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Emotional intelligence is considered as an important factor impacting on sports motivation of students-athletes. Meanwhile the role of culture in the development of emotional intelligence is still insufficiently studied in sports psychology. The purpose of the study included comparing the indicators of emotional intelligence of student-athletes in China and Russia, identifying the relationship between emotional intelligence, sports motivation and physical activity, as well as studying the prognostic effect of emotional intelligence on autonomous motivation. The research was done among 474 student- athletes. In Chinese students sample (N = 281), the 163 men and 118 women. In the Russian student sample (N = 193), there were 64 men and 129 women. The following research methods were used: emotional intelligence scale, the sport motivation scale-6, the international physical activity questionnaire. The results of the study have showed that the level of emotional intelligence of Chinese student-athletes is higher than that of Russian students-athletes. Positive correlations between emotional intelligence, autonomous motivation and physical activity were found in both samples. At the same time, the correlation coefficient in the Russian sample was lower. A predictive relationship between emotional intelligence and autonomous motivation has been established; meanwhile the self-assessment of emotions and emotion regulation make the greatest contribution to autonomous motivation in the Chinese sample, while in the Russian sample there is only the use of emotions. Considering the cultural context can contribute to the preparation effective programs for the development of emotional intelligence and autonomous motivation for physical activity.
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Introduction

Sports motivation is one of the main reasons when students choose sports specialties. Therefore, studying the sport motivation of Chinese and Russian student-athletes and its determining factors is important for understanding long-term commitment to sports and physical activity. Past research on sport motivation has been conducted either on non-sport students (Deng et al., 2023) or on student-athletes in the context of the dual-career theory (Stambulova et al., 2015). In the first and second case, the authors do not consider the differences between Eastern and Western culture and its influence on athletic motivation.

At the same time, Pan and Huang (2019) comparing Western and Eastern culture note that Western culture is focused on the conquest of nature, so sports are oriented toward competition and individual achievement, while Eastern culture is focused on ethics, so Eastern sports culture is characterized by a focus on the development of “mind and spirit.” In this context, Chinese student-athletes and Russian student-athletes belong to different sports cultures. Traditional Chinese sports culture is based on the philosophical ideas of “harmony of man and nature,” preservation of health through the “unity of body and spirit,” and focus on psychophysical improvement (Song and Shen, 2021). Russian sports culture is closely related to the values and ideas of Western sports culture, with the desire for excellence, maximum development of physical qualities (Zagrevskaya, 2019). The study of the influence of culture on the motivation to engage in physical activity implies the analysis of the main directions of its research.

These studies are concentrated around three key areas. The first concerns the study of students' sports motivation in the context of socio-demographic characteristics (Ekelund et al., 2006), and the role of external and internal factors influencing it (Wang et al., 2018). The second is related to the substantiation of the relationship between different types of sports motivation and the level of physical activity (Liu et al., 2023). It should be noted that in recent years, most research on this problem has been carried out within the framework of the theory of self-determination, which considers three different motivational structures depending on the degree of self-determination: autonomous motivation, controlled motivation, and amotivation (Deci and Ryan, 2000). Autonomous motivation is considered as the most self-determined, since it is associated with the focus on performing activities, in accordance with the goals and motives of the personality. Autonomous motivation is associated with volitional effort made out of pleasure, personal importance, or in accordance with personal values (Ryan and Deci, 2020). In contrast, controlled motivation involves engaging in behavior driven by external factors such as potential reward, perceived approval from others, or avoidance of punishment or guilt. Amotivation refers to a state of lack of motivation and interest, and a person cannot see the exact reason for performing an action (Wong and Law, 2002).

Numerous studies have proven the effect of autonomous motivation on increased physical activity and commitment to sports (Vallerand, 2007). At the same time, it is important to note that researchers emphasize that internal motivation (pleasure and challenge) is more typical for students who play sports, in turn, for students focused on physical exercise, external motives (appearance, weight, and stress reduction) are more characteristic (Diehl et al., 2018). The third direction justifies strategies, pedagogical conditions, or interventions related to increasing sports motivation (Ntoumanis et al., 2021).

Thus, the main vector of the conducted research is aimed at studying the factors contributing to the increase of sports motivation, and mainly the autonomous motivation of students, which is revealed more among student-athletes. In recent years, more and more attention has been paid to emotional intelligence in the study of personal factors affecting sports motivation (Laborde et al., 2016; Sukys et al., 2019).

Emotional intelligence is understood as a fundamental ability that ensures the effective integration of cognitive and emotional resources that ensure the effectiveness of activities (Côté and Miners, 2006). The results of the conducted research on the role of emotional intelligence in sports are quite contradictory. Some studies prove that emotional intelligence plays a significant role in increasing sports motivation and physical activity, contributing to the growth of athletic performance (Castro-Sánchez et al., 2018), while other studies indicate a slight connection or lack of interrelationships between them (Mazhar et al., 2021). This indicates the complexity of studying the phenomenon of emotional intelligence, which depends on sports experience (Ubago-Jiménez et al., 2019), socio-demographic and individual characteristics (Laborde et al., 2016; Rodriguez-Romo et al., 2021), and on some cultural factors (Fernández-Berrocal et al., 2005; Miranda-Rochín et al., 2023).

All the above confirms the importance of studying autonomous motivation among students at physical education universities and its determining factors. At the same time, it should be noted that emotional intelligence plays a critically important role in the training of future sports teachers (Malinauskas and Vazne, 2014), as it ensures their favorable social development, the ability to maintain both their internal motivation and the internal motivation of future students (Mercader-Rubio et al., 2023).

The conducted research has revealed that among student-athletes studying in sports specialties, there is a relationship between three dimensions of emotional intelligence (emotional attention, emotional clarity, and emotional regulation) and internal motivation (to acquire knowledge, to achieve goals and to search for incentives (Mercader-Rubio et al., 2023). At the same time, in these works the reasons for the differences in the emotional intelligence of student-athletes are not explained.

The answer to this question is to a certain extent provided by cross-cultural studies of the emotional intelligence of student-athletes. Quinaud et al. (2020), using the theory of building a dual career (Stambulova et al., 2015) when studying the motivation and identity of student-athletes from Brazilian and Portuguese universities, has revealed that student-athletes from Brazil are characterized by a higher level of sports motivation and pleasure from sports compared to Portuguese athletes- students. The obtained results indicate the influence of culture on the internal motivation and emotional intelligence of student-athletes.

Another cross-cultural study proved that Latvian student-athletes, unlike Lithuanian ones, have a better ability to use their own positive emotional experience (optimism) (Malinauskas and Vazne, 2014). Researchers have noted that the study of differences between the emotional intelligence of university students in Mexico and Spain is justified by the fact that emotional intelligence is mediated by cultural and individual variables (Miranda-Rochín et al., 2023).

Thus, the research results prove the important role of culture in the development of emotional intelligence of student–athletes, but they are not numerous, are limited by empirical data, and do not have sufficient theoretical justification. Therefore, in our opinion, in the context of studying the problem of the influence of emotional intelligence on the motivation of self-determination of student-athletes, the following questions remain unresolved: What is the role of culture in shaping the emotional intelligence of student–athletes? And to what extent can cultural differences in emotional intelligence influence the motivation of self-determination and physical activity of student-athletes? To answer these questions, we formulated the purpose of the study: to study the relationship between emotional intelligence, sports motivation and the level of physical activity of students at physical education universities in China and Russia.

The theoretical basis of the research is based on an integrative approach, including a cultural approach, the theory of emotional intelligence and the theory of motivation of self-determination. The cultural approach recognizes the existence of significant differences in the sports culture of the East and the West (Chen and Zhong, 2011; Song and Shen, 2021), as well as the influence of the culture of the East and the West on emotional self-regulation (Zhang and Cross, 2011).

Since the sports culture of the East and West can shape the way people think, act and regulate their emotions, our study suggests considering the influence of culture on emotional intelligence, which is considered as a predictor of autonomous motivation to engage student-athletes in physical activity. A theoretical is presented in Figure 1.


[image: Flowchart illustrating the relationships among culture, emotional intelligence, motivation types, and physical activity. It shows culture from China and Russia impacting emotional intelligence, which in turn influences autonomous motivation, controlled motivation, and amotivation, leading to physical activity.]
FIGURE 1
 The theoretical model of the relationship between emotional intelligence, sports motivation (autonomous motivation, controlled motivation, and amotivation) and physical activity in the aspect of cultural differences.



General hypothesis

Our hypothesis is that China's sports culture is influenced by cultural traditions, which prioritize achieving inner harmony through psychophysical practices to manage one's emotions. As a result, student-athletes from China may have different levels of emotional intelligence compared to those from Russia.



Particular hypotheses

Three hypotheses were tested during the study:

	Hypothesis 1: Significant differences in the indicators of emotional intelligence in the group of Chinese and in the group of Russian student athletes will be determined.
	Hypothesis 2: The existence of significant differences in the relationship between emotional intelligence, motivation and physical activity in a group of Chinese and a group of Russian student-athletes will be determined.
	Hypothesis 3: The existence of significant differences in the influence of emotional intelligence and motivation in predicting behavior during physical activity in a group of Chinese and in a group of Russian student-athletes will be determined.




Materials and methods


Research design

The present study utilized a quantitative research design to address the research hypotheses (Figgou and Pavlopoulos, 2015). Research data from Chinese and Russian student-athletes were collected via a survey-based approach. Correlational models and regression models were adopted to test the effects among the study variables of emotional intelligence, sport motivation and physical activity.



Participants

The research was done among 474 students-athletes from Chinese and Russian. Convenience sampling was used for participant recruitment. There were 281 Chinese students-athletes, including 163 men, average age 19.39 + 1.84 (from 17 to 23 years old) and 118 women average age 19.02 + 1.41 (from 17 to 22 years old). The group of Russian students-athletes included 193 participants, 64 men average age 19.5 ± 2.27 (from 17 to 25 years old) and 129 women average age 19.17 ± 2.19 (from 16 to 25 years old). All participants had experience in sport activity and were studying on programs related to sport. All participants gave their voluntary consent to participate in the research.



Measures
 
Emotional intelligence

It was assessed using the emotional intelligence scale of Wong and Law (2002). The scale has been used internationally, demonstrating satisfactory validity and reliability for research purposes (Extremera Pacheco et al., 2019). The back-translation method was employed to translate the English version of the scale into both languages. Specifically, the instrument was translated into both languages by the bilingual authors. Subsequently, the translated versions were translated back into English by a different bilingual colleague in their institutions. The back-translated versions were then compared to the original instrument in order to identify and correct any differences, thus ensuring that they accurately reflected the original meaning.



Motivation

Students' motivation for sports activities was assessed using the Sports Motivation Scale-6 (SMS-6) (Mallett et al., 2007). The scale consists of 24 items, four items each, assessing intrinsic motivation, integrated regulation, identified regulation, introjected regulation, external regulation, and amotivation. Based on the level of internalization of motivation and consistent with past research, intrinsic motivation, integrated regulation, and identified regulation were grouped as autonomous motivation, whereas introjected regulation and external regulation were grouped as controlled motivation (Mouratidis et al., 2021). This instrument has been reported to have acceptable psychometric properties (Blecharz et al., 2015). The translation procedure was the same as employed in the previous scale.

The Cronbach's Alpha value gives an indication of the internal consistency and reliability of the data. Its range is 0–1, and its value should be >0.70 to be considered acceptable internal consistency. Emotional intelligence: the values of internal consistency (Cronbach's alpha), in the Chinese and Russian cultural contexts, were 0.946 and 0.849 for self-emotions appraisal, 0.939 and 0.800 for others-emotions appraisal, 0.943 and 0.780 for use of emotion, 0.948 and 0.872 for regulation of emotion, respectively. Motivation: the values of internal consistency (Cronbach's alpha), in the Chinese and Russian cultural contexts, were 0.952 and 0.927 for autonomous motivation, 0.882 and 0.852 for controlled motivation, and 0.846 and 0.731 for amotivation, respectively.



Physical activity

Physical activity levels were measured using the International Physical Activity Questionnaire Short Form (IPAQ-SF). The IPAQ-SF has been widely used and validated in international studies. Both the Chinese and Russian versions of the questionnaire were available for use. This measure was developed to facilitate international research on physical activity and has been widely used and accepted as a useful tool for measuring behavior (Ekelund et al., 2006).




Procedure

The authors first created a web-based survey that utilized the tools used in the current study. After customizing the survey, the authors coordinated with their colleagues at their institutions to obtain permission to conduct the survey. Once permission was granted, a survey invitation containing information about the study and a QR code for our survey was distributed to college students.

Interested participants could access the survey by scanning the QR code of the survey. In the introduction to the survey, participants were informed that their participation in the study was anonymous and voluntary; they had the right to withdraw at any time if they did not wish to continue. Participants were also informed that by completing and returning the survey, they implied their consent to participate.



Statistical analysis

The data were imported into SPSS version 26.0 for statistical analysis. Descriptive analysis was used to outline the bivariate correlations of the study variables, namely indicators of emotional intelligence, motivation, and physical activity. In line with the hypothesis, we then tested if there were any significant differences in scores of emotional intelligence across the Chinese and Russian student samples using independent samples t-test. Furthermore, we tested regression models in which indicators of emotional intelligence were set as independent variables, while autonomous motivation was set as a dependent variable. This was done to explore how emotional intelligence would affect autonomous motivation, a key factor in self-determination theory for human development. Additionally, we conducted regression analyses in both Chinese and Russian student participants to examine the role of emotional intelligence and motivation in predicting physical activity behavior.




Results

To test hypothesis 1, we conducted a t-test of independent samples for differences in emotional intelligence dimensions on data from different countries. The results showed that Chinese students had higher scores on self-emotion appraisal (Chinese 5.43 ± 1.12 vs. Russian 5.10 ± 1.27, p < 0.01), emotional evaluation of others (Chinese 5, 32 ± 1.22 vs. Russian 5.08 ± 1.12, p < 0.05), emotion utilization (Chinese 5.32 ± 1.21 vs. Russian 5.00 ± 1.10, p < 0.01), and emotion regulation (Chinese 5.17 ± 1.32 vs. Russian 4.89 ± 1.30, p < 0.05). Thus, the statistical significance of differences in scores was established. Higher emotional intelligence scores prove the presence of cultural factor influence on the development of emotional intelligence, and as we hypothesized emotional intelligence is higher among Chinese student-athletes.

To test hypothesis 2, we conducted bivariate correlation analysis using Pearson correlation coefficient. Data of coefficients for Chinese and Russian samples are presented above and below the Table 1 diagonal line, respectively. According to the findings, in the sample of Chinese student-athletes, emotional intelligence indicators have higher correlation with autonomous motivation than with controlled motivation. The correlations between autonomous motivation and emotional intelligence indicators were as follows: self-emotion appraisal (r = 0.61, p < 0.01), other's emotion appraisal (r = 0.57, p < 0.01), use of emotion (r = 0.60, p < 0.01), and regulation of emotion (r = 0.563, p < 0.01). In addition, the correlation coefficients of emotional intelligence and amotivation indicators were insignificant, indicating that there was no relationship between them. In a sample of Chinese student-athletes, positive correlations were observed between emotional intelligence scores and physical activity. Similar results could be observed in the Russian sample but the relationship between emotional intelligence and autonomous motivation in the Chinese sample was higher than that in the Russian sample. At the same time the relationship between autonomous motivation and physical activity was similar in Chinese and Russian samples (r = 0.345, p < 0.01 and r = 0.359, p < 0.01 respectively).


TABLE 1 Bivariate correlation analyses results of study variables.

[image: A correlation matrix table with variables SEA, OEA, UOE, ROE, AUM, CNM, AM, and PA. Correlation values for Chinese and Russian samples are above and below the diagonal, showing significance at the ninety-five percent (*) and ninety-nine percent (**) levels. Definitions: SEA (self-emotion appraisal), OEA (other’s emotion appraisal), UOE (use of emotion), ROE (regulation of emotion), AUM (autonomous motivation), CNM (controlled motivation), AM (amotivation), PA (physical activity).]

Regarding the predictive effect of emotional intelligence on physical activity, regression analysis yielded a significant model for the Chinese sample, R2 = 0.172, F (4, 276) = 14.302, p < 0.001, indicating that emotional intelligence explained 17.2% of the variance in physical activity. Specifically, emotion utilization was found to be a significant predictor. In the sample of Russian students, regression analysis also yielded a significant model, R2 = 0.108, F (4, 188) = 5.718, p < 0.001, indicating that emotional intelligence explained 10.8% of the variance in physical activity. Specifically, emotion utilization was found to be a significant predictor. The values of tolerance and VIF were within acceptable range. The result is presented in Table 2.


TABLE 2 Regression model results of emotional intelligence on physical activity.

[image: Table showing regression analysis results for Chinese and Russian samples. It includes columns for unstandardized coefficients, standardized coefficients, T value, P value, tolerance, and VIF. For each sample, coefficients are listed for SEA, OEA, UOE, and ROE, along with their statistical values. Key findings include significant P values for the Chinese UOE and high VIFs, indicating potential multicollinearity. Definitions for SEA, OEA, UOE, ROE, and VIF are provided.]

To test hypothesis 3, we studied the prognostic influence of emotional intelligence on autonomous motivation, which is the most significant from the perspective of self-determined human behavior. For this purpose, we ran regression models to test such effects. The results are presented in Table 3. For the model tested in the sample of Chinese students, the overall regression model was statistically significant (R2 = 0.426, F (4, 276) = 51.180, p < 0.001), indicating that emotional intelligence explained 42.6% of the variance in autonomous motivation. It was found that emotion self-appraisal and emotion regulation significantly predicted autonomous motivation, and the effect of emotion utilization on autonomous motivation was close to significance. Tolerance and VIF values were in the acceptable range.


TABLE 3 Regression model results of motivation on physical activity.

[image: Table displaying coefficients, T values, P values, tolerance, and variance inflation factor (VIF) for Chinese and Russian groups. For Chinese, significant P values are 0.029 (AUM) and 0.018 (AM) with VIF ranging from 1.310 to 3.309. For Russian, no significant P values with VIF ranging from 1.221 to 3.745. Definitions: AUM (autonomous motivation), CNM (controlled motivation), AM (amotivation).]



Discussion

The main vector of research during considering the physical activity of students is associated with the substantiation of factors contributing to the increase of autonomous sports motivation. This study examined the relationship between emotional intelligence, intrinsic motivation and physical activity among student-athletes studying at institutes of physical education in China and Russia. The results of the study have revealed that Chinese students had higher scores on all components of emotional intelligence, which confirmed the hypothesis about the role of culture as a predictor of the development of emotional intelligence.

We can partially link the data we have obtained with other studies (Lane et al., 2009), which have proven that emotional intelligence positively correlates with positive emotions and with the use of psychological skills, and negatively with negative emotions.

A higher level of emotional intelligence of Chinese student-athletes is provided not only by positive emotions, such as those of Russian students. But mostly due to the ability to regulate negative emotions, which is reflected in the Chinese proverb “Emotions are not on the face,” as well as due to the possession of the techniques of “taichi,” “qigong” and other psychological skills that students at physical education universities in China master (Jiao et al., 2021).

According to the results of the two-dimensional correlation analysis, it has been revealed that in both samples, indicators of emotional intelligence have a higher correlation with autonomous motivation. Our data coincide with the results of other studies, which revealed the relationship between emotional intelligence and autonomous motivation (Mercader-Rubio et al., 2023).

We can note a certain dynamic in the relationship between emotional intelligence and sports motivation. The greatest relationship was found with autonomous motivation, the relationship with controlled motivation is significantly lower, and there is a very weak relationship or lack thereof with autonomous motivation. We have not found an explanation of the obtained data in the literature. Therefore, we believe that autonomous motivation, in which the main focus is on the effective performance of activities, is significant for the athlete himself and requires high self-control, which is provided only through conscious emotion management. Therefore, the importance of the contribution of emotional intelligence to the successful performance of activities is quite high, which was recorded in our study. It can be noted that a similar rationale for this relationship is presented in other studies (Mercader-Rubio et al., 2023). Studies have noted that emotional intelligence affects increased self-control (attention) (Ubago-Jiménez et al., 2019), wellbeing (García-Mas et al., 2021) and self-efficacy (Wang et al., 2020).

With controlled motivation, the main focus is not on the activity, but on the external result, which is associated with uncertainty, stress, pressure, while managing the emotional state does not fully ensure the achievement of the result, which reduces the contribution of emotional intelligence to achieving the goal. With sports amotivation, the focus of attention is not related to activity, so the need to manage emotions is reduced to zero.

The data we have obtained from other studies indicate that there is no connection between a low level of emotional intelligence with motivation and physical activity (Mazhar et al., 2021), a high relationship between a high level of emotional intelligence with autonomous motivation and physical activity (Castro-Sánchez et al., 2018). The predictive effect of emotional intelligence on intrinsic motivation and physical activity showed that in the Chinese sample, emotion self-assessment and emotion regulation largely predicted autonomous motivation, and the effect of using emotions on autonomous motivation was close to significant.

In the sample of Russian students, the indicators of emotional intelligence were significantly lower than in the Chinese. Therefore, in the Russian sample, only the use of emotions reliably predicts autonomous motivation. The obtained data indicate that the emotional intelligence of Russian student-athletes has a more functional role associated with ensuring the success of their activities, while for Chinese student–athletes, the value of emotions is important itself and a high ability to manage their emotions is also essential. It is important to note that in the study of the emotional intelligence of Spanish student-athletes, the lowest values among the indicators of emotional intelligence are associated with the use of emotions, while, as the authors note, they are more typical for women than for men (Castro-Sánchez et al., 2018). In our study, this conclusion is similar for Chinese student–athletes and it is not confirmed for Russian student–athletes.

Higher values of the level of emotion regulation in the Chinese sample confirm our hypothesis about the role of culture, but also indicate that a high ability to regulate emotions is a prerequisite for higher self-control of student-athletes over themselves, over managing activities and enjoying activities. But it is exactly this ability of emotional intelligence that is not only related to sports practice, but requires its conscious development. This point of view is consistent with the position of Mercader-Rubio et al. (2023). It is apparent that in sports psychology the techniques of self-regulation have always been considered to be an important component in the psychological preparation of athletes, but our study proves the influence of emotional intelligence on autonomous motivation.

Of course, in sports psychology, self-regulation techniques have always been considered an important component in the psychological preparation of athletes, but our study proves that there is the contribution of emotional intelligence as a predictor of autonomous motivation and physical activity. Moreover, the solution to this problem is not provided only by the inclusion of students in sports or physical activity, but requires the development of a strategy for the improvement of their psychological skills.



Limitations

It should be noted that the research contains a number of restrictions which are related to the difference in social-demographic characteristics of participants from China and Russia, and first of all it relates to the number of participants. As the restriction should be considered that fact that the research was conducted online and included respondents from only one university of each country. Perception of the questions by the participants could have cultural differences, especially in the estimation of emotional intelligence. The obtained data requires further verification. Increase in the number of participants from different countries will allow to conduct a deeper analysis and interpretation of culture impact on emotional intelligence and motivation to engage in physical activity.



Conclusion

In general, we can say that the study has allowed us to obtain new data that, on the one hand, reveal the role of culture as a factor determining the development of emotional intelligence, and on the other hand, the significant role of emotional intelligence as a predicate of autonomous motivation.

It is proved that the higher level of emotional intelligence in Chinese sample has the higher demonstrated relationship with autonomous motivation and the level of physical activity than Russian sample. In Chinese sample the most significant contribution in autonomous motivation and the level of physical activity makes such indicators as self-esteem and regulation of emotions, while in Russian selection only the indicator “using emotions” does.

