.


	(a)The serve is executed from behind the baseline, bouncing once inside the court.

	(b)During the serve (see Figure 5), the ball must be at waist level or below, and the player must keep at least one foot in contact with the ground.

	(c)After the serve, the ball needs to hit the wall on the serving player's side of the court. Once it touches that wall, it must bounce off the opposite wall and cross the “no bounce zone” area (see Figure 4) for the point to continue.

	(d)While serving, the player cannot walk, run, or jump. Small foot movements that do not affect the initial position are allowed.

	(e)The serve is considered made the moment the ball is hit or attempted to be hit, even if unsuccessful.

	(f)The team that has the right to serve for the first point of each set decides which of its members will start the serve. The serving rights always belong to the team that lost the previous point, preventing consecutive winning serve points, as the winning team gives the serve to the opposing team. Also, the serve alternates between the members of the pair as long as the point is lost.

	(g)The serving player must not serve until the receiving player is ready. However, the receiving player must adapt to a reasonable pace set by the server and be ready to receive the serve when the server is ready to execute it.




[image: Figure 4]
FIGURE 4
Cornerball paddle.



[image: Figure 5]
FIGURE 5
Cornerball ball.




3.4.3 Rule 3: service fault


	(a)The serving player fails to hit the ball at all in their attempt.

	(b)The ball bounces out of the reception area or within the “no bounce zone,” including the lines that define this area (the lines are considered in play).

	(c)The ball hits the server, their partner, or any object they carry.

	(d)If the ball, after hitting the double wall, touches the net before bouncing in the opposing court, it's considered a let, and the serve point is repeated.





3.4.4 Rule 4: the return of service


	(a)The receiving player must wait for the ball to bounce within their service reception area and hit it before it touches the ground a second time.

	(b)The pair receiving the serve for the first point of each set will decide which of the two will start the return. Subsequently, there will be an alternating returner, mirroring the server's pattern. The last player to intervene in the winning team cannot return the serve. This avoids individual matchups during the set.

	(c)If the ball hits the player receiving the serve or their partner, or if they touch it with the paddle before it hits the ground, a point is awarded to the serving team.





3.4.5 Rule 5: ball in play

The ball is considered in play from the moment it is hit by the serving player until the referee calls let or decides the point, passing the serve to the corresponding team. Players must alternate hitting the ball.



3.4.6 Rule 6: interference

Interference in the game occurs when a player intentionally or unintentionally impedes or obstructs the opponent's hit. In the former case, the point is awarded to the opponent, and in the latter, the point is replayed.

If the in-play ball hits an object not part of the game, such as another ball or any external element on the opponent's court, it is considered interference, and the point is replayed.



3.4.7 Rule 7: lost point

A player or pair will lose a point if:


	(a)A player, their paddle, or any object they carry touches any part of the net, including the posts, or the opposing court while the ball is in play.

	(b)The ball bounces twice on the court before being returned by the corresponding player.

	(c)The ball bounces out of the court boundaries, both vertically and horizontally.

	(d)The ball is hit with a body part other than the paddle.

	(e)The ball is hit more than once by a player before touching the wall (double hit).

	(f)The net, paddle, clothing, or any body part touches it after hitting the ball.

	(g)The ball bounces on their own court before touching the wall.

	(h)The ball fails to touch both walls (own and opposing) before bouncing in the opposing court.

	(i)The ball hits their wall, the opposing wall, and returns to their own court without bouncing first in the opposing court.

	(j)During the serve, the player steps on the line or the court.

	(k)During the serve, the ball doesn't bounce inside the court before being hit by the serving player.

	(l)Only one player of the pair can hit the ball during the return. If both players simultaneously or consecutively hit the ball, they will lose the point.

	(m)The player commits a fault on their first serve.

	(n)The paddle is not held by the player at the time of the hit.





3.4.8 Rule 8: won point. ULE 8


	(a)If the ball, after bouncing in the opposing court, cannot be returned correctly by the opponent, the point is awarded to the player or pair that made the winning shot.

	(b)If the hit ball touches both walls, bounces in the opposing court, and returns to the same court from where it was hit, the point goes to the player who made the hit.

	(c)If the ball bounces in the opposing reception area and touches the net before the second bounce or the opponent's hit.





3.4.9 Rule 9: double point

It's possible to score 2 points if the ball is hit before it touches the ground (volley), bouncing off both walls and achieving a point by hitting one's wall, the opposing wall, and then double bouncing in the opponent's court. In all other instances, the scored point will be 1.




3.5 Cornerball: behavior and discipline

Each competitor must maintain respectful and courteous behavior at all times while in the setting of any competition, even if not actively playing, showing consideration toward all individuals present. It is prohibited for players to forcefully throw the paddle or ball in any direction outside the court or execute an aggressive pass across the net when the ball is not in play.

In the same vein, both coaches and players must uphold appropriate behavior, understanding that penalties imposed by referees during the match will accumulate. Once the match commences, the game must proceed without interruptions, and no player can delay it without a valid reason that exceeds the established time limits.

Furthermore, aggressive behaviors, attitudes, and gestures contrary to the sportsmanship spirit from players, especially when directed at the Chief Umpire, referee, opponents, teammates, spectators, or anyone involved in the tournament, will be considered verbally abusive conduct. This encompasses insults and any oral expression implying evident disdain or mockery, even if not a direct insult.

Any violation of these mentioned aspects during the match will be penalized by the tournament's Chief Umpire according to the following classification:


	•First offense: Warning (yellow card).

	•Second offense: Warning with point loss (orange card).

	•Third offense: Warning with disqualification (red card).



It's important to note that infractions committed by both members of the pair, and even their accredited coach, will be cumulative. Furthermore, the Competition Committee may impose additional penalties for the same incident as per the Sports Discipline Regulations.

In cases of extremely serious infractions, such as physical or severe verbal aggression, the Judge/Referee has the authority to immediately disqualify the player or coach responsible for the offense. If disqualification occurs during a match, the player will lose the match and must exit the competition. If the disqualification involves a coach, captain, or registered and accredited player in the tournament, they will be disqualified and must leave the competition.



3.6 Cornerball: methodoloy strategies

In order to implement the teaching of Cornerball in physical education classrooms, a series of methodological strategies are proposed for its instruction. One of the primary strategies to teach Cornerball involves utilizing small-sided games, mini-games, or task-oriented play, facilitating the acquisition of technical-tactical actions for all students, including those less skilled (67).

Additionally, increasing the height of the net can slow down the game, aiding in reaction time and enabling the recovery of optimal playing positions (68).

Furthermore, the Teaching Games for Understanding (TGfU) model by Bunker and Thorpe (69) could be employed, aiming to teach this new activity where students comprehend how to play and solve real game situations. This begins with modified and simple rules to ensure game continuity, adapting them to the psycho-physical characteristics of individuals (64). This approach allows students to assimilate and understand the nuances of the new activity. It helps foster tactical thinking and an awareness of game situations, as well as develop an appropriate language to express these situations (70).

Devís and Peiró (71) suggest that adaptable materials in racket sports play a crucial role. For instance, using a larger or lighter ball can reduce the speed of the game until students acquire sufficient skills to transition to standard equipment (68). Other elements that can be modified, aside from equipment, include playing without a net, using paddle rackets, allowing for double bounces, among others.

Moreover, another available methodological strategy for teaching and motivating students in this proposed activity is the Sport Education model proposed by Siedentop (72, 73). This model organizes the structure akin to a sports season. Students are organized into teams, fostering a sense of belonging to a group, instilling values of group cohesion, and acquiring social competencies and skills. Additionally, it involves a temporal organization with a competition schedule and a record of actions performed by the students.




4 Conclusions

Physical Education, much like the educational system, must progress, change, and adapt to the shifts and advancements occurring in today's society. Employing new methodologies, resources, or innovative teaching approaches to motivate students and capture their attention during classes is crucial. This ensures they can undergo an adequate teaching-learning process and, consequently, acquire the necessary knowledge to navigate contemporary society. It is from this need that Alternative Activities (AAs) emerge as a key content to teach in Physical Education (PE), fostering the holistic development of individuals.

Thus, the alternative sport Cornerball is presented as a game directly applicable within physical education classes. This sport enables the exploration of diverse motor situations and various social contexts.

Cornerball not only contributes to physical and motor benefits but also enhances fundamental physical capacities. It develops perceptual-motor abilities by addressing spatial-temporal control and bodily coordination, foundational elements supporting overall coordination and equilibrium.

Ultimately, there's an expressed need for further research and interventions in Physical Education classes to demonstrate the utility of these alternative sports. This aims to underscore the necessity of integrating them into the teaching-learning process to facilitate the acquisition of new knowledge and skills.



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

PD-F: Conceptualization, Data curation, Investigation, Writing – original draft, Writing – review & editing. BR-L: Formal Analysis, Methodology, Writing – original draft, Writing – review & editing. DR-C: Data curation, Formal Analysis, Resources, Software, Writing – original draft. AR-C: Formal Analysis, Funding acquisition, Methodology, Project administration, Validation, Writing – original draft. SL-G: Conceptualization, Project administration, Resources, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

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



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

1. Ortega FB, Ruiz JR, Castillo M. Actividad Física, condición física y sobre peso en niños y adolescentes: evidencia procedente de estudios epidemiológicos. Endocrinología y Nutrición. (2013) 60(8):458–69. doi: 10.1016/j.endonu.2012.10.006

2. Yanci J, Vinuesa A, Rodriguez J, Yanci L. El tiempo de compromiso motor en las sesiones de Educación Física del primer y segundo ciclo de Educación Primaria. J Sports Sci. (2016) 2(2):239–53. doi: 10.17979/sportis.2016.2.2.1447

3. Rodríguez-Torres AF, Chicaiza-Peneida LE, Cusme-Torres AC. Metodologías emergentes para la enseñanza de la Educación Física. Olimpia. (2022) 19(1):98–115.

4. López-Pastor V, Pérez-Brunicardi D, Manrique-Arribas JC, Monjes-Aguado R. Los restos de la Educación Física del Siglo XXI. Retos: Nuevas tendencias en Educación Física, Deportes y Recreación. (2016) 29:182–97. doi: 10.47197/retos.v0i29.42552

5. Moya-Mata I, Ros-Ros C, Menescardi-Royuela C. Los contenidos de educación física a través de las imágenes de los libros de texto en educación primaria. Apunts: Educación Física y Deportes. (2014) 118(4):40–7. doi: 10.5672/apunts.2014-0983.es.(2014/4).118.04

6. Devís J. El juego en el currículum de la Educación Física: aproximación crítica (o el reino de lo posible en la postmodernidad). Revista Educación Física y Deporte. (2008) 27(2):79–89. doi: 10.17533/udea.efyd.2249

7. García-Puchades W, Chiva-Bartoll Ó. El juego como proceso de subjetivación y su justificación en el currículum de educación física. Cultura, Ciencia y Deporte. (2018) 13(38):147–56. doi: 10.12800/ccd.v13i38.1070

8. Labiak O, Taques MJ, Ribeiro-Honorato IC. Esportes alternativos badminton e mini tênis: experiências no contexto do ensino médio. Lecturas: Educación Física y Deportes. (2018) 22(236):32–6.

9. Ladino PK, González-Correa CH, González-Correa CA, Caicedo JC. Ejercicio físico e inteligencia emocional en un grupo de estudiantes universitarias. Revista Iberoamericana de Psicología del Ejercicio y el Deporte. (2016) 11(1):31–6.

10. Gil-Madrona P, Pascual-Francés L, Jordá-Espi A, Mujica-Johnson F, Fernández-Revelles AB. Afectividad e interacción motora en juegos motores populares en la escuela. Apunts Educación Física y Deportes. (2020) 139:42–8. doi: 10.5672/apunts.2014-0983.es.(2020/1).139.06

11. Mendoza M, Analuiza E, Lara L. Los juegos populares y su aporte didáctico en las clases de educación física. EmásF Revista Digital de Educación Física. (2017) 44:70–93.

12. Ferrer A. Análisis de la reforma de Thomas Arnold a través del concepto de función moralizadora de Hernández Álvarez, JL (1996): El deporte moderno y la génesis del movimiento olímpico. Citius, Altius, Fortius: Humanismo, Sociedad y Deporte: Investigaciones y Ensayos. (2012) 5(1):119–30.

13. Robles J, Robles A. La participación en las clases de educación física la ESO y Bachillerato. Un estudio sobre un deporte tradicional (Balonmano) y un deporte alternativo (Tchoukball). Retos: Nuevas Tendencias en Educación Física, Deporte y Recreación. (2021) 39:78–83.

14. Requena Ó. Juegos alternativos en educación física: flag football. Revista Digital Innovación y Experiencias Educativas. (2008) 4(3):1–10.

15. Jaquete C, Ramírez E. Datchball y Colpbol como recursos para promover la inteligencia interpersonal: Experiencia didáctica aplicada con chicas y chicos de Educación Secundaria. Retos Nuevas tendencias en Educación Física, Deportes y Recreación. (2021) 42:470–7. doi: 10.47197/retos.v42i0.86991

16. López A, Vega C. Tendencias contemporáneas de la clase de educación física. Cuadernos IMCED. Serie Pedagógica (2000).

17. Caldevilla-Calderón P, Zapatero-Ayuso JA. Los deportes alternativos como contenidos para la Educación Física en Educación Secundaria. Retos: Nuevas tendencias en Educación Física, Deportes y Recreación. (2022) 46:1004–14. doi: 10.47197/retos.v46.94422

18. Escamilla A, Alguacil M, González-Serrano MH. Variables predictoras de la motivación deportiva en estudiantes de secundaria federados y no federados. Retos Nuevas tendencias en Educación Física, Deportes y Recreación. (2020) 38:58–65. doi: 10.47197/retos.v38i38.73551

19. Stidder G, Hayes S. Equity and inclusion in physical education and sport: themes and perspectives for practitioners. In: Stidder G, Hayes S, editors. Equity and Inclusion in Physical Education and Sport. London: Routledge (2013). p. 1–16.

20. González-Coto V, Gámez-Calvo L, Hernández-Beltrán V, Gamonales JM. Ringol: Deporte alternativo en inclusivo en el ámbito educativo. VIREF Revista de Educación Física. (2022) 11(4):119–31.

21. González-Coto V, Hernández-Beltrán V, Gámez-Calvo L, Gamonales JM. Goubak: deporte de equipo para las clases de Educación Física. Lecturas: Educación Física y Deportes. (2022) 27(295):165–79. doi: 10.46642/efd.v27i295.3465

22. González-Coto VA, Hernández-Beltrán V, García-Espino N, Gamonales JM. Twincon: deporte coeducativo e inclusivo. Logía, educación física y deporte: Revista Digital de Investigación en Ciencias de la Actividad Física y del Deporte. (2022) 3(1):28–39.

23. Martínez-Hita F. Nuevos deportes para una nueva Educación Física. Lecturas: Educación Física y Deportes. (2018) 23(243):1–10.

24. Feu S. ¿Son los juegos deportivos alternativos una posibilidad para favorecer la coeducación en las clases de Educación Física? Campo Abierto Revista de Educación. (2008) 27(2):31–47.

25. Fierro S, Haro A, García V. Los deportes alternativos en el ámbito educativo. E-Motion. Revista de Educación, Motricidad e Investigación. (2016) 6:40–8. doi: 10.33776/remo.v0i6.2800

26. López-Corredor A. La iniciación deportiva en la Enseñanza Primaria: Los juegos motores modificados. Ensayos: Revista de la Facultad de Educación de Albacete. (2007) 22:127–54.

27. Hernández JM. El valor pedagógico de los deportes alternativos. Lecturas: Educación Física y Deportes, Revista Digital. (2007) 12(114):1.

28. Carrillo AF, Granados O, Jiménez-Gómez S. Deporte alternativo: una mirada sociológica ejemplificada desde el Tchoukball. Revista de Investigación: Cuerpo, Cultura y Movimiento. (2016) 6(2):183–98. doi: 10.15332/2422474x/4428

29. Hernández-Beltrán V, Gámez-calvo L, Gamonales JM. Unihoc como deporte alternativo en el ámbito educativo. e-Motion Revista de Educación, Motricidad e Investigación. (2021) 16:105–18. doi: 10.33776/remo.v0i16.5193

30. Ellis M. Similarities and differences in games: a system for classification. Paper Presented at the Association Internationale des Ecoles Superieures d’Education Physique Conference; Rome, Italy (1983).

31. Almond L. Reflecting on themes: a games classification. In: Thorpe R, Bunker D, Almond L, editors. Rethinking Games Teaching. Loughborough: Department of Physical Education and Sport Science University of Technology (1986). p. 71–2.

32. Méndez-Giménez A. Modelos actuales de iniciación deportiva escolar. Unidades didácticas sobre deportes de invasión. Wanceulen Editorial (2009).

33. Méndez-Giménez A. Introducción. In: Chamorro C, Miña T, editors. Deportes Alternativos: Propuestas prácticas de sus creadores para tu clase. Barcelona: Editorial INDE (2023). p. 9–14.

34. Moreno-Díaz MI, Tapia-Serrano MA, Vaquero-Solís M, Cano-Cañada E, Sánchez-Miguel PA. El deporte colectivo en educación física. Unidad didáctica del COLPBOL. Revista Española de Educación Física y Deportes. (2021) 432:101–9. doi: 10.55166/reefd.vi432.971

35. Ruíz JG. Juegos y deportes alternativos en la programación de Educación física escolar. Editorial Deportiva Agonos (1996).

36. Robles J, Abad MT, Castillo E, Giménez FJ, Robles A. Factores que condicionan la presencia de la expresión corporal en la enseñanza secundaria según el profesorado de educación física. Retos: Nuevas tendencias en Educación Física, Deportes y Recreación. (2013) 24:171–5. doi: 10.47197/retos.v0i24.34552

37. Colado JC, Juesas A, Campaña F, Giulia F, Bruñó A, Lisón JF, et al. A new racket sport that provokes similar heart rate as soccer and basketball in children. Med Sci Sports Exerc. (2017) 49(5S):881. doi: 10.1249/01.mss.0000519388.43785.e1

38. Gargallo P, Juesas Á, Bruño A, Guzmán JF, Lisón JF, Baños RM, et al. Physiological and psychological effects of a new racket sport in children with and without overweight at primary school. Cultura, Ciencia y Deporte. (2020) 15(45):363–75. doi: 10.12800/ccd.v15i45.1514

39. Hall N, McDonald GK, Hay J, Defries D, Pryce R. Effect of activity type on youth physical activity during structured activity sessions. Health Behav Policy Rev. (2016) 3(6):546–56. doi: 10.14485/HBPR.3.6.4

40. Hastie PA, Langevin F, Wadsworth D. Effects of age and experience on physical activity accumulation during kin-ball. Res Q Exerc Sport. (2011) 82(1):140–4. doi: 10.1080/02701367.2011.10599731

41. Cohen A, Melton EN, Peachey JW. Investigating a coed sport’s ability to encourage inclusion and equality. J Sport Manag. (2014) 28(2):220–35. http://dx.cloi.org/10.1123/jsm.2013-0329

42. Cohen A, Peachey JW. Quidditch: impacting and benefiting participants in a non-fictional manner. J Sport Soc Issues. (2015) 39(6):521–44. doi: 10.1177/0193723514561549

43. Gubby L, Wellard I. Sporting equality and gender neutrality in korfball. Sport Soc. (2015) 19(8-9):1171–85. doi: 10.1080/17430437.2015.1096261

44. Gubby L. Can korfball facilitate mixed-PE in the UK? The perspectives of junior korfball players. Sport Educ Soc. (2018) 24(9):994–1005. doi: 10.1080/13573322.2018.1519506

45. de la Fuente EL. Cooperative learning in the CLIL physical education classroom: a didactic unit about “alternative games” in first grade of mandatory secondary education (Trabajo Fin de máster). Universidad de Jaén (2020).

46. Herranz-García A. Los deportes alternativos en el deporte escolar [Trabajo Fin de Grado, Universidad de Valladolid] (2013).

47. Míguez Álvarez C. Promoción de la actividad física en educación primaria a través de la educación física. [Trabajo Fin de Grado, Universidad de Sevilla] (2020).

48. Peña Mora EF. El Pinfuvote: una herramienta para el desarrollo de las capacidades coordinativas de una persona con Síndrome de Down. [Trabajo Fin de Grado, Universidad Pedagógica Nacional] (2019).

49. Van Acker R, da Costa FC, De Bourdeaudhuij I, Cardon G, Haerens L. Sex equity and physical activity levels in coeducational physical education: exploring the potential of modified game forms. Phys Educ Sport Pedagogy. (2010) 15(2):159–73. doi: 10.1080/17408980902877609

50. Hannon JC, Ratliffe T. Physical activity levels in coeducational and single-gender high school physical education settings. J Teach Phys Educ. (2005) 24(2):149–64. doi: 10.1123/jtpe.24.2.149

51. Hannon JC. Physical activity levels of overweight and nonoverweight high school students during physical education classes. J Sch Health. (2008) 78(8):425–31. doi: 10.1111/j.1746-1561.2008.00325.x

52. Ruíz JR, Canovas J, Capitán LM, Imbroda J, Candel J. Spiribol: un giro al deporte. Lecturas: Educación física y deportes. (2003) p. 64.

53. Méndez-Giménez A, Fernández-Río J, Méndez-Alonso D. Modelo de educación deportiva versus modelo tradicional: efectos en la motivación y deportividad. Revista Internacional de Medicina y Ciencias de la Actividad Física y del Deporte. (2015) 15(59):449–66. doi: 10.15366/rimcafd2015.59.004

54. Barranca-Martínez JM, Hernández-Beltrán VL, Gamonales JM. Pickleball. Deporte alternativo para el ámbito educativo. Lecturas: Educación Física Y Deportes. (2023) 28(304):146–60. doi: 10.46642/efd.v28i304.3879

55. Barranca-Martínez JM, Hernández-Beltrán V, Gámez-Calvo L, Gamonales JM. Brokenball. Deporte alternativo para el ámbito educativo. Lecturas: Educación Física y Deportes. (2023) 28(303):164–77. doi: 10.46642/efd.v28i303.3922

56. Hortiguela D, Pérez-Pueyo A, Herran I. Combinamos reglas y deportes; El Artzkirol. Tándem Didáctica de la Educación Física. (2018) 62:71–3.

57. García-Monge A. Construyendo una lógica educativa en los juegos en Educación Física Escolar: El “juego bueno”. Ágora para la educación física y el deporte. (2011) 13(1):35–54.

58. Navarro-Adelantado V, Pic M. Gameplay clues for motor interactions in a triad game. Revista Internacional de Medicina y Ciencias de la Actividad Física y el Deporte. (2021) 21(82):355–74. doi: 10.15366/rimcafd2021.82.010

59. Pic M, Navarro V. Triad communication and specificity of motor games. Int J Med Sci Phys Activity Sport. (2017) 17(67):523–39. doi: 10.15366/rimcafd2017.67.009

60. Navarro-Adelantado V, Pic M. La Tríada Motriz Y Su Valor Educativo A Través De Dos Competencias. Revista Internacional de Medicina y Ciencias de la Actividad Física y el Deporte. (2023) 23(91):482–99. doi: 10.15366/rimcafd2023.91.030

61. Pic M, Navarro-Adelantado V. Signs, paradox, and sporting games in school physical education. Semiótica. (2022) (248):153–68. doi: 10.1515/sem-2022-0056

62. Ministerio de Educación y Formación Profesional. Real Decreto 217/2022, de 29 de marzo, por el que se establece la ordenación y las enseñanzas mínimas de la Educación Secundaria Obligatoria. Boletín Oficial del Estado. (2022) 77, 30 de marzo de 2022. p. 52–64.

63. Devís J, Peiró C. Nuevas perspectivas curriculares en la Educación Física: La salud y los juegos modificados. INDE (1992).

64. Méndez-Giménez A. Diseño e intencionalidad de los juegos modificados de cancha dividida y muro. Revista digital Lecturas de Educación Física y Deportes. (2000) p. 18.

65. Hernández Moreno J. Fundamentos del deporte. Análisis de las estructuras de los juegos deportivos. INDE (1994).

66. Devís-Devís J. Educación física, deporte y currículum. Madrid: Visor (1996).

67. Sánchez-Gómez R, Devís-Devís J, Navarro-Adelantado V. El modelo teaching game for understanding en el contexto internacional y español: una perspectiva histórica. Ágora para la EF y Deporte. (2014) 16(3):197–213.

68. Thorpe R. Un understanding approach to the teaching of tennis. Bull Phys Educ. (1983) 19(1):12–9.

69. Bunker D, Thorpe R. A model for the teaching of games in secondary schools. Bull Phys Educ. (1982) 18(1):5–8.

70. Wright J, Forrest G. A social semiotic analysis of knowledge construction and games centred approaches to teaching. Phys Educ Sport Pedagogy. (2007) 12(3):273–87. doi: 10.1080/17408980701610201

71. Devís J, and Peiró C. “Enseñanza de los deportes de equipo: la comprensión en la iniciación de los juegos deportivos” in La iniciación deportiva y el deporte escolar. Ed. Blázquez D. Barcelona: Editorial INDE (1995). p. 333–50.

72. Siedentop D. Sport Education. Champaign, Il: Human Kinetics (1994).

73. Siedentop D. What is sport education and how does it work? J Phys Educ Recreat Dance. (1998) 69:18–20. doi: 10.1080/07303084.1998.10605528









 


	
	
ORIGINAL RESEARCH
published: 16 May 2024
doi: 10.3389/fpubh.2024.1380290








[image: image2]

What are the important factors influencing the physical activity level of junior high school students: a cross-sectional survey

Huijun Ma1†, Xuefeng Li2*†, Chengliang Ma3 and Da Teng4


1College of Physical Education, Taiyuan University of Technology, Taiyuan, China

2Graduate School of Sport Science, Waseda University, Saitama, Japan

3School of Physical Education, Shanxi Agriculture University, Jinzhong, China

4School of Sports Medicine and Rehabilitation, Beijing Sport University, Beijing, China

Edited by
 Manuel Gómez-López, University of Murcia, Spain

Reviewed by
 Romana Klasterecka, Palacký University Olomouc, Czechia
 Henri Tilga, University of Tartu, Estonia

*Correspondence
 Xuefeng Li, lucasleexf@fuji.waseda.jp 

†ORCID: Xuefeng Li, https://orcid.org/0009-0006-2795-3399
 †Huijun Ma, https://orcid.org/0009-0006-1401-5539

Received 06 February 2024
 Accepted 06 May 2024
 Published 16 May 2024

Citation
 Ma H, Li X, Ma C and Teng D (2024) What are the important factors influencing the physical activity level of junior high school students: a cross-sectional survey. Front. Public Health 12:1380290. doi: 10.3389/fpubh.2024.1380290
 

Background: Engaging in regular physical activity has been consistently linked to improved physical health and academic performance. Despite its known benefits, there is a concerning trend of decreased physical activity among children globally. The study primarily aims to investigate the level of physical activity among junior high school students in Taiyuan and analyse the main affecting factors from a socio-ecological perspective.

Methods: A cross-sectional study was conducted, involving 650 junior high school students from 7 schools in Taiyuan, and 648 valid questionnaires were ultimately collected. The data on students’ physical activity levels were collected through the Children’s Leisure Activities Study Survey Questionnaire, and the data on factors affecting students’ physical activity were collected through the Student Perceived Factors Affecting Physical Activity Questionnaire.

Results: In this study, students from the 7th, 8th, and 9th grades participated in physical activities, averaging 214.500 min per week in moderate-intensity and 25.000 min in high-intensity activities, cumulatively averaging 280.000 min weekly. Notably, a significant disparity (p = 0.012) was observed in the combined duration of moderate and high-intensity activities, with male students engaging more time compared to their female counterparts (307.500 vs. 255.000 min). This variance extended across different grades, particularly evident in 8th graders who recorded the highest weekly high-intensity activity duration (31.000 min) and overall physical activity time (320.500 min), surpassing the 7th graders(p = 0.007 for high-intensity activities). Furthermore, an exploratory factor analysis of a 32-item questionnaire, designed to identify determinants of physical activity, revealed six principal components. These components were found to positively correlate with both moderate and high-intensity physical activities.

Conclusion: Results emphasize that educational institutions and community programs should collaborate to offer engaging weekend physical activity programs. Schools should develop and implement tailored physical education curricula addressing gender and grade differences. Furthermore, schools and local governments should invest in high-quality sports equipment and facilities.

Keywords
 physical activity level; energy consumption; influencing factors; junior high school students; social ecology


1 Introduction

Physical fitness and health are paramount for the growth and development of adolescents (1). This importance is underscored by a growing body of research that links active lifestyles during adolescence with reduced risk of chronic diseases such as type 2 diabetes and cardiovascular disorders later in life (2). Regular physical activity during these formative years not only promotes physical well-being but also impacts mental health, academic performance, and social development (3). Adequate physical activity in this crucial phase lays the groundwork for lifelong health and well-being (4). Despite the clear benefits, the decline in PA among adolescents over the past decade presents a complex challenge influenced by a blend of social, environmental, and psychological factors (5). However, recent trends have sparked concerns regarding the physical health of adolescents, emerging as a pressing global issue (6). Rapid urbanization and technological advancements have contributed to a more sedentary lifestyle among this young population. According to surveys conducted in Europe and the United States, only about 15% (7) and 18.4% (8) of adolescents meet recommended levels of PA, respectively. Moreover, Herman’s research indicates that a mere 16% of adolescents maintain active physical behavior into adulthood (9). These alarming statistics highlight an urgent need for targeted interventions that can effectively address the barriers to PA specific to this age group. Unlike younger children or adults, junior high school students are in a critical transition phase, experiencing rapid physical growth, hormonal changes, and cognitive development. This period is pivotal for instilling lifelong health and fitness habits. As a result, the question of how to effectively address the declining trend in physical fitness among junior high school students remains a central issue drawing substantial attention in the realms of modern education and sports.

Previous research has indicated that the diminishing physical health of adolescents is the result of a prolonged impact from various factors (10). Among these factors, the lack of PA is widely recognized domestically and internationally as the primary cause of this decline (11). PA refers to any bodily movement produced by skeletal muscles that requires energy expenditure (12). Studies have shown that regular participation in moderate- and high-intensity physical activities offers numerous health benefits for children and adolescents, including weight management, prevention of obesity, enhanced lipid profiles, metabolic syndrome mitigation, reduced blood pressure, and improved mental well-being (13). Moreover, adopting healthy PA patterns during adolescence not only promotes growth and development but also has lasting effects into adulthood, significantly contributing to the prevention of chronic diseases and the deceleration of aging processes (14). Patnode CD and Lytle LA’s research reveals that PA is influenced by several critical factors (15). Socioeconomic status, for instance, plays a significant role, as it affects access to recreational facilities and equipment. Environmental factors, such as the availability of safe and accessible spaces for exercise, also greatly influence PA levels (15). Furthermore, psychological elements like motivation and personal attitudes towards health and fitness can drive or deter adolescent participation in physical activities (16). Family and peer influences are also crucial, as support from these groups can encourage regular engagement in exercise (17). Additionally, educational institutions play a pivotal role by integrating physical education into their curriculum and promoting an active lifestyle among students (18). Furthermore, to improve the physical health of adolescents, many countries have established guidelines for youth PA, with many recommending that children and adolescents engage in at least 60 min of moderate- to high-intensity PA on a daily basis (19, 20). These guidelines reflect a growing consensus on the need for comprehensive strategies that extend beyond school-based programs to include community and policy initiatives that support physical activity among youth.

Despite considerable advancements in PA research at both domestic and international levels, the predominant body of literature primarily resides in the domains of medicine and sports science. This literature mainly employs methods such as heart rate monitoring (21) and pedometers (22) to assess students’ PA levels, examining their relationships with various chronic diseases (23) and mental health (23). However, there remains a notable gap in comprehensive research that considers the dimensions of time, intensity, types of physical activities, and sedentary behavior. Moreover, studies focusing on intervention strategies for PA have predominantly been confined to empirical analyses at the individual level (24). In light of these observations, this study aims to fill these gaps by investigating the PA levels of junior high school students from a socio-ecological perspective. Furthermore, the research analyses key influencing factors to provide evidence for the enhancement of students’ PA levels, reduction of obesity rates, and the overall strengthening of their physical health. By considering a range of variables, this study aims to identify the significant factors associated with moderate and vigorous physical activity levels among junior high school students, enhancing our understanding of how various environments and backgrounds influence these activity intensities.



2 Methods


2.1 Study design and setting

To facilitate the survey and ensure the careful monitoring of participants, a cross-sectional study was conducted in Taiyuan City. This involved employing a random stratified cluster sampling method to select junior high school students from six districts: Yingze, Xinghualing, Xiaodian, Jiancaoping, Wanbailin, and others. The sampling frame encompassed seven schools systematically chosen from northern, central, and southern districts to ensure the study’s representativeness and fairness. The selection of sample schools and the recruitment of participants occurred between 10 and 14 December 2022, during which informed consent forms were obtained from the participants and their parents.

The study involved a total of 650 students from the first, second, and third grades of junior high school, with the objective of providing a representation of the overall PA levels within this demographic in Taiyuan City. Data collection was conducted in the student activity centres of the selected schools from 15 to 22 December 2022. Throughout the data collection phase, two students were unable to continue participating (1 absence and 1 case of incomplete information), resulting in a final sample of 648 participants. The sample comprised 338 males (52.16%) and 310 females (47.84%), with a grade-level distribution of 34.72% in the 7th grade, 30.86% in the 8th grade, and 34.41% in the 9th grade.