Further research, in our opinion, should be aimed at taking into account the cultural context and normative forms of emotion regulation, primarily negative emotions, which can significantly reduce the development of emotional intelligence, and therefore affect autonomous motivation and physical activity levels.
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Objective: This study aimed to investigate the relationship between physical exercise and depression among college students, focusing on the mediating role of self-esteem and positive psychological capital.
Methods: Group psychological measurements were conducted on 579 students using various scales, including the Physical Activity Rating Scale (PARS-3), Self-Esteem Scale (SES), Positive Psychological Capital Questionnaire (PPQ), and Self-rating Depression Scale (SDS). The data was analyzed using SPSS 26.0 and bootstrap methods to test and analyze the effects.
Results: A negative correlation between physical exercise and depressive mood, with physical exercise significantly predicting college students' depressive mood. Additionally, physical exercise was found to positively predict self-esteem and positive psychological capital, both of which are negatively predictive of depressive mood. Self-esteem and positive psychological capital were identified as significant mediators between physical exercise and depressive mood, with three mediating paths: physical exercise, self-esteem, and depressed mood (Path 1), exhibited an indirect effect of 0.017, with the bootstrap 95% confidence interval excluding 0 (LLCI = −0.051, ULCI = −0.004) and accounting for 8.30% of the total effect. Physical exercise, positive psychological capital, and depression emotion (Path 2), had an indirect effect of 0.049, with the bootstrap 95% confidence interval also not containing 0 (LLCI = −0.088, ULCI = −0.011) and contributing to 23.90% of the total effect. Physical exercise, self-esteem, positive psychological capital, depressed mood (Path 3), demonstrated an indirect effect of 0.006, with the bootstrap 95% confidence interval excluding 0 (LLCI = −0.011, ULCI = −0.001) and representing 2.90% of the total effect.
Conclusion: Physical exercise negatively predicts depressive mood among college students and has a mediating effect through self-esteem and positive psychological capital, creating a chain-like impact on their depressive symptoms.
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physical exercise, depression, self-esteem, positive psychological capital, college students


1 Introduction

The fast-paced nature of modern society has led to significant lifestyle changes, which offer both convenience and the potential for psychological issues, including depression. Depression is a complex negative emotion characterized by fatigue, low energy, feelings of worthlessness, and, in severe cases, suicidal thoughts. These issues contribute to increased pressure and socioeconomic burdens on various demographic groups (Wegner et al., 2020). College students, characterized by their high energy and active thinking, are viewed as the future leaders of both the economy and society. However, they frequently lack robust psychological coping mechanisms and social experience. When faced with challenges in academics, careers, and relationships during these formative years, their inability to effectively manage emotions can result in disappointment and depression. Research indicates an average prevalence of 20.8% of depression within this demographic from 2013 to 2023, underscoring the significant incidence of this mental health issue among college students (Gao et al., 2020; Chen et al., 2022). Prolonged periods of depression and disappointment can escalate from subclinical to pathological depression, adversely affecting adolescents' academic performance and diminishing their interest in activities, potentially leading to suicidal thoughts and behavior (Zhang et al., 2023; Grant et al., 2023). Consequently, identifying effective interventions to reduce depression rates among college students has become a critical focus for the Chinese government and various academic disciplines.

Physical activity is a prominent non-pharmacological intervention for preventing and treating depression (Khan and Brown, 2015). Engaging in appropriate physical activity fosters positive psychology, reduces anxiety and stress, and has a strong antidepressant effect (Tsai et al., 2003; Tang et al., 2009; Xu and Li, 2017). Although the antidepressant effect of physical exercise has been widely recognized in the academic community, current research is lacking in depth and breadth (Sigwalt et al., 2011). On the one hand, the antidepressant effect of physical exercise may not be significant, as evidenced by its inability to significantly predict depression incidence in adolescents or reduce depressive symptoms in adults, potentially due to heterogeneity in the research results stemming from selection bias (Toseeb et al., 2014; Camacho et al., 1991; Larun et al., 2006). On the other hand, the antidepressant effect of physical exercise serves as a complementary tool in mainstream psychological health promotion and clinical treatment due to the intricate nature of the dose–response relationship (Correia et al., 2024). This is because there is insufficient understanding of how physical exercise impacts depression among college students. Therefore, enhancing research on the antidepressant mechanisms of physical exercise is crucial for improving its antidepressant efficacy among college students in the future.

In recent years, there has been growing interest in understanding the antidepressant effects of physical exercise, leading many scholars to investigate how physical exercise can predict depression in a negative way. For instance, studies have shown that body self-esteem serves as a mediator through which physical exercise negatively predicts depression levels in college students. Meanwhile, physical exercise can decrease the likelihood of depression in college students by affecting self-concept, social support, or both factors (Xu, 2021). Moreover, the interaction between trait mindfulness and social support mediated the impact on depression rates among college students. This body of research not only outlines the antidepressant pathway of physical exercise but also enhances our understanding of the relationship between physical exercise and mental health, providing a foundation for further exploration of additional pathways linking physical exercise and depression in college students. It is important to note that the aforementioned studies examined how various factors influence the mental health of college students from a cross-sectional perspective, thereby overlooking a thorough investigation of longitudinal data. In this regard, some researchers have sought to utilize longitudinal data to demonstrate that the mental health of college students evolves over time (Liu et al., 2023). Conversely significant heterogeneity in mental health exists among different groups.

The shift in psychological research toward positive emotions has led to a growing recognition of the positive impact of positive psychology on mental health issues such as anxiety and depression. Scholars have been particularly interested in the role of positive psychological capital, including self-efficacy, optimism, hope, and resilience, in reducing the likelihood of depression among college students (Tang, 2012; Ge et al., 2006; Chen and Chen, 2008). Moreover, physical exercise has been found to enhance students' positive psychological capital by boosting their satisfaction, sense of achievement, and enjoyment in sports (Yang et al., 2013; Dong et al., 2023). However, existing research has not thoroughly explored he specific mechanisms by which physical exercise affects college students' psychological traits, including self-esteem and positive psychological capital, in relation to depression. This study aims to address this gap by examining how physical exercise can prevent and alleviate depression among college students. The goal is to inform initiatives that promote mental health, enhance social engagement, and improve the overall wellbeing of college students through the antidepressant effects of physical activity.



2 Literature review and research hypotheses


2.1 The relationship between physical exercise and depression among college students

Numerous scholars have indicated that engaging in physical exercise can enhance mental health, boost self-confidence, and increase life satisfaction, consequently reducing feelings of anxiety and depression (Wu et al., 2016; Esmaeilzadeh, 2015). According to Kyle's study, aerobic exercise has a greater antidepressant impact than resistance exercise among participants, with the combination of aerobic and resistance exercise proving to be the most beneficial (Miller et al., 2020; Mutrie, 2003; Schuch et al., 2016). Evidently, consistent long-term physical activity plays a crucial role in alleviating symptoms of depression and anxiety while also enhancing an individual's self-esteem and optimistic outlook on life (Sun et al., 2014). In terms of research methodologies, intervention research has shown positive effects on sub-health depression and severe depression, although no significant difference was observed between the antidepressant effects of physical exercise, psychological interventions, and drug treatments (Nyström et al., 2015). Cross-sectional studies have demonstrated that regular physical activity among sedentary individuals not only reduces the risk of depression but also decreases the likelihood of developing other mental disorders (Goodwin, 2003). Longitudinal studies have shown that sustained physical exercise over an extended period can be a strong predictor of depression among inactive elderly individuals. Furthermore, physical exercise can enhance the mental wellbeing of older adults by improving their physical health and increasing their level of social support, which subsequently reduces the incidence of depression (Ku et al., 2009). Regarding the design of exercise programs, engaging in moderate-intensity or high-intensity aerobic exercise for 30 min per session, twice a week, has been shown to significantly decrease the risk of depression (Yang et al., 2023). Additionally, in the gender comparisons have indicated that women are more susceptible to depression (Legrand and Heuze, 2007). However, regular physical exercise can significantly reduce the frequency of anxiety and depression in both men and women. In conclusion, physical exercise can directly decrease the incidence of anxiety and depression among college students (Khanzada et al., 2015). The following hypothesis is proposed: H1—Physical exercise has a negative predictive effect on depression among college students.



2.2 Relationships among physical exercise, self-esteem, and depression among college students

Self-esteem encompasses the positive self-emotional experience derived from social comparison, comprising self-efficacy, self-worth, self-acceptance, and self-love (Zhang, 2002; Doré, 2017). Scholars have suggested that physical exercise acts as a partial mediator by improving self-esteem levels, thereby ameliorating negative emotions such as depression (Landaas, 2005). Notably, the impact of physical exercise is more pronounced in women, leading to reduced anxiety and depression by bolstering their self-esteem. At the micro level, physical exercise fosters the development of self-efficacy, boosting overall self-esteem through heightened perceived endurance and consequently alleviating depressive symptoms in adult individuals, including elderly individuals. For instance, a 6-month walking program enhanced the self-esteem of elderly individuals, thereby reducing their depression (McAuley et al., 2000). Similarly, physically active interventions have been shown to be beneficial for clinically depressed women, elevating their self-esteem and alleviating depressive symptoms. In summary, physical exercise has been shown to reduce depression in college students directly and by boosting self-esteem (Clark, 2002). However, the generalizability of these findings to broader populations warrants further investigation. Hypothesis H2 is proposed: Self-esteem plays a partial mediating role in the relationship between physical exercise and depression among college students.



2.3 Relationships among physical exercise, positive psychological capital, and depression among college students

Positive psychological capital is a stable psychological trait that individuals gradually develop through their personal growth experiences. It consists of four dimensions: self-efficacy, optimism, resilience, and hope (Luthans and Youssef, 2004; Luthans et al., 2015). This trait has been shown to have a positive impact on individuals' work performance, attitudes, and mental health (Luthans et al., 2005; Larson and Luthans, 2006; Alkire and Avey, 2013).

First, positive psychological capital has been shown to improve the mental health of various research groups (Elliott and Fry, 2021). For instance, it studied depressed individuals and found that enhancing positive psychological capital can boost individuals' positive attitudes toward stress, instilling a sense of hope and significantly alleviating negative emotions (Song, 2014). Similarly, it focused on white-collar workers and discovered that higher levels of psychological capital can decrease feelings of loneliness in their work life (Yang, 2008). It conducted research on nurses and reported that increasing nurses' positive psychological capital can lower the likelihood of experiencing psychological issues such as anxiety and depression, especially in high-intensity and high-pressure work environments (Sun and Yang, 2015; Qin and Yuan, 2019). Additionally, Studies have shown that physical exercise can elevate the level of positive psychological capital among college students. This is achieved through the enhancement of positive emotions and resilience, providing students with a competitive advantage in psychological capital and ultimately boosting their overall positive psychological capital. Furthermore, physical exercise can contribute to improved body control, self-efficacy, and optimism among college students. Both moderate- and high-intensity exercise have been found to increase the level of psychological capital in students, with the degree of improvement in positive psychological capital correlating with the amount of exercise undertaken. Finally, it has been suggested that psychological capital may act as a mediator in the relationship between physical exercise and depressive symptoms. Physical exercise can reduce the occurrence of psychological issues such as anxiety and depression by enhancing positive psychological capital. This suggests that positive psychological capital could mediate the relationship between physical exercise and depression in college students (Hegberg and Tone, 2015). However, further investigation is needed to determine whether this mediating role persists in the presence of multiple influencing factors. Hypothesis H3 is proposed: Positive psychological capital plays a partial mediating role in the relationship between physical exercise and depression among college students.



2.4 Relationships among physical exercise, self-esteem, positive psychological capital, and depression among college students

The analysis revealed that self-esteem and positive psychological capital each act as separate mediators between physical exercise and depression in college students. Previous studies have indicated a strong correlation between self-esteem and positive psychological capital, suggesting a potential chain mediating role in the relationship between physical exercise and depression among college students (Zhang et al., 2010). However, no existing research has explored this specific relationship. Current studies have established two complementary research paths regarding the influence of self-esteem and positive psychological capital on each other. First, positive psychological capital has a positive impact on self-esteem (Zhong, 2020). For instance, it conducted a study using prisoners as research subjects and found that positive psychological capital reduces aggression in prisoners by mediating self-esteem and impulsivity, as well as through the chain mediating effect of both factors. Similarly, Studies have shown that enhancing positive psychological capital in 3rd-year students can lead to improvements in their self-esteem and mental health (Zhang et al., 2016). Additionally, self-esteem has a positive influence on positive psychological capital. Self-esteem, which involves an individual's positive assessment and perception of self-worth and abilities, contributes to positive psychological capital by fostering a positive self-evaluation that encourages positive attributions, optimism, and realism (Hao and Cui, 2007). This, in turn, motivates individuals to overcome challenges, effectively manage negative life events, foster harmonious relationships with their environment, and expedite social reintegration (Xu and Kuang, 2017). And further research demonstrated that junior high school students with high self-esteem exhibit higher levels of positive psychological capital (Wang, 2019). In essence, higher self-evaluations and the fulfillment of self-needs lead to a stronger sense of accomplishment and increased self-esteem, consequently elevating an individual's positive psychological capital. And individuals with high self-esteem exhibit characteristics of objective understanding and self-acceptance, resulting in a corresponding increase in positive psychological capital (Xi, 2021; Yan, 2022). The study utilized middle school students as research participants and discovered that family functioning can have a positive impact on the prosocial behavior of middle school students. This influence is achieved through the independent mediating role of self-esteem and psychological capital, as well as the sequential mediating effect of both factors. In summary, there is a correlation between self-esteem and positive psychological capital, suggesting a potential sequential connection where self-esteem influences positive psychological capital. Consequently, there might be a mediating chain effect of self-esteem and positive psychological capital on the relationship between physical exercise and depression among college students. Hypothesis H4 is proposed: self-esteem and positive psychological capital act as chain mediators in the correlation between physical exercise and depression among college students.

Based on research hypotheses H1–H4, a chain mediation model is proposed to examine the influence of physical exercise on college students' depression through the mediating roles of self-esteem and positive psychological capital, as illustrated in Figure 1.
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FIGURE 1
 Hypothetical model of physical exercise, self-esteem, positive psychological capital, and depression.





3 Research design


3.1 Survey objects and procedures

This article focuses on investigating the impact of physical exercise on depression among college students while considering the mediating roles of self-esteem and positive psychological capital. The study included 1 independent variable (physical exercise), 2 mediating variables (self-esteem and positive psychological capital), and 1 outcome variable (depression). The sample size calculation was based on G-power 3.1.9.7 multiple regression. With reference to previous research findings and specific variable settings (tails = one, H1ρ2 = 0.7, H0ρ2 = 0.5, effect size f2 = 0.15, α = 0.05, power = 0.095, number of predictors = 3), the calculated sample size was 105. To account for potential subject loss during questionnaire completion, the number of distributed questionnaires was increased by 20%, resulting in a minimum sample size of 126. The study targeted freshmen, sophomores, and juniors at two universities in Guangdong. As shown in Table 1, out of 800 distributed questionnaires, 696 were recovered, yielding a recovery rate of 72.38%. Among the 579 valid questionnaires (with an effective rate of 83.19%), there were 132 male and 447 female respondents−480 freshmen and 99 sophomores/juniors—and 216 from urban and 363 from rural areas. Exclusion methods for invalid questionnaires include: (1) uniform responses across the entire questionnaire; (2) failure to select one or more items; and (3) excessive similarity in the responses of two or more questionnaires.


TABLE 1 Distribution of demographic variables of the study subjects.
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3.2 Research tools
 
3.2.1 Physical Activity Rating Scale-3

The Behavioral Regulation in Exercise Questionnaire (BREQ-3) has been validated in various contexts, demonstrating strong psychometric properties (Cavicchiolo et al., 2022), and could be considered for future research to assess behavioral motivations related to physical activity in university students. The physical activity level of the college students was assessed using Liang Deqing's revised Physical Activity Rating Scale-3 (PARS-3; Liang, 1994). This scale comprises three dimensions—exercise intensity, exercise time, and exercise frequency—each represented by a single question. According to the Likert 5-point scoring system, exercise intensity and frequency are rated from 1 to 5 points, while exercise time is rated from 0 to 4 points. The calculation method for determining college students' physical exercise volume involves multiplying exercise intensity by exercise frequency and then by exercise time, resulting in a score ranging from 0 to 100. A score of 0–19 points indicates a small exercise volume, 20–42 points a medium exercise volume, and 43–100 points a large exercise volume. The Cronbach's alpha coefficient for the physical activity scale used in this study among college students was calculated to be 0.862, indicating a high level of reliability.



3.2.2 Self-Rating Depression Scale

The depression level of college students were assessed using the Self-Rating Depression Scale (SDS), originally developed by William K. Zung and revised by Zhang Mingyuan. This scale encompasses four dimensions: psychotic-affective symptoms, somatic disorders, psychomotor disorders, and depressed psychology (Yuanyuan et al., 2011). It consists of 20 questions, with 10 items scored in a forward manner and 10 in a reverse manner, using a scale of 1–4. To determine the severity of depression, college students sum the positive scores of each item, which are then multiplied by 1.25 to obtain a standard score ranging from 25 to 100 points. Scores between 0 and 50 are considered normal, scores from 50 to 59 indicate mild depression, scores from 60 to 69 indicate moderate depression, and scores above 70 indicate severe depression. In this study, the Cronbach's α coefficient for the Self-Rating Depression Scale among college students was found to be 0.796, demonstrating the scale's high reliability.



3.2.3 Self-Esteem Scale

The self-esteem levels of college students were assessed using the Self-Esteem Scale (SES) developed by Rosenberg and later revised by Li Yifu and Yu Xin (Yang and Wang, 2007). This scale consists of 10 questions measuring two dimensions, self-affirmation and self-denial, with scores ranging from 1 to 4. The total score ranges from 10 to 40, with higher scores indicating higher self-esteem among college students. The Cronbach's α coefficient for the self-esteem scale in this study was 0.887, suggesting a high level of reliability.



3.2.4 Positive Psychological Capital Questionnaire

The level of positive psychological capital among college students was assessed using the Positive Psychological Capital Questionnaire (PPQ) scale developed by Zhang et al. (2010), which consists of four dimensions: optimism, resilience, self-efficacy, and hope. The scale comprises a total of 26 questions rated on a 7-point Likert scale ranging from “completely inconsistent” to “completely consistent,” with scores ranging from 1 to 7. Higher scores indicate a greater level of positive psychological capital among college students. The Cronbach's α coefficient for the Positive Psychological Capital Questionnaire (PPQ) in this study was 0.864, demonstrating high reliability.




3.3 Mathematical processing

Excel 2019 was utilized for data entry and reverse scoring, followed by SPSS 26.0 for descriptive analysis, correlation analysis, regression analysis, and chain mediation analysis. The mediation effect analysis was carried out using the bootstrap method of the SPSS macro program Process (version 4.1) plug-in, with a specific indirect effect test model, No. 6, set as X = physical exercise, M1 = self-esteem, M2 = positive psychological capital, and Y = depression; bootstrap samples were set to 5,000 times. Demographic variables of the subject group were controlled for in the stepwise regression analysis to maintain study fairness, ensuring that they were not the main focus of discussion in this article.




4 Results


4.1 Common method deviation test

In this study, prior to the official distribution of questionnaires, distribution personnel underwent training and guidance to standardize instructions and strictly controlled the duration of the questionnaires and demographic variables to mitigate common method bias (Zhang and Huang, 2017). However, the influence of factors such as the environment and guidance context during scale completion remained uncontrollable (Hu and Gan, 2008). Consequently, Harman's single-factor test was conducted on the survey data, with unrotated principal component analysis performed using SPSS 26.0 on physical exercise, self-esteem, positive psychological capital, and depression. The results revealed 12 factors with characteristic roots >1, with the first factor explaining 8.28% of the variance, falling below the critical value of 40%. This suggests that there is no common method bias present in the measurement data of this study.



4.2 Correlations between physical exercise, self-esteem, positive psychological capital, and depressive symptoms

Through descriptive analysis and Pearson correlation analysis of data concerning college students' physical exercise, self-esteem, positive psychological capital, and depression data, the results revealed a significant positive correlation between physical exercise and self-esteem as well as between physical exercise and psychological capital (Table 2). Furthermore, there was a significants were found between physical exercise and depression, between self-esteem and depression, and between psychological capital and depression. These noteworthy correlations among the variables establish a robust foundation for testing the mediating effect.


TABLE 2 Correlation analysis results of physical activity, self-esteem, positive psychological capital, and depression (n = 579).

[image: Correlation table showing variables PARS-3, SES, PPQ, and SDS with means and standard deviations: PARS-3 (8.157 ± 5.943), SES (25.599 ± 3.841), PPQ (112.460 ± 19.431), SDS (42.308 ± 19.431). Significant correlations at p < 0.01 include PARS-3 with SES (0.111), PPQ (0.281), SDS (0.181); SES with PPQ (0.302), SDS (0.220); and PPQ with SDS (0.272).]



4.3 Mediating effect analysis

Using college students' physical exercise as the independent variable, depression as the dependent variable, and self-esteem and positive psychological capital as mediating variables, this study employed the SPSS26.0 and PROCESS4.1 plug-ins to analyze the relationships between these factors while controlling for demographic variables such as gender, age, and place of origin. The chain mediating effect of positive psychological capital on the relationship between physical exercise and depression was examined, and the results are presented in Table 3. The analysis involved several steps. First, a regression model was established with depression as the dependent variable and physical exercise as the independent variable, revealing a significant negative impact of physical exercise on depressive mood (β = −0.181, P < 0.001), supporting research hypothesis H1. In the subsequent steps, self-esteem and positive psychological capital were included in the model to assess their roles as mediating variables. The findings indicated that physical exercise, self-esteem, and positive psychological capital all significantly and negatively predicted depression. Moreover, physical exercise positively predicted self-esteem and positive psychological capital, while self-esteem also positively predicted positive psychological capital. The regression coefficients indicate that self-esteem and positive psychological capital play a significant role as partial mediators and chain mediators between physical exercise and depression, supporting H2 and H3. The mediation effects were tested using AMOS 28.0, which demonstrated a good model fit with χ2/df = 2.768, CFI = 0.924, TLI = 0.937, RMSEA = 0.065, and SRMR = 0.041.


TABLE 3 Mediating effect regression model of self-esteem and positive psychological capital.

[image: Regression table displaying statistical data for variables PARS-3, SES, and PPQ, with beta (β) and t-values under SDS, SES, and PPQ columns. Significant values are marked with asterisks, indicating p-values below 0.05 and 0.001. It includes R, R², and F-statistics with significance noted.]

The bootstrap test was repeated 5,000 times to examine the mediating effects and confidence intervals of self-esteem and positive psychological capital on the relationship between physical exercise and depression (refer to Table 4). The findings revealed that the total effect of physical exercise on depression was 0.205. The 95% confidence intervals for the mediating effects of self-esteem and positive psychological capital (LLCI = −0.295, ULCI = −0.115) are not 0, suggesting that physical exercise has a significant impact on depression. Both the total effect and the mediating effects of self-esteem and positive psychological capital are statistically significant. The direct effect of physical exercise on depression was 0.133, with a bootstrap 95% confidence interval excluding 0 (LLCI = −0.214, ULCI = −0.033), indicating a substantial direct effect of physical exercise on depression, which accounted for 64.90% of the total effect.


TABLE 4 Mediating effects of self-esteem and positive psychological capital.

[image: Table displaying effect analysis with columns labeled: Effect, Boot SE, Boot LLCI, Boot ULCI, and Ratio of indirect to total effect. It includes total, direct, and indirect effects. Indirect effects are further divided into three categories, with comparison data for each.]

This study revealed that physical exercise can be a predictor of depression among college students, with self-esteem and positive psychological capital acting as indirect mediators through three distinct paths, as shown in Figure 2. The total indirect effect is calculated to be 0.072, and the bootstrap 95% confidence interval, ranging from LLCI = −0.128 to ULCI = −0.033, does not encompass 0, representing 35.10% of the total effect. The first mediating path, physical exercise to self-esteem to depression (path 1), exhibited an indirect effect of 0.017, with the bootstrap 95% confidence interval excluding 0 (LLCI = −0.051, ULCI = −0.004) and accounting for 8.30% of the total effect. The second path, physical exercise to positive psychological capital to depression (path 2), had an indirect effect of 0.049, with the bootstrap 95% confidence interval also not containing 0 (LLCI = −0.088, ULCI = −0.011) and contributing to 23.90% of the total effect. The third path, a chain mediation through physical exercise to self-esteem to positive psychological capital to depression (path 3), demonstrated an indirect effect of 0.006, with the bootstrap 95% confidence interval excluding 0 (LLCI = −0.011, ULCI = −0.001) and representing 2.90% of the total effect. These findings support research hypothesis H4. Consequently, a chain mediation model involving self-esteem and positive psychological capital between physical exercise and depression in college students is proposed.


[image: Diagram showing relationships between SES, PPQ, PARS-3, and SDS. Arrows indicate correlations: SES to PPQ (0.274), PARS-3 to SES (0.111) and SDS (-0.205), SDS to SES (0.251) and PPQ (-0.149), and PPQ to SDS (-0.196). A smaller value beneath (-0.133) is linked with the path from PARS-3 to SDS. Significance indicated by asterisks.]
FIGURE 2
 Chain mediation effect model of self-esteem and positive psychological capital. ***p < 0.001, the path coefficient was significant.





5 Discussion


5.1 The direct effect of physical exercise on depression among college students

The research findings indicate a correlation between physical exercise and depression among college students, revealing that physical exercise has a significant negative impact on depression levels. These results align with those of previous studies, thereby reinforcing the established relationship between physical activity and depression in this demographic (Heissel et al., 2023; Philippot et al., 2022). The reasons why physical exercise can reduce depression among college students are as follows. Physical exercise can lead to physiological changes in college students, resulting in structural changes in brain function. This is evident through increased cerebral blood flow and the production of physiological hormones from accelerated metabolism, which can help inhibit negative emotions (Mei, 2001). Additionally, physical exercise can suppress negative emotions, improve positive feelings, and reduce depressive symptoms by weakening the response of the HPA axis to stress (Erickson et al., 2012; Cui, 2005). The combination of these effects can offer psychological benefits to college students. Furthermore, physical exercise can effectively divert attention from academic and employment pressures, relax tension, activate individual goals, enhance volitional behavior, and alleviate emotional disorders, ultimately helping to alleviate depressive symptoms (Nolen-Hoeksema, 1991). Finally, leveraging the socioemotional function of physical exercise can facilitate idea exchange, emotional interaction, and interpersonal communication among college students. This can enhance the structure of active social networks, provide social support, and improve emotional regulation, the ability to navigate complex environments, and interpersonal skills, thus reducing depression and mental stress resulting from conflicts among college students (Zhang and Mao, 2003). This perspective is further supported by the social interaction hypothesis, which suggests that college students benefit from sharing information and knowledge with peers during physical exercise. This exchange helps students manage negative emotions, enhances their sense of group belonging, and boosts individual satisfaction. To fully leverage the antidepressant benefits of physical exercise, college students should cultivate regular exercise routines, seek support from exercise companions, and be attuned to the emotional dynamics of their peers during physical activity.



5.2 The mediating effect of self-esteem between physical exercise and depression among college students

The findings of this study demonstrate that self-esteem acts as a partial mediator in the connection between physical exercise and depression in college students, with a relative mediation effect of 8.3%. This suggests that physical exercise not only directly decreases depression in college students but also indirectly alleviates it through the enhancement of self-esteem, thus supporting research hypothesis H2. These results align with previous studies indicating that physical exercise boosts overall self-esteem by enhancing body self-esteem, reducing negative self-worth components, and ultimately mitigating depression (Ryan, 2008; Ekeland et al., 2004; Kim and Ahn, 2021). This finding is consistent with the findings of study and other researchers, who highlighted how physical exercise can elevate college students' self-esteem and reduce their levels of depression (Jiang, 2009). Longitudinal data indicate that high self-esteem in college students can serve as a negative predictor for low anxiety and other adverse psychological issues (Cao and Liu, 2024). Additionally, physical exercise boosts students' exercise self-efficacy, enhancing their physical fitness and skills, thereby elevating their sense of self-worth and transforming them into individuals with high self-esteem. College students with high self-esteem tend to be confident, rational, and adaptable to new environments, possessing a positive self-image and effectively filtering out negative external evaluations to mitigate negative social behaviors resulting from academic and career pressures. By reinforcing personal value and meaning, physical exercise can safeguard against mental health issues such as anxiety and depression (Wang et al., 2020). In summary, physical exercise can alleviate depression in college students by bolstering self-esteem.



5.3 The mediating effect of positive psychological capital between physical exercise and depression among college students

The results of this study demonstrated a significant correlation between physical exercise, positive psychological capital, and depression in college students. Further investigation revealed that physical exercise can directly reduce the incidence of depression in college students and indirectly through the partial mediating effect of positive psychological capital. These findings support Hypothesis 3, indicating that positive psychological capital serves as a partial mediator between physical exercise and depression among college students, with a relative mediation effect of 28.9%. There is a positive correlation between physical exercise and positive psychological capital and a negative correlation between positive psychological capital and depression, which is consistent with previous research findings (Zhang, 2021). Previous studies have indicated that physical exercise can enhance the positive psychological capital of college students, which is a crucial psychological resource for managing stressful life events and negative feedback (Li et al., 2020). This has significant implications for preventing and addressing negative psychological issues such as depression among college students. Additionally, physical exercise can help change the negative self-perception of college students with depression and boost their self-efficacy by fostering positive peer relationships and social structures. And it can help slow down and mitigate the depletion of psychological energy in college students (Cohen, 2004). The mediating effect mechanism of positive psychological capital in relation to physical exercise is primarily evident in four key aspects. First, engaging in physical exercise helps college students respond to external negative evaluations and boost their self-confidence by enhancing their self-efficacy within positive psychological capital. Second, physical exercise can enhance resilience within positive psychological capital, enabling students to better navigate challenging situations and improve their psychological fortitude (Stanley and Mettilda Bhuvaneswari, 2016). Third, physical exercise addresses college students' uncertainties and fears about future employment by fostering hope within positive psychological capital, thereby enhancing their outlook on future interpersonal interactions and career prospects (Peh et al., 2017). Finally, physical exercise enhances college students' social adaptability by promoting optimistic traits within their psychological capital, aiding in coping with social anxiety stemming from new environments (Dolcos et al., 2016). Consequently, positive psychological capital serves as a mediating factor between physical exercise and depression in college students.



5.4 The chain mediating effect of self-esteem and positive psychological capital between physical exercise and depression among college students

This study investigated the influence of physical exercise, self-esteem, and positive psychological capital on depression among college students. The findings revealed a total effect value of β = 0.205. Specifically, physical exercise, self-esteem, and positive psychological capital were all significantly correlated with depressive symptoms. The direct predictive effect on college students' depressive mood was β = 0.133, indicating a total indirect effect value of β = 0.072. This suggests the presence of both partial and chain mediation effects of self-esteem and positive psychological capital, with the third chain mediation path contributing 2.9% to the total effect. The study demonstrated that physical exercise not only independently and negatively predicted depression among college students through self-esteem and positive psychological capital but also exerted a combined impact on depression through the chain mediation of these factors. These results underscore the importance of self-esteem and positive psychological capital in alleviating depression among college students. College students who engage in physical exercise often experience an increase in self-esteem, which in turn has a positive impact on their psychological capital. Research indicates a strong link between high self-esteem and positive psychological capital among college students, with high self-esteem levels serving as a significant predictor of psychological capital. Physical exercise not only boosts self-esteem but also contributes to overall psychological wellbeing. Over time, students tend to view themselves more positively, leading to increased self-confidence and a more optimistic outlook on the future. This improved self-perception helps students face challenges with a positive attitude, ultimately enhancing their psychological capital and alleviating feelings of depression. By promoting self-acceptance, self-challenge, and self-confidence, physical exercise enables college students to perform high-intensity tasks with confidence and resilience, thereby reducing the likelihood of experiencing negative emotions such as depression. In addition to physical exercise, educational interventions such as media literacy programs, have been shown to significantly influence students' psychological wellbeing, particularly within the context of sports science (Mallia et al., 2020). These interventions enables students to appreciate diverse concepts and ideas during emotional interactions, which leads to improved scientific rationality in self-evaluation, enhanced self-esteem, and increased positive psychological capital. Ultimately, this contributes to a reduction in depression among college students. The proposed chain mediation in this study integrates research on the relationships among self-esteem, positive psychological capital, and college students' depression, thereby providing a more comprehensive understanding of how physical exercise impacts depression in this demographic. These findings have implications for advancing reforms in physical education curricula at colleges and universities, offering valuable guidance.




6 Conclusions, proposal, and prospects


6.1 Conclusion

There was a notable correlation between physical exercise, self-esteem, positive psychological capital, and depression among college students. Physical exercise has a significant negative impact on predicting depressive moods in college students and serves as a crucial variable in influencing their overall mood. Additionally, self-esteem and positive psychological capital not only partially mediate the relationship between physical exercise and depressive moods in college students but also have a cascading effect on their mood through these factors. This indirect mediating effect has a substantial influence on depression among college students.



6.2 Proposal

The conclusion of this study indicates that physical exercise is both feasible and universally effective in reducing depression among college students. Consequently, it is essential for the state, society, families, and educational institutions to collaborate in actively promoting physical exercise among Chinese college students. This can be achieved by enhancing their self-esteem through encouragement and other supportive measures during physical activities, thereby striving to alleviate their anxiety related to academic pressures and uncertainties in job searching, ultimately improving their positive psychological capital. Furthermore, in light of the increasing integration of artificial intelligence across various industries, it is beneficial to incorporate advanced information technologies, such as big data analysis and cloud computing, into the physical exercise routines of college students. By employing personalized digital services to monitor and address the emergence of negative emotions, such as depression, the accuracy and effectiveness of mental health services for college students can be significantly enhanced.



6.3 Prospects

The impact of physical exercise on depression among college students is significant, with self-esteem and positive psychological capital serving as crucial mediators. Furthermore, these variables exhibit a chain mediating effect. The relationships among these factors appear to revolve around social support, indicating that future research should integrate social support variables to enhance the understanding of the connection between physical exercise and depression in college students. Practically, it is essential to emphasize the role of social sports organizations and clubs, as well as to incorporate public sports courses as platforms for fostering social support among college students participating in physical exercise. This strategy can assist in guiding college students toward developing a robust social network, ultimately contributing to improved self-esteem and positive psychological capital while reducing the incidence of depression.




7 Limitations of the study

Geographically limited sample: As the study was conducted in only two universities, the findings may not be generalizable to the broader population of Chinese university students. Self-reports: The reliance on self-administered questionnaires may introduce bias associated with self-perception. Lack of longitudinal data: The study is based on cross-sectional data, which restricts the ability to establish causal relationships.
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Background: Elite athletes are exposed to many different sport-specific stressors that may put them at particular risk for mental health symptoms and disorders. E-mental health interventions could be a feasible option to support elite athletes in need. The aim of the present study was to assess the acceptance of e-mental health interventions among elite athletes and explore its underlying drivers and barriers.



Materials and methods: A cross-sectional study was conducted with N = 382 elite athletes. Of these, N = 275 (71.99%, 167 females) were included in the statistical analyses. The impact of various sociodemographic, sport-related and medical characteristics on acceptance was assessed. EHealth-related data and acceptance of e-mental health interventions were examined using a modified assessment based on the Unified Theory of Acceptance and Use of Technology (UTAUT).



Results: Overall, the acceptance of e-mental health interventions in elite athletes can be classified as high (M = 3.69 SD = 0.97). In the UTAUT regression model sex, financial situation, depression symptoms, digital confidence, digital overload as well as the UTAUT predictors performance expectancy, effort expectancy, and social influence predicted acceptance significantly.



Conclusions: The UTAUT model has proven to be a valuable instrument in predicting of acceptance of e-mental health interventions in elite athletes. Given the strong association between acceptance and future use, new interventions should focus on the explored factors to establish effective e-mental health interventions for elite athletes.
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1 Introduction

Participation in elite sports requires rigorous training, physical fitness, and mental toughness. Alongside these demanding requirements, elite athletes often experience significant psychological distress, including anxiety, depression, and sleep disturbance (1). Sport-specific stressors, such as high levels of competition, injury, and pressure to perform might influence an elite athlete's career (2). According to a systematic review and meta-analysis (1) the prevalence of mental health symptoms and disorders may be slightly higher among current and former elite athletes when compared to the general population. Specifically, the prevalence ranged from 19% for alcohol misuse to 34% for anxiety and depression among active elite athletes, and from 16% for distress to 26% for anxiety and depression among former elite athletes (1). This variance reflects the different types of mental health challenges faced by athletes, emphasizing the need for effective psychological support to address these issues comprehensively. Moreover, the heterogeneity of existing studies highlights the need for further high-quality research in this field to better understand and address the mental health needs of elite athletes.

However, elite athletes, despite experiencing risk factors and mental health symptoms, are less inclined to seek professional help compared to the general population (3). This reluctance can be attributed to factors like fear of stigmatization, potential impact on performance and career, the perception of seeking help as a sign of weakness, and a lack of understanding of mental health (4, 5). Apart from the effects of stigma, there could be additional obstacles that contribute to the challenges of receiving psychotherapeutic treatment. These barriers encompass individual factors like limited awareness of treatment choices or motivational issues arising from extended waiting periods to start treatment. Structural barriers, such as inadequate cross-sector coordination, limited availability of care options in specific regions, and prolonged waiting periods for psychotherapy appointments, also contribute to the issue (6).

To overcome these barriers and improve access to mental health care, innovative e-mental health solutions have emerged as a promising strategy. The term “eHealth” broadly encompasses the use of electronic devices such as cell phones and computers to enhance medical care (7). EHealth interventions can be divided between self-help methods, computer-assisted treatments, and telehealth services. Self-help methods involve self-guided efforts to cope with (mental) health issues, often through self-help books or online programs (8, 9). Computer-assisted treatments use computer programs to deliver aspects of psychotherapy directly to patients (10, 11). Telehealth services, as defined by the WHO (12), involve the delivery of health care services where patients and providers are separated by distance, using information and communication technology for diagnosis, treatment, and consultation. E-mental health interventions, i.e., the provision of mental health services via digital technologies, offer flexible, cost-effective, and accessible support, overcoming structural barriers and reaching a larger number of individuals compared to traditional face-to-face counselling (13, 14). Multiple studies investigating the efficacy of e-mental health interventions in treating various mental disorders and health-related outcomes have demonstrated outcomes similar to those achieved through in-person therapy (14–17). This study focuses on e-mental health interventions that fall under the category of telehealth.

Thus, e-mental health interventions have proven to be useful, but are not yet integrated into everyday life, as the utilization of specific e-mental interventions continues to be minimal (18–20). A key consideration regarding technology use is understanding individuals’ motivations for adopting it. The most important factor in this regard is the degree to which a technology is accepted. Previous studies show that the acceptance of e-mental health interventions is generally rather low (21–23) whereasore recent studies suggest that the acceptance of e-mental health interventions is generally rather moderate to high (24–28).

Hence, assessing the acceptance of e-mental health interventions as well as influencing factors among elite athletes is crucial. Until now, no research has been conducted using validated measurement methods to evaluate the acceptance of e-mental health interventions and its predictors among elite athletes. Consequently, the current study employs the Unified Theory of Acceptance and Use of Technology [UTAUT; (29)]. The UTAUT has been found to be a valuable framework for evaluating the acceptance of eHealth-interventions in a number of studies (22, 23, 30, 31). The UTAUT model identifies three key factors that contribute to an individual's acceptance (or behavioral intention) of any technology: performance expectancy, effort expectancy, and social influence. Performance expectancy refers to the extent to which a person believes they will benefit from using the technology, while effort expectancy measures the ease of use associated with the technology, and social influence reflects the degree to which important others, such as family or friends, believe the person should use the technology.

Based on previous research that has explored acceptance in other populations, this study aims to fill the gap by setting forth the following objectives: The first objective is to assess the level of acceptance of e-mental health interventions in elite athletes. The second objective is to evaluate whether acceptance levels of e-mental health interventions vary among elite athletes based on sociodemographic, eHealth, or sport-related factors. The third objective is to explore the factors that influence the acceptance of e-mental health interventions among elite athletes.



2 Materials and methods


2.1 Study design and participants

The study was carried out as a web-based, cross-sectional survey among German adult (aged ≥18 years) elite athletes from December 2021 to December 2022. The criteria for elite athletes were determined, in part, by the International Olympic Committee's consensus statement and included (1) alignment of life to sports, (2) striving for excellence, and (3) participation in professional or Olympic competitions (32–34). Participants were recruited through regional and national sport clubs and associations, social media and coaches. The participation was anonymous and voluntary and there was no financial or material incentive offered. Furthermore, before starting the survey, electronic informed consent was obtained. The setup of the study was developed in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the Faculty of Medicine of the University of Duisburg-Essen (19-8947-BO). The survey was answered by 382 participants, but 29 (7.59%) of them were under 18 years old and 78 (20.42%) did not meet the criteria of elite athletes, resulting in their exclusion at the start of the survey. Therefore, the final sample size for data analysis comprised 275 participants.



2.2 Measures


2.2.1 Sociodemographic and sport-related data

In this study, sociodemographic data was collected through self-reported measures, including chronological age, sex, level of education and living as well as family and employment status. Financial situation was assessed on a 10-point-Likert scale (0 = “I barely get by”, 10 = “I don't have to restrict myself in any way”). Moreover, sport-related variables, including type of sport, years in elite sport, days at home during the last month as well as earning a living through sport, were assessed.



2.2.2 Psychometric data

The Patient Health Questionnaire-8 (PHQ-8) was used to assess depression symptoms (35). This questionnaire comprises eight items, and participants responded using a four-point Likert scale (0 = never to 3 = almost every day). The internal consistency of the PHQ-8 in this study was found to be high (Cronbach's α = 0.85). The Generalized Anxiety Disorder Scale-7 (GAD-7) is a validated (36) instrument to assess symptom severity and probability of GAD. It contains seven items, each scored from 0 to 3, indicating the frequency of symptoms experienced over the past 2 weeks. A score of 0 means the symptom has not been experienced at all while a score of 3 stands for a daily occurrence of the symptom. Cronbach's α in our study was high (α = 0.85).



2.2.3 eHealth-related data

To assess eHealth-related data, participants rated three items regarding their digital confidence (use of digital media, online platforms, and digital devices) on a five-point Likert scale (1 = not confident at all, 5 = very confident). The internal consistency of this scale was found to be excellent (Cronbach's α = 0.90). Moreover, three self-generated items were utilized to measure internet anxiety, which is defined as the fear or apprehension that individuals experience when using the internet (37). Participants provided responses on a five-point Likert scale (e.g., “I have concerns about using the internet”, 1 = does not apply to me, 5 = does apply to me). The internal consistency of this scale was found to be high (Cronbach's α = 0.80). Additionally, we used three self-generated items with a five-point Likert scale to assess digital overload, defined as the stress and burden felt due to the constant accessibility and constant use of digital devices (e.g., “I feel burdened by the constant accessibility via cell phone or mail”, 1 = does not apply to me, 5 = does apply to me). Cronbach's α was sufficient [α = 0.73; (38)]. All scales used in the study have been well-established through their application in prior research studies (24–26, 39).



2.2.4 Acceptance and UTAUT predictors

To measure the acceptance towards e-mental health interventions a modified questionnaire based on the UTAUT was applied (40). The modified UTAUT questionnaire comprises 14 items that are rated on a five-point Likert scale (0 = strongly disagree, 4 = strongly agree). The dependent variable in this study is acceptance, operationalized as behavioural intention (e.g., “I would like to try a psychological online intervention”), which was assessed using four items. The internal consistency of acceptance (behavioural intention) was found to be excellent (Cronbach's α = 0.90). The two UTAUT predictors, effort expectancy (e.g., “Using a psychological online intervention would not be an additional burden for me”) and social influence (e.g., “My coach would approve the use of a psychological online intervention”), were each measured using three items and demonstrated the following internal consistencies: Cronbach's α = 0.63 for effort expectancy and α = 0.85 for social influence. While the Cronbach's α for effort expectancy is relatively low, which may indicate questionable internal consistency, this finding contrasts with previous studies where the scale has shown adequate reliability (31). Performance expectancy (e.g., “A psychological online intervention could help me improve my mental health”) was assessed using four items and exhibited excellent internal consistency (Cronbach's α = 0.91).




2.3 Statistical analysis

The statistical analyses were performed using version 26 of SPSS Statistics by IBM in New York, NY, USA and RStudio version 4.0.2 by RStudio PBC in Boston, MA, USA. Firstly, the internal consistencies of various psychometric questionnaires were determined, and descriptive statistics were calculated. Additionally, in accordance with prior research, acceptance (BI) was classified into low (1.00–2.34), moderate (2.35–3.67), and high (3.68–5.00) categories (23, 26–28). The sum scores for the GAD-7 and PHQ-8 scales were computed. Mean acceptance (BI) differences between groups based on sociodemographic, sport- and eHealth-related data were examined using t-tests and ANOVAs, with the latter being used for variables with multiple categories. The level of significance was established at α = 0.05 (two-sided test). Post-hoc tests were conducted following the mean comparisons, and α correction was implemented using the Bonferroni method. Considering the present sample size (N = 275), normal distribution in the variables was assumed [see central limit theorem; (41)]; hence, parametric tests were used. We conducted a hierarchical regression analysis, following approaches in comparable literature, to maintain consistency and comparability of results (23, 25, 26, 39, 40, 42). The blocks were structured as follows: (1) sociodemographic and sport-related variables to control for baseline characteristics, (2) mental health variables to account for psychological factors, (3) eHealth-related variables to capture digital engagement, and (4) UTAUT predictors to assess technology acceptance factors.




3 Results


3.1 Sample characteristics

The participants (N = 275; 167 females) were M = 23.65 years old (SD = 6.29), while three quarters of the sample were 18–25 years old. 42.5% of the athletes rated their financial situation as okay or better (M = 6.95; SD = 2.09). Regarding the type of sports, 133 participants were active in team sports, while 190 did individual sports and 47 athletes participated in both. On average, the athletes were active in elite sport for 9.69 years (SD = 5.25) and spent an average of 21.79 (SD = 7.42) days at home in the last month. The participants reported high digital confidence (M = 4.12; SD = 0.73) and low internet anxiety (M = 1.84; SD = 0.80), while their digital overload was moderate (M = 2.71; SD = 0.96). See Table 1 for a full description of the study population.


TABLE 1 Description of the study sample (N = 275).

[image: A table displays sample characteristics with variables, numbers, and percentages. Categories include family status, living situation, education, employment status, types of sports, and earning a living through sports. Specific data is provided for each category, such as: 68% are single, 57.8% have a high school diploma, 22.9% are employed, and 32.8% participate in ball sports.]



3.2 Research objective 1 and 2: acceptance of eHealth-interventions and influencing factors

The general acceptance of e-mental health interventions was high (M = 3.69 SD = 0.97). Regarding the degree of acceptance, the sample of 275 participants was categorized into groups as follows: 35 (12.7%) participants showed low, 65 (23.6%) showed moderate, and 175 (63.6%) showed high acceptance.

There was a significant difference in acceptance between female and male participants (t189.07 = −2.48; p = .014), with females showing higher acceptance than males. In addition, elite athletes in individual sports were found to have significantly higher acceptance scores compared to those who participate in team sports (F2,272 = 3.47; p = .032). However, acceptance did not differ between living situations. A report summarizing the results regarding differences in acceptance is presented in Supplementary Table S1.



3.3 Research objective 3: predictors of acceptance

In the multiple hierarchical regression analysis, it was shown that sociodemographic predictors explained 7.3% of the variance in acceptance in the first step (R2 = 0.073; F6,268 = 3.512; p = 0.002). Of the sociodemographic predictors sex (β = 0.144; p = 0.017) and financial situation predicted acceptance significantly (β = −0.210; p < 0.001). In the second step, mental health variables explained another 6.8% of the variance in acceptance (Δ R² = 0.068; F8,266 = 5.453; p < 0.001). In detail, depression symptoms significantly predicted acceptance (β = 0.261; p = 0.013), whereas presence of generalized anxiety symptoms was no significant predictor of acceptance (p = 0.818). In the third step, eHealth-related variables were included and explained another 4.9% of variance (Δ R² = 0.049; F11,263 = 5.592; p = 0.002). Digital overload (β = 0.149; p = 0.024) and digital confidence (β = 0.145; p = 0.013) predicted acceptance significantly, whereas internet anxiety was no significant predictor of acceptance (p = 0.127). In the last step, UTAUT predictors explained 47.4% (Δ R² = 0474; F14,260 = 36.702; p < 0.001) of the variance resulting in a total explained variance in acceptance of 66.4%. Of the variables included in step four, performance expectancy (β = 0.477; p < 0.001), effort expectancy (β = 0.192; p < 0.001), and social influence (β = 0.203; p < 0.001) significantly predicted acceptance. Table 2 displays the parameters of the hierarchical regression model of acceptance.