Questionnaire administration was supervised by three class teachers and three research team members in each school. Their responsibilities included ensuring order during the process and providing instructions for completing the questionnaire within a designated 60 min period. Following completion, the questionnaires were collected and handed over to a designated researcher for systematic data analysis. The distribution of students from different schools is detailed in Table 1, highlighting the emphasis on achieving a balanced representation across the study’s different regions.



TABLE 1 School sample.
[image: Table1]



2.2 Participants

The inclusion criteria to participate in the study were as follows: (a) being students in Grades 7, 8, and 9 from junior high schools in Taiyuan, China and (b) not having any disease that would prevent the engagement in PA.

Prior to commencing the study, the schools, as well as the fathers, mothers, and/or guardians, were informed about the objectives of the study. Written informed consent was obtained from all participants or their legal representatives to ensure their voluntary participation. This research received approval from the Ethics Committee of the local institution under No. TYUT2023122202. The basic information regarding the participating students is outlined in Table 2.



TABLE 2 Basic information of participants.
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2.3 Variables and measures


2.3.1 Physical activity levels

In this study, the PA levels of students were represented by two indicators: PA time and energy expenditure during physical activities. A questionnaire was utilized to collect the above data. Among various questionnaires, considering China’s national conditions and the aims of this study, the Children’s Leisure Activities Study Survey (CLASS) questionnaire (modified CLASS-C Questionnaire), originally from an Australian university and later revised by scholar Li Haiyan (25), was selected. This is known as the Adolescent Daily Physical Activity Survey. Upon review, it was observed that the revised questionnaire maintained the format of the original version while incorporating changes, Common activities like football, badminton, and walking were retained. Activities that are not commonly participated in by mainland Chinese students, such as rugby, golf, squash, karate, bowling, baseball, and judo, were removed. Instead, they were replaced with activities like jumping, throwing, shuttlecock kicking, broadcast gymnastics, and mat exercises, which are common in physical education classes in Chinese primary and secondary schools. Additionally, sedentary lifestyle activities, such as listening to music, taking phone calls, and artistic creation, were combined. As a result, the final questionnaire encompasses 24 types of moderate- to high-intensity physical activities and 8 types of sedentary behaviors. The questionnaire has been validated and has achieved high reliability and validity, aligning with the cognitive level of Chinese adolescents (26).

In this study, Monday to Friday is explicitly defined as weekdays, while Saturday and Sunday are defined as rest days. Additionally, the measurement of PA levels involves a critically important concept – energy expenditure. Energy expenditure is associated with PA: the more PA one engages in, the greater the energy expenditure, showing a positive correlation. The energy expenditure from PA, represented by the Metabolic Equivalent of Task (MET), is not only closely related to body weight, but as a significant component of total energy expenditure in the human body, it plays a vital role in maintaining energy balance (27). Therefore, this study employed energy expenditure from PA as one of the indicators to reflect the level of PA. The formula used to calculate the energy expenditure of PA is as Eq. 1:

[image: image]

E: Energy Expenditure of Physical Activity (kcal); Met: Metabolic Equivalent ml/(kg·min); W:Weight (kg); T:Time (min).

The MET values used in this study primarily derive from Ainsworth et al.’s “Compendium of Physical Activities” (28). Furthermore, after consulting PA experts and reviewing standards set by the American College of Sports Medicine, the intensity of PA was categorized into moderate intensity (4.5 METs) and high intensity (7.5 METs).



2.3.2 Influencing factors of physical activity

In this study, after reviewing the literature and consulting experts, the “Student Perceived Factors Affecting Physical Activity Questionnaire” developed by the Jiangsu Province Student Physical Health Promotion Research Center was chosen as the survey tool (29). The questionnaire is designed based on the content of the Social-Ecological Systems Theory. It references previous research on the factors affecting physical activity, investigating three aspects: the individual level, the interpersonal relationship level, and the school community organization level. The questionnaire employs a 5-point Likert scale for responses and scoring, with “Strongly Disagree”, “Disagree”, “Uncertain”, “Agree”, and “Strongly Agree” being scored as 1, 2, 3, 4, and 5, respectively. It captures the subjective experiences of students to understand their different states and levels of experience regarding each aspect. This questionnaire has been tested and achieved high reliability and validity (30).




2.4 Study size

The total in-school population of junior high students in Taiyuan was approximately 100,000 (31). Based on the “Table for Determining Sample Size from a Given Population” (32), the required sample size for the survey was calculated to be 384 students. However, to ensure a representative sample across all six districts of Taiyuan, at least one school was selected from each district, leading to a final sample size of 650 students from three grades. This number significantly exceeds the minimum required sample size of 384, thereby enhancing the study’s representativeness and the reliability of its findings.



2.5 Statistical methodology

SPSS 23.0 software was used for statistical analysis. For non-normally distributed data, the median M (P25, P75) was used for representation. The Mann–Whitney test was applied to analyse the differences in PA time and energy expenditure between genders. The Kruskal–Wallis test was utilized to examine variations in PA time and energy expenditure across different grades. An exploratory factor analysis was conducted to assess the dimensions and validity of factors perceived by students to influence PA, employing principal component analysis for extraction and varimax rotation for factor rotation. Pearson correlation analysis was used to examine the relationship between various factors and PA time and energy expenditure. A p-value of less than 0.05 was considered statistically significant.




3 Results


3.1 Physical activity level of students


3.1.1 Physical activity time and energy expenditure

The results about PA time and energy expenditure of students are presented in Table 3. The average time spent in moderate-intensity PA for students was 129.000 min, high-intensity PA was 10.000 min, and the combined moderate- and high-intensity activity time averaged 172.500 min on weekdays. On weekends, the time spent in moderate-intensity PA averaged 70.000 min, high-intensity PA averaged 0 min, and the combined time averaged 90 min, which was lower compared to weekdays where the combined moderate- and high-intensity activity time averaged 172.500 min. Over a week, the time spent in moderate-intensity PA averaged 214.500 min, high-intensity PA averaged 25.000 min, and the combined time averaged 280.000 min, with weekly time spent on moderate-intensity physical activity being higher than that spent on high-intensity activity. The average weekly energy expenditure for moderate-intensity PA was 681 kcal, and for HIPA, it was 147 kcal.



TABLE 3 Physical activity time and energy expenditure.
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3.1.2 Comparison of physical activity time and energy expenditure based on gender

The results about gender differences in PA time and energy expenditure are presented in Table 4. Non-parametric tests were employed to investigate the differences in weekly moderate-intensity, high-intensity, and combined moderate- and high-intensity PA time among students of different genders. The analysis with the Mann–Whitney U test indicated no significant differences (p > 0.05) in moderate-intensity time (Figure 1A) and high-intensity activity time (Figure 1B), showing consistency across genders. However, a significant difference (p < 0.05) was observed in combined moderate- and high-intensity activity, with male students having a higher median time (307.500) than female students (255.000).



TABLE 4 Comparison of weekly PA time and weekly PA energy expenditure by gender.
[image: Table4]
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FIGURE 1
 (A) Gender differences in moderate-intensity PA time; (B) Gender differences in high-intensity PA time; (C) Gender differences in high-intensity energy expenditure; (D) Gender differences in moderate-intensity energy expenditure.


Non-parametric tests were conducted to examine the differences in weekly moderate-intensity and high-intensity energy expenditure between male and female students. The analysis using the Mann–Whitney U test revealed no significant difference (p > 0.05) in high-intensity energy expenditure (Figure 1C), indicating consistency across genders. However, there was a significant difference (p < 0.05) in moderate-intensity energy expenditure (Figure 1D), with male students showing a higher median value (772.000) compared to female students (579.000), indicating gender differences in this aspect.



3.1.3 Comparison of physical activity time and energy expenditure based on grades

From Table 5, which illustrates the different time spent in weekly PA by grade, using non-parametric tests, we observed the differences in weekly moderate-intensity, high-intensity, and combined moderate- and high-intensity PA times among students of different grades. The Kruskal–Wallis test showed no significant difference (p > 0.05) in moderate-intensity activity across grades, indicating consistency. However, significant differences were observed in high-intensity and combined moderate- and high-intensity activities (p < 0.05), suggesting variability across grades. Specifically, 8th grade students showed the highest weekly high-intensity PA time (31.000) and combined moderate- with high-intensity PA time (320.500), compared to 7th grade students who had the least in these categories.



TABLE 5 Comparison of weekly PA time and weekly energy expenditure by grade.
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The non-parametric tests revealed significant differences in weekly moderate- and high-intensity energy consumption among students of different grades. The Kruskal–Wallis test showed significant variation (p < 0.05) across grades for both types of energy consumption. Specifically, 8th-grade students had the highest median weekly energy expenditure for moderate-intensity (774.000) and high-intensity (186.000) activities, whereas 7th-grade students had the lowest in these categories (588.000 and 0.000, respectively).

The non-parametric tests revealed significant differences in weekly moderate- and high-intensity energy consumption among students of different grades. The Kruskal–Wallis test showed significant variation (p < 0.05) across grades for both types of energy consumption. Specifically, 8th-grade students had the highest median weekly energy expenditure for moderate-intensity (774.000) and high-intensity (186.000) activities, whereas 7th-grade students had the lowest in these categories (588.000 and 0.000, respectively). We can also see form Figure 2 which clearly showed the comparison of weekly PA time and weekly energy expenditure based on grades.

[image: Figure 2]

FIGURE 2
 Comparison of weekly PA time and weekly energy expenditure by grade.





3.2 Factors influencing students’ physical activity levels

The exploratory factor analysis was conducted on the questionnaire assessing the factors influencing students’ PA. The results are as follows: Kaiser-Meyer-Olkin = 0.908, indicating good data adequacy for factor analysis. Bartlett’s Test of Sphericity resulted in an approximate chi-square of 20718.591 (df = 496, p < 0.000), confirming the suitability of the data for factor analysis.

The exploratory factor analysis of the 32-item questionnaire assessing factors influencing PA resulted in the extraction of six principal components, as shown in Table 6. These components, after rotation, accounted for a total cumulative variance of 78.289%. Each factor with an eigenvalue greater than 1 was retained, indicating that these six factors were significant in explaining the variability in the data. The extraction of these six factors demonstrated an effective and substantial interpretation of the original data, with a high cumulative percentage of variance explained.



TABLE 6 Total variance explained.
[image: Table6]

The factor loading coefficients represented the correlation between factors and analytical items. As shown in Table 7, the rotated factor loadings were significantly greater than 0.4, and most were above 0.7, indicating strong correlations. The commonality of each item, or the common factor variance, was also greater than 0.4, signifying good validity. The distribution of the items across the factors was as follows:

• Items 1–4 correspond to Factor 5, comprising 4 items, and were named “Equipment Support”.

• Items 5–10 correspond to Factor 3, comprising 6 items, and were named “School Organization”.

• Items 11–16 correspond to Factor 2, comprising 6 items, and were named “Parental and Peer Support”.

• Items 17–19 correspond to Factor 6, comprising 3 items, and were named “Class Teacher Factors”.

• Items 20–23 correspond to Factor 4, comprising 4 items, and were named “Physical Education Teacher Factors”.

• Items 24–32 correspond to Factor 1, comprising 9 items, and were named “Individual Cognition”.



TABLE 7 Factor loading (rotated).
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This factor structure effectively categorized the various aspects influencing students’ perception of PA.



3.3 Correlation between factors and physical activity

The analysis of the relationship between moderate- and high-intensity PA time and six factors (Equipment Support, School Organization, Parental and Peer Support, Class Teacher Factors, Physical Education Teacher Factors, and Individual Cognition) using Pearson correlation coefficients revealed significant findings, as shown in Table 8. At the same time, the Figure 3 also showed the degree of correlation, which is represented by a heatmap (where the redder colors indicate higher correlation and the bluer colors indicate lower correlation):



TABLE 8 Correlation between different factors and weekly PA time.
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FIGURE 3
 The relationships between energy expenditure at moderate and high intensities and six factors (equipment support, school organization, parental and peer support, class teacher factors, physical education teacher factors, and individual cognition).


Moderate-Intensity PA Time: There was a significant positive correlation with all six factors. The correlation coefficients were 0.481 (Equipment Support), 0.141 (School Organization), 0.305 (Parental and Peer Support), 0.199 (Class Teacher Factors), 0.191 (Physical Education Teacher Factors), and 0.189 (Individual Cognition). All coefficients were greater than 0, indicating a positive relationship.

High-Intensity PA Time: This also showed a significant positive correlation with five of the factors, with coefficients of 0.268 (Equipment Support), 0.131 (School Organization), 0.169 (Parental and Peer Support), 0.134 (Physical Education Teacher Factors), and 0.159 (Individual Cognition). However, there was no significant correlation with Class Teacher Factors, as the coefficient was close to 0.

Combined Moderate- and High-Intensity PA Time: There was a significant positive correlation with all six factors. The coefficients were 0.531 (Equipment Support), 0.185 (School Organization), 0.336 (Parental and Peer Support), 0.191 (Class Teacher Factors), 0.226 (Physical Education Teacher Factors), and 0.238 (Individual Cognition), all greater than 0, indicating a positive relationship.

These results suggest that both moderate- and high-intensity physical activities were positively influenced by the mentioned factors, with varying degrees of correlation.

Table 9 presents a correlation analysis exploring the relationships between energy expenditure at moderate and high intensities and six factors (Equipment Support, School Organization, Parental and Peer Support, Class Teacher Factors, Physical Education Teacher Factors, and Individual Cognition) using Pearson correlation coefficients.



TABLE 9 Correlation between different factors and weekly energy consumption.
[image: Table9]

Significant positive correlations were found between moderate-intensity energy expenditure and various factors, including Equipment Support (0.362), School Organization (0.106), Parental and Peer Support (0.261), Class Teacher Factors (0.162), Physical Education Teacher Factors (0.153), and Individual Cognition (0.114), all significant at the 0.01 level.

In high-intensity energy expenditure, significant positive correlations were observed with Equipment Support (0.155) and Parental and Peer Support (0.141), both significant at the 0.01 level, and with Physical Education Teacher Factors (0.092), significant at the 0.05 level. No significant correlations were found with School Organization, Class Teacher Factors, and Individual Cognition.




4 Discussion

This study revealed the PA levels and influencing factors of 648 junior high school students in Taiyuan City. The findings highlight significant variations in the PA times and energy expenditures of students between weekdays and weekends. Notably, students engaged in more moderate- and high-intensity physical activities on weekdays compared to weekends. This observation may be partially explained by the structured nature of school environments, where scheduled physical education classes and recess promote regular activity during weekdays (33). This pattern aligns with prior research indicating reduced PA among children during non-school days (34). However, the level of high-intensity PA, especially during weekends, is lower throughout the week, which differs from some research results in similar population environments. It is also possible that the availability of parental supervision or participation during weekends varies, affecting the intensity and type of activities students can engage in (35). These differences may be attributed to regional differences in lifestyle, school curriculum, or accessibility to recreational facilities (36). In addition, the daily PA time of students does not meet the World Health Organization’s recommended guidelines for physical activities for this age group to engage in at least 60 min of moderate to vigorous PA each day (37), emphasizing the need for targeted interventions to improve PA levels, especially on weekends. Moreover, the discrepancy between actual and recommended PA levels underscores the importance of integrating health education into the school curriculum, ensuring that students understand the benefits of maintaining an active lifestyle.

The comparison of PA time and energy expenditure among junior high school students revealed gender differences. While there is no significant difference in moderate- and high-intensity PA time across genders, a notable disparity exists in the combined moderate- and high-intensity activity time, with boys showing higher levels. This suggests that while the total time spent on physical activities may be similar, boys tend to participate in activities that are more intense or require greater energy output than those typically chosen by girls. Furthermore, a significant difference in moderate-intensity energy expenditure was observed, again favouring boys. These findings highlight gender disparities in PA habits among students, suggesting that boys engage in more prolonged and energetically demanding activities. This contrasts with some studies that report minimal gender differences in activity levels among children, indicating that cultural, environmental, and educational factors might play a role in these disparities (38). These findings underscore the need for gender-specific strategies to promote PA among students.

The results also showed significant grade-based differences in PA time and energy expenditure among the students. While there is no significant disparity in moderate-intensity PA time across grades, substantial differences are noted in high-intensity and combined moderate- and high-intensity activity time, with Grade 8 students showing the highest levels. Additionally, there are significant differences in both moderate- and high-intensity energy consumption among grades, with Grade 8 students also leading in energy expenditure. This can be attributed to several factors, including developmental changes, where Grade 8 students are at a peak growth stage, leading to higher energy and activity levels (39). Furthermore, social factors and peer influence could play a role, as students in this age group may be more motivated to participate in physical activities for social interaction and skill development. Additionally, the competitive environment and peer group dynamics in higher grades may incentivize students to engage more actively in physical activities, particularly as they seek to establish social hierarchies and gain peer acceptance through sports and other physical pursuits (40). The study also found that Grade 9 students have higher levels of PA than Grade 7 students, possibly due to Grade 9 students allocating more time to academic preparations, including physical education tests, which are part of the middle school examination system (41). This shift in focus reflects the impact of national education policies, highlighting the importance of policy-driven changes in student behavior and priorities.

This study utilized exploratory factor analysis to identify factors influencing students’ PA. Six principal components are extracted, representing different aspects such as “Equipment Support”, “School Organization”, and “Individual Cognition”. This structure categorizes the various elements impacting students’ perception of PA. It is notable that each factor, such as “Parental and Peer Support”, shows a strong correlation with specific questionnaire items, underlining the complexity of factors influencing PA among students. Moreover, the interaction between these factors provides insights into the dynamic interplay of environmental, social, and personal influences that shape PA patterns among students. This comprehensive categorization aids in understanding the multifaceted nature of student PA behavior.

The findings also revealed significant positive correlations between various factors and the weekly PA levels of students. Notably, Equipment Support emerges as a consistent and significant factor in influencing moderate- and high-intensity PA time, as well as energy expenditure. This corroborates previous research underscoring the critical role of accessible and quality equipment in promoting physical engagement (42). According to the self-determination theory by Deci and Ryan (43), the presence of high-quality sports equipment may enhance the perceived competence and autonomy among students, which are vital for fostering intrinsic motivation towards engaging in physical activities. In contrast, Class Teacher Factors showed a weaker, albeit still positive, correlation. This could be attributed to the variable influence of classroom teachers on PA, as suggested by Trigueros et al. (44). Interestingly, this factor did not significantly correlate with high-intensity PA, potentially indicating a threshold in the impact of classroom teaching methods on more vigorous forms of exercise. The moderate correlations with Parental and Peer Support, as well as Individual Cognition, highlight the importance of social and psychological elements in PA engagement, as discussed by Haidar et al. (45), who emphasized the role of social and cognitive factors in shaping PA patterns among youth. Furthermore, the influence of School Organization, while significant, is relatively modest. This finding is in partial agreement with previous research (46), which suggested that institutional factors might not be the primary drivers of energy expenditure in physical activities.

Overall, the findings corroborate the existing literature while providing new insights into the differential impacts of various factors on PA intensity. Specifically, the analysis highlights the unique contribution of equipment quality and availability in motivating students. This revelation points to practical applications in school policy where investments in high-quality sports equipment could be prioritized. Furthermore, the interplay between teacher roles and social supports, such as peer and parental encouragement, suggests a multi-faceted strategy is necessary to effectively enhance PA levels among junior high students. Educational programs should not only focus on the physical resources but also on cultivating an encouraging social environment.


4.1 Limitations

This study has several limitations that should be mentioned. Firstly, as a cross-sectional study, this research involved data collection over a brief period, making it challenging to discern causal relationships between PA and its impact on physical fitness, cardiopulmonary endurance, and bone health. The study primarily facilitated a correlation analysis between certain factors. Consequently, future research would benefit from more comprehensive longitudinal tracking studies that explore these relationships in greater depth. Secondly, compared to accelerometers, PA questionnaires provide a more rudimentary measurement and yield less precise data. Therefore, it is recommended that future studies combine accelerometers with questionnaires to enhance measurement accuracy. Thirdly, the analysis of influencing factors in this study is not thorough enough. For instance, motivation is a critical determinant of PA, although it is briefly addressed in this manuscript. Based on the self-determination theory (43), in a recent research by Ahmadi et al. (47), a classification system of motivational behaviors has been proposed. Future research could build on this classification system to further develop and test an intervention program aiming at enhancing motivation towards physical activity levels among adolescents.




5 Conclusion

This study investigated the PA levels and main influencing factors among junior high school students in Taiyuan, providing a theoretical basis for improving the level of PA of students and enhancing the physical fitness of students. The research indicates that students engage more in moderate- and high-intensity activities on weekdays, with a marked decline during weekends. Notably, the daily PA time of students does not meet the World Health Organization’s recommended guidelines, especially on weekends. Additionally, the study underscored gender- and grade-based disparities in PA, with boys and Grade 8 students showing higher levels of activity and energy expenditure. This emphasized the need for age- and gender-specific PA guidelines and interventions in schools. Furthermore, the study has identified six key influencing factors of PA among students, including “Equipment Support”, “School Organization”, “Parental and Peer Support”, “Class Teacher Factors”, “Physical Education Teacher Factors”, and “Individual Cognition”, which play important roles in shaping students’ PA perceptions and behaviors. In addition, this study underscored the pivotal role of Equipment Support in promoting moderate- to high-intensity physical activities and energy expenditure and highlighted the lesser, yet positive, impact of Class Teacher Factors, alongside the moderate influence of Parental and Peer Support and Individual Cognition. These insights emphasize the importance of a comprehensive approach to physical education, integrating equipment availability, educational practices, and socio-cognitive elements.


5.1 Implications

This study has significant implications for various educational and health-related fields. First, it underscores the urgent need for targeted policies to boost PA during weekends when a marked decline is observed. It is suggested that educational institutions and community programs collaborate to offer engaging weekend PA programs. Second, the highlighted gender- and grade-based disparities call for the development of age- and gender-specific PA guidelines in schools. This suggests that schools should develop and implement tailored physical education curricula that address these differences. Furthermore, the study’s identification of six key factors influencing PA emphasizes the necessity of multifaceted interventions. Additionally, the pivotal role of Equipment Support in promoting physical activities cannot be overlooked, necessitating enhanced infrastructure in educational institutions. It is suggested that schools and local governments invest in high-quality sports equipment and facilities. Finally, the study advocates for an integrated approach in physical education, combining equipment availability with educational and socio-cognitive elements, to holistically improve student fitness and engagement in physical activities.
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Objective: To identify the optimal parameters of gross movement interventions to yield the strongest effects on physical fitness among children aged 3–10 years and to provide a reference for the development of gross movement interventions to improve the physical fitness of children.

Background: There has been a global decline in children’s physical fitness. Previous studies have shown that gross movement interventions can improve children’s physical fitness, but the optimal intervention parameters for achieving the strongest effects have yet to be determined. Therefore, we conducted this meta-analysis to determine the optimal intervention parameters for yielding the strongest effects on children’s physical fitness.

Methods: We searched the Web of Science, PubMed, China Biology Medicine, China National Knowledge Infrastructure, Wanfang Data, and China Science and Technology Journal databases to identify randomized controlled trials on the effects of gross movement interventions (walking, running, jumping, throwing, batting, rolling, spinning, catching, and leg lifting) on children’s physical fitness (upper-body strength, lower-body strength, explosive power, speed, flexibility, and balance). We included studies published up to September 2023. The inclusion and exclusion criteria were developed based on the PICOS framework, and the quality of the included studies was evaluated. Subgroup analysis was performed using Review Manager 5.3, and the data were pooled using a random effects model to obtain the SMD (or WMD) and 95% confidence intervals (CIs).

Results: A total of 23 studies involving 2007 healthy children aged 3–10 years met the inclusion criteria. Gross movement interventions significantly improved the explosive power of children aged 3–10 years [WMD, 6.2]. The most effective intervention duration was 16–18 weeks [WMD, 0.45]. The most effective intervention frequency was one session per week [WMD, 1.06]. The optimal duration of single sessions was 60 min [WMD, 0.47]. Children aged 7–10 years [WMD, 1.41] showed the most significant improvements in physical fitness after gross movement interventions.

Conclusion: Gross movement interventions had a positive effect on the physical fitness of children aged 3–10 years. The optimal intervention parameters include 60-min sessions once a week across a total duration of 16–18 weeks.
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1 Introduction

Physical fitness is a term that comprehensively describes physical performance related to human structure and function (Chen et al., 1993) and includes the following qualities: speed, endurance, strength, coordination, flexibility, and balance (He, 2017; Tao et al., 2017; Kim et al., 2021; Yang et al., 2022). In this study, upper-body strength, lower-body strength, explosive power, speed, flexibility and balance were included as dependent variables. Many studies have confirmed the relationship between children’s physical fitness and health. Some studies have shown that improving children’s physical fitness can prevent or reduce the risk of obesity and cardiovascular disease (Al-Mallah et al., 2018; Elagizi et al., 2018; Henriksson et al., 2020). Improving children’s physical fitness can also lead to long-term health benefits (Smith et al., 2014; Mintjens et al., 2018). However, there has been a global decline in children’s physical fitness (Burns et al., 2018; Godoy-Cumillaf et al., 2021; Qu, 2021). According to a new report jointly released by the World Health Organization and the United Nations Children’s Fund, there are approximately 317 million cases of physical development disorders among children worldwide (World Health Organization, 2023). In 2022, China issued the Fifth National Physical Fitness Monitoring Communique, and compared with 2014, many physical qualities of Chinese children have shown a downward trend—for example, strength and flexibility decreased by 1.3–6.6% (National Health Monitoring Centre, 2022). In developed countries, the strength of children continues to decline (Tomkinson, 2007), as exemplified by the decreases in muscular strength among children in Sweden and Russia (Malina and Katzmarzyk, 2006) and decreases in upper-body strength (Tremblay et al., 2010) and lower-body strength (Moliner-Urdiales et al., 2010) among Canadian and Spanish children.

Physical fitness and gross movement are the two main aspects of physical performance (Huang, 2000) and are measured from different perspectives to explain physical performance. Physical fitness is a stable external feature of physical performance (Zhou, 2010), while gross movement is the basic foundation of physical performance (Li et al., 2019) and includes the earliest basic motor skills established by children (Wang et al., 2020). Gross movements, which are completed using large skeletal muscle groups (Thomas et al., 2022), mainly include basic motor abilities (e.g., walking, running, jumping, throwing, catching, hitting, kicking, and batting). In this study, walking, running, jumping, throwing, batting, rolling, rotating, catching, and leg lifting were included as independent variables. Gross movement plays a significant role in improving children’s physical fitness (Wu et al., 2014; Zhou, 2020) and reducing the risk of obesity and cardiovascular and other health problems in children; therefore, gross movement interventions have become an important parameter for studying children’s health promotion in the fields of sports and epidemiology (Okely et al., 2004; Barnett et al., 2008; Robinson et al., 2015; Ma and Song, 2017; Pu and Yang, 2017; Hao, 2018; Li et al., 2019; Wang et al., 2019). Additionally, in recent years, most related studies have focused on examining the correlation between gross movement performance and physical fitness (Foulkes et al., 2021; Liu et al., 2023) or differential performance (Haugen and Johansen, 2018; Zheng et al., 2022) in children, thus confirming the important impact of gross movement interventions on improving children’s physical fitness in early development. This positive correlation persists as age increases (Robinson et al., 2015), thus laying the foundation for future exercise ability and fitness levels. Therefore, it is particularly important to consider gross motor development in childhood. However, the optimal parameters for gross movement interventions to yield the greatest improvements in physical fitness among children aged 3–10 years remain unclear.

Three-year-old children perform the most basic physical activities, such as walking and climbing (Xu et al., 2023); they can have the potential to master gross movements at age 6 (O’Brien et al., 2016)and are expected to reach proficiency at age 10 (Ulrich, 2000). However, according to statistics, the gross movement level of 10-year-old children in Germany, China, Brazil and other countries is not ideal. The gross movement level of 10-year-old children worldwide has failed to match the standards for their age group (Xu et al., 2023). Therefore, this study quantified the beneficial effects of gross movement interventions on children’s physical fitness, providing theoretical support for further research in this field.

Many countries have adopted the standing long jump, tennis ball long throw, two-foot continuous jumping, 10-meter shuttle run, balance beam walking, and sit-and-reach tests for evaluating children’s physical fitness in terms of strength, speed, agility and flexibility (State General Administration of Sport, 2015; Wang, 2022). Although gross movement interventions can effectively improve children’s physical fitness, it is still necessary to identify more accurate strategies for children aged 3–10 years to carry out accurate and effective interventions and to fully prepare children for future healthy development. Previous studies have shown that age, intervention duration, and intervention frequency may be significant factors associated with the effect of gross movement interventions on children’s physical fitness (Pozuelo-Carrascosa et al., 2018; Utesch et al., 2019; Godoy-Cumillaf et al., 2020; Wu et al., 2021). Therefore, it is very important to accurately identify the optimal parameters for gross movement interventions to yield the greatest improvements in physical fitness among children aged 3–10 years.

Therefore, the purpose of this study was to explore the optimal parameters for gross movement interventions to yield the greatest improvements in physical fitness among children aged 3–10 years and to provide a reference for the development of gross movement intervention programs that aim to improve the physical fitness of children.



2 Methods


2.1 Retrieval strategy

Two researchers conducted a literature search with the following primary search terms: “Physical Fitness AND gross movement AND randomized controlled trial.” Additionally, the following secondary search terms were used: “Fitness, Physical OR Physical AND gross action OR gross motor skill OR large muscle action OR basic motor skills OR functional training OR functional game OR functional sports game OR basic movement skills OR function training AND randomized OR toddler OR Child OR childhood OR baby OR primary school OR Kindergarten.” The following databases were searched: Web of Science, PubMed, China Biology Medicine, China National Knowledge Infrastructure, Wanfang Data, and China Science and Technology Journal. We included studies from China, the United Kingdom and Mexico. The retrieval time ranged from the establishment of the database to September 2023. If the articles were incomplete or unavailable, we contacted the corresponding authors by email to obtain detailed information. The search initially yielded 3,680 studies on the effects of gross movement interventions on the physical fitness of healthy children aged 3–10 years.



2.2 Inclusion and exclusion criteria

Two researchers independently screened the articles, and disagreements were resolved by consulting a third researcher. The inclusion criteria were developed in accordance with the population, intervention, comparison, outcomes, study design (PICOS) framework. (1) Study subjects: All the subjects were healthy children aged 3–10 years without disease. (2) Intervention measures: The experimental group performed intervention exercises involving gross movements (walking, running, jumping, throwing, batting, rolling, spinning, catching, and leg lifting). (3) Control measures: The control group participated in normal kindergarten or primary school activities without additional intervention. (4) Outcome indicators: All or some of the six outcome indicators, including a 10-m shuttle run, standing long jump, tennis ball long throw, sit-and-reach, two-foot continuous jumping, and balance beam, were included. The outcome data are expressed as the mean ± SD. (5) Study type: The trial design was a randomized controlled trial. The exclusion criteria were as follows: (1) descriptive research, analytical research, conference abstracts and literature reviews; (2) duplicate studies, studies of low quality, and studies of which the full text was not available; (3) studies that did not report the outcomes as the mean ± SD and for which the data could not be converted. The measurement evaluation criteria were scored.



2.3 Data extraction

Two researchers independently extracted the following data according to a predefined protocol: literature name, author, publication time, nationality of subjects, sex, age, total number of subjects, number of experimental groups, number of control groups, intervention measures, intervention duration, single intervention duration, and outcome indicators. For the outcome indicators, the physical fitness test scores before and after each RCT in the experimental group and the control group were recorded. Scores are reported as the mean ± SD. Disagreements were resolved by consulting a third investigator.



2.4 Method quality evaluation

The Cochrane risk of bias tool was used to evaluate the quality of the 23 included studies across seven domains: random allocation method, concealment of allocation scheme, blinding of participants and implementers, blinding of outcome evaluators, integrity of outcome data, selective report results, and other sources of bias. Each domain was rated as “high risk,” “unclear risk” or “low risk.” Two researchers independently assessed the data. Any disagreements were resolved by consulting a third researcher.



2.5 Statistical analysis

STATA 16.0 was used for the statistical analysis. Since the indicators included in the literature were continuous outcome variables, a random-effects model was used to conduct a meta-analysis based on 6 outcome indicators (sit-and-reach, standing long jump, 10-m shuttle run, tennis ball throw distance, two-foot continuous jumping, balance beam), combined with effect size (WMD or SMD) and 95% confidence intervals. The weighted mean difference (WMD) eliminates the influence of absolute values on the results so that the research results can truly reflect the experimental effect; in addition, it is easy to understand when applied. The standardized mean difference (SMD) not only eliminates the effect of absolute values but also eliminates the effect of weights and measures on the results. The larger the absolute value is, the more obvious the effect. The I2 test and Q test were used to evaluate the heterogeneity of each index. When P ≥ 0.1 and I2 ≤ 50%, there was homogeneity or low heterogeneity among the studies; in such cases, a fixed-effects model was used for analysis. When P < 0.1 and I2 > 50%, there was strong heterogeneity between studies; in such cases, a random-effects model was used for analysis. Subgroup analysis was conducted to calculate the influence of gross movement interventions on children’s physical fitness based on the following factors: different physical fitness indicators, age, intervention duration, intervention frequency and single intervention duration.




3 Results


3.1 Literature search results

The results of the literature search and the study selection process are shown in Figure 1. All literature screenings were performed independently and in a double-blinded manner by 2 researchers (L.H. and S.W.) based on the inclusion and exclusion criteria. The search initially yielded 3,680 articles. First, the literature was classified, and duplicate studies were eliminated, leaving 3,148 studies. Second, after excluding 107 studies that were meta-analyses, reviews, or systematic reviews and 1,461 studies that were not related to the current subject, 1,580 studies remained. Then, 1,557 articles were excluded after full-text screening due to the intervention, trial design, or outcome variables not meeting our inclusion criteria. Finally, 23 studies were included in the meta-analysis. After screening, the two researchers compared the selected studies (Kappa≈0.65); therefore, the selected literature was considered reliable, and any disagreements were resolved by discussion with a third researcher (Q.L.P.).