TABLE 2 Hierarchical regression model of acceptance.

[image: A table displaying a hierarchical regression analysis with four steps of predictors for a study on sociodemographic, psychometric, eHealth, and UTAUT variables. Step 1 includes sociodemographic and sport-related variables with sex, age, financial situation, days at home, years in elite sports, and earning through sports, contributing an R² of 0.073. Step 2 focuses on psychometric variables with PHQ8 and GAD7 scores, adding an R² of 0.068. Step 3 involves eHealth-related variables like digital confidence, internet anxiety, and digital overload, adding an R² of 0.049. Step 4 involves UTAUT predictors like performance expectancy, effort expectancy, and social influence, with a significant R² of 0.474. Each variable lists standardized coefficient (β), unstandardized coefficient (B), T-value, and p-value.]




4 Discussion


4.1 Principal findings

E-mental health interventions are an effective alternative to personal therapy that combats stigma and ensures accessibility. Assessing the acceptance and predictors of these interventions is critical to future utilization and implementation. This study is the first to investigate this among elite athletes. General acceptance of e-mental health interventions among elite athletes was high, with 23.6% showing moderate and 63.6% showing high acceptance. Acceptance was associated with sex and being engaged in team or individual sports. In the multiple hierarchical regression analysis, sex, financial situation, depression symptoms, digital confidence, and digital overload were significant predictors of acceptance. Of the UTAUT predictors, performance expectancy, effort expectancy and social influence were significant predictors of acceptance and explained a high percentage of variance. The overall model provided 66.4% of explained variance in acceptance of e-mental health interventions.

Overall, acceptance levels in this study exceeded or were as high as those observed in previous studies similarly examining the acceptance of e-mental health interventions among various populations (24, 25–28, 39, 43), which can be a good prerequisite for the implementation and actual use of such interventions in elite sports. Especially for elite athletes who travel a lot, it can be beneficial to use treatment alternatives that are independent of location and time. An additional advantage is that the usage of mental health interventions can reduce fear of stigmatization. In line with this, Klein et al. (44) found that high levels of stigma were associated with a preference for e-mental health interventions.



4.2 Predictors of acceptance

Several predictors of acceptance have already been identified in various studies exploring the acceptance of e-mental health interventions among different samples. These predictors include sex (45, 46) and internet anxiety (47). The results of the present study also suggest that sex is a predictor for acceptance. Female athletes showed significantly higher acceptance than male athletes. There are studies that yield consistent results (24, 25), while others demonstrate no difference between sex (31, 48). The results can be explained by the observation that women have a more positive attitude towards seeking professional psychological help than their male counterparts (49). Moreover, our results align with research indicating that female elite athletes tend to report higher levels of psychological burden compared to their male counterparts (50, 51). Therefore, one could expect that psychologically burdened individuals would be particularly receptive to embracing new digital healthcare options. Interestingly, age did not emerge as a significant predictor in this study, which may be attributed to the relatively young average age of the sample, resulting in a more homogenous group with similar familiarity and comfort with digital technology. Also the sport-related variables (number of days spent at home, years in elite sports, and earning a living through sports) did not emerge as significant predictors of acceptance. This could be because these factors may not have a direct impact on the acceptance of e-mental health interventions. Athletes in different stages of their careers or with varying financial situations could experience similar needs and barriers regarding mental health interventions, leading to insufficient variation in these variables to produce significant results.

Digital confidence and digital overload emerged as further significant predictors of acceptance. Similarly, a potential explanation in this context could be that increased digital overload contributes to heightened psychological burden, consequently resulting in a greater willingness to accept e-mental health interventions. Moreover, individuals who are more confident in using digital media seem to accept them more. Conversely, individuals who lack digital confidence or have limited experience with digital media encounter significant barriers when accessing innovative e-mental health services. This may be because those more aware of their digital habits are also more receptive to solutions that can help manage their digital interactions. During the development of new e-mental health interventions, these varying capabilities should be taken into account. In contrast to previous research (47), internet anxiety was not found to be a significant predictor in this study. This might be because digital technologies have become increasingly commonplace, even in elite sports. The majority of athletes may possess sufficient digital competence, allowing them to overcome moderate internet anxiety when considering e-mental health interventions.

Another significant predictor of acceptance is the financial situation as assessed by the elite athletes. One possible reason for this observation could be that elite athletes who perceived their financial situation negatively experienced greater psychological burden. Consequently and in line with the other findings, they displayed a greater inclination towards accepting eHealth-interventions. Notably, the financial situation was found to be highly significant with a negative correlation coefficient, indicating that the worse the financial situation, the higher the acceptance of e-mental health interventions. This finding underscores the possibility that greater financial strain leads to increased psychological stress, thereby heightening acceptance. Consistent with this, depressive symptoms were also found to be an additional predictor of acceptance. Similar findings were also evident in other studies (24, 25, 46). In line with this, elite athletes showed significantly lower acceptance if they were engaged in team sports compared to individual sports. This fits with research showing that team athletes are less likely to suffer from anxiety or depression than individual athletes (52). Another plausible explanation could be that individual athletes spend significantly more time alone than team athletes and are therefore more receptive to e-mental-health interventions. Additionally, individual athletes may perceive higher levels of anonymity when using e-mental-health interventions, as there are fewer people who could potentially find out about their participation compared to those in team sports.

Regarding the UTAUT model, the results of this study provide strong support for the validity in measuring the acceptance of e-mental health interventions, supporting prior research outcomes (25, 53–56). Specifically, the key predictors, social influence, effort expectancy, and performance expectancy accounted for 66.4% of the variance in acceptance, demonstrating a high and comparable level of explained variance to the original UTAUT validation study (70%) conducted by Venkatesh, Morris (40). Moreover, performance expectancy emerged as the most important predictor of acceptance, with negative outcome expectations predicting lower intention to use, which is consistent with previous research findings (23, 25, 57, 58). Furthermore, this observation is consistent with literature indicating that performance expectancy is a predictor of treatment outcome in psychotherapy (59). The strong relationship between performance expectancy and the acceptance of e-mental health interventions (β 03D; 0.477; p < 0.001) emphasizes the necessity for transparent eHealth education that openly deals with misunderstandings or unrealistic expectations.

Social intention includes a person's belief that important people in his or her life, e.g., family or friends, would endorse the use of e-mental health interventions (40). This highlights the systemic dimension of person-environment interaction in the context of elite sport. Promoting acceptance can be facilitated by the positive attitudes of significant individuals toward e-mental health interventions and the willingness of physicians to recommend these programs. Specifically, general practitioners can play a vital role as key influencers in encouraging the adoption of eHealth solutions (60–62). A study by Van Voorhees, Hsiung (62) demonstrated that uptake of an e-mental health intervention increased when clinicians offered client-centered information which aimed to strengthen intrinsic motivation. Therefore, facilitation of acceptance needs to include relevant parties of health care (e.g., practitioners, clinicians, administrators) as important mediators of eHealth implementation.

In addition, it is critical to emphasize that consideration of the influencing factors of effort expectancy, performance expectancy, and social influence during the development and implementation phases is essential to improving acceptance. While these three key predictors are of utmost importance within the UTAUT model, our findings highlight the need to consider additional factors for a comprehensive understanding of acceptance and how to maximize it. Here, so-called acceptance facilitating interventions can be used to reduce people's fears and misconceptions about e-health interventions and thus increase acceptance (21, 22, 30).

The high acceptance of e-mental health interventions among elite athletes underscores their practical value. Coaches, sports staff, and medical professionals should integrate these tools into athletes’ routines and support their effective use. Addressing the identified significant predictors, such as digital confidence and depressive symptoms, is crucial when developing and implementing these interventions for this target group. Considering athletes’ travel schedules, it is essential that e-mental health solutions are accessible from any location. Emphasizing early detection, self-management skills, and support from key stakeholders can enhance the impact of these interventions (63). By implementing these strategies, e-mental health tools can more effectively address the mental health needs of elite athletes.



4.3 Limitations

Interpretation of our results should regard the following limitations. Firstly, our study design was a web-based cross-sectional study. The cross-sectional study design does not display any change over time and no statement to causality can be made. Longitudinal studies could address this limitation by tracking changes in acceptance and predictors over time. Because internet access was inevitable for participation, the sample of elite athletes who took part in our study might be more open minded about eHealth-interventions than the average elite athlete. As the sample was primarily made up of young people and the group of elite athletes tends to be younger and to have internet access, we do not really assume any bias here. Furthermore, it is likely that elite athletes who do not have much psychological support at this point in time are more interested in e-mental health interventions and show higher levels of acceptance than others. Another relevant factor might be that the study was conducted during different stages of the COVID-19 pandemic, a period marked by a rapid establishment and acceptance of digital patient care approaches (64). The pandemic highlighted the need for accessible psychological care as rates of depression, anxiety, and stress increased (65, 66). Additionally, high satisfaction with telemedicine during this time (67) suggests that the pandemic may have contributed to the observed higher acceptance of e-mental health interventions.

Since all data was self-reported, they are of limited reliability. For the evaluation of mental health, we used validated and established measures (GAD-7, PHQ-8), but it should be considered that all of these are symptom-based measures and therefore have a limited diagnostic accuracy. Another limitation is the low internal consistency of the effort expectancy scale (Cronbach's α = 0.63), which may affect its reliability. This was unexpected given its prior validation (31). Future research should revise or add items to improve the scale's reliability and ensure accurate measurement of effort expectancy in e-mental health interventions. As an operationalization of acceptance, we used behavioral intention. A prediction to actual use cannot be made because the intention to use does not always lead to actual use, known as the intention-behavior-gap (68). Further longitudinal research will be needed to assess how acceptance relates to actual behavior. We suggest measuring uptake rates and explore further barriers and incentives to use e-mental health interventions for elite athletes.



4.4 Conclusions

The results of this study support the assumption that elite athletes readily accept e-mental health interventions, providing a solid foundation for the integration of novel e-mental health interventions. Core predictors of acceptance included factors such as performance expectancy, effort expectancy, and social influence as well as depressive symptoms, digital confidence, and digital overload. Understanding these influencing factors is crucial for tailoring e-mental health interventions and encouraging their actual use in situations where in-person treatment is scarce, e-mental health interventions present a viable option. Stakeholders should consider the specific expectations, needs, and digital skills of elite athletes to enhance the effectiveness and adoption of these interventions. Future research should focus on longitudinal studies to explore how acceptance evolves over time and its impact on actual behavior. Additionally, improving the reliability of measurement tools and understanding the intention-behavior gap will strengthen the evidence base for e-mental health interventions. Finally, this study emphasizes the necessity of considering participants’ expectations, needs, and capabilities in the development and implementation of innovative treatment approaches. Addressing these aspects will contribute to better support for elite athletes and the optimization of mental health care in this population.
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Background: The study aimed to validate the Cravings for Rest and Volitional Energy Expenditure (CRAVE) scale among Chinese adults with different health conditions (healthy control, chronic illnesses, and psychiatric disorders) and skill levels (athletes vs. non-athletes).
Methods: In Study 1, a confirmatory factor analysis (CFA) using the Maximum Likelihood Method (MLM) was performed on a Chinese sample of emerging adults (N = 481) to evaluate the structural validity of the Cravings for Rest and Volitional Energy Expenditure-Chinese version (CRAVE-C). In Study 2, differences in “Move” and “Rest” desires were examined among patients with psychiatric disorders, patients with chronic illnesses, and healthy controls. In study 3, investigated the relationship between cardiorespiratory fitness and exercise motivation using the CRAVE-C (N = 83). In Study 4, the changes in “Move” desire from baseline to post-training were compared between athletes and non-athletes.
Results: Results from Study 1 indicated that the 10-item CRAVE-C showed good fit indices (
Chi2 (34) = 118.769, CFI
 = 0.95, TLI = 0.934, 
SRMR = 0.053, RMSEA = 0.072). “Move” positively correlated with various factors of the Affective Exercise Experiences Questionnaire-Chinese and the Physical Effort Scale-Chinese, while “Rest” correlated negatively. In Study 2, Patients with psychiatric disorders had a significantly higher “Move” desire than healthy controls. Patients with chronic illnesses had a significantly higher “Rest” desire than healthy controls. In Study 3, higher cardiorespiratory fitness was associated with a slight increase in “Move” desire (3.26% ± 37.35%) and a decrease in “Rest” desire (18.94% ± 66.99%). Lower fitness was linked to a significant decline in “Move” desire (−54.61% ± 111.33%) and an increase in “Rest” desire (43.62% ± 63.64%). In Study 4, the athlete group demonstrated a significant increase in “Move” desire from baseline to post-training, whereas the non-athlete group reported a significant decrease in “Move” desire from baseline to post-training.
Conclusion: The 10-item CRAVE-C has good reliability and validity in the Chinese cultural context and can be used among Chinese adults with different health conditions and skill levels.
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Introduction

Inadequate physical activity and sedentary behavior (SB) pose a growing challenge to the global healthcare system, as both of these unhealthy lifestyle behaviors are associated with detrimental health effects (Chen et al., 2021; Cristi-Montero et al., 2019; Ekelund et al., 2024), including but not limited to obesity (Barnett et al., 2018), cardiovascular disease (Lavie et al., 2019), diabetes (Piercy et al., 2018), neurological (Maasakkers et al., 2022; Zou et al., 2024) and psychiatric disorders (Ba et al., 2024; Huang et al., 2020; Werneck et al., 2023), and premature death (Warburton et al., 2006). Specifically, sedentary behavior has been shown to negatively impact cardiovascular health by altering hemodynamics, reducing blood flow, and impairing vascular endothelial function, leading to increased arterial stiffness and elevated cardiovascular disease risk (Carter et al., 2017). Additionally, prolonged sedentary time is linked to insulin resistance and metabolic dysfunction, which disrupts glucose regulation and significantly raises the risk of developing type 2 diabetes (Wilmot et al., 2012). To counteract the negative health effects of inadequate physical activity and SB, the World Health Organization (WHO) recommends that adults should engage in at least 150 min of moderate-intensity physical activity (PA) or 75 min of vigorous-intensity PA per week and reduce their time spent in SB (Bull et al., 2020). Accumulating evidence indicates that regular engagement in PA is positively linked to better mental and physical health outcomes (Anderson and Durstine, 2019; Cillekens et al., 2020; Hou et al., 2024; Posadzki et al., 2020; Zhang et al., 2022; Zou et al., 2023). However, a considerable proportion of adults do not meet the amount of PA recommended by the WHO (Bull et al., 2020), as evidenced by population-based surveys conducted in 2016 indicating that more than a quarter of 1.9 million adults were insufficiently physically active (Guthold et al., 2018).

Given this gap between recommended and achieved levels of PA, it is important to better understand what drives or hinders individuals to engage in PA, so that we can better inform future public health interventions. Considering that people tend to be sedentary in most situations (Caldwell et al., 2023; Stults-Kolehmainen, 2023), studies have started investigating the motivational processes of PA (Epstein et al., 2011; Ha and Ng, 2015). Historically, research into the motivational processes of PA has mostly focused on cognitive, reflective processes (Stults-Kolehmainen et al., 2020), but in recent years there has been a noticeable shift towards affective processes (Cheval and Boisgontier, 2021; Williams and Bohlen, 2019; Williams and Evans, 2014; Zenko and Ekkekakis, 2019). Traditionally, motivation related to PA (including structured forms such as physical exercise) and SB has been viewed as a relatively stable trait, primarily within the framework of self-determination theory (Frijda, 2010; Teixeira et al., 2012; Wilson et al., 2008; Zenko and Ekkekakis, 2019). However, recent developments underscore the pivotal role of motivational states that are more variable and subject to change, such as desires and urges, in initiating physically active and inactive behavior (Brand and Ekkekakis, 2018; Williams and Evans, 2014), thus considering motivated behavior as a dynamic state with moment-to-moment fluctuations (Frijda, 2010; Frijda et al., 2014). Traditionally, motivational frameworks emphasized cognitive and rational decision-making, suggesting that as long as individuals have enough information (e.g., health benefits and goal relevance), they will overcome the challenges of exercise and decide to change their behavior. However, recent evidence (Brand and Ekkekakis, 2018; Williams and Rhodes, 2023) has shown that affective responses during exercise, particularly changes in core affective valence, play a significant role in determining future exercise behavior. For instance, Ekkekakis (2017) found that when exercise intensity approaches the lactate threshold, many individuals experience a decrease in pleasure or even discomfort, which is directly associated with future exercise behavior. Similarly, Williams (Williams and Rhodes, 2023) demonstrated that positive affective states during exercise are better predictors of future exercise than purely rational cognition. This shift in the research framework underscores the importance of affective responses, highlighting that individuals are more likely to pursue physical activity for the positive emotional experiences rather than relying solely on rational cognition.

Despite advances in the concept, the development of measurement tools to assess affectively-charged motivational states has lagged behind tools for other motivational constructs (Brand and Ekkekakis, 2018; Williams and Rhodes, 2023). Therefore, the development of the Cravings for Rest and Volitional Energy Expenditure (CRAVE) scale represents an important step forward in quantifying affectively charged motivational states (Stults-Kolehmainen et al., 2021). The CRAVE scale, which initially consisted of 13 items, assesses desires/wants for both PA (i.e., being active) and SB (i.e., resting). It has 10 items that contribute to the scoring (5 items for the “Move” and 5 items for the “Rest” subscales). In a series of five validation studies, Filgueiras et al. (2023) and Stults-Kolehmainen et al. (2021), confirmed that the 10-item CRAVE has good psychometric properties. Specifically, when tested in an American population of 444 young adults, the CRAVE scale demonstrated high reliability (McDonald’s ω for “Move” and “Rest” = 0.97) and good test–retest reliability, with interclass correlations over one laboratory session for “Rest” (ICC = 0.69–0.88) and “Move” (ICC = 0.72–0.95) exceeding those observed over 2 years (“Rest”: ICC = 0.49; “Move”: ICC = 0.53), suggesting that the scale measures states rather than traits. Additionally, substantial changes were observed in response to a maximal, graded treadmill test, with decreased “Move” desire (Cohen’s d = 1.05) and increased “Rest” desire (Cohen’s d = 0.82). The CRAVE scale showed associations with psychosomatic sensations, such as energy, fatigue, tiredness, and deactivation (Stults-Kolehmainen et al., 2021). Notably, the CRAVE scale was also recently validated in 1168 Brazilian participants (mean age = 30.6; 71.6% female) (Filgueiras et al., 2023). Exploratory factor analyses identified two inversely related oblique factors (“Move” and “Rest”) with excellent fit (GFI = 1.00, RMSR = 0.03) and high reliability (Cronbach’s α: 0.93 and 0.92 respectively) (Filgueiras et al., 2023).

In study1, the primary aim was to validate the CRAVE-C in a Chinese cultural context. We compared the truncated 10-item model with the 13-item model, as used in Western populations, to determine its applicability in China. Additionally, the relationships between the “Move” and “Rest” desires within the CRAVE-C were examined. To establish convergent validity, the CRAVE-C was assessed alongside the Affective Exercise Experiences Questionnaire-Chinese (AFFEXX-C) and the Physical Effort Scale-Chinese (PES-C), focusing on how these scales relate to motivational states such as approach and withdrawal forces.

In Study 2, the aim was to investigate differences in the CRAVE-C dimensions of “Move” and “Rest” between individuals with psychiatric disorders, chronic illnesses, and a healthy control group. Accumulating evidence suggests that those with conditions like schizophrenia and type 2 diabetes engage in lower levels of PA and higher levels of SB, which are linked to disease progression and mortality (de Wit et al., 2011; Sanchez-Villegas et al., 2008; Schuch et al., 2017; Vancampfort et al., 2015). Therefore, understanding the psychological factors underlying these behaviors in different populations is crucial. By exploring the differences in “Move” and “Rest” motivations across these groups, this study can identify unique psychological drivers that may contribute to their health behaviors. This insight is essential for developing targeted public health strategies aimed at promoting PA and reducing SB, ultimately improving health outcomes in these populations.

In Study 3, the relationship between cardiorespiratory fitness, as measured by VO2 max, and self-reported “Movement desires” (“Move” and “Rest”) was explored under stringent laboratory conditions (Matthews et al., 2016). While VO2 max is widely recognized as a marker of aerobic fitness (Berthouze et al., 1995; Giacobbi et al., 2006; Martin-Rincon and Calbet, 2020; Schembre and Riebe, 2011), limited research exists on its association with real-time fluctuations in the desire to be physically active (Filgueiras et al., 2023; Taylor et al., 2022). This study represents the first attempt to link the self-reported CRAVE scale with objective physiological markers, such as blood lactate concentrations (Taylor et al., 2022). By exploring this novel connection, the study aims to provide a more comprehensive understanding of the physiological underpinnings that contribute to differences in the “Move” and “Rest” desires across various populations. This insight could help explain why certain individuals exhibit varying motivations for physical activity and sedentary behavior.

In Study 4, based on findings from Study 3, it was observed that individuals with higher cardiorespiratory fitness showed a slight increase in “Move” desires and a modest decrease in “Rest” desires. This study focused on comparing athletes and non-athletes in their responses to high-intensity interval training (HIIT). The hypothesis was that athletes, due to their superior cardiorespiratory fitness from continuous training, would exhibit a greater increase in PA-related desires and a more significant decrease in SB-related desires following the HIIT session.



Study 1


Materials and methods


Participants

In April 2023, 635 individuals voluntarily participated in Study 1, in which they were asked to complete an electronic questionnaire via the “Questionnaire Star” online platform. Before starting the questionnaire, detailed information was provided to participants regarding the study’s purpose, procedures, potential risks, benefits, and their rights, including the right to withdraw at any time without penalty. Participants were recruited through public invitations shared by Body–Brain-Mind (BBM) Laboratory members on social media platforms, and all participants were healthy undergraduate and graduate students currently enrolled at their respective institutions. This informed consent process was clearly displayed at the beginning of the questionnaire to ensure participants were fully aware and consented before proceeding. Data from participants who completed the questionnaire in less than the required 15 min, as determined by a preliminary test conducted by 12 BBM members, were excluded to maintain response reliability, resulting in 481 valid responses for analysis.

To safeguard participant privacy, all personal identifiers were removed from the dataset before analysis, ensuring anonymity and confidentiality. No financial incentives were offered; participants were primarily motivated by their interest in the subject matter and a desire to contribute to scientific knowledge. This intrinsic motivation ensured high engagement and commitment to the study. The ethics of the study were upheld to the highest standards, with approval from the Ethics Committee of Shenzhen University (NO: PN-2022-00075).



Translation procedures

Prior to translating the CRAVE into the Chinese language, an investigator from the BBM Laboratory contacted the corresponding author of the original study (MSK) to obtain permission. Once permission was granted, the BBM team began the translation process. Similar to our previous validation studies (Kuang et al., 2023; Kuang et al., 2022; Wang et al., 2023), the translation process in Study 1 strictly adhered to the recommended procedures for the cross-cultural adaptation of self-report questionnaires (Beaton et al., 2000). A Zoom meeting was conducted in which the original author was invited to discuss and ensure that the translation accurately retained the original meanings. This translated version was subsequently reviewed by an expert panel, consisting of five sport psychologists, two health psychologists, and one psychological assessment specialist, to gather comprehensive feedback. Incorporating their insights, a refined version was then distributed to an initial sample of 11 Chinese college students, majoring in sports-related subjects, to test its readability and clarity. A professor fluent in both English and Chinese, but unfamiliar with study aim, undertook a back-translation. Finally, this version was then used to compare with the original scale to ensure semantic accuracy, which in turn generated the Chinese version of the CRAVE scale (CRAVE-C).