[image: image]

FIGURE 1
Flow chart of the literature retrieval and study selection process.




3.2 Study characteristics

The main characteristics of the included studies are shown in Table 1. A total of 2,007 healthy children aged 3–10 years were included in the studies (1,037 in the experimental group and 970 in the control group). Nine studies included six outcome measures. The children’s ages ranged from 3 to 10 years. The intervention duration ranged from 4 to 36 weeks. The intervention frequency ranged from 1 to 3 times per week. The duration of single sessions ranged from 30 to 60 min. Subgroup analysis was performed based on the following factors: physical quality factors (flexibility, explosive power, speed, upper-body strength, lower-body strength, balance); age (3–6 years old, 7–10 years old); duration of intervention (4–8, 10–12, 16–18, and 36 weeks); intervention frequency (1 time/week, 2 times/week, 3 times/week); and duration of a single session (30, 40, 45, and 60 min).


TABLE 1 Basic characteristics of the included studies.

[image: Table 1]



3.3 Risk of bias

The Cochrane risk of bias tool was used to evaluate the methodological quality of the included studies across six domains: selection bias, implementation bias, detection bias, loss of access bias and reporting bias (Figure 2). The kappa of the two researchers was approximately 0.62, so the literature quality evaluation was reliable. The risk of bias for each domain was categorized as low, unclear, or high, as shown in Figure 3.


[image: image]

FIGURE 2
Funnel plot.
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FIGURE 3
Results from the Cochrane risk of bias tool.




3.4 Results of the meta-analysis


3.4.1 The influence of gross movement interventions on children’s physical fitness

After analyzing the data from all included studies, we found that gross movement interventions improved physical fitness in children aged 3–10 years [SMD, 0.39 (95% CI, 0.22–0.57); P < 0.05], and there was significant heterogeneity (I2 = 93%) (Figure 4). However, this effect did not differ according to various physical fitness factors, age, intervention duration, intervention frequency, or single-session duration. Therefore, a subgroup analysis was performed (Table 2).


[image: image]

FIGURE 4
The effects of gross movement interventions on physical fitness.



TABLE 2 Summary of subgroup analysis results.
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3.4.2 Subgroup analysis: effects of gross movement interventions on different physical fitness factors in children

The results varied when examining different physical fitness factors (Figure 5). Specifically, gross movement interventions significantly improved the following physical indicators: explosive power [WMD, 6.2 (95% CI, 4.28–8.11); P < 0.05], flexibility [WMD, 1.34 (95% CI, 0.25∼2.43); P < 0.05], balance [WMD, −1.23 (95% CI, 1.23∼0.42); P < 0.05], lower-body strength [WMD, 0.86 (95% CI, 1.41∼0.31); P < 0.05], upper-body strength [WMD, 0.79 (95% CI, 0.48∼1.11); P < 0.05], and speed [WMD, 0.72 (95% CI, 1.09∼0.35); P < 0.05]. However, there was significant heterogeneity in all six subgroups (I2 > 90.0%).


[image: image]

FIGURE 5
Different physical fitness factors.




3.4.3 Subgroup analysis: effects of gross movement interventions on the physical fitness of children of different ages

The analysis results (Figure 6) showed that gross movement interventions significantly improved the physical fitness of children aged 7–10 years [SMD, 1.41 (95% CI, 0.11–0.46); P < 0.05], and there was significant heterogeneity (I2 = 97.0%). There was a small beneficial effect of gross movement interventions on the physical fitness of children aged 3–6 years [SMD, 0.18 (95% CI, 0.02–0.35); P < 0.05], and there was significant heterogeneity (I2 = 93.0%).
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FIGURE 6
Different ages.




3.4.4 Subgroup analysis: the effect of different intervention durations on gross movement interventions on children’s physical fitness

Subgroup analysis based on different intervention durations showed (Figure 7) that a gross movement intervention lasting 4–8 weeks had no significant effect on children’s physical fitness [SMD, 0.03 (95% CI, −0.11 to 0.17); P > 0.05]. Gross movement interventions lasting 10–12 weeks had a small beneficial effect on children’s physical fitness [SMD, 0.14 (95% CI, −0.13 to 0.41); P < 0.05]. Gross movement interventions lasting 16–18 weeks significantly improved children’s physical fitness [SMD, 0.45 (95% CI, 0.02∼0.87); P < 0.05]. Gross movement interventions lasting 36 weeks also significantly improved children’s physical fitness [SMD, 0.41 (95% CI, 0.16–0.65);P < 0.05].


[image: image]

FIGURE 7
Different intervention durations.




3.4.5 Subgroup analysis: effects of gross movement interventions at different intervention frequencies on children’s physical fitness

Subgroup analysis based on intervention frequencies showed (Figure 8) that one gross movement intervention per week significantly improved children’s physical fitness [SMD, 1.06 (95% CI, 0.14–1.98); P < 0.05]. Two [SMD, 0.14 (95% CI, 0.01∼0.28); P < 0.05] and three [SMD, 0.13 (95% CI, −0.13∼0.39); P < 0.05] gross movement interventions per week had small beneficial effects on children’s physical fitness. However, there was significant heterogeneity (I2 > 90.0%).


[image: image]

FIGURE 8
Different intervention frequencies.




3.4.6 Subgroup analysis: the effect of different single-session durations of gross movement interventions on children’s physical fitness

Subgroup analysis based on single-session durations (Figure 9) showed that 30-min gross movement interventions did not have a significant effect on children’s physical fitness [SMD, −0.01 (95% CI, −0.11∼0.10); P > 0.05]. Furthermore, 40-min [SMD, −0.05 (95% CI, −0.45∼0.35); P < 0.05] and 45-min [SMD, −0.12 (95% CI, −0.38∼0.14); P < 0.05] gross movement interventions had detrimental effects on children’s physical fitness. However, there was a high level of heterogeneity in these studies (I2 > 85%). Sixty-minute gross movement interventions effectively improved children’s physical fitness [SMD, 0.47 (95% CI, 0.14–0.81); P < 0.05], and there was a moderate level of heterogeneity among these studies (I2 = 63.0%).
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FIGURE 9
Different single-session durations.






4 Discussion

This meta-analysis examined the influence of gross movement interventions on children’s physical fitness and explored the optimal intervention parameters (i.e., physical fitness factors, age groups, intervention duration, intervention frequencies and single intervention duration). The results show that gross movement interventions can significantly improve children’s physical fitness, with the strongest effects observed for explosive power. Additionally, we found that the effect of gross movement interventions was stronger for children aged 7–10 years, and the most effective intervention parameters included a frequency of once per week, a single-session duration of 60 min, and a total intervention duration of 16–18 weeks.


4.1 The influence of gross movement interventions on children’s physical fitness

In general, this study revealed that gross movement interventions can improve the physical fitness of children aged 3–10 years, which is consistent with previous research results (Niederer et al., 2012; Fang et al., 2017). Notably, there is a significant positive correlation between gross movement performance and physical fitness among children (Angilley and Haggas, 2009; Zhou, 2020), especially in terms of flexibility, explosive power and speed (Schott et al., 2007; Haga, 2009). As they age, children with high levels of gross movement ability exhibit greater physical fitness (Hands, 2008). This relationship suggests that gross movement interventions in early childhood will have a sustained positive impact on physical fitness, probably because children with strong gross motor ability will complete more complex physical activities, which may play a key role in the development of physical fitness.

Additionally, we found that gross movement interventions had the most significant effect on the explosive power of children aged 3–10 years, and no other studies reported such a significant effect (Hands, 2008; Wu et al., 2021; Chen and Gu, 2022). There are many reasons for thisresult. From the perspective of the experimental subjects included in the study, most of the subjects in this study were Chinese children, and explosive power changed significantly after the gross movement intervention, which may be related to genetic factors (Brandes, 2012). From the perspective of test methods, the experimental subjects included in the study mainly used standing long jumps to test children’s explosive power. A standing long jump is an important training method for improving explosive power, with medium and low intensity and low technical requirements (Dong et al., 2022). Furthermore, it is easier for children to master this skill. However, the excitability of the central nervous system is an important factor affecting explosive power (Wu et al., 2018; Chen et al., 2021), and running and jumping during gross movement interventions effectively improve the excitability of children’s nervous system (Loukia and Dimitris, 2022), thus recruiting more muscle fibers to participate in activities in the short term and improving the quality of explosive power. Therefore, among physical factors, gross movement interventions have the strongest effect on explosive power among children aged 3–10 years. However, it is necessary to consider the influence of genetic factors and testing methods.



4.2 The influence of gross movement interventions on the physical fitness of children of different ages

The effect of gross movement interventions on the physical fitness of children aged 7–10 years was greater than that on the physical fitness of children aged 3–6 years, which is consistent with some previous research results (Latorre Román et al., 2017; Li et al., 2019; Xin et al., 2019). The development and completion of gross movement is influenced by the integration of complex factors such as physiology, psychology, environment and task (Robinson et al., 2015; Li et al., 2019). This may reflect that as children age, they experience development in terms of their bones, muscles, cognitive abilities and nervous system, and they show increased adaptability to complex motor skills. Therefore, the effect of gross movement interventions on physical fitness is stronger among 7- to 10-year-old children. Previous studies have confirmed that children usually consolidate their learning and engage in continuous practice after the age of 6 (Venetsanou and Kambas, 2010; Chow and Louie, 2013), and mastery of gross motor skills begins to increase (Haywood and Gallahue, 2014). With increasing age, the mastery of gross motor skills significantly increases (Zhou, 2020). However, there are also studies showing that some physical fitness factors decrease with age (Gulías-González et al., 2014; Lopes et al., 2017; Godoy-Cumillaf et al., 2020), possibly related to the number of training sessions, the length of training sessions or other factors (Lopes et al., 2013).



4.3 Effects of different intervention durations on the physical fitness of children aged 3–10 years

When the intervention frequency was 10–12 weeks, the improvement effect of gross movement interventions on children’s physical fitness reached a significant level. The effect peaked when the intervention lasted 16–18 weeks. After 18 weeks, the effect of the intervention decreased slightly. This finding is consistent with the findings of a study that confirmed the positive impact of medium- to long-term gross movement interventions on physical fitness in children (Jaksic et al., 2020). This may be related to the improvement of motor skill levels under medium- and long-term interventions; in particular, after approximately 10 weeks of physical activity intervention, children’s motor skill levels are significantly improved, and the intervention benefits on children’s physical fitness persist (Bellows et al., 2013; Roth et al., 2015). It is also possible that improvements in children’s cognitive function have a positive impact on physical fitness. Gross movement is positively correlated with cognitive function (Thelen, 1995). A study of the effects of sports interventions on children’s cognitive function showed that after approximately 10 weeks of physical activity intervention, children’s cognitive function improved, and physical health benefits increased (Fisher et al., 2011). Another study from the perspective of child psychology and modern medicine supported the positive impact of children’s motor development on cognitive function (Wu et al., 2023). It can be inferred that improving children’s cognitive function through gross movement interventions can effectively enhance their physical fitness.



4.4 Effects of different intervention frequencies on children’s physical fitness

Gross movement intervention once a week had the most significant impact on the physical fitness of children aged 3–10 years, indicating that low-frequency interventions may be more helpful for improving children’s physical fitness, which is similar to the findings of some related studies (Granacher et al., 2016; Wu et al., 2021). Some studies have shown that intervention frequencies of 2–3 times per week (Latorre Román et al., 2017; Wu et al., 2023) and 4–5 times per week (Wang et al., 2021) have the greatest effects. However, the subjects of the interventions, the duration of the interventions and the durations of the single sessions were not the same in these studies. The frequency of intervention is affected by a variety of factors, but we must consider that the purpose of any intervention is not only to improve children’s physical fitness but also to motivate children to actively change unhealthy behaviors or habits (e.g., sitting for a long time) outside the intervention (Wang et al., 2021; Sheng et al., 2023), thus encouraging them to actively participate in physical activities. These findings need to be confirmed by more empirical studies.



4.5 Effects of different single-session durations on children’s physical fitness

Gross movement interventions lasting for 60 min per session had the greatest effect on the physical fitness of children aged 3–10 years, which is consistent with the results of most studies (Logan et al., 2012; Zhang et al., 2017; Shi, 2022; Shen and Dan, 2023). In 2022, China issued the Guidelines for Quality Assessment of Kindergarten Care Education, stating that children should engage in at least 60 min of physical activity per day (Ministry of Education, 2022). The results obtained in this study are consistent with the recommendations of those guidelines. However, some studies have shown that a single intervention duration of 30–40 min has the greatest effect (Xin et al., 2019) because children have short attention spans (Riethmuller et al., 2009). Overly long interventions are likely to result in children losing their focus (Logan et al., 2012). Overall, the current study still needs to further explore the critical value of the duration of a single intervention on physical activity. This may also account for the actual intervention process; for example, in an activity intervention, the actual gross movement practice time may only be two-thirds of the total time when accounting for warm-ups, recovery and rest (Brian et al., 2017). Additionally, the physiological and psychological characteristics of children should be considered in the design of intervention programs, focusing on gross movement interventions in different situations.




5 Research significance and future research


5.1 Theoretical significance

The decline in children’s physical fitness has become a global concern, engaging the attention of various sectors worldwide (Burns et al., 2018; Godoy-Cumillaf et al., 2021; Qu, 2021). This concern spans numerous countries, including China (National Health Monitoring Centre, 2022), Switzerland (Tomkinson, 2007), Russia (Malina and Katzmarzyk, 2006), Canada (Tremblay et al., 2010), and Spain (Moliner-Urdiales et al., 2010). The impact of children’s physical fitness levels on preventing and ameliorating conditions such as obesity and cardiovascular diseases is of paramount importance (Smith et al., 2014; Al-Mallah et al., 2018; Elagizi et al., 2018; Mintjens et al., 2018; Henriksson et al., 2020). However, recent research has predominantly focused on identifying correlations between different gross movements and children’s physical fitness (Foulkes et al., 2021; Liu et al., 2023) or differential performance (Haugen and Johansen, 2018; Zheng et al., 2022). There is a notable gap in the exploration of the maximum effect sizes of gross movement interventions in enhancing children’s fitness. Acknowledging the pressing need for the development of children’s physical fitness, this study thoroughly investigated the optimal effect sizes of gross movement interventions for children aged 3–10 years from various perspectives. These include physical fitness components, age groups, intervention duration, intervention frequency, and single-session duration. This study provides a theoretical reference for the formulation of interventions to enhance children’s physical fitness. Moreover, this research leverages findings from diverse fields, such as health, sports, and education, as primary data. By adopting an interdisciplinary approach encompassing kinesiology and education, this study involved a systematic review to strategically address contemporary issues that scholars are currently focusing on, providing theoretical guidance for related fields of study.



5.2 Practical significance

Practical evidence attests to the effectiveness of gross movement interventions in enhancing children’s physical fitness, addressing health concerns such as childhood obesity and cardiovascular issues (Okely et al., 2004; Barnett et al., 2008; Robinson et al., 2015; Ma and Song, 2017; Pu and Yang, 2017; Hao, 2018; Li et al., 2019; Wang et al., 2019). However, the optimal organization of gross movement interventions for enhancing children’s physical fitness remains a pivotal area of inquiry. Questions surrounding which age group benefits most from the impact of gross movement interventions on physical fitness and which specific physical fitness components show the most significant improvement necessitate thorough exploration. In light of these considerations, the findings of this study offer scientific intervention guidance for enhancing children’s physical fitness, offering benefits to society, educational institutions, and families. First, during childhood, emphasis should be placed on practicing gross movements, given that they have a significant impact on improving children’s physical fitness, and this positive correlation remains as children grow older. Second, the cultivation of explosive strength in children is of paramount importance. Focus on enhancing children’s explosive strength through tailored gross movement interventions, including movements such as tuck jumps and competitive rope climbing, can effectively enhance their explosive strength. Third, the age bracket of 7–10 years emerges as the period when children experience the most rapid improvement in physical fitness, although attention should be given to factors such as training frequency and duration. Fourth, a gross movement intervention with a 16- to 18-week duration has been shown to be effective in enhancing children’s physical fitness, contributing to the refinement of their skills and cognitive abilities. Fifth, recognizing the impact of unhealthy habits or behaviors on children’s physical fitness is crucial, and a weekly session of gross movements is deemed optimal for the most pronounced effects on enhancing children’s physical fitness. Finally, judiciously arranging the session duration to be 60 min per session is shown to be optimal for improving children’s physical fitness. In summary, the findings of this study provide critical practical references for effectively enhancing children’s physical fitness. Societal, educational, and familial entities should prioritize the influential role of gross movements in improving children’s physical fitness and implement effective measures to prevent childhood physical illnesses, ultimately reducing the global incidence of developmental disorders in children.



5.3 Future research

In a follow-up study, this research group will further explore the following: ① the ongoing impact of gross movement interventions on children’s physical fitness; ② the effects of different gross movement interventions on different physical qualities; and ③ the effect of different total intervention durations on children’s physical fitness and related issues.




6 Limitations

This study did not discuss the subsequent effects of gross movement interventions on children’s physical fitness. In addition, gross movements are mainly completed using large muscle groups. This study did not classify gross movements by muscle groups, nor did it explore the effects of different large muscle groups on physical fitness. Second, the literature included in this study did not account for the effects of sex, country, total duration of intervention across age groups, family environment, nutrition and health status, teacher training level or other factors related to on children’s physical fitness, which may have led to certain biases in the results. Therefore, additional studies are needed to overcome these limitations and validate the current findings.



7 Conclusion

The results of this meta-analysis show that gross movement interventions have a positive impact on the physical fitness of children aged 3–10 years, especially on explosive power. Specifically, gross movement interventions had stronger effects on the physical fitness of children aged 9–10 years. Additionally, the optimal intervention parameters include one intervention per week, 60 min per session, and a total intervention duration of 16–18 weeks.
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because, in reality, you have to communicate with others.

Sometimes, we have to convey something to others and

ensure that they understand it It all comes down to how
You organize and articulate your language. You may
possess knowledge yourself, but when it comes to

conveying it to others, it may not be as straightforward.

If we aim to expand beyond the school environment, it is
essential for physical education teachers to engage in

communication and collaboration with the community.





OPS/images/fpubh-11-1233738/fpubh-11-1233738-t008.jpg
Categorizations Conceptualization Label numbers

D2: Possessing relevant knowledge of sports and health 2
Cl: Sports and health knowledge reserve
DI18: Demonstrating professionalism when communicating 1
D8: Having passion for health communication 8

C2: Health beliefs

D26: Being adaptable to different roles 4
DI: Havinga healthy lifestyle 4
C3: Healthy behavior ¢ .
Di: Leading by example 12
Ca: Health risk and risis perception D5: Seizing special opportunities for health communication 9
competence D27: Can seize current hot topics 5

For the specific date, see Appendix Table A3,
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Variables Categories N %
Gender Boy 605 49.1

Girl 627 50.9
Age 8-11 years 64 5.2

12-15 years 752 61.0

16-18 years 416 33.8
Do you have a smartphone? Yes 1206 97.9

No 26 2.1
Do you have a computer, tablet or other Yes 1118 90.7
device with internet connection?

No 19 1.5

Sometimes 95 7.7
Do you think there is cyberbullying in Yes 261 212
your school?

No 270 21.9

T don’t know 701 56.9
Have you ever suffered a situation of Yes 118 9.6
cyberbullying by a classmate?

No 1114 90.4
Do you think that people who suffer Yes 1097 89.1
cyberbullying have a negative influence on
their academic performance?

No 22 1.8

T don’t know 113 9.2

N: number, %: percentage.
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Dimensions Educational stage

Primary Secondary
(1) ECIPQ-Victim —0.08 (<0.01)** —0.12 (<0.01)** —0.03 (0.53) —0.19(0.11) —0.07 (0.02)*
(2) ECIPQ-Abuser —0.11 (<0.01)** —0.13 (<0.01)** —0.09 (0.03)* —0.27 (0.02)* —0.10 (<0.01)**

The correlation is significant at the **p < 0.01; *p < 0.05. Each score obtained is based on a Likert scale: E-AEM (1-4): 1 (strongly disagree) to 4 (strongly agree). ECIP-Q (0-4):
0 (never) to 4 (always).
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Dimensions E-AEM o (p) Hours of daily physical activity BMI

<60 min >60 min 18.5-24.9

ECIPQ-Victim —0.08 (<0.01)** 0.03 (0.75) —0.34(0.37) —0.18 (<0.01)** —0.07 (0.06) 0.16 (0.07)

ECIPQ-Abuser 0.11 (<0.01)** —0.14 (0.14) —0.11 (<0.01)** —0.17 (<0.01)** —0.10 (<0.01)** 0.01 (0.93)

The correlation is significant at the **p < 0.01. Each score obtained is based on a Likert scale: E-AEM (1-4): 1 (strongly disagree) to 4 (strongly agree). ECIP-Q (0-4): 0 (never) to 4 (always).
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Effect value Boot standard error Boot ULCI Boot LLCI Relative effect value
Total effect 0786 0.048 0,692 0,880 /

Direct effect 0293 0.053 0.190 0.396 37.301%

ing effects 0493 0044 0411 0581 62.712%

ULCI, upper level of confidence interval; LLCI, lower level of confidence.
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Regression equation

Outcome Predictor
\ZUELIEE variable

Gender
Grade
School
TR
PT
PE difficulty
PT x PE difficulty
Gender
Grade
School
PT
Satisfaction
Trait fluency
PE difficulty
PT x PE difficulty
TF x PE difficulty

P, personality trait TE trait fluency.

0644

0.692

Goodness of fit index

R?

0414

0.479

Significance of the coefficient

B

~0.083

~0022
~0.025
101556
0.786
—0.048
~0.130
0.017
-0018
-0017
0.361
98.582
0574
—0.144
—0.183

0172

~1.965

~1.001

~3426

21635

—2.386

~3.801

0.361

-0.738

~2029

6999

14857

-6.218

-3.849

5201

P

0050
0317
0001
0.000
0017
0.000
0718
0461
0043
0.000
0.000
0.000
0.000

0.000





OPS/images/fpsyg-14-1270089/fpsyg-14-1270089-t007.jpg
BE Effect Boot

difficulty ~ value standard

error
148 (M-1SD) | 0370 0.070 0505 0232
MME 247 (M) 0451 0.043 0537 0368
346 (M+1SD) | 0.490 0.070 0623 0345

MME, moderated mediation effect; Boot standard error refers to the standard error of the
indirect effect estimated by the bias-corrected percentile Bootstrap method, Boot CI upper
and lower bounds refer to the upper and lower bounds of the 95% confidence interval;all
values are retained to two decimal places based on rounding.
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Varian

Gender

Grade

School

Male
Female

Freshman

Sophomore

Junior

Senior

1. Fudan University

2. Shanghai Jiao Tong University

3. East China Normal University

4. Donghua University

5. Shanghai University

6. Shanghai Normal University

7. Shanghai University of Traditional Chinese Medicine
8. Shanghai University of Engineering and Technology
9. Shanghai University of Applied Sciences

10. Shanghai Sports Institute

Number

23
585
31
35
13
7
81

8
95
7
97
80
97
87
87
80

3444
3538
3561
3583
3336
3.195
3632
3612
3579
3635
3.658
3.923

SD
0928
0875
0881
0899
0891
0838
0846
0.806
0755
0.688
0902
0893
0785
0902
0477

0852

-1.453

5.923

24751

0.146

0.001

0.000
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Varian SD

1. Personality traits 3312 0561 1

2. PE satisfaction 3507 0893 05174 1

3. Trait fluency 3318 0.746 0.620% 0.642%% 1

4. PE difficulty 2478 0989 0.126% 0.167% 00754 1

**At the 001 level (two-tailed), the correlation was significant





OPS/images/fpsyg-14-1270089/fpsyg-14-1270089-t004.jpg
Regression equation

Goodness of fit index

Significance of the coefficient

Outcome Predictor R? 8

variable variable 4
Gender ~0.039 ~0707 0480
Grade ~0042 ~1480 0139

Satisfaction 0527 0277 82870
School ~0027 ~2809 0.005
Personality trait 0786 16409 0.000
Gender ~0.077 —1813 0070
Grade ~0.030 ~1386 0.166

“Trait fluency 0,630 0397 142043
School ~0.024 321 0.001
Personality trait 0797 21845 0,000
Gender 0.008 0.166 0.868
Grade ~0024 ~0936 0349

Satisfaction School 0662 0438 134210 ~0012 ~1443 0150
Personality trait 0293 5564 0.000

Trait fluency 0618 15677 0.000
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Conceptualization numbers Tagged labels

D1: Having a healthy lfestyle E1,E43, E53, E102

E2, E5, E6, E7, E8, E11, E35, E49, ES8, E73, E79, E90, E91, E108, E114, E122, E125, E126, 128,

D2: Possessing relevant knowledge of sports and health
E132, E167, E178, E179, E186, E187, E197, E198, E206, E207

D3: Having relevant communication skills E3, E34, E54, E55, E97, E100, E103, E168, E177
Dd: Leading by example E12,E13, E14, E44, E84, E85, E156, E160, E181, E193, E195, E238

For the specific date, see Appendix Table A2.
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No.

Interview questions

Have you ever engaged in health communication with your family and friends? If so, please provide examples?

How do you define the health communication competence of physical education teachers? What aspects are included in this
competence?

What roles and responsibilities do you think physical education teachers have in health communication? How do they contribute to
promote pupils' healthy behaviors and awareness?

‘What are the main challenges that physical education teachers face in health communication? In which areas do they need further

nprovement?
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Type

Focus group interview |

Individual interviewee,
Individual interview

‘materials 16

In subjects like emergency safety, preparedness, and risk mitigation, it is necessary for you to be able to

guide students on what to do. Therefore, when imparting this knowledge to students, you should possess

the necessary knowledge and skills.

When you have a strong grasp of professional knowledge, it becomes easier for others to accept the

information you communicate. It is important to prioritize simplici

and ease of learning when

g this knowledge. From a wide range of content, you should select the ones that are simple and

easy to understand, as this will yield better results. Additionally;it is essential to stay informed about

currently popular and trending fitness acti

. This knowledge will accelerate the dissemination

process because these activiies are both easy to learn and engaging, leading to a rapid spread of

information.

abeling

E4 Know how to guide students to do

50 when an emergency
happens

ES You should possess health
communication relevant knowledge

and skills

E108 Possess strong professional

knowledge to enhance credibility
E109 Select simple and easy-to-learn
content from a variety of materials
EL10 Know what popular and
trending fitness activities are

currently
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Tagged labels gged labels

E1: It requires a healthy behavior and lifestyle E121: You need to know the mainstream communication platforms
E2: The basic knowledge is important E122: You should understand how to train overall physical fitness
E3: Skills are also important E123: Can design various exercise methods

E4: Know how to guide students to do so when an emergency situation happens E124: Can coordinate his spare time or his time after work

E125: It requires knowledge and ability to prevent some of the most basic and
E5: You should possess health communication relevant knowledge and skills
common diseases

E6: Hasa relatively rich understanding of health education and health E126: The knowledge of sports and health in books is a fundamental requirement for

communication communication

For the specific date, see Appendix Table Al
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Conceptualization Labeling

E18: Should catch the fast train of

epoch development

E19: Should be able to grasp the peak
Dé: Can use the internet for
period of short video platforms such

as TikTok and Kwai

E20: Have the ability to apply
information technology
E17: Should have a pure intention of

D8: Having passion for health
helping people engage in healthy

behavior

Interview material

Contemporary physical education teachers should hop on the fast-moving train of
technological advancements to effectively disseminate health knowledge. It s crucial to

leverage popular short video platforms like TikTok and Kiwai to ensure the rapid spread of our
knowledge. This requires physical education teachers to have the ability to utlize information

technology and to filer through various sources of information.

Currently, much of the available health information is driven by profit and heavily influenced
by commercial interests. Therefore, it is important for physical education teachers to maintain

pure intentions and prioritize public welfare when engaging in health communication.
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Interaction effect of the

The number of

(M+SD) Group main effect RS el G et number of measurements
Factor and group
Baseline il Six weeks [IES biss GIES
weeks 120 21 122
Learning T 2374040 3192046 406031
Motivation 1139 023 002 9995 073 <001+ 1684 031 <001+
X c 255:0.60 2826044 3262033
Dimension
Attention T 2412040 3012041 3992025
1691 031 <001+ 9476 084 <001+ 2182 040 <001+
Dimension c 2484047 2726038 3072038
T 2462051 3158021 3920022
Self-Directed
Learning Intention 2755 042 <001+ 7840 0.67 <001+ 1147 023 <001+
c 2484052 267045 3142036
Dimension
Satisfaction T 2312044 3142039 395036
. 989 021 003 89.46 083 <001+ 2972 044 <001+
Dimension c 2582055 2812034 3092033
Disturbing T 3474030 297034 2212030
emotional 754 017 <001+ 14526 0.89 <001+ 1460 028 <001+
c 345029 3182031 272:036

dimensions

“+” indicates p <0.05; “**” indicates p <0.01.
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Interview participants (N = 31)

0-10 20 (65%)
Teaching experience 10-20 2(6%)
(years) 20-30 4(13%)

30-40 5(16%)
College diploma 13%)
BEd 9(29%)
Degree
MEd 16 (52%)
PhD 5(16%)
Second-level teacher 15 (49%)
First-level teacher/ 4(13%)
assistant professor
Title Associate senior teacher/ 10 (32%)
associate chief nurse/
associate professor
Professor 2(6%)
Northern China 2(6%)
Eastern China 19 (61%)
Region Central China 13%)
Southwest China 6(20%)
Northwest China 3(10%)
Individual interview 16(52%)
Interview method
Focus group interview 15 (48%)

The professional tiles of Chinese primary and secondary school teachers are divided into
five main levels: third-level teachers, second-level teachers,first-level teachers, associate
senior teachers, and senior teachers. Professor in university is equal to senior teacher in
primary and secondary school. Associate professor is equal to associate senior teacher o
associate chief nurse. Assistant professor is equal to first-level teacher.
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ubject  Action Content SSOI Physical principles

Stand upright, holding the staff in the right hand to keep

straight. Turn to the left

side with the right foot as the axis, and at the same time, step back with the lef foot,
forming a Gongma stance, with the distance between the feet slightly greater than the
shoulder and the center of gravity of the body falling between the two feet. The toes of
the right foot are slightly imwardly buckled toward the front, the toes of the left foot are
toward the right front, and the heel is lfteds the horizontal distance between the front
Fighting Zhongsiping Balance stability, the center
e, | andback feetis about halfa foot; at the same time, the lefi-hand slides downwards 1 .
position position (1[4 F-#) of gravity adjustment
along the staff, and grips it o the end of the staff, the right-hand grips the staff and
presses it forward and downwards, with the two arms slightly curved, and the distance
between the hands is somewhat wider than that of the two feet; the upper body stays
straight, the chest and the stomach are contained, the two shoulders are sunk to the
lower part of the body, and the front end of the staff is slightly lified, with the eyes

Tookingat the front.

Xiaogongbu (% “Turn hips with the lei foot in the stirrups so that the front of the knee is perpendicular

%) 1o the ground and the front of the body is facing forward.

Stomp the ground with the back foot and take a big step forward with the front foot
Gongbu (5 1) while bending at the knee, with the thigh nearly horizontal and the knee perpendicular 1
to the toes. Interaction forces, the

footwork

“The right foot strs the ground, the center of gravity shifts back to the leftleg, the right center of gravity adjustment

oot
Tibu (425 left leg independently supports the body, the right leg i lfied backward in the air, the 1

quickly lified to the rear, and the left g is assisted to stir straight. Currently; the

center of gravity is transferred from the leftleg to the waist and abdomen, and the body
is tilted forward.

“The left foot stirrups and turns to the right, quickly driving the lft side of the waist and
hips to the right so that the body is facing forward; the left shoulder is sent on at the

Pinzha (F4L) same time as the left arm holding the soldier ahead stabbing, the right arm is quickly 1
raised to assist in the forward delivery of the right-hand does not move to ensure that

the staff from the right-hand slides through smoothly.

“Twist the left foot o the right, quickly drive the leftside of the waist and hips to the
right so that the body is facing forward, the left shoulder to the front a the same time
Shangzha (1:41)  as the left arm forward and upward stabbing, the right arm quickly raised to assist the 1
forward and upward, the right-hand does not move, to ensure that staff from the right-
Offensive i
hand slides through smoothy: Rotational torque, moment
techniques

Zha ‘The left foot stirrup is twisted to the right, quickly driving the left side of the waist and of inertia, linear velocity

hips twisted to the right so that the body i facing forward; the left shoulder is sent
Xiazha (F L) forward at the same time that the left arm is stabbed forward and dowmward, the right 1
arm is quickly raised to assist the forward and dowmvard, the right-hand does not
move to ensure that the staff from the right-hand slides through smoothly.
‘The left foot stomps the ground to twist to the right, quickly driving the left side waist

and hips to twist to the right; the left shoulder i sent out to the front to the maximum
single-handed zha (

extent at the same time the left arm jabs out to the front, at the same time the right 1
HBFAL)

hand detaches from the staff and quickly extends out to the back to assst the body to
it to the right.

“The left foot slightly stirrups the ground, the leftside of the waist and hips and
shoulders quickly twisted to the right so that the front of the body facing the front, the

left hand forward and upward lifting equipment, and the forehead at the same height

Offensive po
Technique: | Xia Pi (F§§) so that the right hang
Li quickly to the lef twisted, the right hand sliding the handle forward to the downward linear velocity

n, at the same time, the right hand quickly along the equipment downward slide, Rotational torque, moment

is located in the head is directly above. Then the waist and hips 1 of inertia, angular velocity,

pressure, the left hand is also downward pulling and pressure, so that the equipment

downward cleaves to the horizontal position, arms upward force to inhibit the

continuation of downward movement of the cquipment.

Immortal sitsina  The center of gravity is shifted back to the left leg, the body sits back, the end of the

cave posture (fll A staffis pressed against the lef side of the waist and abdomen, the staff s pointed 1

Advanced | AT toward the opponent, and then one hand is zipped out violently.
Offe
Techniques | Jiashan posture (J¢  forward to grasp at the front half of the staf;the left arm holds the staff under the

Balance stability the center

ve “The right hand violently sends the staff backward. Both hands simultaneously slide -
of gravity adjustment

¥ armpit, the right hand will nearly grasp at the front end of the staff, and the left foot
steps forward upward and quickly approaches

‘The body is turned slightly to the right; the right arm is bent at the elbow, the right
Upper right block (hand slides slightly under the handle and recovers toward the right front of the chest,
i Lot ) and the lefi hand i then pushed slightly forward and downwards so that the upper part

of the staff protects the head.

D “The body is turned to the lfi; the right arm is bent at the elbows the right hand slides
elensive
) Left center block ( the handle slightly upwards and recovers toward the leftfront of the head, and the . leveraging
techniques
N e ) Teft-hand moves forward to be in a perpendicular position to the right hand so that the

staff s guarded on the left side of the torso.

“Tuen right with left foot on the ground, turn body naturally to the front, and raise both
top-shelfblock (|

%)

arms forward and upward simultancously so the staff i
and high above the head.

laterally paralle to the ground 1
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2020-2021 season 2021-2022 season P-Value Effect size

Mean Stand. Dev. Mean Stand. Dev.
Personal and team success 3.81 0.63 4.31 0.64 0.001 0.46
Self-fulfilment and pro-social conduct 3.98 0.57 422 0.62 0.001 0.26
Sportsmanship and fair play 445 0.49 432 0.63 0.112 0.09
Personal and group superiority 2:73 0.92 3.46 1.08 0.001 0.39
Health and physical fitness 4.18 0.67 4.39 0.74 0.001 0.21
Peaceful conduct 3.89 0.83 4.12 1.02 0.001 0.18
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Dimensions | Cronbach’s alpha | McDonalds’ omega

ECIPQ-Victim 0.874 0.865

ECIPQ-Abuser 0.877 0.861

E-AEM 0.907 0.909
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Dimensions E-AEM o (p) Hours per day in front of Own telephone?
computer/tablet/mobile phone

<90 min >90 min No Yes
ECIPQ-Victim —0.08 (<0.01)** —0.22 (0.20)* —0.06 (0.04)* —0.47 (0.02)* —0.07 (0.02)*
ECIPQ-Abuser —0.11 (<0.01)** —0.32 (<0.01)* —0.09 (<0.01)** —0.43 (0.03)* —0.10 (<0.01)**

The correlation is significant at the **p < 0.01; *p < 0.05. Each score obtained is based on a Likert scale: E-AEM (1-4): 1 (strongly disagree) to 4 (strongly agree). ECIP-Q (0-4):
0 (never) to 4 (always).





OPS/images/fpsyg-15-1321669/fpsyg-15-1321669-t002.jpg
Spain Italy United Kingdom Romania

20-21 21-22 20-21 21-22 20-21 21-22 20-21 21-22

Personal and team success 3.78 375 395 4.55 3.67 4.67 4.33 4.01
Self-fulfilment 4.14 4.11 4.24 4.44 3.7 4.01 4.48 4.16
Sportsmanship 4.36 4.24 4.54 4.46 4.49 4.26 4.45 4.15
Personal and group superiority 2.83 2.86 3.26 4.12 2.29 3.18 3.77 3.43
Health and physical fitness 4.20 4.04 4.11 4.47 4.11 4.66 4.57 4.45
Peaceful conduct 3.96 4.00 4.17 4.38 3.63 3.94 4.5 3.75
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a*b (95% Boot
Cl)

B(c) TE a*b ME B(c’) DE

Self-esteem

Loneliness 0.223* —0.264%* —0.322%% 0.085 0.138 % 0.012~0.088
=> Academic self-efficacy

“Bc)": Represents the regression coefficient of “Academic sel-effcacy’” to “General Self-Efficacy” (no mediator Self-Esteem in the mode), i, Total Effect (TE). “B(c)': Represents the
regression coeficient of “Academic selfefficacy” to “General Self-Eficacy” (included mediator Self-Esteem in the model), e, Direct Effect (DE). " Represents the regression coefficient of
“Academic self-effcacy” to “Self-Esteem.” “b": Represents the regression coefficient “SelfEsteem” to “General Sel-Eficacy” “a*b': Represents the product of a and b,ie., Mediation effect (ME).
95% Boot CI represents the 95% confidence interval calculated by Bootstrap sampling, f the interval does not include 0, it means significant,“Effect Ratio’: Iftis a complete mediation, the
effect raio is 100% Ifit is a partial mediation, the formula s: a*b/c; If the mediation effect s not significant, the effect ratio is 0%. *Significant (p <0.05). **Significant (p<0.01)
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Idgaantia Dependent variable Adjusted R?

variable

Self-esteem Academic self-efficacy 0117 2358 0.014 0.011 5.562*
Self-esteem Loneliness —0.168 —3.429 0.028 0.026 11755%%
Self-esteem Academic self-efficacy 0.072 1489 0.081 0.077 17.817%%
Loneliness —0264 —5.448

Model 1, Regression model of “Academic self-efficacy” to “General Sel-Efficacy” Model 2, Regression model of “Academic self-efficacy” to “Self-Esteem” Model 3, Regression model of
“Academic self-efficacy” with the mediating variable “Self-Esteem” to “General Self-Efficacy” *Significant (p<0.05). **Significant (p<0.01).
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Mean SD

Age 10510 1.360

1. Self-Esteem 28.790 4914 1

2. Positive Esteem 15.800 2,685 0.920%* 1

3. Self-Deprecation 12990 2,662 0.918%* 0.690%* 1

4. Academic Self-Efficacy 90.600 9.407 0117* 0.105* 0109 1

5. Loneliness 33.363 7.719 ~0.168%* —0.134%% ~0.176%* ~0.276%* 1

Allests were two-tailed. This table shows the general means (Mean), standard deviations (SD), and correlations of the six major variables. **Indicates a significant correlation between the
variables, which obtains between all the variables. *Significant (p <0.05); **Significant (p<0.01).
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Paired statistics (Mean + SD)

Paired mean

p-value

Academic self-efficacy
Acrobic Gymnastics Self-Esteem
Loneliness scale
Academic self-efficacy
Latin American Dance  Self-Esteem

Loneliness scale

Pre-test Post-test
62341028 90.73£953

15264305 28524479

34774790 33014755
6305 10.68 90.47£931

15584337 2906+ 5.04

35474813 337147.89

-2839

-1326

176

—27.41

—1348

176

-28.77

-33.12

473

-26.72

-3L13

473

0.000%*
0.000%*
0.000%*
0.000%*
0.000%*

0.000%*

Table shows the general means (Mean), and standard deviations (SD). Paired T-tests to exam differences Pre-, Post- Test, **indicates a significant relationship between the variables.

“Significant (p<0.05); **Significant (p<0.01).
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Paired statistics
(Mean + SD)

Pre-test

Academic | 6270+ 10.48

self-efficacy
Male 63.44110.25
Female 61.95+10.67
Self- 1542+3.21
Esteem

Male 1522+3.01
Female 15.63 +3.40

loneliness 35,12+ 8.02

scale
Male 34634827
Female 35.6747.71

Post-
test

90.60 +9.41

89314975
9191 £8.88

2879 +491

2846+ 485
29.13£497

3336772

3346 £7.59

3325788

~27.90

~25.87
~29.96

-13.37

-13.24
~13.50

176

117

241

-39220

~25.897
-30.118

—45.380

~32.690
-31.463

6.693

2,098

5.350

0.000%*

00004
00004

00004

0.000%
0000+

0000+

0,000+

0,000+

Table shows the general means (Mean), standard deviations (SD). Paired T-tess to exam
diferences Pre-, Post- Test. *Indicates a significant elationship between the variables
*Significant (p <0.05) **Significant (p<0.01).
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Variable ~ Defi

Students’ Academic Self-Efficacy

Psychomet n

A students belief in their ability to meet the

demands of their academic environment (Fife

etal,, 2011).

Self-Esteem A psychological state corresponds to.a sense of
integrity in understanding one’ capabilities and
value (Saha, 2018).

Londliness An unpleasant emotion of discrepancy between

desired and experienced interpersonal

relationships (Perlman and Peplau, 1982), is

typically experienced by LBC (Shen et al, 2015).

Influence on acade

Significant influence on predicting academic resilience (Bandura, 1997). Facilitates
the development of academic goal-setting skills (Locke and Latham, 2002) and
impacts academic performance (Honicke and Broadbent, 2016).

Mediates the relationship between parent-child relationships and academic stress
(Mulyadi et al,, 2016). Strongly correlates with academic performance and teacher
support (Liu et al., 2019).

Associated with a lack of family connections (Cacioppo et . 2015), and
correlated with individual problems among LB, such as emotional problems (¢.g.
social anxiety) (Li ¢t al.,2020), psychological problems (e.g. self-estcem) (Wei and
Huang, 2019), and education-related problems (e.g., student academic

performance or achievement) (Wang Y. et al, 2021).
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Students Academic
Self-Efficacy
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Indicators Student's d Cohen

t-test
1 344506 346402 ~098 018 095 036 ~045 -0.22
2 352403 321403 1073 000 334.26 000 1033 098
3 26503 284206 -876 000 7681 0.00 ~401 -089
4 302404 335203 ~2008 000 40333 000 -933 -098
5 01503 382404 1156 000 13370 000 537 094
6 354502 331403 2083 000 43406 000 9.02 0.98
7 336404 322406 602 0.00 3630 000 275 081
8 34703 359+05 -632 0.00 40.00 0.00 -291 ~082
9 310402 325205 -852 0.00 7258 000 -394 ~089
10 331505 284506 1873 000 35063 000 851 097
n 369£0.1 348£04 1554 000 24164 000 7.20 0.96
12 421503 385401 292 000 57230 000 1610 099
13 51502 422403 735 000 5400 000 353 087
1 386£04 357406 1248 000 15574 000 569 0.94
Total 332403 343404 ~669 000 4481 000 -3 ~084
Indicators GPA Student’s t-test P ANOVA P d Cohen "
Am1 AfL

1 446504 424201 1629 000 265.21 000 755 097
2 487206 465205 877 0.00 76583 000 398 089
3 384502 373501 1391 000 19360 000 696 0.96
4 394502 416204 —1483 000 22000 000 ~696 ~096
5 452406 400202 2430 000 54041 000 1163 099
6 481403 393401 4879 0.00 238049 000 3935 099
7 163505 32204 1495 000 22349 000 685 0.96
8 438504 460202 —1483 000 22000 000 ~696 -096
9 425201 414202 1391 000 19360 000 696 0.96
10 386407 369405 617 000 3803 000 279 081
1 453201 37103 7731 0.00 5976.89 0.00 3667 099
12 1495504 443202 3506 000 122909 000 1644 0.99
13 524502 48604 2562 000 65636 000 1202 099
14 532802 492401 50,60 0.00 2560.00 0.00 2530 099
Total 454504 424203 18.26 000 33333 000 849 097

1, Thave been feeling optimistic about the future; 2,1 have been fecling useful; 3, have been feeling relaxed; 4,  have been feeling interested in other people; 5, 1 have had energy to spare; 6,
I have been dealing with problems well 7,  have been thinking clearly; 8,  have been feeling good about myself; 9, I have been feeling close to other people; 10, have been feeling confident;
11, 1 have been able to make up my own mind about things; 12, I have been feeling loved; 13, I have been interested in new things; 14, I have been feeling cheerful.
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Indicators Student's d Cohen

t-test

1 346+0.2 424101 22062 0.00 48672.00 0.00 -49.33

2 321203 165205 2768 000 51840.00 000 3493 ~0.99
3 28.4+06 373101 56.01 0.00 3137.03 0.00 -20.69 =099
4 335£03 416104 256.14 0.00 65610.00 0.00 =2291 =099
5 38.2+04 40.0£0.2 28.46 0.00 810.00 0.00 =569 -0.94
6 33.1£03 3930.1 120.83 0.00 14599.40 0.00 =27.73

7 32.2£06 432104 40.32 0.00 1625.63 0.00 =21.57 =099
8 35905 46.010.2 126.00 0.00 15876.00 0.00 =26.52 =099
9 325+05 414102 93.81 0.00 8801.11 0.00 =2337 =099
10 28.4+06 36905 268.79 0.00 72250.00 0.00 =1539 =099
11 34.8+04 37.1£0.3 7273 0.00 5290.00 0.00 -6.51 -0.96
12 38.5+0.1 443102 183.41 0.00 33640.00 0.00 ~36.68 =099
13 422103 48.6+0.4 20239 0.00 40960.00 0.00 ~18.10 =099
14 357£0.6 49.2£0.1 84.96 0.00 7217.82 0.00 =31.39

“Total 343+04 424103 256.14 0.00 65610.00 0.00 =2291

Indicators GPA Student's t-test p ANOVA p d Cohen r

Bf BfL

1 34.8+04 352405 12,65 0.00 160.00 0.00 —0.88 —0.40
2 31.9+0.1 32002 27 0.05 7.37 0.05 —0.63 -0.30
3 29.1£05 30203 17.39 0.00 302.50 0.00 -267 -0.80
4 33.8+04 35.1+0.3 4L11 0.00 1690.00 0.00 —3.68

5 38.4+0.1 38.6+0.2 1.26 027 1.60 027 -1.26 -0.53
6 33.0£05 36.1£0.2 32,68 0.00 1067.78 0.00 -8.14 =097
7 324402 38305 62.19 0.00 3867.78 0.00 —15.49 -0.99
8 36.2+03 37402 61.00 0.00 3721.00 0.00 —4.71 -0.92
9 328402 369+0.6 47.72 0.00 22777.05 0.00 -9.17 .98
10 29.1+04 32602 86.50 0.00 7482.25 0.00 -11.07 -0.98
11 34.6+05 358+0.2 12,65 0.00 160.00 0.00 =315 -0.84
12 382406 40004 28.46 0.00 810.00 0.00 -3.53 -0.87
13 42.4+0.1 44.5%0.2 59.40 0.00 3528.00 0.00 -13.28 -0.99
4 359£05 38203 31.03 0.00 962.67 0.00 =5.58 -0.94
“Total 345£03 365£0.3 11473 0.00 13162.58 0.00 —6.67 ~0.96

1, have been feeling optimistic about the future; 2,1 have been feeling useful; 3, have been feeling relaxed; 4, have been feeling interested in other people; 5, 1 have had energy to spare; 6,
[ have been dealing with problems well 7,  have been thinking clearly; 8, | have been fecling good about myself; 9, I have been feeling close to other peaple; 10, I have been feeling confident;
11, I have been able to make up my own mind about things; 12, I have been feeling loved; 13, I have been interested in new things; 14, T have been feeling cheerful.
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Indicators Student's d Cohen

t-test

1 344£06 446104 103.70 0.00 10752.67 0.00 20.00

2 35203 48.7£0.6 14230 0.00 20250.00 0.00 =225 =099
3 26503 384202 37631 000 141610.00 000 668 ~0.99
4 30.2+£04 39402 37.16 0.00 1380.63 0.00 =29.09 =099
5 40.1£03 452106 53.76 0.00 2890.00 0.00 =10.75 -0.98
6 354£02 48103 86.00 0.00 7395.16 0.00 —49.81

7 33.6+04 463105 401.61 0.00 161290.00 0.00 =28.05 =099
8 34.7£03 438104 287.77 0.00 82810.00 0.00 =25.74 =099
9 31.0£0.2 42510.1 32527 0.00 105800.00 0.00 =72.73 =099
10 33.1£05 38607 86.96 0.00 7562.50 0.00 -9.04 -0.98
11 36.9+0.1 45.310.1 332.04 0.00 110250.00 0.00 ~84.00 =099
12 42103 49.5+0.4 243.01 0.00 54760.00 0.00 =20.93 =099
13 43.1£0.2 52402 107.59 0.00 11575.12 0.00 —46.50 =099
14 38.6+0.4 53.2+0.2 22395 0.00 50155.29 0.00 —46.17

“Total 33.2+03 454104 385.80 0.00 148840.00 0.00 =3451

Indicators GPA Student's t-test p ANOVA p d Cohen r

Bm Bmi

1 34.3+05 363+0.2 2031 0.00 41263 0.00 =525 -0.93
2 35.4+0.1 38204 2894 0.00 837.61 0.00 =9.60 -0.98
3 26.4+0.6 32105 180.25 0.00 32490.00 0.00 -10.32 -0.98
4 30.6+0.2 335+0.1 82,02 0.00 6728.00 0.00 —18.34

5 41.0£04 428402 28.46 0.00 810.00 0.00 -5.69 -0.94
6 356404 423+0.1 70.00 0.00 4900.66 0.00 -22.98 -0.99
7 332406 392404 43.89 0.00 1926.67 0.00 =177 -0.99
8 34.9+0.1 382405 2545 0.00 647.83 0.00 -9.15 —0.98
9 31.1£04 35705 145.46 0.00 21160.00 0.00 -10.16 .98
10 33.4+02 362404 4427 0.00 1960.00 0.00 —8.85 -0.98
11 37.1£03 40.0+£0.2 91.72 0.00 8410.00 0.00 -1137 -0.98
12 42.2+0.1 445%0.3 3528 0.00 1244.71 0.00 -10.29 -0.98
13 43.40.1 48.5+0.1 274.74 0.00 7548457 0.00 =51.00 -0.99
14 388502 21205 2064 000 24762 000 867 —0.97
“Total 33.6+0.3 36.2+04 129.00 0.00 16641.00 0.00 =735 ~0.96

1, have been feeling optimistic about the future; 2,1 have been feeling useful; 3, have been feeling relaxed; 4, have been feeling interested in other people; 5, 1 have had energy to spare; 6,
[ have been dealing with problems well 7,  have been thinking clearly; 8, | have been fecling good about myself; 9, I have been feeling close to other peaple; 10, I have been feeling confident;
11, I have been able to make up my own mind about things; 12, I have been feeling loved; 13, I have been interested in new things; 14, T have been feeling cheerful.
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Indicators Student’s P d Cohen

t-test
1 02£02 382402 2.10 0.00 533,39 000 10.00 0.98
2 38604 364202 1483 0.00 22000 000 696 0.96
3 387403 369401 197 004 388 008 805 097
4 421503 412206 293 001 860 002 0.00 0.00
5 413202 404202 .06 0.00 6497 000 45 091
6 01503 415505 -738 0.00 5444 0.00 -3.40 -0386
7 419201 408404 814 000 6630 000 377 0.88
8 369404 382403 -791 0.00 6259 000 -368 ~038
9 394506 402£02 -390 000 1524 000 -179 ~067
10 382404 343506 1678 000 28167 000 765 097
n 442203 421205 1025 000 10504 000 7.00 096
12 444201 391404 2061 000 87700 000 1818 099
Total 05504 391403 852 000 7259 000 396 0.89
Indicators GPA Student’s t-test P ANOVA P d Cohen r
Am1 AfL

1 454201 443201 557 000 3097 000 1100 0.98
2 443502 45103 -653 000 4267 000 -314 ~084
3 448506 452404 -172 006 296 012 ~078 -037
4 469401 464202 632 000 40.00 000 171 0.65
5 452203 441404 669 0.00 4481 0.00 31 084
6 488202 482203 490 000 2400 000 235 076
7 47302 461205 114 014 129 029 315 084
8 442202 438202 440 000 1937 000 200 o7
9 146504 445403 0.60 029 037 056 028 o4
10 45302 430202 324 001 441 007 1150 0.99
n 486502 45103 2858 0.00 81667 000 1373 099
12 485£0.1 448402 1680 000 219040 000 2.0 099
Total 462202 45104 742 0.00 55.00 000 348 087

1, Vestibular stability; 2, Information perception rate, operational thinking under vestibular irritations; 3, Working memory under vestibular irritations; 4, Movement coordination and
accuracy; 5, Fast space orientation under vestibular irritations; 6, Ability to extrapolate developments; 7, The task switch abilty (distributing and shifting attention between one task and
another, performing additional work); 8, Ability to quickly change the actvity structure; 9, Retaining fine muscle control during emotional arousal and exhaustion; 10, Emotional stability; 11,
Determination; 12, Confidence.
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Indicators Student’s P d Cohen

t-test

1 402£02 454201 147.08 000 21632.00 000 3289 ~099
2 38604 443202 90.12 000 812250 000 -1802 -099
3 387403 448206 6430 0.00 413444 0.00 ~1286 -099
4 421503 469+0.1 7363 000 542118 000 -2147 ~099
5 413202 452203 12333 000 1521000 000 ~1530

6 01503 488402 5055 0.00 2555.16 0.00 -3412

7 419501 473202 15274 000 23328.00 000 —3415 ~099
8 369+04 442202 14941 0.00 2232600 000 -23.08 -099
9 394506 446204 8222 0.00 6760.00 0.00 ~1019 ~098
10 382404 453202 11226 0.00 1260250 0.00 -2245 ~0.99
1 442403 486202 139.14 0.00 1936000 000 -1726

2 444201 485201 32413 000 105062.50 000 ~41.00

Total 05504 462402 90.12 0.00 812250 0.00 ~18.02

Indicators GPA Student's t-test P ANOVA P d Cohen i

Bm Bm1

1 03501 422402 5374 0.00 2888.00 0.00 -1212 -099
2 384502 414201 8485 000 720000 000 ~1897 -099
3 381404 425403 139.14 000 19360.00 000 —1244 ~099
4 410202 448+02 480 0.00 2304 001 ~19.00 -099
5 416504 420202 11.00 0.00 12100 0.00 -126 ~053
6 406£02 45103 14230 000 20250.00 000 -1765 -099
7 416204 442401 27.03 0.00 73081 000 -892

8 371403 420206 5165 0.00 2667.78 0.00 -1033 ~0.98
9 395401 420402 7071 000 5000.00 000 ~1581 -099
10 38503 412301 4142 0.00 171529 000 -1207 -099
n 441505 450403 1423 0.00 20250 0.00 -218 ~0.74
12 446£02 453202 4933 000 2433.68 000 -35 -087
Total 405203 431402 8222 0.00 6760.00 000 ~1020 ~098
Indicators GPA Student’s t-test P ANOVA P d Cohen r

Am1 Bm1

1 454501 422¢02 4126 000 1701.98 000 2024 099
2 443502 414201 302 001 91 002 1834 0.99
3 448206 425403 1470 0.00 21600 0.00 485 092
4 469401 448202 2656 000 705.60 000 13.28 099
5 452403 420402 2613 000 68267 000 255 099
6 48.8+02 451403 3021 0.00 912,67 0.00 1216 098
7 473502 442201 3999 000 1599.00 000 19.61 099
8 442502 420406 1073 000 11524 000 492 093
9 146504 420402 16.86 000 284.09 000 822 097
10 453502 412201 5289 000 2797.00 000 2593 099
n 186502 450203 2939 000 86400 000 1412 099
12 485201 453402 4128 000 1703.83 0.00 2024 099
Total 462502 431202 3223 000 103889 000 15.50 0.99

1, Vestibular stability; 2, Information perception rate, operational thinking under vestibular irritations; 3, Working memory under vestibular iritations; 4, Movement coordination and
accuracy; 5, Fast space orientation under vestibular iritations; 6, Ability to extrapolate developments; 7, The task switch abiliy (distributing and shifting attention between one task and
another, performing additional work); 8, Abilty to quickly change the activity structure; , Retaining fine muscle contol during emotional arousal and exhaustions 10, Emotional stability; 11,
Determination; 12, Confidence.
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Indicators Student's d Cohen

t-test
1 443£0.1 420404 17.03 0.00 289.86 0.00 7.89 097
2 451403 405408 1680 0.00 28213 0.00 7.61 097
3 452404 412403 2434 0.00 592.59 0.00 1131 0.98
4 464£02 44004 1618 0.00 26182 0.00 7.59 097
5 41404 415403 1582 0.00 250,37 0.00 7.35 096
6 482403 440402 3429 0.00 117600 0.00 16.47 0.99
7 46.1£05 43903 1098 0.00 12062 0.00 534 094
8 438402 412404 17.53 0.00 307.27 0.00 822 097
9 445£03 422403 1626 0.00 264.50 0.00 7.67 0.98
10 43.0£02 357405 4146 0.00 1719.03 0.00 19.17 099
1 451403 434402 1388 0.00 19267 0.00 667 0.96
12 44.8+02 411403 3021 0.00 912,67 0.00 1451 0.99
Total 451404 417404 1844 0.00 340.00 0.00 85 097

1, Vestibular stability; 2, Information perception rate, operational thinking under vestibular irritations; 3, Working memory under vestibular irritations; 4, Movement coordination and
accuracy; 5, Fast space orientation under vestibular irritations; 6, Ability to extrapolate developments; 7, The task switch abilty (distributing and shifting attention between one task and
another, performing additional work); 8, Ability to quickly change the actvity structure; 9, Retaining fine muscle control during emotional arousal and exhaustion; 10, Emotional stability; 11,
Determination; 12, Confidence.
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Experimental gr¢

Indicators Student’s P d Cohen
t-test
1 382402 43201 301.00 000 90600.10 0.00 -3921 -099
2 364202 45103 27512 000 75690.00 0.00 -3412 ~099
3 369+0.1 452404 8630 0.00 7447.57 0.00 =2847 -099
4 412£06 464202 411 000 1690.00 0.00 -1118 ~098
5 404202 441204 5850 0.00 342250 0.00 -1170 ~099
6 415205 482203 10594 0.00 122250 0.00 ~1625 ~099
7 408404 461505 14218 0.00 20216.00 0.00 -1171 ~099
8 382403 48502 1385 000 19182.25 0.00 -2197 ~099
9 402£02 445503 13598 0.00 18490.00 0.00 ~1687 ~099
10 343206 40502 67.20 000 4515.63 0.00 ~19.45 -099
n 421205 451403 4493 000 2018.27 0.00 -728 ~096
12 39104 448502 90.12 000 812250 0.00 -1802 ~099
Total 39103 451404 189.74 000 35000.00 0.00 ~1697 -099
Control group
Indicators GPA Student's t-test P ANOVA P d Cohen r
B B1

1 383201 420£04 4763 0.00 2268.39 0.00 ~1269 ~099
2 36802 05£08 19.50 0.00 38028 0.00 -635 -095
3 36505 412403 7431 0.00 55250 0.00 ~1140 ~098
4 414202 440404 411 000 1690.00 0.00 2 ~097
5 406201 415503 1381 000 19059 0.00 -402 ~090
6 419201 440202 59.40 000 3528.00 0.00 ~1328 ~099
7 40602 439+03 10436 000 10890.00 0.00 ~1294 ~099
8 38005 412504 10119 0.00 1024000 0.00 -707 ~096
9 403201 422403 2914 000 849.41 0.00 -850 -097
10 346202 357405 1160 000 13444 0.00 -289 -082
n 423201 434502 162 018 262 018 ~696 ~096
12 39.0£06 411£03 214 000 49000 0.00 —443 ~091
Total 392402 417404 3953 000 156250 0.00 -791 -097

1, Vestibular stability; 2, Information perception rate, operational thinking under vestibular irritations; 3, Working memory under vestibular iritations; 4, Movement coordination and
accuracy; 5, Fast space orientation under vestibular iritations; 6, Ability to extrapolate developments; 7, The task switch abiliy (distributing and shifting attention between one task and
another, performing additional work); 8, Ability to quickly change the actvity structure; 9, Retaining fine muscle control during emotional arousal and exhaustion; 10, Emotional stability; 11,
Determination; 12, Confidence.
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Points Number of qualities that received a
positive mark

First Second Third
attempt attempt attempt
2 1 3 34
3 2 4-5 6-8
4 3 67 10-12
5 45 89 N
6 67 10-11 B
7 89 12 B
8 10-11 - -
9 2 - -

Points are given only ifthe time limit of 70 is met; otherwise, they are not given at al. The
minimum score is 20 and the maximum score is 50.
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Indicators

L Vestibular stability

2. Information perception rate, operational

thinking under vestibular rritations

3. Working memory under vestibular
irritations

4 Movement coordination and accuracy

5. Fast space orientation under vestibular
irritations

6. Ability to extrapolate developments

The task switch al

ty (d
shifting attention between one task and

ng and

another, performing additional work)

8 Ability o quickly change the activity
structure
9. Retaining fine muscle control during

emotional arousal and exhaustion

10. Emotional stability
1. Determination
12 Confidence

Correct body grouping when performing somersaults, taking vertical position, no swaying of
the body rectilinear forward movement
Fast digital information reading, correct solution of arithmetic problems

Choosing a ball of the correct color according to the result of the solved arithmetic problem

Dril

ing and passing around the rack without losing the ball, coordinated work of both

hands while dribbling the ball alternately (afier passing around the rack)

Precise turns, finding the target and the ball quickly

‘The ball flight time and the time of respondent’ turn around their axis are equal; the

respondent does not lose the ball

Passing the ball around the racks in accordance with the correct solution of the arithmetic

problem

‘The respondent does not hitch and does not lose the ball when assistant coach gives the
command to quickly change the direction of passing the ball around the racks

Hitting the ball on the target and catching it after the it bounces.

No worrying or fussiness, calm facial expressions and gestures when performing the final

exercise
Fast non-stop movement (o the crossbar and climbing up the gymnastic bench

No hitches or delays before jumping into the finish line hole
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1. Emotional attention

2. Emotional clarity

3. Emotional repair

4. Social interaction anxiety

5. Satisfaction with life
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n s significant at level 0.05. **Correlation is significant at level 0.01.
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Direct effects.