Procedure

In April 2023, 635 individuals voluntarily participated in Study 1 in which they were asked to complete an electronic questionnaire via the “Questionnaire Star” online platform. Notably, a test conducted by 12 BBM members indicated that a minimum of 15 min is needed to complete all questionnaires. For those participants who spent time below the threshold, they were excluded, leading to 481 valid responses that were retained for data analyses. Demographic information is presented in Table 1. No participants received financial incentives, and the study was approved by the Ethics Committee of the Shenzhen University (NO: PN-2022-00075).



TABLE 1 Demographics, BMI, and CRAVE-C, AFFEXX-C, and PES-C (N = 481).
[image: A table displays demographic and psychological data. It lists variables like gender, educational level, and marital status with their respective counts and percentages. Another section provides means, standard deviations, and Shapiro-Wilk test statistics for constructs like BMI, movement, rest, interest, competence, energy, calmness, pleasure, attraction, core affective exercise experiences, approach score, and avoid score, along with p-values indicating statistical significance.]



Measures and demographic information

The survey included demographic information and three self-reported scales (i.e., CRAVE-C, AF-FEXX-C, and PES-C). In addition, demographic variables were collected, including gender, age, marital status (i.e., single, unmarried, and married), and educational level (i.e., bachelor’s degree, master’s degree and higher).



Cravings for rest and volitional energy expenditure-Chinese version (CRAVE-C)

The CRAVE-C was used to measure motivational states for PA and SB, and it contains 13 items that are divided into two dimensions (“Move” and “Rest”) (Stults-Kolehmainen et al., 2021). Notably, only 10 items were used to calculate scores for “Move” desire and “Res” desire, with each dimension including 5 items, while three filler items are considered as alternatives. For example, items of “Move” dimension are: (i) “I want to move my body”; (ii) “I want to expend some energy.” Examples items for “Rest” are: (i)"I want to do nothing active”; (ii)"I want to be motionless.” An example of a filler item is: (i)"I want to burn some calories.” Each item was rated on an 11-point Likert-type scale ranging from 0 (not at all) to 10 (more than ever). Internal consistency for the Move factor was tested with Cronbach’s α coefficients, yielding a value of 0.89, while the Rest factor demonstrated a Cronbach’s α value of 0.91, both indicating adequate internal consistency.



Affective exercise experiences questionnaire-Chinese version (AFFEXX-C)

The AFFEXX-C is an instrument specifically designed to measure affective exercise experiences and it consists of 30 items. There are 8 factors within 3 constructs – namely antecedent appraisals (4 factors), core affective exercise experiences (3 factors), and attraction-antipathy (1 factor). Each item is rated on a 7-point Likert scale. Higher scores on each factor indicate a more positive level of these three constructs (related to better antecedent appraisals [Interest vs. Boredom, Showing off vs. Shying away, Liking vs. Disliking exercise in groups, Competence vs. Incompetence] and core affective exercise experiences [Energy vs. Tiredness, Calmness vs. Tension, Pleasure vs. Displeasure], and more attraction towards physical exercise [Attraction vs. Antipathy]). This instrument had sound psychometric properties among Chinese college students in a previous study carried out by our research group, with all Cronbach’s α > 0.8 (Wang et al., 2023). In the present sample (Study 1), the Cronbach’s α coefficients for the different subscales ranged between 0.83 and 0.92, indicating good reliability.



Physical effort scale-Chinese version (PES-C)

The PES was used to measure tendencies to approach or avoid physical effort and it contains eight items that are divided into two subscales: (i) “Approach” (e.g., “I seek out tasks that require physical effort”); (ii) “Avoidance” (e.g., I avoid tasks that require physical effort whenever possible) (Cheval et al., 2024). Responses to all items are given on a 5-point Likert-type scale from 1 (strongly disagree) to 5 (strongly agree). Validated in a sample of 481 participants, the scale shows adequate internal consistency (“Approach”: Cronbach’s α = 0.91, “Avoidance”: Cronbach’s α = 0.90), a well-fitting two-factor structure confirming its structural validity [Chi2 (19) = 69.243, p < 0.001, CFI = 0.959, TLI = 0.939, SRMR = 0.032, RMSEA = 0.074, p ≤ 0.08 = 0.016], convergent validity (β = 0.50–0.77), as well as discriminant validity (β = 0.10–0.33) (Cheval et al., 2024). In the present sample (Study 1), confirmatory factor analysis (CFA) supported the two-factor structure (Approach and Avoidance) of the PES (Chi2 (19) = 69.237, p < 0.001, CFI = 0.959, TLI = 0.940, SRMR = 0.032, RMSEA = 0.074), with Cronbach’s α coefficient of internal consistency for “Approach” (0.89) and “Avoidance” (0.89) dimensions pointing towards adequate reliability.



Statistical analyses

Height and weight were used to compute Body Mass Index (BMI, kg/m2). Descriptive statistics were applied to calculate means and standard deviations (SD). Before the main analyses, the Shapiro–Wilk test was employed to assess the normality of the data distribution. In line with previous validation studies (Stults-Kolehmainen et al., 2021), an Exploratory Factor Analysis (EFA) was conducted using SPSS Version 27.0 (Armonk, NY: IBM Corp.). The Optimal Implementation of Parallel Analysis (OIPA) was applied to determine the number of dimensions. Factor extraction was achieved via the Unweighted Least Squares (ULS) approach, followed by oblique rotation that was employed to refine the factors. To ensure the suitability of the correlation matrix, the Bartlett test was utilized, with an anticipated significance of p < 0.05 and the Kaiser-Meyer-Olkin (KMO) test, aiming for a result above 0.80. Adhering to Kelley and Lorenzo-Seva’s guidelines (Lorenzo-Seva and Ferrando, 2006), the explained variance of factors and factor loadings of >0.3 were used to determine which dimension (“Move” or “Rest”) each item belongs to. Second, to further confirm the factor structure of the CRAVE-C, confirmatory factor analysis (CFA) with Maximum Likelihood Estimation was conducted based on 481 participants of Study 1, via Mplus (Version 8). To determine model fit, several goodness-of-fit indices were used as suggested by Hu and Bentler (1995) and Kline (2023): (1) Chi-square test (χ2) with a significance level of p > 0.05 indicating a satisfactory fit, (2) Comparative Fit Index (CFI) with values of 0.90 or above reflecting a good fit, (3) the Tucker-Lewis Index (TLI) with values of 0.90 or higher suggesting adequate fit, (4) the Standardized Root Mean Square Residual (SRMR) with values below 0.08 indicating a proper fit, and (5) the Root Mean Square Error of Approximation (RMSEA) with scores below 0.08 representing good fit. Notably, based on the original 10-item CRAVE, 481 Chinese adults were also used for CFA to generate model fit indices. Such results were used to compare with model fit indices of the two Chinese versions (the 10-item CRAVE and the 13-item CRAVE). Finally, concurrent validity and internal consistency were analyzed in Study 1. Specifically, concurrent validity was tested using the Spearman correlations to explore associations of the CRAVE-C (“Move” desire and “Rest” desire) with other self-reported measures (i.e., AFFEXX-C and PES-C).




Results


Descriptive statistics

In Study 1, the age of the 481 participants ranged from 18 to 30 years with a mean age of 20.92 (SD = 2.81). The average BMI was 21.68 kg/m2 (SD = 3.21). Results are presented in Table 1.



Exploratory factor analysis (EFA)

Results from the Kaiser-Meyer-Olkin (KMO) was 0.856 while the Bartlett test was significant [3325.535 (df = 78; p < 0.001)], indicating that data in Study 1 is suitable for EFA (Shrestha, 2021). Based on the Eigenvalue-greater-than-one rule, EFA revealed a two-factor structure: (1) 41.34% of variance was explained by Factor 1 (Eigenvalue = 5.733) and 14.47% of variance was explained by Factor 2 (Eigenvalue = 1.996). Further, a moderate negative correlation (r = −0.569) was observed between the two (“Move” and “Rest”) factors. The pattern matrix indicated that Factor 1 comprised items 1, 2, 5, 6, 9, and 13, while Factor 2 included items 3, 4, 7, 8, 10, 11, and 12. As shown in Table 2, all factor loadings for these items were greater than 0.30, supporting their inclusion in their respective factors. In summary, results indicated a valid and reliable two-factor model, with the cumulative variance of 55.81%.



TABLE 2 Descriptive statistics and factor loadings for “Move” and “Rest” (N = 481).
[image: Table detailing descriptive statistics and factor loadings for activities categorized into "Move" and "Rest." Items like "Move my body" and "Do nothing active" include data on mean (M), standard deviation (SD), skewness, kurtosis, and factor loadings for each category. The analysis notes distinct factors with cumulative variance of 55.81%.]



Confirmatory factor analyses (CFA)

As indicated by results in Table 3, the 10-item CRAVE-C outperformed the original 10-item CRAVE and the 13-item CRAVE-C. Specifically, among the three above-mentioned models, the 10-item CRAVE-C demonstrated the best model-fit indices, with the lowest values for AIC (19845.631), BIC (19975.148), RMSEA (0.072), and SRMR (0.053), and with the highest values of CFI (0.950) and TLI (0.934). Notably, the 10-item CRAVE-C had the lowest Chi2 value (Chi2 (34) = 118.769, p < 0.001), compared to the original 10-item CRAVE (Chi2 (34) = 162.089, p < 0.001) and the 13-item CRAVE-C (Chi2 (64) = 319.818, p < 0.001).



TABLE 3 Model fit indices for three versions of the CRAVE.
[image: Table comparing fit indices for three versions of the CRAVE scale: 10-item original, 10-item Chinese, and 13-item Chinese versions. The indices include AIC, BIC, RMSEA, CFI, TLI, and SRMR. AIC ranges from 19806.41 to 26285.049, with the Chinese 13-item version being highest. BIC ranges from 19395.862 to 26323.084. RMSEA values are similar, all around 0.089. CFI scores are 0.889, 0.884, and 0.854, respectively. TLI scores are 0.881, 0.874, and 0.825, and SRMR scores are 0.063, 0.053, and 0.078. The text explains item distribution among the versions.]



Correlation of CRAVE-C, AFFEXX-C, and PES-C

“Move” desire was positively correlated with “Pleasure vs. Displeasure “(r = 0.66), “Core affective exercise experiences” (r = 0.67), “Antecedent appraisals” (r = 0.59), and “Attraction vs. Antipathy”(r = 0.67) of the AFFEXX-C, whereas all these variables correlated negatively with “Rest” desire (see Figure 1). The “Approach” dimension of the PES-C was positively associated with “Move” desire (r = 0.59), and negatively associated with “Rest” desire (r = −0.45). The “Avoidance” dimension of the PES-C correlated negatively with “Move” desire (r = −0.44) and positively with “Rest” desire (r = 0.55). All of the above-presented correlations were significant at p < 0.05 level. Detailed results can be found in Figure 1.

[image: Correlation heatmap depicting relationships between various factors such as move score, rest score, interest versus boredom, and others. The color gradient from blue to red indicates correlation strength from negative to positive. Key correlations include strong positive links for liking versus disliking and competence versus incompetence, as well as a strong negative correlation for avoid score and approach score. Significance levels are marked with asterisks.]

FIGURE 1
 Correlation Heatmap of the 10-item CRAVE-C (N = 481). AFFEXX-C consists of antecedent appraisals (Interest vs. Boredom; Showing off vs. Shying away; Liking vs. Disliking exercise in groups, and Competence vs. Incompetence) and core affective exercise experiences (Energy vs. Tiredness, Calmness vs. Tension, and Pleasure vs. Displeasure), and attraction toward physical exercise (Attraction vs. Antipathy); PES-C consists of two Approach and Avoidance; *p < 0.05, **p < 0.01, ***p < 0.001.





Discussion

To better understand the motivation for PA and SB and to make the CRAVE applicable in research with Chinese-speaking populations, the original instrument was translated into Chinese (CRAVE-C), and its validity and internal consistency were tested among Chinese adults. Results indicate that the CRAVE-C appears to have good psychometric properties and concurrent validity.

Results from our factor analyses were consistent with those from previous studies conducted in the USA (Stults-Kolehmainen et al., 2021) and Brazil (Frijda et al., 2014), supporting a two-factor CRAVE model. Moreover, our results revealed that in the sample of Chinese adults, the 10-item CRAVE-C yielded the best model-fit, but loaded items within “Move” and “Rest” are different from two previous validation studies (Filgueiras et al., 2023; Stults-Kolehmainen et al., 2021). Specifically, the 10 items used in previous studies (Filgueiras et al., 2023; Stults-Kolehmainen et al., 2021) are not all applicable to the 10-item CRAVE-C. For the “Move” subscale, Item 13 was removed and replaced with Item 5. For the “Rest” subscale, Items 3 and 7 were removed and replaced with Items 11 and 12. Such differences in item selection were generated from statistical analyses and 5 items with the highest loading on each factor were finally selected (see Table 1). One reason for these differences may be attributed to the fact that participants were born and grew up within different cultures (Song et al., 2019). For instance, Chinese individuals are less likely to interpret Item 13 (“Move around”) as being in a condition where individuals are engaging in vigorous-intensity PA, instead of being involved with more relaxed PA (e.g., strolling) to help with digestion. Additionally, for “Rest” ‘subscale of the CRAVE-C’, the two items (“Do nothing active,” “Be still”) with the lowest factor loadings (0.343 and 0.333) were removed because Chinese people may be more likely to interpret these two items having the shared elements of “move” desire and “rest” desire. In addition, we examined the separate associations of the CRAVE-C (“Move” desire and “Rest” desire) with the AFFEXX-C and the PES-C. Results suggest that affective exercise experiences may predict an individual’s motivation for PA engagement. Specifically, core affective exercise experiences as one of the key factors of the AFFEXX-C was highly associated with the total scores of “Move” subscale, with r = 0.68. This finding implies that Chinese adults who reported a greater level of positive emotional experiences associated with PA are likely to maintain a higher desire for PA engagement. In other words, individuals who enjoy PA tend to have a greater level of “Move” desire, which may in turn be associated with a greater possibility of engaging in PA (de Sousa et al., 2022).

This is the first study to validate the CRAVE in Chinese adults and results from the appropriate statistical analyses indicated the uniqueness of Chinese culture. Second, we built links between the 10-item CRAVE-C and the other two newly developed scales (i.e., AFFEXX-C and PES-C), which help exercise psychologists further substantiate their associations with movement behaviors (e.g., PA and SB) that are not collected in Study 1.

Several limitations of Study 1 need to be acknowledged. First, the use of self-report methods may be subject to social desirability bias, potentially affecting participants’ responses to specific PA-related items in the questionnaire. Second, the study sample predominantly comprised university students in China, lacking representation across a broader age range. Third, the associations between personality and motivation have been well-documented, but the former profile, that has not been collected in the present study, may contribute to their desire for PA engagement. Fourth, fatigue, recent PA, and executive function play a critical role in PA engagement, but these variables were not measured, which may potentially result in the increased or decreased tendency for PA engagement (approach and withdrawal motivational forces). Collectively, the above-presented limitations should be considered for future studies.




Study2


Materials and methods


Participants

Ninety-five patients were recruited from two different hospitals, comprising 33 adults with psychiatric disorders (including schizophrenia, bipolar disorder, and depression; 18 males, mean age: 33.21 ± 14.41 years, BMI: 23.41 ± 3.77 kg/m2) and 62 patients with chronic illnesses (including type 2 diabetes, coronary artery disease, heart failure, asthma, chronic obstructive pulmonary disease, and chronic kidney disease; 32 males, mean age: 45.59 ± 6.13 years, BMI: 24.23 ± 4.21 kg/m2). Detailed demographic and clinical characteristics of these patients are provided in Supplementary material 1. All inpatients were diagnosed by clinicians (psychiatrists or physicians). The 481 participants from Study 1 were used as a healthy control group. All participants were fully informed about the nature of the study and provided written informed consent prior to data collection.



Statistical analysis

In the sample of 33 adults with psychiatric disorders, Cronbach’s α coefficients were 0.88 for “Move” and 0.90 for “Rest.” In the sample of 62 patients with chronic illnesses, Cronbach’s α coefficients were 0.87 for the “Move” and 0.92 for the “Rest” subscales, indicating adequate internal consistency of the CRAVE-C in these two distinct populations. Normality of data distribution was tested using the Shapiro–Wilk test, suggesting mixed results: Data on “Move” (W = 0.975, p < 0.005) and “Rest” (W = 0.99, p < 0.005) were not normally distributed in healthy adults, whereas data on patients with psychiatric disorders (“Move,” W = 0.936, p = 0.052; “Rest,” W = 0.958, p = 0.226) and adults with chronic illnesses (“Move,” W = 0.966, p = 0.087; “Rest,” W = 0.974, p = 0.218) were normally distributed. Given these varied outcomes non-parametric methods were employed. Levene’s test was applied to examine the homogeneity of variance among three groups. Regarding the “Move” and “Rest” subscales, Levene’s test revealed significant differences in variance among the groups (F = 4.044, p = 0.018; F = 7.557, p < 0.001 respectively). Kruskal-Wallis H test as non-parametric statistics was used to determine whether significant differences on “Move” and “Rest” desires across these groups existed. The magnitude of these differences was quantified using Cohen’s d: d ≥ 0.2 = small; d ≥ 0.5 = medium; d ≥ 0.8 = large (Cohen, 1988).




Results

Patients with psychiatric disorders (25.39 ± 13.47) showed a significantly higher level of “Move” desire relative to healthy controls (25.39 ± 13.47), [H(1) = 11.93, p < 0.001, d = 0.77]. However, a non-significant difference was observed on this outcome measure between healthy controls and patients with chronic illnesses, [H(1) = 2.74, p = 0.098].

Patients with chronic illnesses showed a significantly higher level of “Rest” desire (31.18 ± 13.04) compared to healthy controls (25.95 ± 9.76), [H(1) = 10.1, p < 0.001, d = −0.98]. Patients with psychiatric disorders (35.64 ± 11.22) showed a significantly higher level of “Rest” desire compared to healthy controls (25.95 ± 9.76), [H(1) = 21.1, p < 0.001, d = −0.51] (Figure 2).

[image: Bar charts comparing scores for "Move" and "Rest" activities among Healthy Controls, Psychiatric Disorders, and Chronic Illnesses groups. In "Move", Chronic Illnesses score highest at 35.81, followed by Healthy Controls at 33.83, and Psychiatric Disorders at 25.39. In "Rest", Chronic Illnesses also score highest at 35.64, followed by Psychiatric Disorders at 31.18, and Healthy Controls at 23.94. Significance is indicated by asterisks.]

FIGURE 2
 Differences in CRAVE-C “Move” and “Rest” Desires Across Groups. The bars represent mean scores. *p < 0.05, **p < 0.01, ***p < 0.001.




Discussion

The study investigated differences in motivational states towards PA (“Move” desire) and SB (“Rest” desire) among healthy individuals, patients with psychiatric disorders, and patients with chronic illness. Results indicated that patients with psychiatric disorders reported the lowest level of “Move” desire. Such findings may be explained by the following reasons. First, in previous research patients with psychiatric disorders demonstrated significantly greater levels of cognitive bias as compared to an age-matched control group (Moritz et al., 2016). The general cognitive biases in this unique group may be closely linked to PA-related cognitive errors, which may in turn result in less PA engagement (REF 57?). Such an assumption has been supported by our recent study, which indicated that patients with psychiatric disorders demonstrated significantly higher levels of exercise-related cognitive errors than healthy controls. (e.g., exaggerating the negative effects of exercise). Interestingly, on the one hand, individuals with chronic illnesses exhibited a greater desire to move as compared to healthy controls. Such a finding may be attributed to the fact that this unique group is aware of the importance of PA engagement for alleviating illness-related symptoms. Especially because in China, PA prescription within the “Healthy Plan 2030” has been heavily promoted in clinical settings (Dai and Menhas, 2020). On the other hand, patients with chronic illness exhibited an increased inclination for rest. Such findings may be attributed to the fact that patients with chronic illnesses often experience physical pain and have a relatively low fatigue threshold that is linked to low exercise tolerance, resulting in an increased desire to rest (White et al., 2010).

The current study has some limitations that should be considered. First, the modest sample size and the limited range of psychiatric and chronic conditions may reduce the generalizability of our findings. Second, the severity of illness was not collected in the present study, which precludes us from making a nuanced interpretation. Despite these limitations, given the scarcity of research exploring the desire for PA and SB in different populations, our study still provides useful information. In future research, we plan to expand our sample size and control for more variables, including severity, type, and length of illness to enhance the accuracy and reliability of our results.




Study 3


Materials and methods


Participants

A total of 83 participants were recruited for this study. Their ages ranged from 19 to 24 years with a mean age of 21.82 (SD = 1.5). The average BMI was 21.74 (SD = 3.3). Of these participants, 33 were male and 50 were female.



Measures


Maximal oxygen uptake (VO₂max) test

The VO₂max test was administered using the COSMED metabolic system through a graded exercise test (GXT) on a bicycle ergometer (DeBlois et al., 2021). The test started at 0 watts, and the workload was increased by 1 watt every 3 s, with a maximum resistance of 250 watts. Participants maintained a cadence of 60–65 rpm throughout the test. This protocol provided a gradual yet consistent increase in exercise intensity, ideal for accurately assessing cardiorespiratory fitness. The test continued until participants either voluntarily stopped due to excessive fatigue or achieved a respiratory exchange ratio greater than 1.1, ensuring that the assessment accurately reflected their maximum cardiorespiratory capacity (Edvardsen et al., 2013). VO₂max values were characterized by the highest recorded oxygen consumption rate (i.e., absolute VO2max), adjusted for each individual’s body weight, and reported in units of ml/kg/min (i.e., relative VO2max).



CRAVE-C (Right now version)

Prior to and following the VO₂max test, participants completed the “Right now” version of the CRAVE-C assessment as described above. Specifically, the questionnaire was administered 1 min before the test commenced and again 1 min after cessation of the test. This tool assesses immediate motivational tendencies towards moving and resting on a scale from 0 (not at all) to 10 (more than ever).




Statistical analysis

In this research, the correlations between CRAVE-C subscale scores and VO2max (maximal oxygen uptake) were rigorously explored using SPSS 27.0 for statistical analysis. The CRAVE-C subscale captures key psychological states, specifically “Move” and “Rest,” both before and after exercise interventions. These states were quantified as percentage changes (Δ%"Move” and Δ%"Rest”) to assess the impact of physical activity.

Our analysis involved calculating Pearson’s correlation coefficients to determine the relationships between these psychological changes and VO2max. A p-value of less than 0.05 was set as the threshold for statistical significance. Participants were stratified into two groups - high and low - based on their VO2max, with the median value of 33.5 mL/kg/min serving as the dividing line. This stratification enabled a detailed comparison of the Δ%"Move” and Δ%"Rest” scores’ mean and standard deviation across the groups. Furthermore, it allowed for an in-depth examination of the correlation of these scores with VO2max within each subgroup.

SPSS 27.0 was used for the analyses. The outcomes of this statistical analysis provide valuable insights into the relationship between exercise-induced mental state alterations and cardiorespiratory fitness, as represented by VO2max.




Results

The percentage change in “Move” score after exercise (Δ%"Move”) was negatively correlated with the percentage change in “Rest” score (Δ%"Rest”) with a correlation coefficient of r = −0.41. Furthermore, Δ%"Move” demonstrated positive associations with the time to complete the CRF test (seconds) with r = 0.42, max power output during the GXT (watt) at r = 0.41, absolute maximal oxygen uptake (VO₂max) at r = 0.48, and the relative maximal oxygen uptake (ml/kg/min) at r = 0.56. The percentage change in “Rest” score after exercise (Δ%"Rest”) exhibited negative correlations with absolute VO₂max (r = −0.22), and relative VO₂max (r = −0.4).