SIA Emotional attention 010 004 003 016
SIA Emotional clarity ~0.29%* 0.04 -035 -023
SIA Emotional repair ~0.19+* 003 -024 -0.13
SIA SWL ~0.17+% 0.04 -022 ~0.11
Emotional clarity SWL 0.25%% 005 017 033
Emotional repair SWL 033+ 004 025 040

Indirect effects

SIA SWL Emotional Clarity —0.07%% 001 ~009 ~0.04

SIA SWL Emotional Repair ~0.06%* 001 -007 ~0.03
Total effects

SIA SWL ~0.30%% 0.03 -036 -0.24

Estimation of standardized parameters; SE=standard error; 95% C1=95% confidence interval; Inf=Inferior imit of 95% CI; Sup = Superior limit of 95% CI. SIA =social interaction anxiety
SWL=satisfaction with lfe.
*p <0.05. **p<0.01.
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Total (n =173) Intermittent (n = 98)

Age (years)® 133012 134(1.2) 13.2(13) 1045 0308
Sex (females/males) 4571543 44.0/56.0 469/53.1 0.148 0701
Grade (74/8/9"/10")° 341/21.4/243/20.2 28.0/22.7125.3/24.0 3882041235173 2538 0.468
Body mass (kg)* 55.2(12.3) 56.1(10.3) 545(13.7) 0721 0397
Body height (cm)* 1616 (9.5) 164.0(9.6) 159.8(9.1) 8.759 0.004
Body mass index (kg/m?)" 21068 20829 21243) 0553 0458
Overweight-obese (nofyes) 7441256 827173 6301320 4752 0029
Previous experience with activity

2971703 311/68.9 2861714 0127 0721
wristbands (no/yes)*
Current use of activity wristbands

69.8/302 6350365 745/255 2408 0121
(nofyes)®
Habitual PA (days/week)™ 3.6(16) 35(17) 37(1.6) 0.355 0552

Significance level from the one-way analysis of variance for continous variables and the chi squared test for categorical variables; Data are reported as mean (standard deviation) for continous
variables" and as percentage for categorical variables’ “Baseline (pre-intervention) PACE scores.
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Pre- Post- Follow-up (3) Multilevel linear Effect sizes (d)®
intervention (1)  intervencion (2) model®

Mean (SE) Mean (SE) Mean (SE) =L F 1=

Cognitive autonomy

Control (n=75) 73(02) 7.1(02) 7.1(02) 1863012 | 3082 0044 | 034 ~0.05 0.28
Intermittent (11=97) 87(02) 9.1(0.)* 90(02)

Procedural autonomy

Control (n=75) 64(02) 63(02) 64(02) 2005722 | 8956 <0001 061 ~0.06 055
Intermittent (1=97) 7.7(02) 8802+ 8.8 (0255

Organizational autonomy

Control (#=75) 69(02) 7.1(02) 70(02) 1885318 1379 0254 020 0.04 0.24
Intermittent (1=97) 84(02) 9.0 (0.2)** 89(02)1

BPN autonomy

Control (n=75) 7.8(02) 76(02) 7.7(02) 1944602 5082 0007 010 035 0.45
Intermittent (1=97) 79(02) 80(02) 870D/

BPN competence

Control (#=75) 7.8(02) 7.7 (02) 7.9(02) 2016680 | 0343 0710 002 0.10 012
Intermittent (1=97) 85(02) 85(02) 88(02)

BPN relatedness’

Control (n=75) 7.7(02) 7.7 (02) 78(02) 1875821 5943 0003 009 034 043
Intermittent (1=97) 7.9(02) 80(02) 87 (02)tH/E

Autonomous motivation toward PE*

Control (1=75) 68(02) 69(02) 7.2(02) 2038821 0108 0898 005 001 007
Intermittent (1=98) 7.8(0.2) 80(02) 83(02)

Controlled motivation toward PE

Control (

5) 47(03) 50(0.2) 49(03) 2254403 | 2155 018 ~002 035 033
Intermittent (1=98) 47(02) 50(0.2) 5.6 (02014

Autonomous motivation toward PA’

Control (1=75) 7.4(0.2) 7.6(0.2) 74(02) 1954631 | 4402 0013 -0.12 039 027
Intermittent (n=95) 7.7(0.2) 7.7(0.2) 82(02)1/#

Controlled motivation toward PA

Control (n=75) 3.2(02) 42(02)%+* 42 (02 2061107 | 10682 <0001  —051 026 -0.77
Intermittent (1=96) 38(0.2) 38(0.2) 34(02)

Intention to be physically active

Control (n=75) 84(03) 81(03) 85(02) 2152298 | 0651 052 015 ~0.16 ~0.01
Intermittent (n=97) 87(02) 88(02) 88(02)

Habitual PA°

Control (n=75) 3.5(0.2) 38(0.2) 37(02) 1781809 5308 0006 0.10 033 043
Intermittent (n=98) 37(02) 42(02)* 46 (02)1/4

SE, Standard error; - 2LL= -2 log-likelihood; BPN, Basic psychological needs; PE, Physical Education; PA, Physical activity; "Multilevel Linear Model with participants nested within classes and
measures nested within participants as random effects, and with the between-subjects factor group (control, intermittent) and the within-subject factor time (pre-intervention, post-
intervention, follow-up) as fixed effects was selected (i.c., two-way mixed nested ANOVA/ANCOVA); Post-hoc within-subject pairwise comparisons with Bonferroni adjustment for each group
independently: Pre-post-intervention change (* p<0.05, ** p<0.01, *+* p<0.001); Post-intervention-post-maintenance change (1 p <005, 1 p<0.01, 111 p<0.001), and pre-intervention-
post-maintenance change (£ p<0.05, # p<0.01, +# p<0.001); The covariables used for each analysis were as follows: “Sex and *Body height; "Cohen’ d effect size.
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Enrollment I

Allocation

Assessed for eligibility (n = 2 [353])

Excluded (n =0 [178])
- Refused to participate:

=0[178)

Randomized (n = 2 [175])

Follow-Up

Allocated to control
group (n=1[75))
« Received the allocated intervention (n = 1 [75])
[21 seventh graders, 17 eighth graders, 19 ninth
graders, and 18 tenth graders]
141 males and 34 females]

Allocated to intermittent
group (n =1 [100))
o Received the allocated intervention: (2 = 1 [100))
[38 seventh graders, 20 eighth graders, 23 ninth
graders, and 19 tenth graders]
156 males and 44 females]

l

|

Analysis

Control group
Lost to follow-up:
 Meeting the exclusion criterion (=0 [1])

« Not completing the habitual physical activity
questionnaire (n = 0 [4])

Intermittent group

Lost to follow-up:
* Meeting the exclusion criterion (n = 0 [1])
« Not completing the autonomy support, basic
psychological need satisfaction, and intention to be
physically active questionnaires (n = 0 [21)
o Not completing the motivation toward Physical
Education and physical activity (n = 0 [1])
« Not completing the habitual physical activity
questionnaire (n = 0 [11])

l

|

Analysed according to the variables:
 Autonomy support, basic psychological need
satisfaction, motivation toward Physical Education
and physical activity, and intention to be physically
active: (n = 1[75)
 Habitual physical activity (n = 1 [70])

Analysed according to the variables:
« Autonomy support, basic psychological need
satisfaction, and intention to be physically active
questionnaires (1 = 1 [97])
« Motivation toward Physical Education and
physical activity, (n = 1 [98])
o Habitual physical activity (n = 1 [88])
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Time Title N Min. Ma; Mean S.D. Median
Moderate-intensity physical activity time (min) 648 0.000 950,000 161204 142446 129.000
Weekday High-intensity PA time 648 0.000 980.000 53.199 97.012 10.000
Moderate- and high-intensity PA time (min) 648 0.000 1410.000 214.403 180.434 172.500
Moderate-intensity PA time (min) 648 0.000 2150000 94227 123.989 70.000
Weekend High-intensity PA time 648 0.000 1080.000 29472 74.793 0.000
Moderate- and high-intensity PA 648 0.000 2150.000 123.699 149.714 90.000
Moderate-intensity PA time (min) 648 0.000 2950.000 255431 222652 214.500
Aweek High-intensity PA time 648 0.000 1735.000 82.671 154313 25.000
Moderate- and high-intensity PA time (min) 648 0.000 2950.000 338.102 279.533 280.000
Moderate-intensity energy consumption 648 0000 15055.000 852319 942.496 681.000

Aweek
High-intensity energy consumption (kcal) 648 0,000 30276.000 554.904 1520.121 147.000





OPS/images/fpubh-12-1380290/fpubh-12-1380290-t002.jpg
Title N Mean
Age (year) 648 14347 L1012

Height (cm) 648 164512 8.449

Weight (kg) 648 53.841 29552
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Indicator Age 4.0 Age 5.0

Boys (n=40) Girls (n = 48) Boys (n=40) Girls (n = 46) Gender
BMI (kg/m?) 1572140 1574111 1592144 1552161 0869 0.464
Overweight (1, %) 1,057% 1,057% 1,057% 1,057% - -
Obese (1, %) 4,230% 1,057% 0 0 - -
Physical fitness
Horizontal jump (cm) 93621314 87851578 1043£15.01 105841320 <0.001 0470
Tennis ball throwing
(m) 514130 414094 63£1.43 53121 oo oo
sit-and-reach (cm) 13.2£3.78 168+2.99 120432 1422312 0.010 <0.001
10-meter shuttle run (s) 742054 75080 674062 694030 <0.001 0250
Balance beam walking 81443 822391 672431 60179 0.021 069
)
Continuous jumping
NN 69+126 724181 62120 60063 <0.001 0837
FMS
Locomotor skills 2424648 2664633 2794535 283£5.19 0.027 0240
Object control skills 2064564 1824735 244£806 1972551 0058 0.010
Total FMS score 44821046 44851059 52321162 4774823 0.014 0276

The bold values represent that p- values are statistically significant,
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Tennis ball throwing (m)
Sit-and-reach (cm)
10-meter shuttle run (s)
Balance beam walking (s)
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EMS.
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262+2034
174172
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—16+131
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~L1326

414863
284727

691261

95%Cl

(34,5.1)
09,1.8)
(=04,0.1)

(220,34.0)
(13,20)
(3.0,49)

(~18,-13)
(=78, -44)

(-18,-04)

(24,59)
(13,43)

(4.4,9.4)

<0.001
<0.001

0270

<0.001
<0.001
<0.001
<0.001

<0.001

0.002
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<0.001
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Gender Age*Gender

B P 1z P
T 7762 <0001 3297 | 0001 1629 0113
T2 4276 <0001 4226 <0001 0985 0470

T is the time point of the baselin test T2 s the time point of the folow-up test, 6months
later.
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Indicator Age 3.5 Age 4.5

Boys (n = 40) Girls (n =48) Boys (n = 40) Girls (n = 46) Gender

BMI (kg/m?) 164126 1574117 1582122 1582180 0540 0306
Overweight (1, %) 2,115% 3,172% 0 1,057% - -
Obese (1, %) 2,115% 1,0.57% 0 0 - -
Physical fitness
Horizontal jump (cm) 68.151533 7091424 86342114 83321884 <0.001 0983
T 29200 st ses0m o <oon

-and-reach (cm) 894299 1194374 1025411 1022460 0.802 0112
10-meter shuttle run (s) 9.1£126 93121 75077 77£072 <0.001 0272
f\' beam valking 22:1363 154713 Zem PN <0001 02n
Continuous jumping
NN 732270 784377 712262 59:121 0,09 0593
FMS
Locomotor skills 1736824 206659 2744629 2774565 <0.001 0245
Object control skills 19.6£401 157459 216+503 189354 0.012 0.001
Total FMS score 36941005 3642785 49141047 4662775 <0.001 0471

The bold values represent that p- values are statistically significant,
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Complies (n = 67) Does not comply (n = 301)

Mean 95% Cl Median Mean 95% ClI Median
(SD) ()
073 0.6
Throwing [055-091] 10 1039-053] 00 8066.5 0.004% 040
©73) (©:61)
103 043
Catching' [081-1.25) 10 (035-050] 00 63565 0.000% 032
(0.89) (069)
148 118
Bouncing' (130-1.66) 20 (108-127) 10 80740 0.006* 040
(©075) (0:83)
104 061
Dribbling [0.83-1.25) 10 (052-0.70) 00 72865 0.000% 036
(0.86) ©78)
Total object 428 267
(3.77-4.80) 50 [245-289) 20 5799.0 0.000% 029
control" (2.12) (1.92)
072 077
Balancing (053-091) 10 [0.68-0.86] 10 103675 069 -
©77) (0:82)
079 053
Rolling [057-1.01) 00 [0.44-062) 00 8506.5 0.018* 042
(0.90) 082
i o0 (0.15-0.45] 00 o0 (0.32-0.48) 00 106765 0331
jumpin 15-0. 32-0. : -
e (0.60) (0.70)
093 084
Running' [072-1.13) 10 (074-093) 10 94940 0423 -
(0.84) (0:84)
Total self- 273 254
[225-3.21) 20 [231-277) 20 94400 0.408 -
movement* (197) 200

Range of 0 to 2 pts. “Range of 0 to 8 pts.
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Dimension

Object control

Self-movement

Task

Throwing

Catching

Bouncing

Dribbling

Balancing

Rolling

Jumping

Running

Description

“Throw a ball o try to hita
circle marked on a wall
from 3.5 m away.

‘Throw a tennis ball against

awall and then catch

the air.

Bounce a size 6 basketball
along a track (8.0m x 1.1 m)
with 4 obstacles.

Dribble a size 4 indoor
football along a track (8.0m
x1.1m) with 4 obstacles.
Walk forwards and then
back on a balanced upside-
down bench with 2

obstacles 12cm high.

Perform a forward
somersault,starting off
standing up and passing
over a cardboard box.
Jump rope for 20s.,
changing pace or form at
10

Running forwards and
diagonally in a square
(4.0m x40m), taking 3
steps over gymnastics
hoops when running
forwards
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Grouping standard Groups Effect size
Physical fitness factors Explosive power 6.20
Flexibility 1.34
Balance —1.23
Lower-body strength —0.86
Upper-body strength 0.79
Speed —0.72
Age range 3-6 years old 0.18
7-10 years old 1.41
Intervention duration 4-8 weeks 0.03
10-12 weeks 0.14
16-18 weeks 0.45
36 weeks 0.41
Intervention frequency One time/week 1.06
Two times/week 0.14
Three times/week 0.13
Single-session duration 30 min —0.01
40 min —0.05
45 min —0.12
60 min 0.47
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References Nationality Male: Age Sample @ Experimental | Control | Intervention Intervention Duration of Duration of a Primary

Female | (year) size group sample | group | measure frequency intervention | single session | outcome
size sample (times/week) (WWEELS) (minutes/ measure
size session)
Zou, 2016 China 42:42 10 84 42 42 Run, walk, pull, crawl, 3 16 40 @
toss
Liu, 2014 China 53:34 5-6 87 45 42 Run, crawl, stand, roll, 3 12 40 DRE@DE®
jump
‘Wu, 2015 China 21:19 5-6 40 20 20 Run, jump, stand, pull 3 12 60 DREADE®
Liu, 2016 China / 9-10 60 30 30 Leg lifts, stretches, 3 12 / @
jumps,
Throw the ball, run,
crawl
Wrightetal, 2015 | United Kingdom / 10 22 11 11 Run, crawl, squat, walk 2 4 / @
‘Wei and Wei, 2016 China 12:8 9-10 20 10 10 Walk, squat, rotate, and 2 8 / ®@
lift your legs
Liu, 2018 China / 5 129 65 64 Run, jump, bounce the 2 16 45 DREADE®

ball, catch the ball, slide
forward, slide sideways,
kick the ball, roll the
ball

Wang et al,, 2018 China 54:0 9-10 40 20 20 Walk, run, stretch, 3 10 60 [Oe)
dribble, shoot, pass

Huang and Gao, China / 9-10 72 36 36 Functional physical 3 16 / @
2018 training
(including gross

movements)

Wang, 2020 China / 9-10 54 28 26 Squat, high leg lift, 3 12 / @
jump,
lunges, spins, major

muscle stretches, ball

lifts

Duetal, 2019 China 116:126 10 242 125 117 Running, jumping, ball 1 8 / @
games,
roll, throw

Xia, 2020 China / 4-5 61 21 18 Climb, stand, throw, 1/2 2 40 DG

walk, dribble, shoot,

balance, jump

Zhao, 2020 China 31:29 5 60 30 30 Dribble, crawl, sidestep, 3 6 40 DRE@DE®
hrow, roll, set, toss,

catch

Jaksic et al., 2020 Mexico 72:60 4-7 132 66 66 Jumping, running, 2 36 60 [Oe)
tumbling, throwing,

ball games

Gao, 2021 China / 3-6 112 59 53 Catch the ball, dribble, 2 12 30-40 DR@®B®®
kick the ball, throw the

ball, jump, bounce the

ball, step forward, step

sideways

Xu, 2021 China 64:67 4-5 131 67 64 Functional play, 3 12 / @@®6
stability skills, mobility
skills, maneuverability
skills, physical fitness
activities

Wang, 2021 China / 4-5 104 54 50 Walk, climb, run, jump, 3 16 30 DR@®B®®
throw, catch, kick,
bounce, roll, dribble,

stand

Zhou et al., 2021 China / 4-5 173 94 79 Body motor function 3 18 40 DREADE®
training methods
(including gross

movements)

Chen, 2022 China 40:40 4-5 80 40 40 Toss, throw, bounce, 3 10 45 DREDE®
kick, run, jump, slide,
stretch, spin, shake,
balance

Ding, 2021 China 20:20 4-6 40 20 20 Run, dribble, catch, 1 12 40 DREADE®
chase, toss

Zheng, 2022 China / 3-6 60 30 30 Run, jump, throw, 2 8 30 DR@®B®®

bounce, kick, catch, roll

Zhou, 2022 China 60:60 4-5 120 60 60 Walk, run, jump, slide, 3 12 40 DREADE®
crawl, balance, throw,
catch, kick, bounce

Fan, 2022 China 52:32 4-5 84 42 42 Functional sports games 3 12 45 D2eDE®
(including gross action)

“@” means the sit-and-reach test, “@” means the standing long jump, “®” means the 10-meter shuttle run, “®” means the tennis ball throw for distance, “®” means two-foot continuous jumping, and “®” means the balance beam.
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Experimental Control

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Study or Subgrou Mean SD_Total Mean SD_Total Weight
5.1.1 30Minutes

Wang1,2021 L 5 54 5.61 6.35 50 1.1%
Wang2,2021 78.35 11.486 54 79.02 1417 50 1.1%
WWang3,2021 8.45 0.97 54 8.5 0.88 50 151 %:
Wang4,2021 8.49 2.55 54 8.93 3.57 50 1.1%
Wang5,2021 24.58 15.2 54 22.86 15.02 50 1.1%
Zheng1,2021 70.73 957 30 66.99 8.98 30 1.0%
Zheng10,2021 89.08 8.7 30 89.75 9.79 30 1.0%
Zheng11,2021 112,75 12.78 30 114 10.52 30 1.0%
Zheng12,2021 3.8 0.59 30 3.79 0.61 30 1.0%
Zheng13,2021 5.96 1.08 30 5.89 1.19 30 1.0%
Zheng14,2021 7.24 0.95 30 7.05 0.41 30 1.0%
Zheng15,2021 9.18 0.76 30 9.04 1.24 30 1.0%
Zheng2,2021 5.47 1.35 30 5.44 117 30 1.0%
Zheng3,2021 4.52 0.55 30 4.27 0.67 30 1.0%
Zheng4,2021 13.04 3.59 30 12.66 4.93 30 1.0%
Zheng5,2021 8.63 1.19 30 8.16 1:71 30 1.0%
Zheng6,2021 G 1.68 30 5.88 0.92 30 1.0%
Zheng7,2021 10.89 2.08 30 11.79 1.47 30 1.0%
Zheng8,2021 10.96 22 30 1973 3.49 30 1.0%
Zheng9,2021 10.8 3.85 30 1215 3.34 30 1.0%
Subtotal (95% CI) 720 700 21.1%

Heterogeneity: Tau®= 0.00; Chi*=19.18, df=19 (P = 0.45); F=1%
Testfor overall effect: Z=0.12 (P = 0.90)

5.1.2 40Minutes

Ding.2021 7.38 1.339 10 5.56 1.58 10 0.9%
Ding1,2021 971 B6.064 10 881 11.827 10 0.9%
Ding10,2021 81.5 8.885 10 74.9 7.923 10 0.9%
Ding11,2021 6.45 0.242 10 7.5 0.447 10 0.7%
Ding12,2021 6.58 0.444 10 7.52 0.601 10 0.8%
Ding2,2021 585 1.216 10 4.26 1372 10 0.9%
Ding3,2021 46 0748 10 4.55 0.972 10 0.9%
Ding4,2021 5.9 0.733 10 5.26 0.55 10 0.9%
Ding5,2021 6.95 0.669 10 6.05 0.766 10 0.9%
Ding6,2021 551 1.018 10 558 1.794 10 0.9%
Ding8,2021 6.2 5.266 10 3.9 4.701 10 0.9%
Ding9,2021 55 4836 10 1.4 3.026 10 0.9%
Liu1,2014 104.4 9.92 45 99.11 1112 42 1.1%
Liu 2,2014 6.65 0.48 45 7.03 0.57 42 1.1%
Liu 3,2014 7.41  1.97 a5 6.5 2.09 4z 1.1%
Liu 4,2014 55 0.82 a5 6.1 0.67 42 1.1%
Liu 5,2014 5.02 083 a5 576 0.74 4z 1.1%
Liu6,2014 9.88 1.26 45 9.05 1.68 42 121 9%:
Xia1,2019 92.29 12.02 21 95.11 14.36 18 1.0%
Xia2,2019 93.27 16.9 22 9511 1436 18 1.0%
ia3,2019 8.38 1.36 21 8.73 2.03 18 1.0%
Xia4,2019 8.54 1.06 22 8.73 2.03 18 1.0%
Xia5,2019 7.28 3.35 21 6.82 3.37 18 1.0%
Xia6,2019 7.02 2,52, 22 6.82 3.37 18 1.0%
Zhao1,2020 a7 10.81 30 85 7.75 30 1.0%
Zhao2,2020 6.9 0.57 30 75 0.74 30 1.0%
Zhao3,2020 5 1.01 30 4 1.06 30 1.0%
Zhao4,2020 5.4 0.68 30 6.5 1.07 30 1.0%
Zhao5,2020 6.3 1.88 30 7.9 2.56 30 1.0%
ZhaoB,2020 12.3 4.96 30 8.9 3.81 30 1.0%
Zhou 1,2021 99.83 4.013 60 74.3 6.171 60 1.0%
Zhou 2,2021 6.66 0.511 60 1063 1.344 60 1.0%
Zhou 3,2021 4.97 0.332 60 3.37 0.49 60 1.0%
Zhou 4,2021 6.44 0615 60 A58:31 3198 60 1.0%
Zhou 5,2021 4.51 0.537 60 13.49 4188 60 1.0%
Zhou 6,2021 1147 4.91 94 12.28 5.09 79 1.1%
Zhou1,2021 102.26 13.69 94 96.41 14.24 79 1.1%
Zhouz,2021 6.6 0.65 94 7.67 0.65 79 1.1%
Zhou3,2021 4.34 1.78 94 415 1:29 79 1.1%
Zhou4,2021 5.03 0.54 94 6.6 2.03 79 1.1%
Zhou5,2021 7.43 2.3¥: 94 7.82 4.35 79 1:1%:
Zhout,2021 581 1.872 60 5.54 1.958 60 1.1%
Zou1,2016 9.37 3.02 42 7.7 3.06 42 1.1%
Subtotal (95% CI) 1665 1536 42.8%

Heterogeneity: Tau®= 1.64; Chi*=1075.95, df= 42 (P < 0.00001); F= 96%
Test for overall effect. Z= 0.24 (P = 0.81)

5.1.3 45Minutes

Chen1,2021 99.75 1045 20 94 13.26 20 1.0%
Chen10,2021 9216 11.42 20 91.45 11.38 20 1.0%
Chen11,2021 6.69 0.61 20 6.87 0.69 20 1.0%
Chen12,2021 7.34 0.64 20 7.56 0.86 20 1.0%
Chen2,2021 6.23 1 20 5.66 0.68 20 1.0%
Chen3,2021 5.67 0.68 20 518 0.75 20 1.0%
Chen4,2021 5.77 0.81 20 6.15 0.82 20 1.0%
Chen5,2021 6.12 0.52 20 6.05 0.9 20 1.0%
Chen6,2021 7 0.9 20 7.53 1.24 20 1.0%
Chen7,2021 6.56 0.92 20 7.08 1 20 1.0%
Cheng,2021 9.88 2.87 20 10.1 1.7 20 1.0%
Cheng,2021 10.29 2.42 20 10.73 2.76 20 1.0%
Fan1,2021 78.4 11.93 42 76.98 10.21 42 1.1%
Fan2,2021 9.4 0.78 42 9.49 0.84 42 1.1%
Fan3,2021 3.91 113 42 3.74 1.14 42 1.1%
Fan4,2021 8.63 1.31 a2 8.95 1.34 42 1.1%
Fan5,2021 14.98 3.68 42 18.16 4.43 42 1.1%
Fang,2021 6.92 4.49 4z 4.91 3.26 42 1.1%
Liu1,2017 121.61 15.88 62 111.4 12.09 62 1.1%
Liuz,2017 6.09 0.48 62 6.32 0.41 62 1:19%:
Liu3,2017 7.37 2.42 62 6.67 N 62 1.1%
Liug,2017 4.85 0.73 62 516 0.92 62 1.1%
Liu5,2017 4.01 0.67 62 5.86 0.81 62 1.1%
Liu6,2017 11.29 509 62  11.88 3.46 62 1.1%
Subtotal (95% CI) 864 864 24.9%

Heterogeneity: Tau®= 0.35; Chi 160.62, df= 23 (P = 0.00001); I*= 86%
Testfor overall effect: Z= 0.91 (P = 0.36)

5.1.4 60Minutes
Jaksic etal.1,2020 121.98 20.44 66 11298 19.06 66 1.1%

Jaksic etal.2,2020 I3 7.82 66 3436 8.38 66 1.1%
Wang etal. 1,2018 151 24 18 149 21 20 1.0%
Wang2,2018 10.3 5.6 18 8.5 6.3 20 1.0%
WWu1,2015 110.5 515 10 106.2 21 10 0.9%
WWu10,2015 108.9 4.45 10 104.5 1.67 10 0.9%
Wu2,2015 7.2 1.01 10 6.3 0.33 10 0.9%
WWu3,2015 6.7 014 10 5.1 2.02 10 0.9%
WWud,2015 4.9 112 10 5.7 0.45 10 0.9%
Wus5,2015 552 1.71 10 6.4 0.34 10 0.9%
WWug,2015 11.4 3.28 10 8.3 116 10 0.9%
WWug,2015 14.7 4.03 10 11.2 216 10 0.9%

Subtotal (95% CI) 248 252 11.2%
Heterogeneity: Tau®= 0.19; Chi*= 29.65, df= 11 (P = 0.002); = 63%
Test for overall effect: Z= 2.76 (P = 0.006)

Total (95% CI) 3497 3352 100.0%
Heterogeneity: Tau== 0.81; Chi*= 1323.72, df= 98 (P < 0.00001); F=93%
Test for overall effect Z= 0.02 (P = 0.99)

Testfor subaroun differences: ChHi 8 473 df= 3P
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Favours [control]

Control Experimental Std. Mean Difference Std. Mean Difference

Study or Subaroup Mean _SD_Total _Mean SD_Total Weight IV, Random, 95% CI V. Random, 95% C1
4.4.1 1Time/Week
Ding.H-Y(1),H(1) 2021 551 1.018 10 558 1.794 10 0.7% -0.05 [-0.92, 0.83] —
Ding.H-Y(1),H(1)2021 7.38 1.338 10 5.56 158 10 0.7% 1.19[0.22,2.18]
Ding.L-Y(1) L(1)2021 97.1 6.064 10 881 11.827 10 07% 0.92 F0.01, 1.85]
Ding.L-Y(1),L(1)2021 81.5 8.885 10 749 7.923 10 0.7% 0.75 F0.16, 1.67] 1
Ding.P-Y(1),P(1)2021 6.58 0.444 10 7.52  0.601 10 0.7% -1.70 [-2.76, -0.65]
Ding.S-Y(1),5(1) 2021 59 0733 10 5.26 0.55 10 0.7% 0.95 [0.01, 1.88]
Ding.S-Y(1),5(1)2021 5.95 0.663 10 B.05 0.766 10 0.7% 1.20 [0.23, 2.17]
Ding A=Y (1) Wi1)2021 585 1.216 10 426 1.372 10 07% 1.17[0.21,2.14]
Ding =Y (1),W(1)2021 4.6 0748 10 455 0972 10 07% 0.06 [0.82, 0.93]
Ding.Z-Y(1),Z(1) 2021 62 5266 10 3.9 4701 10 0.7% 0.44 [-0.45, 1.33]
Ding.Z-¥(1),Z(1)2021 55 4.836 10 14 3026 10 07% 0.97 [0.03, 1.91]