The data reveals a significant contrast: the “Move” desire in the high cardio-pulmonary group increased by 3.26% on average, while it decreased by 54.61% in the low group. Conversely, the “Rest” desire decreased by 18.94% in the high group and increased by 43.62% in the low group. In the high cardiorespiratory group, the correlation of Δ%"Move” with Time and Δ%"Move” with Watt is significantly lower compared to the low cardiorespiratory group. Furthermore, the correlation between Δ%"Rest” and Kg/VO2MAX is completely inverse in the two groups (Table 4).



TABLE 4 Differential cardiorespiratory fitness in High vs. Low Groups.
[image: Table comparing statistical data between a high group and a low group. For the high group, the mean and standard deviation of delta percentage "Move" is 3.26% ± 37.35%, and "Rest" is -18.94% ± 66.99%. In the low group, "Move" is -54.61% ± 111.33% and "Rest" is 43.62% ± 63.64%. Relationships with VO2MAX, Kg/VO2MAX, Time, and Watt are listed with specific values for each condition. Groups are categorized based on Kg/VO2MAX, with thresholds specified in the accompanying text.]



Discussion

The study provides evidence for associations of cardiorespiratory fitness-related parameters (i.e., absolute VO₂ max and relative VO₂max) with changes (from post-to-pre-exercise) on the CRAVE-C-related scores (referring to desire of “Move” and “Rest”). Specifically, both parameters of CRF were negatively correlated with a more pronounced decline of “Move” desire, whereas both parameters of CRF were negatively correlated with the increase of “Rest” desire. Such results may be attributed to the following reasons. First, a higher absolute and relative VO₂ max, indicative of superior cardiopulmonary health, suggests that adults with higher CRF are capable of tolerating the graded exercise protocol for extended periods of time. This observation aligns with the findings of Marcora and Staiano (2010), suggesting that during high-intensity physical exertion, the critical determinant influencing fatigue perception and exercise sustainment might be the individual’s perceived exertional effort, as opposed to solely muscular fatigue. Consequently, it may be that individuals possessing superior cardiorespiratory capabilities, attributed to habitual engagement in physical training, are likely to demonstrate augmented power outputs and prolonged endurance in response to these modalities of testing, concurrently experiencing a comparatively diminished magnitude of cognitive fatigue (Marcora and Staiano, 2010).

Interestingly, after dividing participants into high and low cardiorespiratory fitness groups based on a median value of 33.5 mL/kg, significant differences in desire scores were observed between the groups. In the higher fitness group, a slight increase of 3.26% in “Move” desire was noted, whereas the corresponding “Rest” desire decreased by 54.61%. This suggests that after undergoing maximal intensity exercise, the high fitness group might have experienced benefits akin to a warm-up, preventing significant fatigue and instead activating their bodies, leading to a decrease in “Rest” desire. In contrast, the lower fitness group showed an 18.94% decrease in “Move” desire and a 43.62% increase in “Rest” desire. Future studies could compare professional athletes and non-athletes (Study 4) to further examine these dissociations. This aligns with the notion that their robust aerobic adaptability facilitates quicker recovery, thus diminishing the immediate necessity for prolonged “Rest.” “Move” motivation might also rebound faster for those with better fitness.(Barak et al., 2011; Knowles et al., 2021; Yaffé, 1983).

Unfortunately, the recovery of desires after the GXT was not tested, and limited data has been generated to explore this issue (Stults-Kolehmainen et al., 2023). Future research should examine how desires to “Move” and be sedentary relate to lactate threshold/ventilatory threshold, in accordance with the Dual Process model (Ekkekakis, 2009). The associations observed with exercise duration and intensity, defined as the maximum resistance achieved, further bolster this understanding. As these metrics increased, indicating heightened effort and capacity during the exercise, there was a more pronounced decline in the desire to “Move.” However, these individuals manifested a lesser inclination to “Rest” post-exercise, possibly alluding to their resilience to exercise-induced fatigue.

Taken together, this study accentuates our knowledge on pivotal roles of maximal exercise and aerobic fitness in determining post-exercise behavioral inclinations. In this study, it was observed that younger adults with higher cardiorespiratory fitness exhibited a less pronounced increase in post-exercise desire for “Rest.” However, it is important to note that these findings are based on correlational analysis, which does not imply causation. Based on these findings, tailored exercise programs can be designed for individuals with varying levels of cardiorespiratory fitness to enhance emotional outcomes. For instance, our results indicate that individuals with higher cardiorespiratory fitness experience an increase in the desire to “Move” after maximal intensity exercise. This suggests that incorporating higher intensity workouts for those with greater aerobic capacity could help maintain elevated desire levels for physical activity throughout the day, thereby enhancing their overall exercise experience.




Study 4


Materials and methods


Participants

Forty-two participants were recruited for this study. Their overall mean age was 20.02 (SD = 0.95) years. Among them, 22 were certified athletes (20.36 ± 0.95 year; 21.33 ± 1.73 kg/m2) with a national second-level and above and they were evenly distributed with 11 males and 11 females. The remaining 20 participants (M = 19.35 ± 1.04 year, SD = 22.4 ± 2.04 kg/m2) were university students with an interest in sports, evenly distributed with 10 males and 10 females.



Procedure


Measurement of the CRAVE-C

All participants were invited to arrive in the university athletic field. Before commencing any physical activity, all participants were required to fill out the CRAVE-C to capture their baseline score. All participants were asked to perform warm-up exercises, followed by the core training. Afterward, the same CRAVE-C was used to carry out the post-assessment for all participants during the cool-down period.



Primary training session

Participants first completed an 8-min jog, serving as a warm-up. This was followed by a 5-min dynamic stretching session. A 50-meter sprint was undertaken as a warm-up stage before the core training started. Given individual difference and training adaptability, both athletes and non-athletes were divided based on gender, including four groups (female athletes, male athletes, female non-athlete, and male non-athlete), in order to successfully complete the core training. HIIT was selected as the core training and each participant was asked to perform five 150-meter sprints with a full-speed and the resting/recovery time of 90 s. During the cool-down, participants were asked to engage in a 10-min musculoskeletal stretching.




Statistical analyses

First, the Shapiro–Wilk test was utilized to determine whether data were normally distributed. This step was used to ensure that the data conformed to the assumptions required for further parametric tests. Once normality was confirmed, Levene’s Test was conducted to test the homogeneity of variances between the two groups. The outcome of this test determined the variant of the t-test to be used, either assuming equal or unequal variances. Subsequently, an independent samples t-test was executed to compare the differences in CRAVE-C measurements between the two groups. The significance level was set at p = 0.05; any p-value below this threshold indicated a statistically significant difference.




Results

For “Move” desire from post-training to baseline, the test yielded t(40) = 3.64, p < 0.001, indicating that athletes experienced a significantly greater increase in desire as compared to the non-athlete group (Table 3). Notably, the athlete group demonstrated a significant increase in “Move” desire from baseline to post-training, with t(21) = 5.2 and p < 0.001, whereas the non-athlete group reported a significant “Move” decrease in desire from baseline to post-training [t(19) = −3.11, p < 0.001]. Conversely, for “Rest” desire from post-to baseline, the test yielded t(40) = −7.39, p < 0.001, indicating a significant decrease in desire for the athlete group, as compared to the non-athlete group. Notably, the athlete group demonstrated a significant decrease in “Rest” desire from baseline to post-training, with t(21) = −3.55 and p < 0.001, whereas the non-athlete group reported a significant increase in “Rest” desire from baseline to post-training, with t(19) = 6.88, p < 0.001. Results for within-group are presented in Figures 3, 4 and Table 5.

[image: Correlation matrix heatmap displaying relationships between variables: Delta percentage move, Delta percentage rest, VO2MAX, KG/VO2MAX, age, watt, BMI, and time. Positive correlations are shown in red, negative in blue, with values ranging from negative 0.6 to positive 1.0.]

FIGURE 3
 Correlation between pre-and post-test differences and various indicators (N = 83). Δ% "Move”: Percentage change in “Move” score after exercise; Δ%"Rest”: Percentage change in “Rest” score after exercise; Watt, Max power output during exercise.


[image: Two bar graphs compare scores for athletes and non-athletes at baseline and post-training. In the "Move" graph, post-training athlete scores are highest. In the "Rest" graph, non-athlete post-training scores are highest. Significant differences are noted.]

FIGURE 4
 Group difference on the CRAVE-C scores baseline and after training. *p < 0.05, **p < 0.01, ***p < 0.001. The figure compares the scores of athletes and non-athletes in both “Move” and “Rest” categories at baseline and post-training. “Move” refers to the motivation to engage in physical activity, while “Rest” refers to the motivation to rest or reduce physical activity.




TABLE 5 Group difference on the CRAVE-C.
[image: A table showing baseline and post-training scores for desire to "Move" and "Rest" in athletes and non-athletes. Athletes (N = 22) have a "Move" baseline of 35.23 ± 7.58 and post-training of 42.56 ± 8.56, with significant change (t(21) = 5.2, p < 0.001). Non-athletes (N = 20) show a "Move" baseline of 33.75 ± 6.05 and post-training of 25.45 ± 5.01, with significant change (t(19) = -3.11, p < 0.001). "Rest" desire scores similarly show significant changes for both groups. Global significance values are provided.]



Discussion

This is the first study to investigate difference on the CRAVE-C between athletes and non-athletes. Our results were partially consistent with a previous study indicating that “Move” desire and “Rest” desire after high-intensity interval training significantly decreased and increased, respectively among 9 women (Mean age: 37.9 ± 11.9 years; BMI: 28.2 ± 4.5 kg/m2) clinically diagnosed with depression (Filgueiras et al., 2023). Notably, non-athletes and depressed women may not regularly engage in PA, especially moderate-to-vigorous intensity PA, so that HIIT may be too hard to tolerate physiologically. Relatively low tolerance among these unique groups in response to HIIT potentially caused decreased “Move” desire and increased “Rest” desire simultaneously. On the other hand, athletes in the present study demonstrated the opposite effects for both “Move” and “Rest” desires. Such findings may be attributed to the duration of the core training. Specifically, athletes who are typically asked to engage in training sessions of at least 90 min might find it easier to handle than the 30-min HIIT used in the present study, which is consistent with the principle of adaptation (Sandbakk et al., 2013). Results on the between-group difference may be attributed to the fact that athletes have the better ability to recover or rebound from a stressful event like HIIT as compared to non-athletes, which are partially supported by a previous study indicating that Chinese adults who regularly engage in PA seemed to have greater level of exercise tolerance that is positively linked to psychological resilience as the ability to successfully adapt to stress and adversity (Zhang et al., 2022). Collectively, individuals who regularly engage in PA would receive more positive feedback, which potentially contribute to the positive affective exercise experiences so that they are more likely to perceive increased “Move” desire and decreased “Rest” desire after the exercise training.




Conclusion

The comprehensive research series has broken new ground in examining the intricate relationship between motivational mechanisms and physical activity engagement. Sudy1 translated and validated the CRAVE questionnaire into Chinese (CRAVE-C) to understand PA and SB motivations among Chinese adults. The results showed that CRAVE-C has good psychometric properties, with factor analyses supporting a two-factor model. Cultural differences were noted in interpreting PA intensity. Additionally, the study linked CRAVE-C to affect-based scales, suggesting that positive emotional exercise experiences increase PA motivation. However, the study’s limitations include reliance on self-reporting and a limited demographic sample. Future research should broaden demographic considerations and explore these findings in other populations.

Study 2 examined PA and SB motivations in psychiatric patients, chronic illness patients, and healthy controls using the CRAVE-C questionnaire. It found chronic illness patients had higher PA and SB desires compared to healthy controls, while psychiatric patients exhibited higher SB desire but similar PA desire. This suggests that health awareness and psychological factors significantly influence PA and SB motivations. The study, however, is limited by its modest sample size and narrow condition range, highlighting the need for more expansive future research.

Study 3 identified a negative correlation between cardiorespiratory fitness (CRF) levels (absolute and relative VO₂ max) and post-exercise changes in CRAVE-C “Move” and “Rest” desires. Higher CRF was linked to a greater decrease in “Move” desire and a lesser increase in “Rest” desire post-exercise. Participants with higher CRF showed a slight increase in “Move” desire and a significant decrease in “Rest” desire, suggesting better fitness leads to quicker recovery and less fatigue. However, the study did not examine the duration of these desire changes post-exercise. This gap highlights the need for future research, including comparing professional athletes with non-athletes, to better understand the influence of fitness on post-exercise behavior. These findings offer a foundation for personalized exercise recommendations based on individual fitness levels and recovery patterns.

Study 4 investigated the CRAVE-C scale’s applicability in professional athletes versus healthy non-athletes, focusing on changes in “Move” and “Rest” desires after high-intensity interval exercises. The study involved 22 athletes and 20 university students. Results revealed that athletes experienced a significant increase in “Move” desire and a decrease in “Rest” desire post-training, contrasting with the non-athletes who showed an increase in “Rest” and decrease in “Move” desires. This indicates that high fitness levels in athletes lead to different motivational responses to exercise compared to non-athletes. The study’s findings highlight the CRAVE-C scale’s relevance for professional athletes and suggest the need for further research into different training types to understand exercise motivations better.


Future research

Moving forward, it is imperative to build upon the foundation laid by this series of studies to further enhance our comprehension of motivational mechanisms. Based on previous findings (Laeremans et al., 2017), future research could benefit from using wearable devices to measure physical activity and sedentary behavior more accurately. Their study highlighted that self-reported moderate-to-vigorous physical activity (MVPA) was significantly lower than the levels measured by wearable devices like Sense Wear, indicating a potential underestimation when relying solely on questionnaires. Furthermore, the poor correlation between self-reported and device-measured sedentary behavior suggests that wearable devices provide a more reliable method for capturing actual activity levels, thereby addressing the limitations and potential biases associated with self-reported measures. Additionally, exploring the desire for physical activity and sedentary behavior through biological approaches, such as imaging techniques like EEG, can offer pivotal insights into the brain’s real-time processing of these desires. Methods like EEG can effectively capture the momentary shifts in cravings measured by the CRAVE scale, thereby expanding the physiological foundation of this assessment tool. This real-time measurement of desire dynamics could further enhance our understanding of how to strategically amplify or suppress an individual’s inclination towards exercise engagement or prolonged sitting. Large-scale studies focusing on individuals with chronic illnesses and/or mental disorders are needed to investigate their desire for physical activity and sedentary behavior, with findings used to customize illness-specific intervention plans. Furthermore, incorporating the CRAVE Scale within exercise prescriptions could assist clinicians and health professionals in designing more nuanced recommendations.
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Methods: Physical activity among university students significantly influences anxiety, yet the underlying mechanisms require further exploration. This study examines mental toughness as a mediator and social support as a moderator to elucidate these relationships.
Using a cross-sectional design, convenient sampling was employed to select 997 first to fourth-year students from Jishou University for a self-reported survey. Measures included assessments of physical activity, mental toughness, social support, anxiety, and basic demographic variables. Descriptive statistics, correlations, and a moderated mediation model were conducted.
Results: Physical activity was significantly negatively correlated with anxiety and positively correlated with mental toughness. Mental toughness was significantly negatively correlated with anxiety, mediating the relationship between physical activity and anxiety to a certain extent. Social support moderated the latter part of the mediated model pathways.
Conclusion: Physical activity negatively correlates with anxiety among university students. Mental toughness mediates the relationship between physical activity and anxiety, while social support moderates the latter stages of this mediated model (mental toughness → anxiety).
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Introduction

Anxiety is an emotional and physiological state characterized by feelings of tension, helplessness, and fear in response to unknown or uncertain events (Knight et al., 2019). Currently, university students face various stresses such as entrance exams, interpersonal relationships, and future careers, making them susceptible to negative emotions like anxiety (Zhan et al., 2021). In China, anxiety among university students is prevalent, with detection rates continuously rising and remaining alarmingly high, reaching up to 25.7% (Cheng and Jia, 2019; Yu and Huang, 2023). Research indicates that anxiety is often a risk factor for engaging in behaviors such as aggression, suicidal ideation, smoking, alcohol consumption, dieting, and internet addiction (Wiebenga et al., 2022; Binod, 2020; Ghahremani et al., 2019; Wang et al., 2022; Kumar et al., 2022). Failure to alleviate anxiety during this period can significantly impact both physical and mental health, increasing the risk of developing mental disorders in adulthood (Zhu, 2021).

Addressing this issue, studies suggest a correlation between physical activity and anxiety. Physical activity (Caspersen et al., 1985) refers to any bodily movement generated by skeletal muscle contraction resulting in energy expenditure. It not only promotes physical health but also exerts positive effects on psychological well-being. Engaging in sustained appropriate physical activity contributes to higher levels of psychological health and inhibits further anxiety development (Schuch and Vancampfort, 2021). Experimental research underscores the significant role of physical activity in reducing anxiety levels among university students (Murray et al., 2022). A meta-analysis (Lin and Gao, 2023) confirms that physical activity significantly improves depression and anxiety, serving as an effective intervention for enhancing psychological health. According to the hypothalamic–pituitary–adrenal (HPA) axis regulation theory (Herman et al., 2020), the HPA axis is a crucial component of the neuroendocrine system that regulates individual emotions and cognition (Raymond et al., 2018). Physical activity can mitigate stress responses by regulating the HPA axis, thereby alleviating anxiety (Mahmood et al., 2020). Based on the above review, this study hypothesized that physical activity significantly negatively predicted the occurrence of anxiety.

Despite this, two significant questions remain largely unanswered. The first concerns the mechanisms through which physical activity may reduce the risk of anxiety among university students. The second question addresses whether protective factors, such as social support, can mitigate the adverse effects of low mental toughness on anxiety in this population. Answers to these questions are crucial, as they will elucidate the complex and implicit relationship between physical activity and anxiety, and provide a foundation for preventive and intervention strategies aimed at reducing anxiety among university students.

Furthermore, engaging in appropriate physical activity enhances mental toughness (Belcher et al., 2021), which may mitigate the occurrence of negative emotions such as anxiety. Previous research indicates that mental toughness (Sun et al., 2019; Li et al., 2020) represents an individual’s ability and trait to adapt well or thrive in the face of adversity. Mental toughness significantly inhibits anxiety, especially in dimensions such as family support, emotional control, and interpersonal assistance (Fang et al., 2022). According to the mental toughness process model (Richardson, 2002), when individuals face stressful or adverse life events beyond their defense systems’ capability, their level of mental toughness decreases, leading to an imbalanced state and negative emotions. As an external protective factor, engaging in physical activity actively contributes to enhancing mental toughness (San Román-Mata et al., 2020), fostering a positive mindset in coping with adversity, reducing stress, restoring balance, and mitigating the occurrence of fear and anxiety (Wan et al., 2024). Based on this evidence, we hypothesize that mental toughness may play a mediating role in the effect of physical activity on anxiety.

However, the strength of the relationships among these variables varies when individuals are influenced by various internal and external factors, with social support being a particularly significant factor (Mecha et al., 2023). Research indicates that social support acts as an external protective factor for mental toughness, encompassing various forms of material assistance, life sustenance, and emotional comfort received within social relationships (House, 1987). It serves as a crucial indicator predicting mental health, as higher levels of social support correspond to increased mental toughness (Yıldırım and Tanrıverdi, 2021). Moreover, social support significantly negatively predicts anxiety; individuals receiving less social support are more prone to anxiety, whereas those with greater social support experience lower anxiety levels (Ren et al., 2020). The buffering effect model of social support (Kerres Malecki and Kilpatrick Demary, 2002) suggests that when individuals face stress, anxiety, or other negative life events, the presence of social support influences these events to some extent. Sufficient social support can mitigate adverse reactions, promote favorable adjustments, and thereby buffer negative emotions, enhancing individual mental health and reducing anxiety. Therefore, this study hypothesizes that social support moderates the latter part of the pathway through which physical activity influences anxiety via mental toughness as a mediator.

In conclusion, this study focuses on Chinese university students, To explore the relationship between physical activity and anxiety, establishing a mediation model to explore the mediating effect of mental toughness between physical activity and anxiety. Furthermore, it investigates the moderating role of social support in the relationships among physical activity, mental toughness, and anxiety. This study aims to construct a moderated mediation model (see Figure 1).

[image: Flowchart depicting relationships between variables. Physical activity leads to mental toughness and independently to anxiety. Mental toughness also affects anxiety. Social support influences anxiety directly.]

FIGURE 1
 Mediated model assumptions.




Materials and methods


Participants

Based on the study by Jin (2023), where the prevalence (P) of anxiety among college students was found to be 29% with a tolerable error (e) of 3% and a confidence level (Z) of 1.96, the required sample size calculation indicates a minimum of 880 surveys.

The sample size calculation formula is:

[image: Formula for sample size: n equals Z squared times P times one minus P, all divided by e squared.]

where (n) represents the sample size, (Z) is the confidence level, (e) is the tolerable error, and (P) is the probability.

This cross-sectional survey was conducted in June 2024. Following the principle of convenient sampling, a questionnaire survey was conducted among college students in Jishou City, Hunan Province. In this study, online electronic questionnaires were distributed through class groups, unified training was conducted for the distribution personnel before the questionnaire was distributed, and questionnaires were distributed through teachers of each class. The subjects were given questionnaires in the class group by the teacher. The teacher first introduced to the subjects the main purpose of the study, the anonymity of the data and the final destination of the data, and the survey had no risk to the research subjects. All participants had obtained online informed consent, and then the electronic questionnaires were issued. Participants completed the electronic questionnaire in about 15 min, and we set a reasonable minimum response time based on the length and complexity of the questionnaire. The responses were considered too short to ensure that participants could complete the questionnaire carefully. A total of 1,081 questionnaires were sent out, and 997 were recovered after excluding invalid questionnaires, with an effective recovery rate of 92.23%. The final analysis sample of this study included 997 college students (562 males and 435 females; 360 freshmen, 257 sophomores; 192 students in 3 years; Senior 188 students; Liberal arts 262 students, science 611 students, other 124 students); Only child (family with only one child): 274, non-only child (family with two or more children): 723.




Methods


Basic information questionnaire

A demographic survey was used to collect population variables including gender, academic year, only-child status, and long-term residence (urban or rural). These demographic variables were controlled for in the analysis due to their potential influence on study outcomes.



International physical activity questionnaire (IPAQ)

The International Physical Activity Questionnaire (IPAQ) (Qu and Li, 2004), was employed to assess physical activity across six dimensions (work-related activities, commuting, household chores, leisure time physical activity and exercise, sedentary time, and sleep). Data cleaning and truncation procedures were applied: each physical activity’s daily duration was converted to minutes, activities missing duration or frequency data were excluded from analysis. Activities exceeding 180 min per day were truncated to 180 min, and weekly totals exceeding 1,260 min were truncated to 1,260 min. Participants reporting total daily physical activity exceeding 960 min were excluded from analysis. According to Table A1, the calculated physical activity amount of individuals was divided into three types of physical activity levels: high, medium and low (see Tables A1, A2 in annex).



Connor-Davidson mental toughness scale (CD-RISC)

mental toughness among students was measured using the Chinese version of the Connor-Davidson Mental toughness Scale (CD-RISC) (Yu and Zhang, 2007). This scale consists of 25 items assessing mental toughness across dimensions of toughness, strength, and optimism. Scores range from 0 (not true at all) to 4 (true nearly all the time), with higher total scores indicating greater mental toughness. Internal consistency in this study was excellent (Cronbach’s α = 0.970).



Perceived social support scale (PSSS)

The Perceived Social Support Scale (PSSS), developed by Zimet et al. (1990) and revised by Huang et al. (1996), comprises 12 items measuring subjective perceptions of support from family, friends, and others. Responses range from 1 (very strongly disagree) to 7 (very strongly agree) using Likert scaling. An example item includes: “I can rely on my friends when things go wrong.” Higher scores indicate greater perceived social support. Internal consistency in this study was high (Cronbach’s α = 0.952).



Generalized anxiety disorder scale (GAD-7)

Anxiety symptoms were assessed using the Generalized Anxiety Disorder Scale (GAD-7) (Spitzer et al., 2006). This 7-item scale measures anxiety severity on a scale from 0 (not at all) to 4 (nearly every day). Total scores categorize anxiety levels as: 0–4 (none), 5–9 (mild), 10–14 (moderate), and 15–21 (severe). Internal consistency in this study was high (Cronbach’s α = 0.945).