(2),Z(1) 2019 9.2 o048  B1 3.9 083 55 0.7% 7.87 [6.78, 8.96]
Du et al.Z-Y(2),Z(1)2019 127 155 B4 7.34  0.431 52 0.8% 4.65 [3.97, 5.33] =
Xia.L-Y(1),L(1)2019 9220 1202 21 9511 1436 18 0.8% -0.21 [-0.84,0.42]
Xia.P-¥(1),P(1)2018 838 1.38 21 273 2.03 18 0.8% -0.20 [-0.83, 0.43]
Xia.Z-Y(1),Z(1) 2019 7.28 335 21 6.82 3.37 18 0.8% 0.13 [-0.50, 0.76)
Xia.Z-Y(1),Z(1)2019 7.02 252 22 6.82 337 18  0.8% 0.07 [F0.56, 0.69]
Subtotal (95% CI) 320 299  12.7% 1.06 [0.14, 1.98]
Heterogeneity: Tau?= 3.56; Chi*= 342.81, df= 16 (P < 0.00001); I*= 95%
Testfor overall effect: Z= 2.26 (P = 0.02)
4.4.2 2TimesWeek
Gao.H-Y(1),H(2)2021 500 498 59 478 1.48 53 0.8% 0.08 [0.29, 0.45]
Gao.L-Y(1),L(2)2021 93.60 22098 59 78 23 53 08% 0.68 [0.30, 1.06]
GaoW-Y(1),W(2)2021 6.49 247 59 4.75 165 53 0.8% 0.81 [0.43, 1.20]
Gao.Z-Y(1),.2(2)2021 7.44 429 59 8.4 445 53 0.8% -0.22 [-0.59, 0.15]
Jaksic et al.Z-Y(1),Z(2)2020 37.3 7.82 B6 34.36 8.38  B6  0.8% 0.36 [0.02, 0.70]
Jaksic.L-¥(1),L(2)2020 121.98 20.44 66 11298 19.06 66 0.8% 0.45[0.11,0.80]
Liu.L-Y(1),L(2)2017 121.61 1588 62 111.4 1209 62 0.8% 0.72[0.36, 1.08]
Liu.S-Y(1),5(2)2017 4.85 073 B2 516 092 B2  0.8% -0.37 (0.73,-0.02]
LiuwW=(1),wW(2)2017 7.37 242 B2 6.67 1.3 B2 08% 0.36 [0.00, 0.71]
Liu.Z-Y(1),Z2(2)2017 1120 508 62 11.88 348 B2 0.8% -0.13 [0.49, 0.22]
Wei.L-Y(2),L(2)2016 1557 14.04 10 152 127 10 0.7% 0.26 [0.62,1.15]
Wel.Z-Y(2),Z(2)2016 6.8 475 10 4 3.71 10 0.7% 0.63 [0.27,1.53]
wiright. Z-Y(2),Z(2)2015 13 22 a1 12 18 11 0.8% 0.05 [F0.79, 0.88]
Xia.L-Y(1),L(2)2019 93.27 16.96 22 9511 14.36 18 0.8% -0.11 [0.74, 0.51]
Xia.P-¥(1),P(2)2018 8.54 106 22 8.73 203 18  0.8% -0.12 [-0.74, 0.50]
Zheng. W-Y(1),1W(2)2021 3.8 059 30 379 0.61 30 0.8% 0.02 [0.49, 0.52]
Zheng. Z-Y(1),Z(2) 2021 1088 206 30 11.79 147 30 08% -0.50 [-1.01, 0.02]
Zheng.H-Y(1) H(2)2021 13.04 359 30 1266 493 30 0.8% 0.09 [0.42, 0.59]
Zheng.L-¥(1) L(2)2021 7073 957 30 66.99 s.98 30  0.8% 0.40 F0.11, 0.91]
Zheng.L-¥({1),L(2) 2021 8g.08 87 30 8975 978 30 0.8% -0.07 [-0.58, 0.43]
Zheng. L-Y(1),L(2)2021 112,75 1278 30 114 1052 30 0.8% -0.11 [0.61, 0.40]
Zheng.S-Y(1), S(2)2021 918 078 30 9.04 1.24 30 0.8% 0.13 [0.37, 0.64]
Zheng.S-¥(1),5(2) 2021 547 135 30 5.44 117 30 08% 0.02 [-0.48, 0.53]
Zheng.S-Y(1),5(2)2021 452 055 30 4.27 067 30 0.8% 0.40 F0.11, 0.91]
ZhengW-Y(1), W(2)2021 596 1.08 30 5.89 119 30 0.8% 0.06 [0.45, 0.57]
ZhengW-Y(1),W(2)2021 7.24 095 30 7.05 0.41 30 0.8% 0.26 [-0.25, 0.76]
Zheng.Z-Y(1),Z(2) 2021 10986 22 30 1073 349 30 0.8% 0.08 F0.43, 0.58]
Zheng.Z-Y¥(1),Z(2)2021 108 385 30 1215 3.34 30 0.8% -0.37 [-0.88, 0.14]
Subtotal (95% CI) 1081 1049  23.0% 0.14 [0.01, 0.28]
Heterogeneity: Tau®= 0.08; Chi*= 65.50, df= 27 (P < 0.0001); = 59%
Testfor overall effect: Z= 2.06 (P = 0.04)
4.4.3 3TimesWeek
Chen.H-Y(1),H(3) 2021 7. 09 20 7.53 1.24 20 0.8% -0.39 [-1.02, 0.24]
Chen.H-Y(1),H(3)2021 6.56 092 20 7.08 1 20 0.8% -0.53 [1.16,0.10]
Chen.L-Y(1) L(3)2021 99.75 10.45 20 94 1326 20 0.8% 0.47 F0.16,1.10]
Chen.L-Y(1),L(3)2021 9218 11.42 20 91.45 11.38 20 0.8% 0.06 [-0.58, 0.68]
Chen.P-Y(1),P(3) 2021 6.60 061 20 6.87 063 20 0.8% -0.27 [-0.89, 0.35]
Chen.P-Y(1),P(3)2021 7.34 064 20 7.56 086 20  0.8% -0.28 [0.91, 0.34]
Chen.S-Y(1),5(3) 2021 577 081 20 6.15 0.82 20  0.8% -0.46 [1.09,0.17]
Chen.S-Y(1),5(3)2021 612 052 20 6.05 09 20 08% 0.09 [0.53, 0.71]
Chenw-Y(1),W(3) 2021 5.23 1 20 5.66 068 20 0.8% 0.65 [0.02, 1.29]
Chenww-Y(1),w(3)2021 567 068 20 518 075 20 0.8% 0.67 [0.03,1.31]
Chen.Z-Y(1),Z(3) 2021 9.88 287 20 10.1 1.7 20 0.8% -0.09 [0.71, 0.53]
Chen.Z-Y(1),2(3)2021 1029 242 20 1073 2.76 20  0.8% -0.17 [-0.79, 0.45]
Fan.H-Y(1),H(3)2021 1498 388 42 1816 443 42 08% -0.77 £1.22,-0.33)
Fan.L-Y(1),L(3)2021 784 1193 42 7698 10.21 42 0.8% 0.13 F0.30, 0.55]
Fan.P-v(1),P(3)2021 9.4 o078 42 9.49 084 42 0.8% -0.11 [-0.54, 0.32]
Fan.S-v(1),5(3)2021 8.63 1.31 az 8.95 1.34 42 08% -0.24 [[0.67,0.19]
Faniw-v(1),W(3)2021 3.91 113 a2 3.74 114 42 08% 0.15 [-0.28, 0.58]
Fan.z-Y(1),Z(3)2021 592 443 42 4.91 3.26 42 0.8% 0.51 [0.07, 0.94]
Huang and Gao.Z-Y(2),Z(3)2018 10.47 307 36 8.41 302 36 08% 0.67 [0.19,1.14]
Liu .H-Y(1),H(3)201 4 502 083 45 5.76 074 42 0.8% -0.93 [-1
Liu .L-Y(1),L(3)2014 1044 992 45 9911 1112 42 0.8% 0.50 [
Liu .P-Y(1),P(3)2014 865 048 45 7.03 057 42 08% -0.72 1.
Liu .S-¥(1),5(2)2014 55 082 45 6.1 0.67 42 0.8% -0.79 (1.
Liu WY (1) W(3)201 4 7.41 197 45 6.5 208 42 0.8% 0.44 [
Liu .Z-Y(1),Z2(3)2014 9.88 1.26 45 9.05 1.68 42 0.8% 0.56 [
Liu .Z-Y(2),Z(3)2015 11.8 232 30 1201 317 30 0.8% -0.07
wWang H-Y(1),H(3)2021 2458 152 54 2286 1502 50 0.8% 011
wang.L-Y(1),L(3)2021 78.35 11.46 54 79.02 1417 50 0.8% -0.05
Wang.L-¥(2),L(3)2018 151 24 18 149 21 20 0.8% 0.09
WWang.P-Y(1),P(3)2021 8.45 097 54 8.5 ns8 50  0.8% -0.05
Wang.S-Y(1),5(3)2021 843 355 54 8.93 3.57 50  0.8% -0.12
WWang.Z-Y(1),2(3)2021 5.2 5 54 5.61 535 50 0.8% -0.08
Wang.Z-Y(2),Z(3)2018 102 58 18 8.5 5.3 20 0.8% 0.29
Wang.Z-v(2),Z(3)2019 13.71 3.4 24 1039 3.94 24 08% 0.89 : ==
wWu L P-Y(1),P(3) 2015 6.6 1.34 10 7.9 023 10 0.7% -1.30 [-2.28, -0.31]
WWULH-Y (1), H(3) 2015 52 127 10 7.5 045 10 Not estimable
WULH-Y (1), H(3)2015 5.4 1.34 10 7.7 0.44 10 Mot estimable
WWULL-Y(1),L(3) 2015 1105 515 10 1062 2.31 10 0.7% 1.03 [0.09, 1.98]
WLLL-Y(1),L(3)2015 108.8 4.45 10 1045 167 10 0.7% 1.25 [0.28, 2.23]
WuLP-Y(1),P(3) 2015 6 083 10 6.8 036 10  0.7% -1.13 [-2.08,-0.17]
WWULS-Y(1),5(3) 2015 49 11z 10 5.7 0.45 10 0.7% -0.90 [-1.83, 0.03]
WWu.S-Y(1),5(3)2015 5.2 i 10 6.4 0.34 10 0.7% -0.93 [-1.87, 0.00]
WVWULWY (1) W(3)2015 72 1.01 10 6.3 033 10 0.7% 1.15[0.19,2.11]
WHLL-Y (1) W(3)201 5 67 014 10 5.1 2.02 10 0.7% 1.07 [0.12, 2.02)
WULZ-Y(1),Z(3) 2015 114 328 10 8.3 116 10 0.7% 1.21[0.24,2.18]
WULZ-Y(1),Z(3)2015 147 403 10 11.2 216 10 0.7% 1.04 [0.09, 1.98]
Xu P-¥(1), P(3) 2021 7.5 1.34 B7 7.9 056 B4 0.8% -0.38 [-0.73,-0.04] ==
Xu. LY (1),L(3) 2021 82 248 67 75 16 64  08% 3.31 [2.78, 3.84]
Xu.L-Y(1), L(3) 2021 87 256 BT 7a 163 B4 0.8% 3.69 [3.12, 4.26] =
Hu.L-Y(1),L(3) 2021 1142 1.74 67 1087 2.51 B4 0.8% 2.54 [2.08, 3.01] ==
HuL-Y(1),L(2)2021 106.4 26 67 98 1.94 B4 08% 3.83 [3.07, 4.19] e
Xu.P-Y(1), P(3) 2021 74 083 BT 7.3 036 B4 0.8% -0.29 [-0.63, 0.05] =]
Xu.P-Y(1),P(3) 2021 6 076  B7 6.7 1.82 64  08% -0.48 [-0.83,-0.13] ==
Xu.P-¥(1),P(3)2021 62 103 67 7 047 B4 0.8% -0.99 [-1.35,-0.62] s
Xu.S-Y (1),5(3)2021 6.3 232 67 7 0.94 B4 0.8% -0.39 [-0.74,-0.04] =]
Xu.8-Y(1), S(3) 2021 65 112  B7 7.8 1.71 64  0.8% -0.90 [-1.26,-0.54] =
Xu.S-¥(1),5(3) 2021 52 212 67 6.1 132 B4 08% -0.50 [-0.85,-0.16] ==
Xu.8-Y(1),8(3)2021 51 112 BT 6.2 094 B4 0.8% -1.08 [-1.42,-0.69] e
HUME-Y(1), W(3) 2021 7.24 1.4 57 6.1 2.08 B4  08% 0.64 [0.28, 0.99] ==
HUM-Y(1), Wi(3)2021 51 1.84 67 4.2 145 B4 0.8% 0.54[0.19, 0.89] ==
HUM-Y(1) W(3) 2021 9.3 221 57 7.9 0.87 64  0.8% 0.81 [0.45,1.17] =
KUY (1) W) 2021 7.6 1.01 B7 6.3 0.31 B4 0.8% 1.71 [1.31,2.12) =
Zhao H-Y(1),H(3)2020 63 188 30 7.9 256 30 0.8% -0.70 [-1.23,-0.18] =
Zhao.L-Y(1),L(3)2020 a7 10.81 30 85 775 30 0.8% 1.26 [0.70, 1.82) =
Zhao P-Y(1),P(3)2020 69 057 30 7.5 074 30 0.8% -0.90 [-1.43,-0.36] e
Zhao.S-Y¥(1),5(3)2020 54 o068 30 6.5 107 30 08% -1.21 [-1.76, -0.66] G
Zhao W-Y (1) W(3)2020 5 1.01 30 4 108 30 0.8% 0.95[0.42, 1.49) il
Zhao.Z-Y¥(1),Z(3)2020 123 498 30 s.a 3.81 30 0.8% 0.76 [0.23, 1.28] =
Zhou H-Y(1),H(3)2021 451 0537 60 1349 4188 B0  0.8% -2.99 [-3.51, -2.46] e
Zhou .L-¥(1),L(3)2021 99.83 4.013 60 743 6171 B0 0.8% 4.87 [4.15, 5.80] e
Zhou P-Y(1),P(3)2021 6.66 0.511 B0 1063 1.344 B0  0.8% -3.88 [-4.49,-3.27) fr
Zhou .8-Y(1),5(3)2021 6.44 0615 B0 1521 3198 60  0.8% -3.78 [-4.39,-3.18] s
Zhou M-Y(1)W(3)2021 4.97 0332 B0 3.37 049 B0 0.8% 3.80[3.19, 4.40) =
Zhou .Z-¥(1),2(3)2021 581 1.872 860 554 1.958 60  0.8% 0.14 [0.22, 0.50] =
Zhou.H-Y(13,H(3)2021 7.43 337 94 7.82 435 79 0.9% -0.10 [-0.40, 0.20]
Zhou.L-¥(1),L(3)2021 102.26 1368 94 9641 1424 79  0.9% 0.42[0.12,0.72] =
Zhou P-Y(1),P(3)2021 66 065 94 7.67 065 79 0.8% -1.64 [-1.99,-1.29] =
Zhou.S-Y(1),5(3)2021 5.03 054 94 6.6 203 79 0.9% -1.08 [-1.42,-0.77] =
Zhou W-Y(1) W(3)2021 434 178 94 415 1.29 79 0.9% 012[0.18,0.42) T
Zhou.Z-Y(1),Z(3)2021 1147 491 94 1228 5.09 79 0.9% -0.22 [-0.52, 0.08] =
Zou.Z-Y(2),Z(3)2016 9.37 302 42 7.71 306 42 0.8% 0.54 [0.11, 0.98] =
Subtotal (95% CI) 3476 3304 64.3% 0.13[-0.13, 0.39] »
Heterogeneity: Tau®= 1.32; Chi*= 1949.78, df= 78 (P < 0.00001); = 96%
Testfor overall effect: Z= 0.98 (P = 0.33)
Total (95% CI) 4877 4652 100.0% 0.25 [0.05, 0.44] .
Heterogeneity: Tau== 1.14; Chi*= 2434.17, df= 123 (P < 0.00001); "= 95% =y 5 b3 23 +

Favours [experimental]
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3.5.1 4-8Weeks

weil,2016 6.8 475 10 4 3.71 10 0.7% 0.63 [-0.27, 1.53] <l
Wei2,2016 155.7 14.04 10 152 127 10 07% 0.26 [0.62, 1.15] %
weright et al1,2015 13 22 A4 12 18 11 07% 0.05 [0.79, 0.83]

Zheng1,2021 10.89 2086 30 11.79  1.47 30 0.8% -0.50 [1.01, 0.02] [

Zheng10,2021 10,86 22 30 1073  3.49 30 0.8% 0.08 [0.43, 0.58] E—
Zheng11,2021 10.8 3.85 30 1215  3.34 30  0.8% -0.37 [-0.88, 0.14] =

Zheng12,2021 70.73 957 30 66.99 8.98 30 0.8% 0.40 £0.11,0.81] =1

Zheng13,2021 8908 87 30 8975 979 30 0.8% -0.07 [-0.58, 0.43] I

Zheng14,2021 11275 1278 30 114 1052 30  08% -0.11 [-0.61, 0.40] ——

Zheng15,2021 38 058 30 373 061 30 08% 0.02 [0.49, 0.52] T

Zheng2,2021 596 1.08 30 583 119 30 0.8% 0.06 [0.45, 0.57] T
Zheng3,2021 724 095 30 7.05 0.41 30 0.8% 0.26 [0.25, 0.76]

Zhenga,2021 918 076 30 904  1.24 30  0.8% 0.13 [0.37, 0.84] T
Zhengs,2021 547 135 30 544 147 30  0.8% 0.02 [0.48, 0.53] P

ZhengB,2021 452 055 30 427 067 30 0.8% 0.40 F0.11, 0.91] =]

Zheng?,2021 13.04 353 30 12.66  4.93 30 0.8% 0.09 [0.42, 0.59] i —
Zhengs,2021 8.63 119 30 818  1.71 30 0.8% 0.31 [0.19, 0.82] S

Zhengg,2021 51 188 30 588 092 30 0.8% -0.57 [1.08,-0.05]

Subtotal (95% CI) as1 481 14.1% 0.03 [-0.11, 0.17] —~_

Heterogeneity: Tau== 0.01; Chi*= 20,17, af= 17 (P = 0.27); == 16%

Testfor overall effect: Z= 0.46 (P = 0.65)

3.5.2 10-12Weeks

Chen1,2021 9.88 287 20 101 1.7 20  0.8% -0.09 [-0.71, 0.53]

Chen10,2021 10.29 242 20 1073 276 20 0.8% -0.17 [0.79, 0.45]

Chen11,2021 99.75 1045 20 94 1326 20 0.8% 0.47 [0.16,1.10] ] e ——
Chen12,2021 9216 11.42 20 91.45 11.38 20 0.8% 0.06 [-0.56, 0.68]

Chen2,2021 5.69  0.51 20 687 089 20 0.8% -0.27 [-0.89, 0.35]

Chen3,2021 734 064 20 T.56 0.86 20 0.8% -0.28 [-0.91, 0.34] ]

Chen4,2021 6.23 1 20 566 068 20 0.8% 0.65 [0.02, 1.29] %
Chens,2021 567 068 20 518 075 20 08% 0.67 (0.03,1.31] ———————¥
ChenB,2021 577  0.81 20 615 082 20 0.8% -0.46[1.08,017]

Chen7,2021 612 052 20  6.05 0.9 20 0.8% 0.09 (0.53, 0.71] ——— =
Cheng,2021 71 09 20 753  1.24 20 0.8% -0.39(1.02,024 ——————]

Cheng,2021 .56 092 20 7.08 1 20 0.8% -0.53[1.16,010]

Ding.2021 695 0669 10 605 0766 10 07% 1.20 (0.23, 2.17] —————*
Ding1,2021 6.2 52866 10 3.9 a7o1 10 07% 0.44 [0.45,1.33] %
Ding10,2021 55 4.836 10 1.4 3026 10 0.7% 0.97 (0.02, 1.91] ——————
Ding11,2021 971 6.064 10 881 11.827 10 07% 0.92 (0.01, 1.85] >
Ding12,2021 815 8885 10 749 7.923 10 07% 0.75 [0.16,1.67] —————————*
Ding2,2021 6.45 0.242 10 7.5 0D.447 10 0.6% -2.80 [4.10,-1.49]

Ding3,2021 5.58 0.444 10 7.52 0801 10 07% -1.70 [-2.76,-0.65]

Ding4,2021 585 1.216 10 426 1.372 10 07% 1.7 (0.21,2.14] —_—
Ding5,2021 46 0748 10 455 0972 10 07% 0.06 [-0.82, 0.93]

Dings,2021 59 0733 10 526 055 10 0.7% 0.95 [0.01, 1.88] ——
Dings,2021 551 1018 10 558 1.794 10 07% -0.05 [-0.92, 0.83]

Dings,2021 7.38 1.338 10 556 1.58 10 0.7% 1.19(0.22, 2.18] ————%
Fan1,2021 .92 443 42  a91 326 42  0.8% 0.51 [0.07, 0.94] =
Fan2,2021 78.4 11.93 42 7B.98 10.21 42 0.8% 0.13 [0.20, 0.55]

Fan3,2021 94 078 42 943 084 42 08% -0.11 [-0.54, 0.32]

Fan4,2021 381 113 42 374 114 42 0.8% 0.15 [-0.28, 0.58] =

Fan5,2021 863  1.31 42 895 134 42 08% -0.24 [-0.67, 0.19] —

Fan6,2021 1498 368 42 1816  4.43 42  0.8% -0.77 [-1.22,-033]

Gao1,2021 744 az2a 59 8.4 445 53  08% -0.22 [-0.59, 0.15] =

Gao2,2021 9369 2298 59 78 23 53  08% 0.68 [0.30, 1.08] —
Gan3,2021 649 247 59 475 165 53 0.8% 0.81 [0.43, 1.20] =%
Gao4,2021 584  1.31 59 688 1.83 53 0.8% -0.65 [1.04,-0.27] —

Gaos,2021 500 498 59 478 148 53  0.8% 0.08 [0.29, 0.45] G

Liu1,2014 9.88 1.26 45 905 168 42  0.8% 0.56 (0.13, 0.99) e
Liu1.2015 118 232 30 12.01 217 30 0.8% -0.07 [-0.58, 0.43] |

Liu 2,2014 1044 9.92 45 9911 1112 42 0.8% 0.50 (0.07, 0.93] —_—
Liu 32,2014 B.65 048 45 7.03 057 42  0.8% -0.72[1.15,-0.28]

Liu 4,2014 741 197 a5 6.5 209 42 0.8% 0.44 [0.02, 0.87)

Liu 5,2014 55 082 a5 5.1 067 42 0.8% -0.79 [-1.23,-0.35]

Liu6,2014 502 083 45 576 074 42 0.8% -0.93 [1.37,-0.49) ¥

wvang etal. 1,2018 103 58 18 8.5 5.3 20 0.8% 0.29 [-0.35, 0.94] e
wang1,2019 13.71 3.4 24 1039 3.94 24 08% 0.89 [0.29, 1.48] ——%
Wang2,2018 151 24 18 149 21 20 0.8% 0.09 [-0.55, 0.72]

Wu1,2015 11.4 328 10 83 1.8 10  07% 1.21 (0.24,2.18] e
WWU10,2015 147 403 10 112 218 10  0.7% 1.04 (0.08, 1.98] ———————=2
Wu11,2015 1105 515 10 1062  2.31 10 07% 1.03 (0.0, 1.98] ————————h
WWu12,2015 1088 4.45 10 1045 1.67 10 0.7% 1.25 [0.28, 2.23] ————— %
Wu2,2015 & o0sa 10 68 036 10 07% -1.13[(2.09,-017]

WWU3,2015 66 1.34 10 78 023 10 07% -1.30[2.28,-031]

W¥u4,2015 7.2 101 10 5.3 033 10 07% 115(0.19,2.11] T F
WWu5,2015 67 014 10 5.1 202 10 07% 1.07 (012, 2.02] —_—
WWUB,2015 a9 112 10 57 045 10 07% -0.90(1.83,003]

Wu7,2015 52 171 10 6.4 034 10 07% -0.93[1.87,0000] |

WWUB,2015 52 127 10 7.5 045 10 0.6% -2.31 [-3.50,-1.13] 4

WWu9,2015 54 134 10 7.7 0.44 10 06% -2.21 [-3.37,-1.05] 4

Xia1,2019 7.28 335 21 6.82 337 18  08% 0.13 [0.50, 0.76]

Xia2,2019 702 2562 22 B.82 337 18  0.8% 0.07 [0.56, 0.69] !
Xia3,2019 9228 1202 21 9511 1436 18 0.8% -0.21 [0.84, 0.42]

Xia4,2019 9327 16.96 22 9511 14.36 18  0.8% -0.11 [-0.74, 0.51] ]

Xia5,2019 8.38 1.36 21 873 203 18 08% -0.20 [-0.83, 0.43]

XiaB,2019 8.54 1.06 22 873 203 18 08% -0.12 [-0.74, 0.50] ———

*xu1,2021 87 256 67 79 183 B4 0.8% 3.69 [3.12, 4.28] 3
>u10,2021 82 249 67 75 1.6 64  0.8% 3.31 [2.78, 3.84] >
*u11,2021 1142 1.74 67 108.7 2.51 64 0.8% 2.54 [2.08, 3.01] Z
>u12,2021 108.4 28 67 98 1.94 B4 0.8% 3.63 [3.07, 4.19] L
>u13,2021 71 083 67 7.2 036 64 08% -0.29 [-0.63, 0.05] =

Xu14,2021 75 1314 67 7.9 056 64 08% -0.38 [-0.73,-0.04]

Xu15,2021 & 076 67 57 192 64 08% -0.48 [-0.83,-0.13] —=

Xu16,2021 62 103 67 7 047 64 08% -0.99 [-1.35,-062]

xu2,2021 724 1.44 67 5.1 208 B4 08% 0.64 (0.28, 0.99] ————
*u3,2021 51 1.84 67 42 145 64  08% 0.54 (0.19, 0.89]

Xua,2021 9.3 221 87 7.9 097 64 08% 0.81 (0.45,1.17] ———>
Xu5,2021 7.6  1.01 67 63 031 64 0.8% 1.7101.31,212] LS
XuB,2021 6.3 232 67 7 094 B4 0.8% -0.39 [-0.74,-0.04] =

Xxu7,2021 65 112 67 7.8 171 64 0.8% -0.90 [-1.26,-0.54] +——————

>uB,2021 52 212 87 6.1 132 B4 0.8% -0.50 [-0.85, -0.16]

Xug,2021 51 112 67 5.2 094 B4 0.8% -1.06 [1.42,-0.69] +——

Zhou 1,2021 581 1872 B0 554 1.958 60  0.8% 0.14 (0.22, 0.50] =

Zhou 2,2021 99.83 4.012 B0 743  6.171 50 0.8% 4.87 (4.15, 5.60] L
Zhou 3,2021 6.66 0.511 60 10.63 1.344 60 0.8% -3.88 [4.48,-3.27]

Zhou 4,2021 4.97 0332 B0 337 048 60  0.8% 3.80 (3.19, 4.40] L
Zhou 5,2021 6.44 0615 B0 1521 3198 6O  0.8% -3.78 [4.39,-3.18] {

Zhous,2021 4.51 0537 B0 1349 4188 60  0.8% -2.99 [-3.51,-2.46] 4

Subtotal (95% CI) 2948 2835  65.0% 0.14 [-0.13, 0.41] ——

Heterogeneity: Tau®= 1.49; Chi*= 1841.17, df= 84 (P < 0.00001); F= 95%

Testfor overall effect: Z= 1.00 (P = 0.32)

3.5.3 16.18Weeks

Duetal.1,2019 92 048 &1 39 083 55 07% 7.87 [6.78, 8.96] >
Duetal.2,2019 127 155 64 7.34  0.431 62  0.8% 4.65[3.97, 5.33] 3
Huang and Gao1,2018 10,47 307 36 8.41 302 36 08% 0.67 [0.13,1.14] ———%
Liu1,2017 1129 508 62 11.88 348 62  0.8% -0.13 [-0.49, 0.22] —

Liuz,2017 12161 1588 62 1114 1208 62  08% 0.72 (0.36, 1.08] —
Liu3,2017 .09 048 62 632 041 62 0.8% -0.51 [-0.87,-0.15] —————

Liua,2017 737 242 62  6.67 1.3 62  08% 0.36 [0.00, 0.71] =
Lius,2017 485 073 62 516 092 62  0.8% -0.37 [-0.73,-0.02]

wWang1,2021 5.2 5 54 561 535 50 0.8% -0.08 [-0.46, 0.31] ]

Wang2,2021 78.35 1146 54 79.02 1417 50 0.8% -0.05 [-0.44, 0.33]

VWang3,2021 8.45 097 54 8.5 088 50 0.8% -0.05 [-0.44, 0.33] ]

WWang4,2021 8.49 355 54 893 357 50 0.8% -0.12 [-0.51, 0.26]

VWangs,2021 2458 152 64 22386 15.02 50 0.8% 0.11 [0.27, 0.50] =

Zhao1,2020 123 496 30 8.9 381 30 08% 0.76 [0.23, 1.28] —_——
Zhao2,2020 97 10.81 30 85 775 30 0.8% 1.26 (0.70, 1.82] %
Zhao3,z020 6.9 057 30 7.5 o07a 30 08% -0.90 [1.43,-0.36]

Zhao4,2020 5 101 30 4 108 30 08% 0.95 (0.42, 1.49] %
Zhao5,2020 54 0868 30 6.5 1.07 30 0.8% -1.21 [-1.76,-0.66]

ZhaoB,2020 6.3 188 30 7.9 256 30 0.8% -0.70 [-1.23,-018]

Zhou1,2021 1117 a9t 94 1228 508 T3  0.8% -0.22 (-0.52, 0.08] B

Zhouz,2021 102.26 1369 94 9641 14.24 7o 08% 0.42(0.12,0.72)

Zhou3,2021 66 065 94 767 065 79 0.8% -1.64 [-1.99,-1.29] 4

Zhoud,2021 434 178 94 415 123 79 08% 012 F0.18,0.42] —

Zou1,2016 937 302 42 771 308 42  08% 0.54 (011, 0.93] —_—————
Subtotal (95% CI) 1339 1251 19.2% 0.45[0.02, 0.87] e —
Heterogeneity: Tau® = 1.06; Chi® = 593.56, df= 23 (P < 0.00001); "= 96%

Testfor overall effect: Z= 2.07 (P = 0.04)

3.5.4 36Weeks

Jaksic et al.2,2020 37.3 7.82 66 3436 ©.38 66 0.8% 0.36 [0.02, 0.70]

Jaksic et al.2,2020 121.98 20,44 66 112,98 19.06 66  0.8% 0.45[0.11, 0.80]

Subtotal (95% CI) 132 132 1.6% 0.41[0.16, 0.65] ————
Heterogeneity: Tau== 0.00; Chi== 0.14, df=1 (P = 0.71); = 0%

Testfor overall effect: Z= 3.27 (P = 0.001)

Total (95% CI) 4900 4699 100.0% 0.19 [-0.00, 0.38] E—

Heterogeneity: Tau== 1.14; Chi*= 2462.42, df= 128 (P < 0.00001); = 95% = e 5 o'z +
Testfor overall effect: Z= 1.95 (P = 0.05) -

Testfor subaroup differences: Chi*= 8.87. df= 3 (P = 0.03). I*= 66.2% Favours [control] Favours [experimental]
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2.3.1 3-6Years

Chen H-Y(1),H(3) 2021 71 09 20 7.53 1.24 20 0.8% -0.39 [-1.02, 0.24]

Chen. H-Y(1),H(3)2021 6.56 092 20 7.08 1 20 0.8% -0.53[1.16,0.10]

Chen.L-Y(1) L(3)2021 99.75 10.45 20 94 13.26 20 0.8% 0.47 [(0.16,1.10] =1
Chen.L-Y(1),L(3)2021 8216 11.42 20 91.45 11.38 20 0.8% 0.06 [-0.56, 0.68] f
Chen P-Y(1),P(3) 2021 569 061 20 687 069 20 0.8% -0.27 [-0.89, 0.35]

Chen P-¥(1),P(3)2021 734 064 20 756 086 20 08% -0.28 [-0.91,0.34) =
Chen.S-Y(1),5(3) 2021 577 081 20 615 082 20 08% -0.46 [-1.09,0.17)

Chen §-Y(1),5(3)2021 612 052 20 605 08 20 08% 0.09 [0.53,0.71] =
ChenW-Y{1),W(3) 2021 6.23 1 20 5.66 0.68 20 0.8% 0.65 [0.02, 1.29]

Chenw-Y(1)4(2)2021 567 068 20 518 075 20 0.8% 0.67 [0.03,1.31]

Chen.Z-Y(1),Z(3) 2021 988 287 20 104 17 20 08% -0.09 [-0.71,0.53] i)
Chen.z-Y(1),2(2)2021 1028 242 20 1073 276 20 0.8% -0.17 [-0.79, 0.45] =
Ding.H-Y{1),H(1) 2021 551 1018 10 558 1794 10 07% -0.05 [0.92, 0.83]

Ding.H-Y{1),H(1)2021 7.38 1.339 10 5.56 1.58 10 0.7% 1.19[0.22, 2.186]

Ding.L-Y(1) ,L(1)2021 971 B.064 10 881 11.827 10 0.7% 0.92 [-0.01, 1.85]

Ding.L-Y(1),L(1)2021 81.5 8885 10 749 7.923 10 0.7% 0.75 [-0.16,1.67] =
Ding.P-Y(1),P(1)2021 558 0444 10 752 0601 10 0.7% -1.70 [2.76,-0.65) =
Ding.S-Y(1),5(1) 2021 59 0733 10 526 055 10 0.7% 0.95 (0.01, 1.88]

Ding.S-Y(1),8(1)2021 6.95 0.669 10 6.05 0.766 10 0.7% 1.20[0.23,2.17]

Ding.W-Y(1) W(1)2021 585 1.216 10 4.26 1.372 10 0.7% 1.17[0.21,2.14]

Ding W= (1),w(1)2021 46 0748 10 4.55 0.872 10 0.7% 0.06 [[0.82, 0.83]

Ding.Z-Y(1),Z(1) 2021 6.2 5.266 10 3.9 4.701 10 0.7% 0.44 [[0.45,1.33] =
Ding.Z-Y(1),Z(1)2021 55 4.836 10 14 3026 10 0.7% 0.97 [0.03,1.91]

Fan.H-Y(1),H(3)2021 1498 388 42 1816 443 42  0.8% -0.77 [-1.22,-0.33)

Fan.L-Y(1),L()2021 78.4 11.93 42 7688 1021 42 08% 0.13 [-0.30, 0.55) =
Fan.P-¥(1),P(3)2021 94 078 42 943 084 42  08% -0.11 [0.54, 0.32) i
Fan.S-¥(1),5(3)2021 8.63 1.31 42 8.95 1.34 42 0.8% -0.24 [-0.67,0.19]

Fan. - (1),w(3)2021 391 143 42 374 114 42 0.8% 0.15 [-0.28, 0.58] —E=
Fan.Z-Y(1),Z(2)2021 592 449 42 491 326 42 0.8% 0.51 [0.07, 0.94]

Gao.H-Y(1),H(2)2021 509 498 59 478 148 53 08% 0.08 [-0.29, 0.45] =l
Gao.L-Y(1),L(2)2021 9369 2298 59 78 23 53  08% 0.68 [0.30, 1.06) —==
Gao.8-Y(1),5(2)2021 584 1.31 59 6.88 1.83 53 0.8% -0.85 [-1.04,-0.27) =

Gao WEY(1)W(2)2021 6.49 247 59 475 165 53  0.8% 0.81 [0.43,1.20]

Gao.Z-Y(1),Z(2)2021 7.44 429 59 8.4 445 53 0.8% -0.22 [-0.59,0.15] —=I=
Jaksic et al Z-Y(1),Z(2)2020 373 7.82 66 3436 838 66 0.8% 0.36 (0.02, 0.70] ==
Jaksic.L-Y(1),L(2)2020 121.98 2044 66 11298 1906 66  08% 0.45(0.11,0.80] =
Liu H-Y(1),H(3)2014 5.02 0.83 45 576 0.74 42 0.8% -0.93 [-1.37,-0.49] e

Liu L-Y(1),L(3)2014 104.4 9.92 45 99.11 11.12 42 0.8% 0.50 [0.07, 0.93]

Liu .P-Y(1),P(3)2014 6.65 0.48 45 7.03 0.57 42 0.8% -0.72[-1.15,-0.28]

Liu .8-¥(1),5(3)2014 55 082 45 61 067 42 0.8% -0.79 [-1.23,-0.35]

Liu WY1 W(3)201 4 741 197 45 65 209 42 0.8% 0.44 [0.02, 0.87]

Liu Z-Y(1),Z(3)2014 988 1.26 45 905 168 42 0.8% 0.56 [0.13, 0.99]

LiuL-Y(1),L(2)2017 121.61 1588 62 1114 1208 62 08% 0.72 [0.36, 1.08] e
Liu.P-¥{1),P{2)2017 6.09 0.48 62 6.32 0.41 62 0.8% -0.51 [-0.87,-0.15] o
Liu.S-¥(1),8(2)2017 4.85 073 62 5186 0.92 62 0.8% -0.37 [-0.73,-0.02) [

Liu Y (1) W(2)2017 7.37 242 62  B.67 13 62 0.8% 0.36 (0.00, 0.71] ==
Liu.Z-Y(1),Z(2)2017 1129 500 62 11.88 346 62 0.8% -0.13 [-0.49,0.22] —I=
Wang.H-Y(1),H(3)2021 2458 152 54 2286 1502 50 0.8% 0.11 [-0.27, 0.50] S
wWang.L-Y(1),L(3)2021 78.35 11.46 54  79.02 1417 50 0.8% -0.05 [-0.44, 0.33] e
wWang.P-Y(1),P(3)2021 8.45 097 54 8.5 0.88 50 0.8% -0.05 [-0.44, 0.33) e
Wang §-Y(1),5(3)2021 849 355 54 893 357 50 0.8% -0.12 [0.51, 0.26] s
Wang Z-Y(1),2(3)2021 5.2 5 54 561 535 50 0.8% -0.08 [-0.46, 0.31] i
Wu P-Y(1),P(3) 2015 66 134 10 79 023 10 07% -1.30 [-2.28,-0.31]

WULH-Y(1),H(3) 2015 52 127 10 75 045 10 0.6% -2.31 [-3.50,-1.13]

WU H-Y{(1),H(3)2015 5.4 1.34 10 T.F 0.4 10 0.6% -2.21 [-3.37,-1.05) ¥———
WWULL-Y(1),L(3) 2015 110.5 5.15 10 106.2 2.31 10 0.7% 1.03 [0.09, 1.98]

WWULL-Y(1),L(3)2015 108.9 4.45 10 104.5 1.67 10 0.7% 1.25[0.28, 2.23)

WuLP-Y(1),P(3) 2015 6 083 10 68 036 10 0.7% -1.13(2.09,-0.17]

WuLS-Y(1),5(3) 2015 49 112 10 57 045 10 07% -0.90 [-1.83, 0.03)

WuLS-Y(1),5(2)2015 52 171 10 64 034 10 07% -0.93 [-1.87, 0.00)

WUW-Y(1) W(2)2015 72 101 10 63 033 10 07% 1.15(0.19,2.11]

WWULW-Y(1) W(3)2015 6.7 014 10 5.1 2.02 10 0.7% 1.07 [0.12, 2.02)

WWU.Z-Y(1),Z(3) 2015 11.4 3.28 10 8.3 1.16 10 0.7% 1.21 [0.24, 2.18]

WULZ-Y(1),2(2)2015 147 403 10 112 216 10 0.7% 1.04 [0.09,1.98]

XiaL-Y(1),L(1)2018 9229 1202 21 9511 1436 18 0.8% -0.21 [-0.84,0.42) =
Xia L-Y(1),L(2)2018 9327 1696 22 9511 1436 18 0.8% 011 [0.74, 0.51] s P
Xia P-Y{1),P(1)2019 8.38 1.36 21 8.73 2.03 18 0.8% -0.20 [-0.83, 0.43) =
Xia.P-Y(1),P(2)2018 8.54 1.06 22 8.73 2.03 18 0.8% -0.12[-0.74,0.50] —_—
Xia Z-Y(1),Z(1) 2019 728 335 21 682 337 18 0.8% 0.13 [-0.50, 0.76] ==
Xia.Z-Y(1),Z(1)2018 7.02 252 22 682 337 18 08% 0.07 [-0.56, 0.69] T
Xu P-Y(1), P(3) 2021 75 134 &7 79 056 B4 0.8% -0.38 [-0.73,-0.04] ==

u. L-Y(1),L(3) 2021 82 249 67 75 1.6 64 0.8% 3.31 [2.78, 3.84] T
Hu.L-Y(1), L(3) 2021 87 2.56 867 79 1.63 64 0.8% 3.69[3.12, 4.26)

HKu.L-Y(1),L(3) 2021 114.2 1.74 87 108.7 2.51 64 0.8% 2.54 [2.08, 3.01]

XuL-Y(1),L(3)2021 106.4 26 67 98 1.94 64 0.8% 3.63(3.07, 4.19]