Statistical analysis

Data collected from the questionnaires were entered into Excel and analyzed using SPSS 26.0. Normality was assessed using the Kolmogorov–Smirnov test (K-S test) and Harman’s single-factor test for common method bias. Reliability and validity of study tools were evaluated through reliability analysis and factor analysis. Descriptive statistics were used to summarize demographic variables and study variables. Spearman correlation analysis examined associations between physical activity, mental toughness, social support, and anxiety. The PROCESS 4.0 plugin for SPSS was employed to analyze direct effects of physical activity on anxiety, simple mediation effects of mental toughness, and moderation effects of social support. Indirect effects were tested using Model 4 and Model 14, with 5,000 bootstrap samples to estimate bias-corrected percentile confidence intervals (95% CI). Finally, Origin2022 was used to graphically depict the moderating role of social support on the relationship between mental toughness and anxiety.


Assessment of common method bias

To assess common method bias, the Harman’s single-factor test in SPSS indicated that 13 factors had eigenvalues greater than 1. The first factor explained 28.699% of the variance, below the recommended threshold of 40% (Tang and Wen, 2020). Thus, the study did not exhibit significant common method bias. Normality testing of all variables showed significance levels below 0.05, indicating non-normal distribution of the data. Consequently, non-parametric tests were employed for all subsequent analyses.





Results


Descriptive statistical analysis of survey sample variables

To evaluate physical activity, different activity types were converted into weekly expenditure of MET-minutes. Descriptive statistics were utilized to summarize the primary variables and their sub-dimensions. As illustrated in Table 1, the median total physical activity expenditure for college students was 2,374 MET-minutes per week. Specifically, the median expenditure for recreational physical activities was 1,095 MET-minutes per week, for transportation-related physical activities was 656 MET-minutes per week, for daily living activities was 180 MET-minutes per week, and for work-related physical activities was 0 MET-minutes per week.



TABLE 1 Describes the statistical analysis of each variable.
[image: Table showing percentiles (25%, 50%, 75%) for various variables related to physical activity and mental attributes among 997 participants. Variables include physical activity intensity levels, daily activities, attributes like tenacity, self-improvement, optimism, mental toughness, and types of social support. For example, 75% of individuals reach 1,440 minutes in high intensity physical activity, while optimism has a maximum score of 12.]

These results indicate that 75% of the students did not engage in regular part-time work. Furthermore, 25% of the students did not achieve the recommended level of physical activity for daily living, and 75% did not meet the threshold for high-intensity physical activity. Additionally, the median score for overall mental toughness was 61, the median score for overall social support was 60, and the median score for anxiety was 7, as shown in Table 1.



Correlation analysis of variables

Table 2 illustrates significant correlations among variables in the study. Specifically: There is a significant positive correlation between physical activity and mental toughness (r = 0.278, p < 0.01), as well as between physical activity and social support (r = 0.356, p < 0.01). A significant negative correlation exists between physical activity and anxiety (r = −0.299, p < 0.01).mental toughness shows a significant positive correlation with social support (r = 0.496, p < 0.01) and a significant negative correlation with anxiety (r = −0.365, p < 0.01).



TABLE 2 Correlation test results of all variables.
[image: A correlation matrix table showing relationships among four variables: physical activity, mental toughness, social support, and anxiety. Correlations are significant at two levels: **p < 0.01 and *p < 0.05. Notable correlations include: physical activity with social support (0.356**), anxiety inversely with physical activity (-0.299**) and mental toughness (-0.365**), and mental toughness with social support (0.496**).]

Social support demonstrates a significant negative correlation with anxiety (r = −0.353, p < 0.01).



Mediation analysis

Table 3 demonstrates that, controlling for gender and demographic variables, physical activity significantly negatively predicts anxiety among university students (β = −0.298, t = −9.806, p < 0.001). When mental toughness serves as a mediator, physical activity continues to significantly negatively predict anxiety (β = −0.237, t = −8.260, p < 0.001). Furthermore, in Model 2, physical activity significantly positively predicts mental toughness (β = 0.171, t = 5.464, p < 0.001), and the mediating variable mental toughness significantly negatively predicts anxiety (β = −0.355, t = −12.389, p < 0.001).



TABLE 3 Test of mediation effect model.
[image: Table showing regression analysis results for three models: Model 1 (Anxiety), Model 2 (Mental toughness), and Model 3 (Anxiety). Variables include sex, physical activity, and mental toughness with coefficients, standard errors, and t-values. Significant values are indicated by asterisks, where single, double, and triple asterisks denote p-values less than 0.05, 0.01, and 0.001 respectively. Model 1 shows a significant effect of physical activity, Model 2 shows significance for both variables, and Model 3 shows significant effects for physical activity and mental toughness. R-squared and F values are provided for each model.]

To further validate these findings, the mediation of mental toughness between physical activity and anxiety was examined using standardized coefficient Bootstrap tests. The data were first standardized, followed by testing the mediation effect, as presented in Table 4.



TABLE 4 Total effect, direct effect and intermediate effect breakdown table.
[image: Table displaying effect sizes, standard errors, and confidence intervals. Total effect: -0.298, BootSE 0.026, CI [-0.351, -0.248]. Direct effect: -0.237, BootSE 0.024, CI [-0.283, -0.188], 79.59%. Indirect effect: -0.061, BootSE 0.018, CI [-0.101, -0.030], 20.41%.]

From Table 4, it is evident that the 95% Bootstrap confidence intervals for both the direct effect of physical activity on anxiety and the indirect effect through mental toughness (see Table 5) do not include zero. This indicates that physical activity not only directly predicts anxiety but also indirectly predicts anxiety through the mediating effect of mental toughness. The direct effect (−0.237) has a confidence interval of [−0.283, −0.188], while the mediation effect of mental toughness (−0.061) has a confidence interval of [−0.101, −0.030]. These effects, respectively, constitute 79.59 and 20.41% of the total effect (−0.298), with a confidence interval of [−0.351, −0.248]. Detailed pathways of the effects are illustrated in Figure 2.



TABLE 5 Overall moderated mediating effect.
[image: Table displaying statistical data includes columns: Index (0.015), BootSE (0.006), and BootCI95% confidence interval with Lower limit (0.006) and Upper limit (0.028).]

[image: Diagram showing the relationships between physical activity, mental toughness, and anxiety. Physical activity positively influences mental toughness (0.171***). Mental toughness has a negative effect on anxiety (-0.355***). Physical activity also directly negatively affects anxiety (-0.298***). Significance levels: *P < 0.05, **P < 0.01, ***P < 0.001.]

FIGURE 2
 Mediation model diagram.




Moderated mediation model testing

We employed Model 14 from the Process 4.0 plugin developed by Hayes (2009) to examine moderated mediation effects, controlling for covariates. To mitigate non-essential multicollinearity and enhance interpretability of results, primary variables were standardized. We calculated the interaction term between the standardized mediator and moderator variables. Detailed examination results are presented in Table 6.



TABLE 6 Moderated mediation model tests.
[image: Table displaying statistical results for two models: Model 1 for Mental Toughness and Model 2 for Anxiety. Each model provides beta (β), standard error (SE), and t-values for variables: Sex, Physical Activity, Mental Toughness, and Social Support. Model 1 shows significant effects for Physical Activity (β = 0.171, t = 5.464***). Model 2 shows significant effects for Physical Activity (β = -0.168, t = -5.711***), Mental Toughness (β = -0.238, t = -7.363***), Social Support (β = -0.172, t = -5.030***), and the interaction of Mental Toughness and Social Support (β = 0.089, t = 4.404***). Additionally, R, R-squared, and F-statistic values are provided for both models. Significance levels indicated: * p < 0.05, ** p < 0.01, *** p < 0.001.]

According to the results presented in Table 6, in Model 1, physical activity had a significant effect on mental toughness (β = 0.171, t = 5.464, p < 0.001). In Model 2, physical activity (β = −0.168, t = −5.711, p < 0.001), mental toughness (β = −0.238, t = −7.363, p < 0.001), and social support (β = −0.172, t = −5.030, p < 0.01) all significantly influenced anxiety. The interaction between mental toughness and social support (β = 0.089, t = 4.404, p < 0.001) also significantly predicted anxiety. This suggests that social support moderates the impact of mental toughness on anxiety. The model diagram is depicted in Figure 3.

[image: Diagram showing relationships between variables: Social support and mental toughness interaction affects mental toughness (0.089***). Social support influences anxiety (-0.172***), while physical activity impacts anxiety (-0.168***) and mental toughness (0.171***). Mental toughness also affects anxiety (-0.238***). Note: Significance levels are *P < 0.05, **P < 0.01, ***P < 0.001.]

FIGURE 3
 Moderated mediating effect model diagram.


Table 7 indicates that at low levels of social support, the mediation effect of mental toughness on anxiety is significant, with a direct effect of −0.056 (Bootstrap SE = 0.017) and a confidence interval of [−0.093, −0.027], which does not include zero. Similarly, at high levels of social support, the mediation effect of mental toughness is also significant, with an effect of −0.026 (Bootstrap SE = 0.012) and a confidence interval of [−0.053, −0.006], which does not include zero. The mediation effect is greater at low levels of social support compared to high levels.



TABLE 7 The mediating role of mental toughness between physical activity and anxiety at different levels of social support.
[image: Table displaying statistical data on social support. It shows intermediate effect size, BootSE, and BootCI 95% confidence interval (upper and lower limits) for three levels: M-1SD, M, and M+1SD. Values are: M-1SD: effect size -0.056, BootSE 0.017, confidence interval [-0.093, -0.027]; M: effect size -0.041, BootSE 0.013, confidence interval [-0.071, -0.018]; M+1SD: effect size -0.026, BootSE 0.012, confidence interval [-0.053, -0.006].]

Furthermore, the overall moderated mediation model, as indicated by the confidence interval of the index for Table 5 [0.006, 0.029], which does not include zero, confirms the significant overall effect and supports the proposed moderated mediation model in this study.

To further clarify the moderating effect of different levels of social support on the relationship between mental toughness and anxiety, a simple slope analysis was conducted. Social support and mental toughness were grouped based on one standard deviation above and below the mean, as shown in Table 8.



TABLE 8 Effects of mental toughness on anxiety at different levels of social.
[image: Table showing statistical data related to social support. Includes effect size, standard error, t-value, p-value, and confidence intervals. For M-1SD: effect size -0.327, SE 0.035, t -9.269, p 0.000, LLCI -0.396, ULCI -0.258. For M: effect size -0.238, SE 0.032, t -7.363, p 0.000, LLCI -0.301, ULCI -0.174. For M+1SD: effect size -0.149, SE 0.041, t -3.654, p 0.000, LLCI -0.229, ULCI -0.069.]

Table 8 illustrates that at low levels of social support (M-1SD), mental toughness significantly negatively predicts anxiety (effect size = −0.327, t = −9.269, p < 0.001). Conversely, at high levels of social support (M + 1SD), mental toughness also significantly negatively predicts anxiety (effect size = −0.149, t = −3.654, p < 0.001). We utilized Origin 2024 to generate a simple slope analysis plot, detailed in Figure 4.

[image: Line graph showing the relationship between anxiety and mental toughness. Anxiety decreases as mental toughness increases. The solid line represents low social support, with higher anxiety, while the dashed line represents high social support, with lower anxiety.]

FIGURE 4
 A simple slope analysis of the interaction between social support and mental toughness on anxiety.





Discussion

This study examined the relationships among physical activity, mental toughness, social support, and anxiety among college students. The results indicate a positive correlation between physical activity and mental toughness, and a negative correlation between physical activity and anxiety. Mental toughness also shows a negative correlation with anxiety, all of which are statistically significant. Controlling for demographic variables, mental toughness was found to mediate the relationship between physical activity and anxiety, while social support attenuated the relationship between mental toughness and anxiety, confirming our initial hypotheses.


Impact of physical activity on anxiety

The findings of this study reveal a significant negative correlation between physical activity and anxiety, consistent with previous research (Kandola and Stubbs, 2020). Based on the endorphin hypothesis (Chen and Nakagawa, 2023), endorphins are amino compounds released by the pituitary gland and hypothalamus that act similarly to morphine or opioids, reducing pain, enhancing mood, and inducing feelings of pleasure and exhilaration. Engaging in regular appropriate physical activity facilitates endorphin secretion (Thorén et al., 1990), reduces muscle pain (Ghosh et al., 2024), enhances endurance, regulates individual emotions (Ali et al., 2021), increases excitability (Pahlavani, 2023), thereby aiding in reducing negative emotions such as anxiety and depression (Alizadeh, 2024), and promoting overall mental and physical health. A cross-sectional study (Liu, 2020) demonstrated that compared to lower levels of physical activity, higher levels of sports engagement among college students were associated with lower scores of anxiety and depression, thereby exerting a positive influence on mental and physical health development. Researchers abroad (Liśkiewicz et al., 2020) conducted metabolomic analyses on the hippocampus and prefrontal cortex, concluding that physical activity promotes the synthesis of endogenous fatty acids in the brain, and increases the expression of hippocampal fatty acids, which alleviate anxiety levels. Furthermore, previous studies (He, 2022) conducted a 12-week intervention involving 1 h of simplified Tai Chi exercises per week with 60 special police officers, finding that increased levels of physical activity among special police officers led to earlier sleep times, thereby alleviating symptoms of anxiety. Further research indicated that 6 weeks of Tai Chi exercises significantly improved anxiety levels among special police officers.



Mediating role of mental toughness in the impact of physical activity on anxiety

Previous research has consistently shown a positive correlation between physical activity and mental toughness, as well as a negative correlation between mental toughness and anxiety (To et al., 2022; Petzold et al., 2020; Kang et al., 2018). Our study corroborates these findings. Additionally, our experiments support the hypothesis that mental toughness partially mediates the impact of physical activity on anxiety, aligning with previous research (Serrão et al., 2021). Research has shown (Sun, 2018) demonstrated that adolescents with high mental toughness tend to exhibit stronger abilities to cope with setbacks and negative emotions when faced with adverse life events, thereby reducing the occurrence of anxiety and facilitating quicker recovery to a normal psychological state. Furthermore, engaging in physical activity contributes to the enhancement of mental toughness. In competitive sports, good mental toughness serves as a foundation for achieving better performance outcomes, thus highlighting the mutually reinforcing relationship between physical activity and mental toughness (Guszkowska and Wójcik, 2021). According to the mental toughness Compensation Model (Garmezy et al., 1984), physical activity acts as a protective factor for mental health not directly combating anxiety, but indirectly through the enhancement of mental toughness, thereby mitigating the onset of anxiety. College students with lower levels of mental toughness are more susceptible to anxiety-related issues (Wu et al., 2020).



The moderating role of social support in the relationship between mental toughness and anxiety

This study demonstrates the moderating role of social support in the latter part of the pathway, showing that social support can influence the strength of the relationship between mental toughness and anxiety. Mental toughness is identified as an intrinsic protective factor within individuals, while social support serves as an external protective factor. Both factors positively impact an individual’s psychological well-being (Simon et al., 2021). The correlational analysis in this study indicates that higher levels of mental toughness correlate with higher levels of social support. According to the theoretical framework of mental toughness (Kumpfer, 2002), social support is one of the external environmental protective factors contributing to mental toughness. Enhanced social support facilitates higher levels of mental toughness, promoting stable emotional states and reducing anxiety. Research by domestic scholars (Sun, 2021) suggests that middle school students benefit from external care and support from peers, parents, and teachers, thereby enhancing their psychological mechanisms, increasing mental toughness levels, and mitigating anxiety during stressful situations such as exams. A cross-lag analysis indicates that providing appropriate social support and interventions to maintenance hemodialysis patients can enhance their mental toughness levels and foster mental health development (Wang et al., 2024). Additionally, studies (Zhou, 2022) suggest that high school students facing external pressures can bolster their confidence in handling difficulties through increased social support, which elevates mental toughness levels and reduces anxiety. The main effects model of social support (Cohen and Wills, 1985) proposes that during adversity, adequate social support helps individuals cope effectively, providing material or emotional comfort, enhancing resilience, reducing anxiety, and improving overall well-being. Furthermore, a cross-sectional study abroad (Jamil and Su, 2024) indicates that multidimensional social support from family, friends, and partners alleviates the risks of anxiety and depression. Thus, the above studies confirm our hypothesis that social support can mitigate the predictive impact of mental toughness on anxiety.



Implications for research and practice

Firstly, this study provides valuable insights for the development of psychological courses in higher education institutions. It aims to enhance students’ physical fitness, promote mental well-being, and mitigate the impact of negative emotions. Additionally, by examining the role of mental toughness as a mediating variable and social support as a moderating variable in the relationship between physical activity and anxiety among university students, this research seeks to understand the specific mechanisms through which mental toughness and social support operate. It is intended to foster a resilient personality in students, enabling them to face difficulties with a positive mindset. Particularly, it encourages students to proactively manage their emotions and improve self-regulation skills. This, in turn, will contribute to a better understanding of the factors influencing and mechanisms behind anxiety in students, thus enhancing the prevention and intervention strategies for anxiety among university students.



Limitations and suggestions for further research

There are still some shortcomings in this study. Firstly, this study utilized a cross-sectional research design, which may introduce biases in the relationships between variables, and the measured variables are subject to dynamic changes over time, suggesting the need for longitudinal studies in the future. Secondly, the study participants primarily came from a single institution, potentially limiting its generalizability. Lastly, while this study integrated mental toughness and social support to explore the impact of physical activity on anxiety among university students, other influencing factors in this pathway may warrant further investigation.




Conclusion

This study has elucidated the relationships among physical activity, mental toughness, social support, and anxiety. It was confirmed that physical activity was negatively correlated with anxiety, confirming the mediating role of mental toughness and the moderating role of social support in the relationship between mental toughness and anxiety. Based on these findings, it is recommended that families and schools create diversified physical activities for university students to strengthen the connection between social support and mental toughness. This approach can mitigate anxiety and promote the mental health of university students.
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Appendix


TABLE A1 Physical activity attributes and MET values in IPAQ long volume.

[image: Table displaying types of physical activity, programs, intensity, and MET assignments. Categories include daily work, traffic, housework, and exercise. MET values range from 1.0 for bus travel to 8.0 for high strength activities.]


TABLE A2 Grouping criteria for physical activity levels.

[image: Table outlining physical activity levels:   1. High Grouping: Requires either weekly high-intensity activity totaling three or more days with energy consumption of at least one thousand five hundred MET-minutes/week, or total physical activity of at least seven days and three thousand MET-minutes/week.   2. Middle Grouping: Requires meeting any of the following: daily high-intensity activity of twenty minutes for at least three days, moderate or walking activities thirty minutes for five days, or total activity of five days with six hundred MET-minutes/week.  3. Low Grouping: Either no activities or activities not meeting higher group criteria.]
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Objective: As the academic pressure, employment competition and mental health problems faced by college students are becoming more and more prominent, paying attention to and improving the quality of life and well-being of college students has become an important issue of widespread concern in all walks of life. This study focuses on the correlation between physical activity and college students’ life satisfaction.
Methods: A cross-sectional survey method was applied to 326 college students, using the Physical Activity Rating Scale, the Psychological Resilience Scale, the Depression-Anxiety-Stress Scale, and the Life Satisfaction Scale. For data analysis, demographic analysis of variance, correlation analysis, and chain mediating effect test were conducted sequentially.
Results: There were significant differences in psychological resilience, negative emotions, and life satisfaction by gender, and psychological resilience by grade level; there were significant correlations between physical activity and psychological resilience, negative emotions, and life satisfaction among college students (r = 0.541, p < 0.001; r = −0.379, p < 0.001; r = 0.435, p < 0.001); and psychological resilience, negative emotions had significant mediating and chain mediating effects between physical activity and life satisfaction, where the mediating effect of psychological resilience was significantly stronger than the mediating effect of negative emotions and the chain mediating effect of both.
Conclusion: There was a correlation between physical activity and life satisfaction among college students, and this relationship was partially mediated by psychological resilience and negative emotions.
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1 Introduction

Accompanied by the progress of productivity and the abundance of material resources, the question of the meaning of life and the question of self-actualization occupy an increasingly important role in the course of an individual’s life, and the results of a survey conducted by the World Health Organization (WHO) in 2023 showed that suicide has become the fourth leading cause of death for the 15–29 year old age group globally (World Health Organization, 2023). Constrained by the pressure of various external environments such as academics, work, family, etc., more and more college students gradually lose the sense of meaning in life, and “meaningless life” has become an important factor in the continuous increase of college student suicide rate in recent years (Wang, 2009). At the same time, anxiety, depression and other symptoms have become common emotional problems among college students, which may be related to the lack of daily physical activity (Liu et al., 2023; Liu, 2024). According to a survey, more than 50% of Chinese college students lack goals and motivation in their daily life (Zhang et al., 2024), which leads to a decrease in their enthusiasm for life, thus inducing suicidal, violent, and abusive behaviors. Nowadays, the consumption of the meaning of life in the complex society is calling for physical education and related research to pay attention to the contextual and experiential nature of sports, i.e., to return to the excavation of the value of physical activities (Yang and Wang, 2023). How to effectively guide college students to develop good physical activity habits and improve their life satisfaction has become an urgent issue for the government, society and academia to face and think about. This not only concerns the physical and mental health of college students, but also directly affects their future quality of life and the overall well-being of society.

Literature retrospectively found that studies on mediating variables between physical activity and life satisfaction are more extensive, and found the mediating efficacy played by factors such as self-control, self-esteem, and social support (Zhou et al., 2023; Liu et al., 2017; Dai and Yao, 2012), which verified that the pathway of physical activity’s influence on life satisfaction is a complex network involving multiple mediating variables. However, previous studies are more inclined to separate factors such as personality traits and individual emotions, failing to fully consider the possible positive or negative effects of personality traits on individual emotions. This compartmentalized treatment ignores the complex and subtle interactions between personality and mood, thus limiting our understanding of the deeper relationship between physical activity and life satisfaction. In view of this, the present study takes physical activity as the logical starting point of the research to explore the mechanism of its association with college students’ life satisfaction. In the process, we will also examine the subtle relationship between psychological resilience and negative emotions, and explore the roles of both in the relationship between physical activity on college students’ life satisfaction, with the hope of providing theoretical references and practical bases for college students to participate in physical activity in a sustainable and positive way.


1.1 Physical activity and college students’ life satisfaction

Physical activity, as a core concept in the field of sports, is a form of physical activity with the main purpose of promoting health, strengthening physical fitness, and regulating the body and mind (Xi, 2004). Life satisfaction, as a comprehensive psychological indicator to measure the quality of life, is the overall cognitive assessment of an individual’s life situation based on his or her own judgmental criteria for most of the time or for a certain period of time (Ci and Ning, 2013). Satisfying people’s needs for a better life has always been the eternal topic of mankind, and life satisfaction has become one of the research hotspots in the field of sports science and psychology. Many scholars have devoted themselves to exploring the mechanism of the influence of physical activity on life satisfaction, and have verified the significant effectiveness of physical activity in enhancing the life satisfaction of different groups of people.

According to the framework of embodied cognition theory, a strong link can be generated between physical experience and mental states (Liu and Wang, 2021). Since the generation of cognition is mediated by neurotransmission, the effects of physical activity on individual muscle tissue, cardiorespiratory fitness, and other bodily functions will also play a role in the cognitive level of the individual, and the enhancement of cognition, in turn, will be a key factor in improving individual life satisfaction. An experimental study revealed the direct effect of activity duration and intensity on life satisfaction, especially 40 to 60 min of moderate-intensity activity significantly increased the level of self-confidence and life satisfaction among obese elementary school students (Li et al., 2023). Another cross-sectional study further expanded the horizon by finding that extracurricular physical activity can indirectly contribute to student life satisfaction in upper elementary school through self-confidence and mental toughness (Li et al., 2022). It is worth noting that the pattern of physical activity’s impact on life satisfaction may change with age. Focusing on the elderly as a group, some studies have shown that the relationship between physical activity and life satisfaction of the elderly is an inverted U-shaped curve of “first increasing, then decreasing” (Ma et al., 2024), which may be related to the deterioration of the elderly’s physical function. As the university stage is the best period for the development of athletic ability, combined with the above analysis, we believe that there is a close relationship between physical activity and college students’ life satisfaction. Accordingly, research hypothesis H1: physical activity is positively correlated with college students’ life satisfaction.