Xu.P-Y(1), P(3) 2021 71 089 67 73 036 B4 0.8% -0.29 [-0.63, 0.05] =
Xu.P-Y(1),P(3) 2021 6 076 87 67 192 B4 0.8% -0.48 [-0.83,-0.13) T
Xu.P-Y(1),P(3)2021 62 103 &7 7 047 B4 08% -0.99 [-1.35,-0.62) =

Xu.8-Y (1),8(2)2021 63 232 67 7 084 B4  0.8% -0.39 (0.74,-0.04] =
Xu.8-Y(1), S(3) 2021 65 1.12 67 7.8 1.71 64 0.8% -0.90 [-1.26,-0.54] o
HKu.8-Y¥(1),8(3) 2021 5.2 EE2 67 6.1 1.32 64 0.8% -0.50 [-0.85,-0.16) e
Xu.8-Y(1),5(3)2021 51 112 &7 62 094 B4 0.8% -1.06 [-1.42,-0.69) ==

HUMEY(T), W(3) 2021 724 144 &7 61 208 B4 08% 0.64 [0.28, 0.99] =
HUMEY(T), W(3)2021 51 184 67 42 145 B4 08% 0.54 (0.19,0.89) =
UMY (1), WI(3) 2021 a3 221 67 7.9 0.97 64 0.8% 0.81[0.45,1.17) —
KUY (1) W(3)2021 7.6 1.01 67 6.3 0.31 64 0.8% 1.711.31,212)

Zhao H-Y(1),H(3)2020 63 1.88 30 79 256 30 0.8% -0.70 [-1.23,-0.18]

Zhao.L-Y(1),L(3)2020 97 1081 30 85 775 30 08% 1.26 [0.70,1.82]

Zhao.P-Y(1),P(3)2020 69 057 30 75 074 30 0.8% -0.90 [-1.43,-0.36)

Zhao.S-Y(1),8(3)2020 54 068 30 6.5 1.07 30 0.8% -1.21 [-1.76, -0.66]

Zhao W-Y(1)W(3)2020 5 1.01 30 4 1.06 30 0.8% 0.95[0.42, 1.49]

Zhao.Z-Y{1),Z{3)2020 12.3 4.96 30 8.9 3.81 30 0.8% 0.76 [0.23, 1.28]

Zheng. W-Y(1),W(2)2021 38 059 30 379 061 30 0.8% 0.02[-0.49, 0.52] i
Zheng. Z-Y(1),2(2) 2021 1089 206 30 1179 147 30 0.8% -0.50 [-1.01,0.02) ]
Zheng.H-Y(1) ,H(2)2021 1304 359 30 1266 493 30 0.8% 0.09 [-0.42, 0.59) S
Zheng H-Y(1),H(2) 2021 863 119 30 816 171 30 08% 0.31 [0.19,0.82) &
Zheng.H-Y(1),H(2)2021 51 1.88 30 5.88 0.92 30 0.8% -0.57 [-1.08, -0.05] e
Zheng.L-Y{(1) L{(2)2021 7073 9.57 30 66.99 8.98 30 0.8% 0.40 [[0.11,0.81]

Zheng.L-Y{1),L{2) 2021 89.08 8.7 30 89.75 8.79 30 0.8% -0.07 [[0.58, 0.43]

Zheng L-Y(1),L(2)2021 11275 1278 30 114 1052 30 0.8% -0.11 [0.61, 0.40]

Zheng.S-Y(1), 5(2)2021 918 076 30 904 124 30 08% 0.13 [-0.37, 0.64]

Zheng.S-Y(1),5(2) 2021 547 135 30 544 117 30 08% 0.02 [-0.48, 0.53]

Zheng.S-¥(1),5(2)2021 452 055 30 4.27 0.67 30 0.8% 0.40 [[0.11,0.91)

Zheng W-Y(1), W(2)2021 5.96 1.08 30 5.89 1.19 30 0.8% 0.06 [[0.45, 0.57]

Zheng W-Y(1).4(2)2021 724 095 30 705 041 30 0.8% 0.26 [-0.25, 0.76]

Zheng.Z-Y(1),Z(2) 2021 1096 22 30 1073 349 30 0.8% 0.08 [-0.43, 0.58]

Zheng.Z-Y(1),2(2)2021 10.8 385 30 1215 334 30 08% -0.37 [-0.88,0.14]

Zhou .L-Y(1),L{(3)2021 99.83 4.013 60 743 6.171 B0 0.8% 4.87 [4.15, 5.60]

Zhou W-Y(1),W(3)2021 497 0.332 60 3.37 0.49 B0 0.8% 3.80 3.1 E, 4.40)

Zhou .Z-¥(1),2(3)2021 581 1.872 60 554 1.958 60 0.8% 0.14 [-0.22, 0.50]

Zhou H-¥(1),H(3)2021 7.43 337 94 782 435 79 08% -0.10 [-0.40, 0.20]

Zhou.L-Y(1),L(3)2021 102.26 1369 94 9641 1424 79 0.8% 0.42(0.12,0.72]

Zhou.P-Y(1),P(3)2021 66 065 94 7.67 065 79 0.8% -1.64 [-1.99,-1.29) =
Zhou.S-Y(1),5(3)2021 503 054 94 66 203 79 0.8% .09 [-1.42,-0.77) e
ZhouW-Y(1)Wi(3)2021 434 1.78 94 4.15 1.29 79 0.8% 012 [0.18,0.42) s o]
Zhou. Z-Y{1),Z{3)2021 1117 4.91 94 12.28 5.09 79 0.8% -0.22 [-0.52, 0.08] ‘B
Subtotal (95% Cl) as574 4347 91.6% 0.18 [0.02, 0.35]

Heterogeneity: Tau®= 0.78; Chi®= 1660.36, df= 115 (P < 0.00001); = 93%

Testfor overall effect: Z= 2.14 (P = 0.03)

2.3.2 7-10Years

Du et al. Z-¥(2),Z(1) 2019 a2 048 61 39 0.83 55 0.6% 7.87 (6.78, 8.96]

Du et al.Z-¥(2),2(1)2019 127 1.55 64  7.34 0431 62  0.8% 4.65 (3.97, 5.33]

Huang and Gao.Z-Y(2),Z(3)2018 1047 307 36 841 302 36 0.8% 0.67 [0.19,1.14]

Liu Z-Y(2),Z(3)2015 11.8 232 30 1201 317 30 08% -0.07 [(0.58, 0.43] —=
Wang.L-Y(2),L(3)2018 151 24 18 149 21 20 0.8% 0.09 [[0.55,0.72) =
Wang.Z-Y(2),Z(3)2018 10.3 56 18 8.5 6.3 20 0.8% 0.29 [[0.35, 0.94] s
Wang Z-¥(2),2(2)2019 1371 34 24 1038 3.94 24 0.8% 0.89 [0.29, 1.48]

Wei.L-Y(2),L(2)2016 1557 1404 10 152 127 10 0.7% 0.26 [-0.62,1.15] —
Wei.Z-Y(2),Z(2)2016 68 475 10 4 37 10 07% 0.63 [-0.27,1.53] —
Wright. Z-Y(2),2(2)2015 13 22 11 12 18 11 0.7% 0.05 [-0.79, 0.88)

Zou.Z-Y(2),Z(3)2016 8.37 3.02 42 7.71 3.06 42 0.8% 0.54 [0.11,0.98]

Subtotal (95% CI) 324 320 8.4% 1.41[0.35, 2.47] ————
Heterogeneity: Tau®= 3.09; Chi*= 306.66, df= 10 (P < 0.00001); I*= 97%

Test for overall effect: Z= 2.60 (P = 0.009)

Total (95% CI) 4898 4667 100.0% 0.28 [0.11, 0.46] >

Heterogeneity: Tau®= 0.92; Chi*=
Test for overall effect 317 (
Taatfarsubharoun difarances: Chid

204437, df= 126 (P < 0.00001); F= 94%
0.002)
aa df:

-2 -1 0 1 2
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1.8.1 Sit and Reach

Chen.Z-v(1).2(3) 2021 988 287 20 101 1.7 20 08%  -0.22[1.68 1.24] —

Chen.Z-v(13,2(3)2021 1028 242 20 1073 2.76 20 08%  -0.44[2.05 1.17] =

Ding Z-¥¢13.2¢1) 2021 6.2 5266 10 z8  aro1 10 04% 2.30 -2.08. 6.68]

Ding Z-Y¢13,2¢1)2021 55 4.836 10 1.4 3028 10 05% 4.10 [0.56, 7.64]

Du et al.Z-¥(2),Z(1) 2019 2.2 o0.as &1 33 0.83 55  0.8% 5.30 [5.05, 5.55]

Du et al.z-v(2),z(1)2019 127 155 B4 7.3a  0.431 52  0.9% 5.36 [4.97, 5.75]

Fan.z-¥(1),Z(3)2021 6oz aaa az aan 328 42z oa% 2.01 [0.33, 3.69]

Gao.Z-¥(1),2(2)2021 7.4a  a2a 59 5.4 a.as 53  0.8%  -0.96[2.58, 0.66]

Huang and Ga0.Z-¥(2),2(3)2018 1047 307 36 8.41 3.02 36 08% 2.06 [0.65, 3.47]

Jaksic et al.z-Y(1),2(2)2020 37.3 782 66 3438 838 56 0.5% 294 017, 5.71]

Liu Z-Y(1),Z(3)2014 2.88 1.26 as 2,05 1.68 42 09% 0.83 [0.20, 1.46]

Liu .Z-v(2), Z(3)2015 118 232 30 1201 37 30 08%  -0.21[1.62 1.20]

Liu.Z-Y(1).2(2)2017 11.23 509 62 11.88 3.48 62  08%  -0.59[2.12 0.94]

WWang Z-¥e1).2(3)2021 5.2 5 5a 5.61 5.35 50  0.7%  -0.41[2.40.1.58]

Wang. Z-¥(2),Z()2018 10.3 5.6 18 8.5 5.3 20  05% 1.80 [-1.98, 5.58]

WWaNg Z-¥(2),Z(3) 2019 1371 P 24 1038 3.94 24 07% 3.32 [1.24, 5.40

WWei.Z-Y(2),Z(2)2016 68 475 10 a 371 10 05% 2.80 [-0.94, 6.54]

wiright. Z-¥(2),Z(2)2015 13 22 11 iz 18 1 0.0% 1.00[-15.80,17.80] +

WWULZ-Y(1),2(3) 2015 114 328 10 8.3 1.8 10 0.7% 3.10[0.94, 5.26]

VYL Z-Y (1), Z(3)201 5 147 403 10 11.2 2186 10 06% 3.50 [0.67, 6.33]

Xi=.Z-¥(1),Z(1) 2019 728  3.35 21 5.82 337 18 07% 0.46 [-1.66, 2.58]

ia.Z-Y(1),Z(1)2019 7.02 252 22 5.82 3.37 18 0.8% 0.20 [-1.68, 2.08]

Zhao.Z-¥(1),Z(3)2020 123 298 20 5.9 381 20 07w 3.40 (1,16, 5.64]

Zheng. Z-¥(1),2(2) 2021 1083 2.08 30 1179 1.47 30 09%  -0.90[1.81,0.01]

Zheng Z-¥(1).2(2) 2021 10,98 2.2 30 1073 s.a8 30 08% 023 [1.25.1.71]

Zheng Z-¥(1),2(2)2021 108 3.85 30 1215 3.34 30 08%  -1.35[3.17,0.47]

Zhou .Z-Y(1),2(3)2021 5.81 1.872 50 554 1.958 60 09% 0.27 [-0.42, 0.96]

Zhou.Z-Y(1),Z(3)2021 1117 a91 94 1228 5.09 79 08%  -1.11[2.61,0.39]

Zou.Z-Y(2),Z(3)2016 237 302 az 77 308 42 0a&% 1.66 [0.36, 2.95]

Subtotal (95% CI 1021 980 20.9% 1.3410.25, 2.a3]

Heterogenaity: Tau== 7.62; Chi* 28, dr= 28 (P < 0.00001); 17

Testfor overall effect: Z= 2.42 (P = 0.02)

1.8.2 Standing Long Jump

Chen.L-v(1) L(3)2021 29.75 10.45 20 24 13.28 20 0.2% 5.75[1.65,13.15]

Chen.L-v(13,L()2021 9216 11.42 20 @1.as 11.38 20 0.2% 0.71 [-6.36, 7.78]

Ding LYl ,L(1>2021 97.1 £.064 10 88.1 11.827 10 0.2% 9.00 [0.76, 17.24]

Ding.L-v{13,L¢132021 815 8.885 10 749 7923 10 0.2%  6.60 [-0.78,13.98]

Fan.L-¥(1),L(3)2021 78.4 11.93 a2 7eas  10.21 42 0a% 1.42 -3.33,6.17]

Gao.L-Y(1),L(2)2021 9363 22498 59 78 23 53  02% 1569716, 24.22]

Jaksic L-¥(1),L(2)2020 121.98 20.44 66 11298 19.06 66 0.2% 2.00 [2.26, 15.74]

Liu L-Y(1),L(3)201 4 1044 aaz a5 @@i11  11.12 4z 0a% 5.24 [0.85, 9.73]

LiuL-v(1),L(2)2017 121.61 1588 62 111.4 1208 62  0.4% 10.21[5.24,15.18]

WWang.L-VET ), L(3) 2021 78.35 11.46 514 7a0z 1417 50  0.4%  -067 [5.65, 4.31]

wang.L-Y(2),L(3)2018 151 24 18 149 21 20 0.1% 2.00[12.41,16.41] +

WeLL-Y(2),L(2)2016 1557 14.04 10 152 12.7 10 0.1% 3.70 [8.03,15.43] +

WWLLL-Y(1),L(3) 2015 1105 515 10 1082 231 10 0.5% 4.30 [0.80, 7.80]

VWLV (1),L(2)201 5 1088 4.45 10 1045 167 10 08% 4,40 [(1.45, 7.35]

>ia.L-Y(1),L¢1)2019 9228 12.02 21 9511 1436 18 0.2% -2.82[(11.21,5.57] *

Xia.Lve1),Le2)2019 93.27 16.96 22 9511  14.38 18 0.1%  -1.84 F11.55,7.87] *

Hu. L-¥(1),L(3) 2021 82 z.aa &7 75 16 B4 0a@% 7.00 (629, 7.71]

>ULL-Y(1), L(3) 2021 87  2.56 67 73 1.63 64 0.9% 8.00 [7.27, 8.73]

HUL-Y(1).L¢3) 2021 1142 174 67 108.7 2.51 64 08% 5.50 [4.76, 6.24]

U L-Y¢1),L(3)2021 108.4 2.6 &7 EL] 1.94 B4 09% 8.40 [7.62, 9.18]

ZhaoL-v(1),L(3)2020 a7 1081 30 85 775 30 04% 12.00(7.24, 16.76]

Zheng L-¥(1) L(2)2021 7073 957 30 &6.99 s.98 30 0.4% 3.74 [-0.98, 8.44]

Zheng L-¥(1),L(2) 2021 8908 a7 30  sa7s a.7a 30 04%  -0.67 [-5.36, 4.02]

Zheng L-Y(1),L(2)2021 11275 12.78 30 114 10.52 30 0.3%  -1.25[7.17, 4.67]

Zhou L-v(iy,L3)2021 29.83 4013 &0 743 6171 60  0.8% 25.53[23.67, 27.39]

Zhou.L-Y(1),L(3)2021 10226 13.89 94 9541 14.24 79 0.4% 5.85 [1.66, 10.04]

Subtotal (95% Ch 1021 976  10.a% 6.20 [4.28, 8.11]

Heterogeneity: Tau== 17.21; Chi"= 467.06, dr= 25 (P < 0.00001); IF= 95%

Testfor overall effect: Z= 5.34 (P < 0.00001)

1.8.3 10 Meters Turnaround Run

Chen.P-Y(1),P(3) 2021 569 061 20 6.87 0.69 20  09%  -018[0.58 0.22]

Chen.P-¥¢1),P(3)2021 7.34 064 20 7.56 0.86 20 09%  -0.22 [0.69, 0.25]

Ding P-¥(1),P(1) 2021 645 0.2az 10 7.5 0D.aar 10 08% -1.05[1.37,-0.73]

Ding P-Y(1),P(1)2021 6.58 0.443 10 7.52  0.601 10 09% -0.94[1.40,-0.48]

Fan.P-y(1) P(3)2021 aa o078 az alaa 0.84 42 08%  -0.08[0.44,0.26]

Liu P-¥(1),P(3)2014 5.65 0.48 a5 7.03 0.57 42 09% -0.38 [-0.60,-0.16]

Liu.P-(1),P(2)2017 609 048 62 532 0.1 62  08%  -0.23 [0.39,-0.07]

Wang P-Y(1),P(2)2021 s.a5 097 5a 8.5 o.s8 50 09%  -0.05[0.41,0.31]

WWULP-Y(1),P(3) 2015 6 o0aa 10 6.8 038 10 09% -0.80[1.40,-0.20]

WVWULP-Y(1).P(3)2015 66 1.34 10 7.9 0.23 10 09% -1.30[-2.14,-0.46]

>ia.P-Y(1),P(1)2018 8.38 1.38 21 8.73 203 18 09%  -0.35[1.45, 0.75]

Xia.P-Y(1),P(2)2019 854 1.08 22 8,73 203 18 08%  -019[1.23 0.85]

Xu P-Y(1), P(3) 2021 7.5 1.34 &7 7.9 056 64  0.9%  -0.40 [-0.75,-0.05]

3uP-Y(1), P(3) 2021 71 osa 67 73 036 64  09%  -0.20 (0.43, 0.03]

U P-Y(1),P(3) 2021 & 076 &7 6.7 1.92 64  09% -0.70 [-1.20,-0.20]

KU P-Y(1),P(2021 62 1.03 67 7 0.a7 64  09% -0.80[1.07.-053]

Zhao.P-¥(1),P(3)2020 69 057 30 7.5 074 30 09% -0.60 [0.93,-0.27]

Zhou P-¥(13,P(3)2021 6.66 0.511 60 1063 1.344 60  0.9% -3.97 [-4.33,-3.61] ==

Zhou.P-¥(1,P(3)2021 6.6 0.85 24 767 0.65 79  09% -1.07 [-1.26,-0.89]

Subtotal (95% CI) 778 737  17.4% -0.72[-1.09,-0.35]

Heterogeneity: Tau= 0.61; Chi"= 420.26, df= 18 (F = 0.00001); "= 96%

Testfor overall effect: Z = 3.83 (P = 0.0001)

1.8.4 Throw for Distance

Chenww-Y(1)Wi(3) 2021 7.24  1.aa &7 8.1 2.08 B4 0.9% 1.14 [0.52,1.76]

Chen wW-YE1)(3)2021 51 1.84 67 4.2 1.45 64 0.9% 0.90 [0.33, 1.47]

Ding W-v(1) 132021 a3 221 67 78 o7 64 0.8% 1.40[0.82, 1.98]

Ding W-v(1) 132021 76 1.01 &7 5.3 0.31 B4 0.9% 1.30[1.05, 1.55]

Fanin-ve1 ) wnie3)2021 7.37 242 52 6.67 13 62 09% 0.70 [0.02, 1.38]

Ba0 WY (1),1(2)2021 434 178 2a a5 1.20 73 09% 0.19 -0.27, 0.65]

LIt WY 01 W) 201 4 523 1 20 566 06a 20 oa% 0.57 (0.04,1.10]

Litw-Y(1) Wi(2)201 7 567 0.68 20 518 0.75 20  o0.9% 0.49 [0.05, 0.93]

WYL-YC) W3 2015 72 1.01 10 6.3 033 10 oa@w% 0.90 [0.24, 1.56]

VULLAN-Y ) C3) 201 5 67 014 10 5 2.02 10 oE% 1.60 [0.35, 2.85]

Kunv (1), Wi3) 2021 5 101 30 a 108 30 oa@% 1.00 [0.48, 1.52]

MUY (1), WI2)2021 7.1 197 as 5.5 209 4z 0@ 0.91 (0,08, 1.76]

UMY (1) W) 2021 5.85 1.218 10 426  1.372 10 0.9% 1.59 [0.45, 2.73]

UMY (1) WW(2)2021 a6 o0.7as 10 455 0872 10 D.9% 0.05 (0.71, 0.81]

Zhao W-Y(1D) MW 2020 38 059 30 379 0.61 30 09% 0.01 [-0.29, 0.31]

Zhena. W-Y(1)W(2)2021 596 1.08 30 5.89 119 30 0@% 0,07 [-0.51. 0.65] o

Zheng W-Y(1), W(2)2021 7.24 095 30 7.05 0.41 30 09% 0,19 [0.18, 0.58]

Zhena W-v(1) W(2)2021 487 0332 &0 337 0.aa 60 0a@% 1.60[1.45,1.75] =

Zhou MW-Y(1)W(3)2021 3.1 143 a2 374 114 4z 0.9% 0.17 [-0.32, 0.66] S

ZROUM-Y (1) W) 2021 648 247 59 a7s 165 53 0.a% 1.74 (097, 2.51] S,

Subtotal (95% CI) 830 794  18.1% 0.79 [0.48, 1.11] >

Heterogeneity: Tau== 0.42; Chi"= 181.53, dr= 19 (P < 0.00001)

Testfor overall effect: Z= 4.93 (P < 0.00001)

1.8.5 Double Legged Continuous Jump

Chen.S-¥(1),5(3) 2021 577 0.81 20 8.15 0.82 20  09% =]

Chen.S-v(1),5(3)2021 512 052 20 5.05 0.9 20 o@% —

Ding.S-Y(1),5¢1) 2021 59 0733 10 5.26 0.55 10 09% =

Ding.5-v¢1),5¢1)2021 595 0663 10 605 0.766 10 oa@% ——

Fan.sS-Y(1),5(2)2021 863 1.31 a2 8.95 1.34 42 09% ==

Gao.8-¥(13,8(2)2021 S84  1.31 59 6.88 183 53 0.8% —

Liu S-Y(13,5()2014 55 o082 as 6.1 0.67 a2 09% =

LiuS-(1),5(2)2017 485 073 62 5186 092 52  0.9% =]

WWang S-v(1),5()2021 849 355 5a 8.93 3.57 50  08% —

WWULS-Y(1),5(3) 2015 48 11z 10 5.7 0.as5 10 oa@% —

WWULS-Y(1),5(2)2015 52 1.71 10 6.4 0.3a 10 D.9%

Xu.S-Y (1),5(3)2021 63 232 67 7 0.aa 64  0.@% —

Xu.S-Y(1), S(3) 2021 65 1.2 57 7.8 171 B4 09% =

>u.S-Y(1),5(3) 2021 s2: 242 &7 8.1 1.32 B4 0.9% =

u.S-¥(1),5(2)2021 51 1.4z &7 5.2 = B4 0.9% =

Zhao.5-¥(1),5(3)2020 5.4 088 30 5.5 1.07 30 09% =

Zheng S-Y(1), 5(2)2021 918 076 30 a.0a 1.2a 30 08% ==

Zheng.S-Y(1),5(2) 2021 452 055 30 a.27 0.67 30 09% =

Zhena S-Y(1),8(2) 2021 547 135 30 5.24 17 30 0@% ==

Zhou .S-¥(13,5(3)2021 644 0.615 0 1521 3198 50 0.9% <

Zhou.S-¥(13,5(3)2021 503 053 a4 6.6 2.03 79 0a% =

Subtotal (95% CI) asa a1  19.0% -

Heterogeneity: Tau== 1.53; Chi*= 513.45, dr= 20 (F < 0.00001); I"= 96%

Testfor overall effect: Z= 3.09 (P = 0.002)

1.8.6 Balance Beam

Chen.H-Y(1),H3) 2021 7 oa 20 7.53 1.24 20 09%  -0.43[1.10,024] =]

Chen.H-Y(1),H(3)2021 656 0.92 20 7.08 1 20 09%  -0.52[1.12 0.08] =

Ding.H-Y(1),H(1) 2021 551 1.018 10 558 1.794 10 08%  -0.07 [1.35, 1.21] —

Ding.H-¥(1),H(1)2021 7.38 1.339 10 5.56 1.58 10 o0E% 1.82 (0,54, 310 =

Fan.H-v(1) H)2021 1498 3.8 a2z 1818 a.a3 42 08% -3.18[4.92,-1.44]

Gao.H-Y(1).H(2)2021 508  aa8 59 478 1.a8 53 0&% 0.31 [-1.02,1.64]

Liu H-Y(13,H(3)201 4 502 o083 as 5.76 074 42 09% -0.74 [1.07,-0.41] =

LIt H-YE1), H(2) 201 7 401 067 62 5.86 0.1 62  09% -1.85[213.-1.57] -

Wang,H-Y(1),H(3)2021 2458 152 54 22885 15.02 50  0.3% 1.72 [-4.09, 7.53]

WHLLHSYET),H () 2015 52 1.27 10 7.5 0.45 10 08% -2.30(3.14,-1.46]

WWULH-Y(1),H(2)201 5 54 1.34 10 7 044 10 09% -2.30[3.17,-1.43]

Zhao.H-Y(1),H(3)2020 63 1.a8 20 7.9 256 30 09% -1.60[2.74,-0.46]

Zheng H-Y(1) H(2)2021 13.0a 359 30 1288 a3 30 0.7% 0.38 [-1.80, 2.56]

Zheng H-Y(1),H(2) 2021 863 118 s0 516 171 30 o@% 0.47 [0.28]1.22] -+

Zhena.H-Y(1).H(2)2021 51 1.8 20 s.88 0.92 30 09% -0.72[1.47,-0.09] ==

Zhou .H-Y(1),H(3)2021 4.51 0.537 60 13.49 4188 60 0.9% -8.98 [10.05,-7.91]

Zhou.H-Y(13,H(2)2021 743 3.37 24 7.82 a.35 79 09%  -0.39[1.57,0.79]

Subtotal (95% CI) 616 588  14.1%  -1.23 [-2.04, -0.42] -

Heterogeneity: Tau== 2.48; Chi*= 313.83, df= 16 (F < 0.00001); "= 95%

Testfor overall effect: Z= 2.97 (P = 0.003)

Total (95% CI) 5150 4919 100.0% 0.69 [0.31, 1.06] >
7346.34, o as%

Heterogeneity: Tau== 3.965; Chi® :
Testfor overall effect: Z= 3.59 (P = 0.0003)
A R i L e L L S, Rl S S S R

131 (P =< 0.00001);

-a -2 o B3 a
Favours [control]  Favours [experimental]
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Control Experimental Std. Mean Difference Std. Mean Difference

Study or Subarou Mean __ SD_Total _Mean SD_Total Weight IV, Random, 95% CI 1V, Random. 95% CI
Chen.H-Y(1),H(3) 2021 7.1 09 20 753 124 20 0.8% -0.39 [-1.02,0.24] e

Chen.H-Y(1),H(3)2021 656 0.92 20 7.08 1 20 0.8% -0.53 [-1.16,0.10] &

Chen.L-Y(1) L(3)2021 99.75 10.45 20 94 13.26 20 0.8% 0.47 [-0.16,1.10] —

Chen.L-Y(1),L(3)2021 9216 11.42 20 91.45 11.38 20 0.8% 0.06 [-0.56, 0.68] —

Chen.P-Y(1),P(3) 2021 669  0.61 20 687 0.69 20 0.8% -0.27 [-0.89, 0.35] T

Chen. P-Y(1),P(3)2021 734 064 20 756 086 20 0.8% -0.28 [-0.91, 0.34] ———

Chen.S-Y(1),5(3) 2021 577 0.81 20 615 0.82 20 0.8% -0.46 [-1.09, 0.17] 3

Chen.S-¥{1),5(3)2021 612 052 20  6.05 09 20 0.8% 0.09 [-0.53, 0.71] —

ChenWW-Y(1).W(3) 2021 7.24 1.44 BT 61 208 B4 0.9% 0.64 [0.28, 0.99]

Chenw-Y(1),W(3)2021 51 184 67 42 145 B4 0.9% 0.54 [0.19, 0.89]

Chen.Z-Y(1).Z(3) 2021 9.88 287 20 104 17 20 0.8% -0.09 [-0.71, 0.53]

Chen.z-¥(1),Z(3)2021 1028 242 20 1073 276 20 0.8% -0.17 [-0.79, 0.45] —

Ding.H-¥{1),H(1) 2021 551 1.018 10 558 1794 10 0.8% -0.05 [-0.82, 0.83] ——
Ding.H-Y(1),H(1)2021 738 1338 10 556 158 10 07% 1.19[0.22, 2.16] %
Ding.L-¥(1) ,L{1)2021 97.1 6.064 10 8841 11.827 10 0.7% 0.92 [-0.01, 1.85] "
Ding.L-¥(1),L(1)2021 81.5 8885 10 749 7.923 10 0.7% 0.75 [-0.16, 1.67] e
Ding.5-Y(1),5¢1) 2021 58 0733 10 526 055 10 0.7% 0.95[0.01, 1.88] >
Ding.5-Y(1),5(1)2021 695 0669 10 605 0766 10 07% 1.20[0.23,2.17] ———*
Ding yW-Y(1) W(1)2021 9.3 221 67 79 097 B4 0.9% 0.81[0.45,1.17] —
Ding.W-Y(1) Wi1)2021 76 1.01 67 63  0.31 64  0.9% 1.71[1.31,212] —*
Ding.Z-¥(1),Z(1) 2021 6.2 5266 10 3.8 4701 10 0.7% 0.44 [-0.45, 1.33] —
Ding.Z-¥(1),2(1)2021 55 4.836 10 14 3028 10 07% 0.97 [0.03,1.91] "
Du et al.Z-¥(2),Z(1) 2019 92 048 61 39 083 55 0.7% 7.87 [6.78, 8.96] 12
Du et al.Z-¥(2),Z(1)2019 127 155 B4 7.34 0431 62  0.8% 4,65 [3.97, 5.33] L2
Fan.H-Y(1),H(2)2021 14.98 368 42 1816 443 42 0.9% -0.77 [-1.22,-0.33] —

Fan.L-¥{1),L{3)2021 78.4 11.93 42  7BGs 1021 42 0.9% 0.13 [-0.30, 0.55] —

Fan.P-Y(1),P(3)2021 94 078 42 949  0.84 42 0.9% -0.11 [-0.54, 0.32] =

Fan.5-Y(1),5(3)2021 863 1.31 42 895  1.34 42  0.9% -0.24 [-0.67,0.19] =

Fanyw-v(1) y(3)2021 7.37 242 B2  6.67 1.3 82 0.9% 0.36 [0.00, 0.71]

Fan.Z-¥{1),Z(3)2021 6.92 449 42 4.91 3.26 42 0.9% 0.51 [0.07, 0.94]

Gao.H-Y(1),H(2)2021 509 498 59 478 1.48 53 0.9% 0.08 [-0.29, 0.45] e
Gao.L-Y(1),L(2)2021 93.69 2298 59 78 23 53  09% 0.68 [0.30, 1.06]

Gan.5-Y(1),5(2)2021 5.84  1.31 58 6.88  1.83 53  0.9% -0.65 [-1.04,-0.27]

GanN-Y(1)Wi2)2021 434 178 94 415  1.20 79 0.9% 0.12 [-0.18, 0.42] o

Ga0.Z-Y(1),Z(2)2021 744 429 59 8.4 445 53  0.9% -0.22 [-0.59, 0.15] e

Huang and Gao.Z-¥(2),7(3)2018 1047 3.07 36 841 302 36 0.9% 0.67 [0.19,1.14]

Jaksic et al.Z-Y(1),Z(2)2020 37.3 7.82 66 3436 838 66 0.9% 0.36 [0.02, 0.70]

Jaksie.L-Y(1),L(2)2020 121.98 2044  B6 11298 19.06 66 0.9% 0.45(0.11, 0.80]

Liu H-Y(1),H(3)2014 502 0.83 45 576 074 42 0.9% -0.93 [-1.37,-0.49]

Liu L-Y(1),L(3)2014 1044 992 45 9911 1112 42 0.9% 0.50 [0.07, 0.93]

Liu .P-Y(1),P(3)2014 665 0.48 45 7.03 057 42 0.9% -0.72 [-1.15,-0.28]

Liu .S-v(1),5(3)2014 55 082 45 61  0.67 42  0.9% -0.79 [-1.23,-0.35]

Liu W= (1) WM(3)201 4 6.23 1 20 566 0.68 20 0.8% 0.65 [0.02, 1.29]

Liu Z-¥(1),Z(3)2014 988 1.26 45 905 1.68 42 0.9% 0.56 [0.13, 0.99]

Liu . Z-¥(2),Z(3)2015 11.8 232 30 1201 317 30 0.9% -0.07 [-0.58, 0.43] =

LiuL-¥(1),L(2)2017 12161 1588 B2 111.4 1200 62 0.9% 0.72[0.36, 1.08]

Liu.P-Y(1),P(2)2017 609 048 B2 632  0.41 62  0.9% -0.51 [-0.87,-0.15]

Liu.8-Y(1),5(2)2017 485 073 B2 516 092 62 0.9% -0.37 [-0.73,-0.02]

Liu - (1) W(2)2017 567 0.68 20 518 075 20 0.8% 0.67 [0.03,1.31]

Liu.Z-¥(1),Z(2)2017 11.28 509 62 11.88 346 62  0.9% -0.13 [-0.49, 0.22] T

Wang.H-Y(1),H(3)2021 2458 152 54 2286 1502 50 0.9% 0.11 [-0.27, 0.50] T
Wang.L-Y(1),L(3)2021 78.35 11.46 54 79.02 1417 50 0.9% -0.05 [-0.44, 0.33] e
Wang.L-(2),L(2)2018 151 24 18 149 21 20 0.8% 0.09 [-0.55, 0.72] ——j

VWang.P-¥(1),P(3)2021 8.45 097 54 85 0.88 50 0.9% -0.05 [-0.44, 0.33] —
Wang.S-¥(1),5(3)2021 849 355 54 893 357 50 0.9% -0.12 [-0.51, 0.26] =

Wang.Z-Y(1),2(3)2021 5.2 5 54 561 535 50 0.9% -0.08 [-0.46, 0.31] e
VWang.Z-v(2),Z(2)2018 103 58 18 8.5 6.3 20 0.8% 0.29 [-0.35, 0.94] —

VWang.Z-v(2),Z(2)2019 13.71 34 24 1039 394 24 0.8% 0.89 [0.29, 1.48]

el L-(2),L(2)2016 1657 14.04 10 162 127 10 0.7% 0.26 [-0.62, 1.15]

Vel Z-Y(2),Z(2)2016 68 475 10 4 371 10 0.7% 0.63 [-0.27, 1.53] =

Wright. Z-Y(2),Z(2)2015 13 22 11 12 18 11 0.8% 0.05 [-0.79, 0.88] =
WULL-Y(1),L(3) 2015 1105 515 10 1062  2.31 10 0.7% 1.03[0.09, 1.98] e —— %
WULL-Y(13,L(3)2015 108.8 445 10 1045 167 10 0.7% 1.25 [0.28, 2.23] e
WiULS-Y(1),5(3) 2015 49 112 10 57 0.45 10 0.7% 080 [1.83,003 —————————————————

WULS-Y(1),5(3)2015 52 iTd 10 6.4 034 10 0.7% -0.93 [1.87,0.00] ¥

WVWUW-YET) W(3)2015 72 1.01 10 63 033 10 07% 115019, 2.11] %
WWUINEYE ) WNI(3) 2015 67 014 10 51 202 10  0.7% 1.07 [0.12, 2.02] %
WLLZ-Y(13,2(3) 2015 11.4 3.28 10 8.3 116 10 0.7% 1.21 [0.24,2.18] —
WWULZ-Y(1),2(2)2015 147 403 10 112 216 10 0.7% 1.04 [0.08, 1.98] %
Xia L-Y(1),L(1)2019 9229 1202 21 9511 1436 18 0.8% -0.21 [-0.84, 0.42) —

Xia.L-Y(1),L(2)2019 93.27 16.96 22 9511 14.36 18  0.8% -0.11 [-0.74, 0.51] ——

Xia P-¥{1),P{1)2019 8.38 1.36 21 8.73 2.03 18 0.8% -0.20 [-0.83, 0.43] —

Xia P-Y(1),P(2)2019 854 1.06 22 873 203 18 0.8% -0.12 [-0.74, 0.50] ———

Xia Z-Y(1),.Z(1) 2019 728 335 21 682 337 18  0.8% 0.13 [-0.50, 0.76]

Xia.ZY(1),Z(1)2019 7.02 252 22 682 337 18  0.8% 0.07 [-0.56, 0.69]

Xu P-v(1), P(3) 2021 75 134 67 78 056 B4 0.9% -0.38 [-0.73,-0.04]

Xu. LY (1),L(3) 2021 82 249 67 75 16 64 0.9% 3.31[2.78, 3.84] g
XuL-v(1), L(3 2021 87 256 67 79 1.63 B4 0.8% 3.69(3.12, 4.26] i<
HUL-Y(1),L(3) 2021 1142 1.74 67 1087  2.51 64  0.9% 2.54 [2.08, 3.01] >
Ku.L-Y(1),Le3)2021 1064 26 67 98 1.94 B4 0.8% 3.63 (3.07, 4.19] ’
Xu.P-Y(1), P(3) 2021 74 089 67 73 036 B4 0.9% -0.29 [-0.63, 0.05] R

Xu.P-Y(1),P(3) 2021 6 076 BT 67 1.92 B4 0.9% -0.48 [-0.83,-0.13] —

Ku.P-Y(1),P(3)2021 62 1.03 67 7 047 64 0.9% -0.99 [-1.35,-0.62]

Xu.S-Y (13,5(3)2021 63 232 67 7 0084 B4 0.9% -0.39 [-0.74,-0.04]

Xu.8-Y(1), S(3) 2021 65 112 67 78 1.71 64  0.9% -0.90 [-1.26, -0.54]

Xu.8-Y(1),5(3) 2021 52 212 67 61  1.32 B4 0.9% -0.50 [-0.85, -0.16]

Xu.8-Y(1),5(3)2021 51 112 67 62 0.94 B4  0.9% -1.06 [-1.42,-0.69]

KUMY(TY, WE3) 2021 5 1.01 30 4 106 30 0.8% 0.95 [0.42, 1.49]

KUME-Y(1), W(3)2021 741 1.97 45 65 208 42 0.9% 0.44 [0.02, 0.87]

KUMEY(1)W(3) 2021 585 1.216 10 426 1372 10 0.7% 147 [0.21, 2.14]

HKUM-YE)W(3) 2021 46 0748 10 455 0972 10 0.8% 0.06 [-0.82, 0.93]

Zhao.H-Y(1),H(3)2020 63 1.88 30 78 256 30 0.9% -0.70 [-1.23,-0.18]

Zhao.L-¥(1),L(3)2020 97 10.81 30 85 7.75 30 0.8% 1.26 [0.70,1.82]

Zhao P-Y(1),P(3)2020 69 057 30 75 074 30 0.9% -0.90 [-1.43,-0.36]

Zhao W-Y(1)W(3)2020 38 059 30 379 0.61 30 0.9% 0.02 [-0.49, 0.52]

Zhao.Z-Y(1),Z(2)2020 123 495 30 89  3.81 30 0.9% 0.76 [0.23,1.28]

Zheng. W-Y(1) W(2)2021 596 1.08 30 5.89 1.19 30 0.9% 0.06 [-0.45, 0.57] 1

Zheng. Z-Y(1),Z(2) 2021 10.88 206 30 1179 147 30 0.9% -0.50 [-1.01, 0.02]

Zheng.H-Y(1) H(2)2021 13.04 359 30 1266 493 30 0.9% 0.09 [-0.42, 0.59] —

Zheng.H-Y(1),H(2) 2021 863 149 30 816  1.71 30 0.9% 0.31 [-0.19, 0.82] =

Zheng.H-Y{1),H(2)2021 51 1.68 30 5.88 0.92 30 0.9% -0.57 [-1.09,-0.05]

Zheng.L-¥(1) L(2)2021 70.73 957 30 6699 898 30 0.9% 0.40 [-0.11,0.91] =

Zheng.L-¥(1),L(2) 2021 89.08 87 30 8975 979 30 0.9% -0.07 [-0.58, 0.43] ——
Zheng.L-¥(1),L{2)2021 11275 1278 30 114 1052 30  0.9% -0.11 [-0.51, 0.40] =

Zheng.S-Y{1), S(2)2021 818 0.76 30 .04 1.24 30 0.9% 0.13 [-0.37, 0.64] T

Zheng.S-Y(1),5(2) 2021 452 055 30 4.27 0.67 30 0.9% 0.40 [-0.11, 0.91] =

Zheng.S-Y(1),5(2) 2021 547 1.35 30 544 117 30  0.9% 0.02 [-0.48, 0.53]

Zheng\W-v(1), Wi2)2021 7.24 095 30 7.05 0.41 30 0.9% 0.26 [-0.25, 0.76] —

Zheng W-Y(1),W(2)2021 4.97 0.332 60 3.37 0.49 60 0.8% 3.80 [3.19, 4.40] 4
Zheng.Z-Y{1),Z(2) 2021 10.96 2.2 30 1073 3.49 30 0.9% 0.08 [-0.43, 0.58] —

Zheng.Z-Y(1),Z(2)2021 108 3.85 30 1215 334 30 0.9% -0.37 [-0.88, 0.14] =

Zhou L-Y(1),L(3)2021 99.83 4.013 60 743 6.171 60 0.8% 4.87 [4.15, 5.60] L4
Zhou MW-Y(T)W(3)2021 3.1 143 42 374 1.4 42 0.9% 0.15 [-0.28, 0.58] =

Zhou Z-Y{1),Z¢3)2021 581 1.872 B0 554 1.958 B0 0.9% 0.14 [-0.22, 0.50] =

ZhouH-Y(1),H(3)2021 743 337 94 7.82 435 79  0.9% -0.10 [-0.40, 0.20] S e

Zhou L-Y(1),L(3)2021 10226 13.69 94 9641 1424 79 0.9% 0.42[0.12,0.72]

ZROUM-Y (1) W(3)2021 6.49 247 59 475 1.65 53  0.9% 0.81 [0.43,1.20]

Zhou Z-Y(1),Z(3)2021 1117  4.91 94 1228 5.08 74 0.9% -0.22 [-0.52, 0.08] —

Zou.Z-Y(2).Z(3)2018 937 3.02 42 771 306 42 0.9% 0.54 [0.11, 0.98]

Total (95% CI) 1630 4429 100.0% 0.39 [0.22, 0.57] ->

Heterogeneity: Tau®= 0.84; Chi*=1787.97, df= 118 (P < 0.00001); I*= 83%

Test for overall effect: Z= 4.43 (P < 0.00001) iy 05 - e 4

Favours [control] Favours [experimental]





OPS/images/fpsyg-14-1264985/fpsyg-14-1264985-e005.jpg
2
J =m*re





OPS/images/fpsyg-14-1264985/fpsyg-14-1264985-e006.jpg





OPS/images/fpsyg-14-1264985/fpsyg-14-1264985-e007.jpg





OPS/images/fpsyg-14-1264985/fpsyg-14-1264985-e008.jpg





OPS/images/fpsyg-14-1264985/fpsyg-14-1264985-e001.jpg
M=J*a

(1)





OPS/images/fpsyg-14-1264985/fpsyg-14-1264985-e002.jpg





OPS/images/fpsyg-14-1264985/fpsyg-14-1264985-e003.jpg





OPS/images/fpsyg-14-1264985/fpsyg-14-1264985-e004.jpg





OPS/images/fpsyg-14-1273513/fpsyg-14-1273513-t005.jpg
Control (M +SD) Experimental

(M +SD)

Pretest 9164108 85076 -2073 0038 07
Speed-agility

Postest 9384107 88+ 114 -0.152 0879 053

Pretest 140£0.25 165025 ~2508 0012 1
Standing long jump

Postest 146£0.25 158027 ~1360 0174 046
Cardiorespiratory Pretest 17588 + 368.76 2187.5£ 4184 0530 059 1
endurance Postest 19703 + 131461 2210.38 + 487.8 0.166 0.868 02

Effect size (Cohens D).





OPS/images/fpsyg-14-1264985/crossmark.jpg
(®) Check for updates






OPS/images/fpsyg-15-1355821/fpsyg-15-1355821-g003.jpg
SEIR 80
(selg Aupodal) Aumoda) aajoejag
(SEI0 LoQUIE) Blep BLIOdN0 Aj8|duIoaL)

(el uonIalap) JUBLUSSASSE 0N Jo Aupug

{sel0 aauewouad) jauuosiad pue sjuedianed jo Guipung
(SEI0 UD[I8[8S) JUAL[ESIU0I UONLIO|Y

(510 UoNIaas) uonesaual aauanhas Wopuey

Ding, 2021
D, 2019
Fan,2021
Sao, 2020
Liu, 2015
YWwei, 2016
WL 2015
Hia, 2019
Hu, 2021

N
o
o
2!
c
o
£
]

Yoright, 2015
Zhao, 2020
Zheng, 2021
Zhou, 2021
Zhou et al.2021

SE|Y JO HSU ;m_I. SE| JO v_m_tmm_ucj. SEIQ JO HSU >.6|_.
001 oL H0S
se|f 18Uy
(selq Guipodal) Buipodal anaaag
(SEIY UORURE) BlER SLLI02IN0 ala|doau)
10 Uoa8)ep) IUSWSSasSe awoano o Buipung
1 aauewopad) (guuosiad pue spuediped jo Buipug

10 U0Naa|as) IUaLU|ESIU0D UoNEI 0|y

10 UoNaa|as) uonelausl aauanbas Wopuey






OPS/images/fpsyg-15-1355821/fpsyg-15-1355821-g002.jpg
_SE(SMD)

00XO AB@D Do o
DO o © @
- CBOFOO
i i iy E i 2 SMD
2 1 0 1 2





OPS/images/fpsyg-15-1355821/fpsyg-15-1355821-g001.jpg
Identification

Screening

Eligibility

Literature obtained through other
sources n=0

Literature retrieved from the database n=3680

CNKI=458
Pubmed=856

The number of studies obtained after
removing duplicate studies n=3148

The number of studies obtained from
preliminary selection n=3041

The number of studies subjected to
abstract screening n=1580

The number of studies ultimately
included in the meta-analysis n=23

VIP=220 Wanfang=476
Web of Science=1631  CBM=39

Excluding the same studies(n=532)

Excluding meta-analyses(n=63)
reviews(n=44)

Excluding not related research
object studies(n=1461)

Excluding literature with
intervention measures(n=1147),
experimental designs(n=378), and
outcome variables that did not meet
the inclusion criteria(n=32)





OPS/images/fpsyg-15-1355821/cross.jpg
©

|





OPS/images/fpubh-12-1380290/fpubh-12-1380290-t009.jpg
Moderate- High-intensity

intensity energy energy
consumption consumption

Equipment support 0362+ 0.155%*
School organization 0.106%* 0.071
Parental and peer support 0261% 0.141%%
Class teacher factors 0.162% 0035
Physical education teacher

0153+ 0.092¢
factors
Individual cognition 01145 0058

*p <0.05, % p <0.01.





OPS/images/fpubh-12-1380290/fpubh-12-1380290-t008.jpg
Moderate-intensity PA time High-intensity PA time Moderate- and high-

intensity PA time

Equipment support 0.481%% 0.268%% 0.531%
School organization 0.141% 0.131%% 0.185%
Parental and peer support 0.305% 0.169%% 0.336%
Class teacher factors 0.199% 0.059 0.191%
Physical education teacher factors 0.191% 0.134%% 0.226%
Individual cognition 0.189% 0.159%% 0.238%

* p<0.05, ** p<0.01.
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Factor loading Commonality

(common factor

Factorl Factor2 Factor3 Factor4 Factor5 Factor6 variance)
Al 0037 0.001 0.060 0076 0.791 0089 0645
A2 0020 0.087 0021 0057 0.852 0.062 0741
A3 0045 0.165 0.055 0.126 0753 -0021 0615
Ad 0.061 0143 0.006 ~0.038 0.787 0046 0.647
A5 0011 0025 0.760 0055 0.061 0013 0586
A6 0014 0079 0.826 0.003 0014 0.065 0693
A7 0.057 o1 0771 0064 -0023 0080 0621
A8 0.056 0073 0.870 0042 0039 0037 0770
A9 0.248 0082 0.805 0023 0058 0.008 0721
A0 0020 0087 0723 0045 0020 0033 0534
Al 0.125 0.908 0.079 0170 0.091 0116 0.898
A2 0114 0922 0.065 0118 0116 0.043 0,89
A3 0.089 0.882 ons 0.160 0.086 0086 0.839
Ald 0111 0.930 0.081 0117 0.068 0051 0904
Als 0119 0.900 0.077 0117 0,09 0.045 0855
Al6 0133 0.809 0.153 0.197 0082 0186 0776
A7 0.050 0134 0.084 0.199 0.060 0.931 0937
A8 0.067 0125 0,092 o8 0076 0935 0923
A19 0071 0.169 0.062 0333 0074 0.835 0.852
A20 0030 0.146 0055 0.821 0072 0192 0741
A2l 0071 0258 0.023 0.839 0082 0110 0796
A2 0052 0184 0.083 0.862 0073 0107 0.804
A2 0047 0155 0,073 0873 0025 0.186 0829
A2 0911 0.163 0.067 0027 0.007 0051 0.865
A2 0.924 0136 0.064 0036 o011 0077 0.884
A26 0.847 0178 0010 0064 0034 0756
A27 0928 ~0055 0020 ~0021 ~0.004 0.865
A28 0.805 ~0014 0.100 0076 0045 0047 0.668
A29 0933 0,080 0.034 ~0011 ~0018 0031 0.880
A30 0.894 0.104 0.043 0039 0.069 ~0.009 0819
A3l 0.899 0075 0.062 0034 0077 0013 0824
A32 0915 0136 0,092 0047 0044 0034 0870

Bold values in the table are all greater than 0.7.
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Eigen % of variance (unrotated) % of variance (rotated)

Factor  gigen  siof  CUTUANVE pigen  yof  CUTMENVE gigen  yor  Cumuldtive
value  variance vaﬁance value variance vaﬁance value  variance va:?ance

1 9307 29084 20,084 9307 29084 29084 7.408 2151 2151
2 5539 17310 46393 5539 17310 16393 5204 16263 39414
3 3431 10720 57014 3431 10720 57114 3919 12265 51659
4 2744 8575 65.689 2744 8575 65.689 3238 10118 61777
5 2347 7334 73,023 2347 7334 73023 2645 8265 70042
3 1685 5266 78289 1685 5266 78289 2639 8247 78289
7 0626 1955 80244 - - - - - -

8 0581 1816 82,060 - - - - - -

9 0546 1706 83.767 - - - - - -
10 0463 1448 85.215 - - - N - B
n 0444 1387 86,601 - - - = = -
12 0424 1325 87926 - - - - N -
13 0413 1290 89216 - - - - - -
14 0378 L1t 90,397 - - - - : N
15 0317 0992 91.389 - - - = = -
16 0312 0974 92362 - - N B - -
17 0293 0917 93.279 - - - - - -
18 0258 0807 94.087 - - - - - -
19 0233 0727 94.813 - - - - - -
2 0214 0669 95.483 - - - B - -
21 0199 0621 96.104 - - - - = -
2 0185 0578 96.682 - - B - - -
23 0180 0564 97.246 7 N - = - -
u 0153 0479 97.725 - B - - - -
2 0124 0388 98.112 - - - - - -
2% 0120 0376 98.488 - - - B B -
27 013 0354 98.843 - N - - B =
28 0.094 0295 99.138 - - - - - -
2 0077 0210 99,378 - - - - - -
30 0073 0228 99.605 - - - - - -
31 0070 0218 99.823 - - B - - -

32 0057 0177 100.000 - - - = = .
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7th grade

(n =225)
Moderate-intensity PA time 195.000 (1000, 329.5)
High-intensity PA time 0,000 (0.0,0.0)
Moderate- and high-intensity PA time 240,000 (1325, 405.0)
Moderate-intensity energy consumption | 588.000 (291.0, 945.5)
High-intensity energy consumption 0.000 (0.0, 405.0)

* p<0.05, ** p<0.01.

Grade median M (P2, P7s)

8th grade
(n=200)

248.000 (1000, 378.8)
31.000 (0.0, 110.0)
320,500 (157.0, 490.0)
774000 (313.8,1212.3)

186.000 (0.0, 651.8)

oth grade
(n=223)

220,000 (110.0, 350.0)

30.000 (0.0, 140.0)
295,000 (165.0, 465.0)
735.000 (364.0, 1211.0)

177.000 (0.0, 802.0)

3446

9.791

9203

8350

10915

0179

0,007
0.010*
0.015*

0.004%*
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Gender median M (Pas, Pzs)

Male (n =338)  Female (n = 310)

Moderate-intensity PA time (min) 240,000 (117.5, 350.0) 200,000 (98.8, 341.3)
High-intensity PA time (min) 30.000 (0.0, 130.0) 20,000 (0.0, 90.0)
Moderate- and high-intensity PA time (min) ~ 307.500 (170.0,466.3) | 255.000 (131.5,412.0)
Moderate-intensity energy Expenditure (kcal) | 772,000 (362.3,1203.3) | 579.000 (2925, 1019.3)

High

ntensity energy expenditure (kcal) 171,000 (0.0, 812.3) 127.500 (0.0, 512.0)

* p<0.05, ** p<0.01.

48732.500

49260.500

46414.500

45048.500

48467.000

-1.537

-1373

-2510

~3.084

-1.720

0124

0170

0.012*

0.002%

0.085
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ing 46 middle school sophomores

Conducted fitness and baseline surveys

( pre-experimental attition of 6 people)

Divide into groups

[[STEAMShaolin staff teaching group (20 People) |

| Regular teaching group (20 People) ]

| Test for learning engagement before class |

Test for learni

g engag

ement before class ‘

| STEAMShaolin staff teaching group (20 People) |

Regular teaching group (20 People)

Conduct a test of leamn igement in the seventh session

Conduct a test of lean ement in the seventh session

Test of learing engagement at the end of the course |

| Test of learning engagement at the end of the course

Data analysis , comparison and conclusior
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Boys Girls Primary Secondary Non-
Education  Education = compulsory

Education

M SD M SD M SD
Intrinsic 388 098 391 102 0264 0609 0000 431 081 370 102 349 LI3 36270 | 0.000%% 0088
motivation
Identified 361 102 369 106 1443 0248 0002 407 086 347 105 30 107 36775 00004 | 0.089
motivation
Introjected 310100 300 104 1953 0472 0002 338 097 289 101 278 103 21019 0000%F | 0053
regulation
External 290 | 105 | 285 L4 0569 0492 0001 34 L4 274 106 271 1011666 | 0.000%F | 0030
regulation
Amotivation | 165 | 085 162 | 080 0282 0519 0001 163 084 163 081 170 | 081 | 0120 0888 0000
MIFA 402 087 | 398 093 0349 0512 0000 421 077 390 | 093 377 108 10733 00004 0035
Autonomy 308 101 315 104 0920 0372 0001 344 093 296 104 290 093 19431 0000 0049
Competence | 374 | 093 | 367 097 0797 0920 0001 400 087 358 095 326 105 21901 | 00004 0055
Relatedness | 384 | 102 384 | 103 0002 0962 0000 422 084 367 105 342 L4 28834 0000 | 0071
Autonomy_ | 361 | 096 371 | 095 2009 0138 0003 390 075 356 102 332 105 13414 0.000%% 0035
Support
Social_ 491 101 501 096 1912 0167 0003 526 084 479 100 498 120 18884 0.000%F 0048
Responsibility
Personal_ 498 | 097 | 506 | 095 LI73 0279 0002 533 | 070 487 | 103 485 106 20751 0.000% 0053

Responsibility

M de box =66.766,
Pillai trac
M, Mean; SD, Standard deviation; MIEA, Physical activity intention ¢Ta, size effect; E;

test from Multivariate analysis (MANOVA), ** p<0.001.
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High quantity Low quality  High quality ~Low quantity

M SD M SD M SD M SD
Intrinsic motivation 466 0.40 3 071 397 061 213 073 515813 00007 0.674
Identified motivation 446 047 301 073 360 076 185 054 433040 00007 0.635
Introjected regulation 383 074 297 0.65 257 069 169 056 244141 0.0004% 0.495
External regulation 364 0.93 299 075 22 0.86 181 057 176056 0.000%** 0.414
Amotivation 160 0.87 250 0.67 116 029 177 0.80 108809 0.000%%* 0.304

M de box=551.441, f=12.061, p=< 0.001; Pilla trace= 1210 £ (100.855), p<0.01.
M, Mean; SD, Standard deviations €Ta, size effect; F, -test from Multivariate analysis (MANOVA); *** p<0.001.
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High quantity  Low quality High quality  Low quantity

M SD M SD M SD M SD
Autonomy 375 0.79 265 0.87 299 089 191 075 130.940 0.000%% 0344
Competence 428 0.60 313 0.84 37 080 247 0.86 160.497 0.000%% 0392
Relatedness 438 0.69 3.22 Lol 387 090 27 100 110,563 0.000%% 0.207
RPP 5.9 073 451 108 501 088 431 132 37.101 0.000%% 0.130
RPSS 534 0.65 459 109 514 083 420 126 48435 0.000%% 0.163
Autonomy_Support | 415 0.6 3.8 0.90 358 086 272 115 78.985 0.000%% 0.241
MIFA 444 061 343 0.5 405 076 313 L4 90.650 0.000%% 0.267
M de box =420376, [=4.595, p=< 0.001.

Pillai trace=0.258 f (22.719), p=< 0001
M, Mean; SD, Standard deviation; RPP; Personal responsibilty: RPSS, Social responsibilitys MIFA, Physical activity intentions €Ta,size effect; . f-value from Multivariate analysis (MANOVA);
*p<0.001
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1vs.2 1vs.3 1vs. 4 2vs.3 2vs.4 3ivs-4

Autonomy 1975%% 0765+ 1844755 ~0.331%* 074755+ 1079%5%
Competence 11535 0,565+ 18075 ~0.587%% 06547+ 1241955
Relatedness 116075 05117 167745 ~0.64975% 05167+ L165%+%
RPP 0.747%%% 0202+ Ligsse ~0.545%% 0.389% 0,934+
RPSS 0781 0.284%% 0,981 ~0.497%5% 0200 0,697+
Autonomy_Support 0.868%F 0577+ La3E ~0.292%% 0563+ 0.855%*
MIFA L0067 0,387+ 13087 ~0.619%% 0.301% 0.920%%

M, Mean; SD, Standard deviation; RPP; Personal responsibilty: RPSS, Social responsibility; MIFA, Physical activity intention; ¢Ta,size effect; ; -test from Multivariate analysis (MANOVA); *
p<0.05; ** p<0.001; *** p<0.001; 1, “High quantity”; 2, “Low quality’s 3, “High quality”; 4, “Low quantity”
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High quantity Low quality High quality

n % R % R % R %
Men 144 191% 00 64 85% 02 13 150% 02 9 12% 0l 0.87 3 0.993
Girl 157 209% 00 67 89% 02 126 168% 02 64 85% o1
P School u6 | 577% | 70 | 26 | 107% | 35 71 1% | -16 9 36% | —45 64544 6 0.000%
. School 144 312% 62 | 94 204% 27 159 | 345% 20 64 139% 35
NCSchool | 11 289% 14 20 | 233% 15 9 27% | -11 8 211% 21
P, Primary; S, Secondary; NC, Non-compulsory; R, Standardized Residual, SD, Standard Deviation; PBN, Basic Psychological Needs; X2, chi squared; g, free grades.
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1,50000
1,00000
0,50000
0,00000

-0,50000

-1,00000

-1,50000

-2,00000

m High Quantity
m Low Quantity
 High Quality
= Low Quality

Intrinsic
motivation

0,75919
-0,78060
0,06929
-1,76320

Identified
motivation

0,77808
-0,61913
-0,05293
~1,73388

Introjected
regulation

0,76345
-0,07887
-0,46756
-1,32989

External
regulation

0,69479
0,11077
-0,60915
-0,96366

Amotivation

-0,04146
1,05082
-0,58139
0,17007
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M, Mean;

Intrinsic M.
Identified M.
Introjected R.
External R.
Amotivation
Autonomy
Competence
Relation
Autonomy S.
RPS

RPP

MIFA

SD, Standard deviation; R, Ranges S, Skewness; K, Kurtosi

Mean
390
365
305
287
163
312
370
384
366
496
502
400

SD
100
104
102
110
082
103
095
103
095
098
096
0.90

S
~0.900
~0575
~0.036

0.141
1312
~0.824
~0.121
~0.584
~0.797
~0.667
-1.295

-1318

M, motivation; R, Regulation; S., Support; RPS, Social respor

0174

~0.432

~0.661

~0869

0.966

~0057

~0.701

-0325

-0.145

1646

1511

2
0.780%*

0516
05345+

4 6 7 8
03587 -0216%F | 0626°F | 0.680%% 0625+
03657 —0177FF 0643 06187 05607+
0,585 0.080% 0485%F | 0.445%% 03647+

1 02155 0371%F | 03207 0237+

1 -0048 | -0.138%F | ~0.154%%
1 06607 05947+
1 0693+

ity; RPP, Personal respor

itys MIEA, Physical activity intentior

&)
0.540%%
0.567%%
0.359%%
03115
~0.059
0.639%%
0.5047%

04807+

1

10
0.343%%
0.343%%
0.227%%
0.180%%

~0.160%
0.355%%
0.408+%
04447+
0.362+%

1

1
0,383+
0.394%%
0.257%%
0,176+
~0.253+*
0,348+
0.451%%
03715
0323+
0.707%%

1

12
0553+
0.497%%
0343+
02004

~0.145%%
04397+
06157
04907+
0366
0357+
0422+
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Block of contents Content Key competence Stage objective

Social competence K
Block I. Physical fitness and health  Physical capacities development
Scientific competence H
Social competence AcC
Block IL. Games and sports Knowledge of technique, tactic and rules of sports
Learning to learn K
Rules acceptance and elaboration Social competence AcC

Block IV. Common elements
Team-work and active participation Social and learning to learn competences B
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Pretest Post-test

Days per week N (%) N (%)
Control Experimental Control Experimental

0 5(125) 6(15) 3(7.5) 2(5)

1 100) 3(75) 2(5) 205

2 4010) 6(15) 7017.5) 7017.5)

3 6(15) 4(10) 1230) 9(225)

4 9(225) 6(15) 3(7.5) 7017.5)

5 6(15) 4(10) 7(17.5) 4(10)

6 5(125) 6(15) 3(7.5) 20

7 125) 125) 3(75) 3(75)
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Pretest Post-test

Days per week N (%) N (%)
Control Experimental Control Experimental

0 7017.5) 5(125) 125 2(5)

1 305 1(25) 2(5) 00

2 7(17.5) 5(125) 9(225) 6(15)

3 8(20) 3075 6(15) 8(20)

4 20 9(225) 7017.5) 175

5 6(15) 7017.5) 5(12.5) 5(12.5)

6 4(10) 4(10) 6(15) 123)

7 3(75) 205 4010) 3(75)
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Academic Performance Score (A2)

Node 0 i
n 2129 i
% 100,000 [}
Predicted 91,944 [
i T =
Activity Regularity ()
Adj. P-value=0.026, F=6.261, df1=
«=0.488 © IHB,IH 753) (0.753,0.796] >0.796
Node 1 Node 2 Node 3 Node 4
n 2714 n 1478 n 225 n 214
% 9758 [ [% 70223 % 10.260 % 9758
Predicted  77.056 | | Predicted  79.951 Predicted _ 76.976 Predicted _81.896
2 — G

Distance Covered (0X) Average Step Frequency (FX)
Adj. P-value=0.043, F=8.108, dfi=1, df2=223 Adj. P-value=0.017, F=9.904, df1=1, df2=212

<= 2731630 >2731.630 <=155.130 >155.130
Node 5 Node 6 Node 7 Node 8

n 19 n 106 n 169 n 45

% 5426 |% 4834 | |% 7706 | |% 2052

Predicted  73.484 | | Predicted  80.896 | |Predicted  82.932 | |Predicted  78.004
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Academic Performance Score (A2)

Node 0
n 1468
% 100.000
Predicted  81.903
=
Activity Frequency (v
Adj. P-value=0.000, F=13.755, df1=2, df2=1465

<=8.000 (8.000, 10.000] >10.000
Node 1 Node 2 Node 3
n 186 n 319 n 963
% 12,670 % 21.730 % 65.599
Predicted  80.012 Predicted  81.329 Predicted  82.459
=]

Average Running Duration (TQ
Adj. P-value=0042, F=4.877, df1=2, df2=960

«=982170 (982.170,1555.330] > 1555330
Node 4 Node § Node 6
n 656 n 177 n 130
% 44.687 % 12.057 % 8.856
Predicted  82.226 Predicted  83.632 Predicted  82.039
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Dimension Variable

Physical activity

behavioral

indicators

Academic
achievement

indicators

Distance covered (meters)

Average step frequency
(steps/min)
Average running speed

(meters/min)

Average running duration

(seconds)

Activity regularity

Activity frequency

Academic performance

score (AP)

Code

D¢

Ex

Sx

Hy

Vi

AP

Data range

592-7413

417-193.1

42-113

328-3,415

1-43

23-987

Description

‘The average distance (in meters) covered by students per running session during the

12-week semester

“The average frequency of run

g sessions per week for students during the 12-week

semester

“The average speed (in meters per minute) of students during each running session over

the 12-week semester.

“The average duration (in seconds) of each running session for students over the 12-week

semester

“The regularity of exercise H )y was calculated based on the distribution of exercise

m,
J
exercise sessions on the jh day for the mth student out of the total number of exercise

frequency. The entropy value was computed using the proportion /™of the number of

sessions over n days. The formula for the calculation is as follows:
n

1
Hy= it [/,’»”) (Formula 1)

The total number of running sessions in the 12-week semester was determined.

The formula for calculating APisas follows : f; denotes the final exam score for the ith
‘major-specific course, and the weight is determined based on the credit value g; of the

course. This weight is used to calculate the weighted average score for the students major

—8i_ f; | (Formula 2)
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Variable SD

1. Age 1908 0776 -

2Tx 1389370 366.333 0.012 -

3.D¢ 2997.380 752.255 0.041 0.875%% -

4.Fx 132742 26929 0.025 ~0.164%% ~0.082°% =

5.8¢ 7.707 0917 —0.063** 0.360%" ~0.107%% ~0.207%* -

6.Hy 0.649 0.136 ~0051% ~0.240%% ~0.306%* 0.040 0.085%%

7.Vx 12130 3.982 ~0.042 —0.488** ~0.520%* 0.089%* 0.007 0513 -

8.AP 81.944 6210 —0.0076 —0.002 0.048* —0.027 0010 0.090%* 0.097%% -
VIF - - - 1416 2883 1061 8909 137 1731 -

% M, mean; SD, stanfard deviation; VIE, variance inflation factor; *p <0.05; **p<0.01.
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