1.2 The mediating role of psychological resilience

Psychological resilience is an individual’s psychological and behavioral response to changes in the external environment, reflecting an individual’s ability to face challenges and overcome adversity, and with the growth of the age of the dynamic transformation of the process includes cognitive restructuring, active adaptation, active coping, etc. (Ungar and Theron, 2020). The study concluded that there is a correlation between the level of physical activity and psychological resilience (Gao and Chen, 2022), and psychological resilience, as a concept of positive psychology, can play an important role in improving life satisfaction (Ouyang et al., 2017).

On the one hand, physical activity can have a positive impact on brain structure and function (Gao and Fan, 2020), realizing top-down self-regulation and thus enhancing the level of psychological resilience in adolescents. An empirical study has shown that physical activity helps to strengthen students’ psychological resilience and develop their problem-solving ability and focus on tasks (Wang and Bu, 2023). On the other hand, positive psychological traits such as optimism and resilience, as important indicators of psychological resilience, help individuals remain robust and adaptive in the face of life uncertainty. A longitudinal tracking study has shown that psychological resilience is a protective factor for quality of life, and that the process of physical activity can reduce the perception of psychological symptoms in secondary school students through energy consumption, emotional release, and will sharpening, which in turn enhances their positive perception of quality of life (Dong et al., 2023). Combined with the above analysis, we believe that physical activity plays a crucial role in enhancing individual psychological resilience, and the enhancement of psychological resilience becomes a key bridge to improve life satisfaction. Accordingly, the research hypothesis H2 is proposed: psychological resilience has a mediating effect between physical activity and college students’ life satisfaction.



1.3 The mediating role of negative emotions

Negative emotions are individuals’ subjective experience of unpleasant emotions such as depression and anxiety (Zhang et al., 2004). At the behavioral or pathological level, the accumulation of negative emotions can negatively affect an individual’s physical and mental health and social adaptability (Liu and Zhang, 2024). Among the many studies on negative emotions, scholars have paid close attention to the relationship between physical activity and negative emotions, and have intervened in individuals’ negative emotions through regular extracurricular physical activity with a certain level of intensity, verifying the positive impact of physical activity on individuals’ experience of negative emotions (Gong et al., 2019).

A cross-sectional study found that insufficient physical activity leads to depressive symptoms in college, i.e., a decrease in physical activity is accompanied by an increased risk of depressive symptoms (Liu, 2020). In addition, an experimental study has shown that physical activity of different exercise intensities and different organizational forms can effectively reduce test anxiety levels in adolescents (Zhang and Jiang, 2010). From the biological mechanism, animal and human studies have demonstrated that physical activity significantly increases the expression level of PGC-1α in skeletal muscle.PGC-1α, as a transcriptional coactivator, is able to effectively regulate peripheral kynurenine metabolism, inflammatory response and endocrine function in skeletal muscle. It is also involved in regulating the concentration of neurotrophic factors, the level of glucocorticoid hormones, affecting the morphology and structure of specific parts of the central nervous system, and regulating the release of pro-inflammatory cytokines, inducing neurogenesis in the hippocampal region of the central nervous system, effectively activating the central nervous system, thus alleviating negative emotions and prompting the individual to maintain a positive attitude towards life (Wang et al., 2023). Combined with the above analysis, we believe that physical activity has a significant role in reducing individuals’ negative emotional experience, and this reduction of negative emotions is an important way to enhance life satisfaction. Accordingly, research hypothesis H3 is proposed: negative emotions have a mediating effect between physical activity and college students’ life satisfaction.



1.4 Construction of the chain mediator model

Some studies have confirmed that psychological resilience has been shown to inversely correlate with negative emotions (He et al., 2022). Specifically, in the face of stressful events, individuals with higher levels of psychological resilience are more likely to maintain a positive and optimistic attitude, and are able to face their own shortcomings and deficiencies (Zhang et al., 2016). In this context, individuals are able to recover from failure in a short period of time and avoid the buildup of anxiety, depression, and other emotions, and curb the narrow cognition triggered by them in a timely manner, so as to respond positively and effectively to the problem. On the other hand, they tend to magnify the negative information in their lives, making them sensitive to interpersonal interactions. Therefore, groups with higher levels of psychological resilience are more likely to avoid negative emotions.

Several empirical studies have shown that psychological resilience can act as a protective factor when individuals face environmental setbacks and play a moderating role between stressors and negative emotions (Sarkar and Fletcher, 2014). It is worth noting that the personality trait of psychological resilience is not genetically predetermined; it is a potential that exists in every adolescent and can be enhanced through training (Xiao et al., 2022). Currently, most of the depression prevention programs implemented in domestic and international studies are based on cognitive-behavioral interventions, in which encouraging adolescents to participate in physical activities is one of the interventions (Fu and Tang, 2024). In addition, for the special group of highland military personnel, some surveys have shown that officers and soldiers with health literacy have higher average scores of psychological resilience and positive coping. On the contrary, officers and soldiers with poor health literacy have higher mean scores of negative emotions and negative coping (Chen et al., 2018). In summary, although existing studies have revealed the associations between physical activity and psychological resilience, psychological resilience and negative affect, and negative affect and life satisfaction, respectively, in-depth explorations on the intrinsic mechanisms and interactions among these four variables are still insufficient. In this study, we propose to use physical activity as the independent variable, life satisfaction as the dependent variable, and psychological resilience and negative emotions as the chain mediation variables. Accordingly, the research hypothesis H4 is proposed: psychological resilience and negative emotions have a chain mediating effect between physical activity and college students’ life satisfaction.

Based on the exploration of the relationship between different variables, we introduced for the first time psychological resilience and negative emotion factors between physical activity and life satisfaction, and tried to construct a chain mediation hypothesis model between physical activity and college students’ life satisfaction (e.g., Figure 1).

[image: Flowchart showing the relationships between four variables: physical activity, psychological resilience, negative emotions, and life satisfaction. Arrows indicate hypotheses: H1 links physical activity to life satisfaction, H2 links physical activity to psychological resilience, H3 links psychological resilience to life satisfaction, and H4 links psychological resilience to negative emotions.]

FIGURE 1
 Hypothetical model diagram of physical activity affecting college students’ life satisfaction.





2 Materials and methods

Permission must be obtained for use of copyrighted material from other sources (including the web). Please note that it is compulsory to follow figure instructions.


2.1 Participants

GPower 3.1 was used to estimate the a priori sample size for this study. The specific settings are as follows: f = 0.25; α = 0.05; power (1-β) = 0.95, resulting in a minimum sample size of 210. This study adopted a convenience sampling method, selecting students from three colleges and universities in Guangdong Province as the target respondents, and inviting 120 students from each college and university to fill in the online questionnaire to ensure that the sample size of the study had sufficient statistical validity. In screening participants, we established clear inclusion and exclusion criteria to ensure the accuracy and generalizability of the study. Inclusion criteria were: full-time college students (undergraduate and graduate), no physical disabilities, able to engage in physical activity, and had not previously participated in a similar study. Exclusion criteria included failure to meet inclusion criteria, response anomalies (such as filling out answers consistently or taking less than 1 min), and failure to complete the questionnaire. Questionnaire Star was chosen as the platform for collecting the questionnaires, which is similar to Amazon Mechanical Turk. Before starting the questionnaire, the subject will be informed of the anonymity, confidentiality and purpose of the survey. After screening according to the above inclusion and exclusion criteria, the final number of valid questionnaires was determined to be 326, with a valid return rate of 93%. In the gender distribution of the samples, there were 166 males, accounting for 50.9%, and 160 females, accounting for 49.1%. In the distribution of the sample grade, there were 83 people in the first year, accounting for 25.5%; 80 people in the second year, accounting for 24.5%; 71 people in the third year, accounting for 21.8%; 49 people in the fourth year, accounting for 15%; and 43 people in the master’s degree and above, accounting for 13.2%.



2.2 Measures and procedures for data collection


2.2.1 Physical activity

The Physical Activity Rating Scale revised by Liang (1994) was used to measure college students’ participation in physical activity in the past month. The scale was assessed in three main aspects: intensity, duration, and frequency of activity, and a 5-point scale was used. The scores for activity intensity and frequency range from 1 to 5, and the scores for duration range from 0 to 4. The score is calculated as “activity intensity × duration × activity frequency,” and the total score of the scale ranges from 0 to 100. Higher scores indicate higher levels of physical activity among college students. The Cronbach’s alpha reliability coefficient of the scale questionnaire in this study was 0.771.



2.2.2 Psychological resilience

The Resilience Scale revised by Yu and Zhang (2007), was used to measure the degree of psychological resilience of college students. The scale consists of three dimensions: strength, resilience, and optimism, with a total of 25 entries, and a 5-point scale, with scores ranging from 0 to 4, from “never” to “always,” and the total score ranging from 0 to 100. The higher the score, the higher the level of psychological resilience of college students. The Cronbach’s alpha reliability coefficient of the scale questionnaire in this study was 0.932, and the Cronbach’s alpha reliability coefficients of the three dimensions were 0.930, 0.868, 0.952, respectively. At the same time, the questionnaire was subjected to a validation factor analysis, and the results showed that the model’s various fit indices were good, x2/df = 1.306, RMSEA = 0.031, NFI = 0.938, RFI = 0.931, CFI = 0.985, PCFI = 0.893, which indicates that the form has good construct validity.



2.2.3 Negative emotions

The short-form version of the Depression Anxiety Stress Scales revised by Gong et al. (2010), was used to measure the status of negative emotions in college students. The scale contains three dimensions of depression, anxiety, and stress, with a total of 21 entries, and adopts a 4-level scoring system, with scores ranging from 0 to 3, from “does not meet” to “fully meet,” and the total score of the scale ranges from 0 to 63 points. The higher the score, the stronger the negative emotional experience of college students. The Cronbach’s alpha reliability coefficient of the scale questionnaire in this study was 0.920, and the Cronbach’s alpha reliability coefficients of the three dimensions were 0.935, 0.935, 0.938, respectively. Meanwhile, the questionnaire was subjected to a validation factor analysis, and the results showed that the model’s various fit indices were good, x2/df = 1.033, RMSEA = 0.010, NFI = 0.964, RFI = 0.959, CFI = 0.999, PCFI = 0.885, which indicates that the form has good construct validity.



2.2.4 Life satisfaction

The Satisfaction With Life Scale developed by Diener et al. (1985), was used to measure college students’ perceptions of their level of satisfaction with life. The scale is a unidimensional scale with a total of 5 entries and a 7-point scale, with scores ranging from 1 to 7 from “Strongly Disagree” to “Strongly Agree,” and the total score of the scale ranges from 5 to 35 points. The higher the score, the higher the college students’ satisfaction with life. The Cronbach’s alpha reliability coefficient of the scale questionnaire in this study was 0.953.




2.3 Data analysis

The study used SPSS 26.0 to statistically analyze the data. First, a common method bias test was conducted, followed by analysis of variance of physical activity, psychological resilience, negative emotions, and life satisfaction among college students with different demographic characteristics, followed by correlation analysis of physical activity, psychological resilience, negative emotions, and life satisfaction, and finally, the proposed chain mediation model was tested using the PROCESS macro program developed by Hayes.




3 Results


3.1 Common method bias test

Common methodological bias refers to the fact that due to common systematic errors in data collection methods, measurement instruments, or research design, the measurement results do not fully reflect the true values of the variables measured, which in turn leads to spurious correlations between the study variables. To avoid common method bias, coded anonymous assessments were used during administration to procedurally control for sources of common method bias. All test items were examined using Harman’s one-way analysis of variance. The results showed that there were eight factors with eigenroots greater than 1. The variance explained by the first factor was 30.34, which was less than the critical threshold of 40% (Xiong et al., 2012), indicating that there was no common method bias in this study.



3.2 Analysis of differences in demographic variables

The scores of physical activity, psychological resilience, negative emotions and life satisfaction of college students with different demographic characteristics were compared between two groups by t-test and between multiple groups by analysis of variance (ANOVA). The results of the analysis showed that there were statistically significant gender differences in psychological resilience, negative emotions and life satisfaction of college students, and that male college students were better than female college students in psychological resilience and life satisfaction, and female college students were more likely to be in negative emotions than male college students. In addition, the psychological resilience of college students is statistically significant in the difference of grade, and the overall trend is that the higher the grade, the higher the level of psychological resilience of college students (see Table 1).



TABLE 1 Differences in gender and grade.
[image: A data table comparing groups based on gender and grade with variables: physical activity, psychological resilience, negative emotions, and life satisfaction. It includes mean ± standard deviation, statistical values (t, F), and p-values. Categories are male (166), female (160), and educational levels from freshman to master's degree. Key statistics include t-values for gender and F-values for grade, with respective p-values highlighting significance, particularly in psychological resilience and life satisfaction.]



3.3 Correlation analysis of physical activity, psychological resilience, negative emotions, and life satisfaction

Given the significant influence of gender and grade level on the key variables of psychological resilience and life satisfaction, this study further used partial correlation analysis to include these two important demographic variables as covariates. The results of the analysis showed that there was a significant positive correlation between physical activity and college students’ life satisfaction, a significant positive correlation with psychological resilience, and a significant negative correlation with negative emotions. Meanwhile, there was a significant negative correlation between psychological resilience and negative emotions, a significant positive correlation with college students’ life satisfaction, and a significant negative correlation between negative emotions and college students’ life satisfaction (see Table 2).



TABLE 2 Descriptive statistics and correlation coefficients of the variables.
[image: A correlation table shows relationships among four variables: Physical Activity, Psychological Resilience, Negative Emotions, and Life Satisfaction. Mean and standard deviation values are listed for each. Correlation coefficients indicate significant positive correlation between physical activity and psychological resilience (0.541), and negative correlation between negative emotions and psychological resilience (-0.522). Significant correlations are marked with asterisks, denoting p-values less than 0.05, 0.01, and 0.001.]

Due to the significant correlation between the variables, there may be a problem of multicollinearity, which can lead to unstable outcome results. Therefore, the predictor variables in each equation were standardized and tested for covariance. The results showed that all variance inflation factors VIF (1.00–1.73) were less than 5 and there was no multicollinearity problem in the data.



3.4 Chain mediating effect test

Since there were significant correlations between physical activity, psychological resilience, negative emotions, and life satisfaction, and there was no problem of multiple covariance, the statistical requirements for testing the direct and indirect effects of physical activity and college students’ life satisfaction were met. The data were normalized and the PROCESS macro in SPSS was used to control for the demographic variables (gender and grade) to test the chain mediating effects of psychological resilience and negative emotions between physical activity and college students’ life satisfaction at 95% confidence intervals. PROCESS macro is a plug-in for analyzing mediating and moderating effects. The settings were as follows: model 6 was chosen; X = physical activity, M1 = psychological resilience, M2 = negative emotions, Y = life satisfaction; Bootstrap Sample = 5,000.

The results of regression analysis showed (Table 3) that there was a significant positive relationship between physical activity and college students’ life satisfaction. After psychological resilience and negative emotions were jointly included in the regression equation, physical activity still had a significant positive relationship with college students’ life satisfaction, but the effect size was weakened, which indicated that psychological resilience and negative emotions played a partial mediating role between physical activity and life satisfaction. Specifically, physical activity showed a significant positive relationship with college students’ psychological resilience and a significant negative relationship with negative emotions. Meanwhile, psychological resilience showed a significant negative relationship with negative emotions, and both of them showed significant positive and negative relationships with college students’ life satisfaction, respectively. The specific path model is shown in Figure 2.



TABLE 3 Regression analysis of variable relationships.
[image: Table displaying the results of a regression analysis on various variables: life satisfaction, psychological resilience, and negative emotions. The variables examined include gender, grade, physical activity, psychological resilience, and negative emotions. The data includes beta coefficients (β) and t-values (t) for each variable across the three categories. Notable values include high significance in physical activity for life satisfaction (β = 0.332, t = 8.668) and psychological resilience (β = 0.410, t = 11.548), and negative emotions with psychological resilience (β = -0.484, t = -7.998). R, R², and F values are also provided for each category.]

[image: Path diagram illustrating the relationships between psychological resilience, physical activity, negative emotions, and life satisfaction. Psychological resilience positively influences life satisfaction and negatively impacts negative emotions. Physical activity has a positive correlation with psychological resilience and life satisfaction, but a negative impact on negative emotions. Negative emotions negatively affect life satisfaction. Arrows indicate the direction of influence, with asterisks marking significance levels.]

FIGURE 2
 Standardized path of physical activity and life satisfaction of college students.


The results of the mediation effect analysis showed (Table 4) that psychological resilience and negative emotions mediated the relationship between physical activity and life satisfaction of college students. Further refinement revealed that this mediating effect was achieved through three significant paths: (1) physical activity→psychological resilience→life satisfaction, the indirect effect value of its path was 0.131, and the 95% confidence interval did not contain 0, indicating that the indirect effect of the mediator variable of psychological resilience was significant and accounted for 39.46% of the total effect; (2) physical activity→negative emotions→life satisfaction, the indirect effect value is 0.036, 95% confidence interval does not contain 0, indicating that the indirect effect of the mediating variable of negative emotion is significant, accounting for 10.84% of the total effect; (3) physical activity→psychological resilience→negative emotion→life satisfaction, the indirect effect value of its path is 0.064, 95% confidence interval does not contain 0, indicating that the chain mediating effect of both psychological resilience and negative emotion is significant, accounting for 19.28% of the total effect. Comparing the indirect effects of the 3 pathways, the results showed that the indirect effect of psychological resilience was significantly higher than the indirect effect of negative emotions. The chain mediating effect between both negative affect and psychological resilience was significantly lower than the indirect effect of psychological resilience and not significantly different from the indirect effect of negative affect.



TABLE 4 Results of Bootstrap mediated effects analysis.
[image: Table showing the impact pathways with corresponding values for Effect, BootSE, BootLLCI, BootULCI, and Effect Size Ratio. Pathways include Total, Direct, and Indirect effects with various combinations. Notably, Ind1 has the highest effect size ratio at 39.46%. Labels clarify that DL denotes physical activity, TX psychological resilience, QX negative emotions, and MY life satisfaction.]




4 Discussion

This study explored the association between physical activity and college students’ life satisfaction, and confirmed the mediating and chaining effects played by psychological resilience and negative emotions. These findings corroborate our four previously proposed hypotheses and provide a new perspective and explanatory framework for further understanding the mechanism of the association between physical activity and college students’ life satisfaction.


4.1 The relationship between physical activity and college students’ life satisfaction

As predicted by Hypothesis H1, the study found that there is a positive relationship between physical activity and college students’ life satisfaction, i.e., the higher the level of physical activity of college students, the higher the level of life satisfaction they have. This is consistent with previous research results (Chmelík et al., 2023). Long-term regular physical activity of college students can enhance cardiorespiratory fitness, strengthen muscle strength, and improve immune system function, thus reducing the risk of physical or mental illness (Imayama et al., 2013). Good physical and mental health development is the basic guarantee for college students to cope with academic and life challenges, and is important for improving college students’ life satisfaction. In addition, physical activity is usually a social activity, and its unique value lies in its ability to make college students temporarily get rid of the pressure of schooling and employment in the interaction and communication, and achieve effective diversion of attention, which can bring physical and mental satisfaction and pleasure, and effectively alleviate anxiety and depression (Zhu et al., 2023). At the same time, physical activity has a regulating effect on the posture of college students, and continuous physical activity will promote the improvement of college students’ body shape. A study has shown that physical activity can improve the asymmetrical muscle strength of the spine on both sides of the spine, such as the erector spine muscles, increase the proprioception, muscle control and coordination of college students, and gradually restore the spine to its normal position (Wang W. J. et al., 2022). And the correction and improvement of body shape will bring about the improvement of overall temperament, and this improvement of body image and temperament helps college students better adapt to changes in the external environment and indirectly improves life satisfaction (Gao et al., 2007).



4.2 Independent mediating effect of psychological resilience

As predicted by hypothesis H2, psychological resilience was found to mediate the relationship between physical activity and college students’ life satisfaction. This is consistent with previous research results (Kong et al., 2015). Currently, physical activity has become an indispensable part of college students’ campus life. For individuals, long-term participation in physical activity has the effect of enhancing self-confidence and resistance to frustration (Gong et al., 2020). This process not only promotes the physical and mental health development of college students, but also strengthens their resilience and self-confidence in the face of challenges. Especially in basketball, football, rugby and other large-scale team sports, the effect is more significant. The cooperation and communication facilitated by team sports help college students establish and maintain good interpersonal relationships (Yang and Xiang, 2021). Self-confidence, interpersonal relationships and other such factors are related to the internal and external formation factors of individual psychological resilience, which enhance the psychological resilience level of college students to a greater extent. On the other hand, according to the self-control power model, college students will consume psychological energy during physical activity, but this energy will also be continuously restored and gradually improved, enhancing self-control in a virtuous circle (Tan et al., 2012). The enhancement of self-control power changes the basic perceptual ability of college students, showing stronger psychological resilience and social adaptability, and better tolerance and acceptance of complex changes in the surrounding environment (Yu et al., 2022), which is undoubtedly a key factor in the continuous improvement of college students’ life satisfaction.



4.3 Independent mediating effect of negative emotions

As predicted by hypothesis H3, negative emotions were found to mediate the relationship between physical activity and college students’ life satisfaction. This is consistent with previous research results (Liu et al., 2021). Heart flow theory shows that the “flow” state caused by physical activity plays a significant role in reducing negative emotions such as stress and anxiety, and improving personal well-being (Guo, 2015). From the perspective of behavioral science, physical activity as a medium for individuals to provide a space for interaction, college students through communication with peers to produce empathy and form group identity, and timely curb the occurrence of negative emotions. Some intervention studies have shown that moderate to high-intensity aerobic activity three or more times per week has a more positive effect on alleviating negative emotions and promoting life satisfaction (Tao et al., 2023). From the perspective of activity human science, when the human body is in the activity state, the body releases a large amount of neurotransmitter dopamine, and the release of dopamine can make people refreshed, energetic, and alleviate the generation of college students’ negative emotions, such as anxiety, depression, etc. (Chen and Ji, 2003). At the same time, physical activity also promotes the production of β-endorphin, the release of β-endorphin can act on the pituitary gland and make people feel happy, thus stimulating the cognitive thinking and emotional thinking of college students, which is conducive to enhancing the sense of satisfaction of college students’ life (Wang H. X. et al., 2022).



4.4 Chain mediating effect of psychological resilience and negative emotions

As predicted by hypothesis H4, it was found that psychological resilience and negative emotions play a chain mediating role in the relationship between physical activity and college students’ satisfaction. Specifically, physical activity can not only exercise individual willpower and endurance, but also cultivate the ability of college students to maintain a positive mindset in the face of adversity, so that college students can show more resilience in the face of academic pressures, challenges in life, and complex interpersonal relationships (Liu et al., 2019). Negative emotions in college students often arise from multiple pressures, such as heavy academic tasks, complex interpersonal relationships, and sudden major changes, etc. Increased psychological resilience can reduce the negative impact of adversity or traumatic events on college students, and provide a protective effect for college students in the face of negative events, which can help college students better cope with potential threats (Zhang et al., 2022). More importantly, college students with higher levels of psychological resilience show a positive bias in cognitive processing, i.e., preferential attention to positive information and avoidance attention to negative information. This cognitive bias can to some extent buffer the adverse emotional reactions brought about by negative stimuli, thus reducing the impact of negative emotions on the psychological state of college students and contributing to the high satisfaction of college students with their life state (An et al., 2022).




5 Implications and limitations

The study explored the chain mediating role of psychological resilience and negative emotions between physical activity and college students’ life satisfaction, making the first attempt to link these variables together and expanding previous findings to some extent. The associations between physical activity, mental toughness, negative emotions, and college students’ life satisfaction were further elucidated by analyzing the chain mediation model. Accordingly, in practice, the government should deepen top-level strategic planning to build a policy ecosystem that is conducive to college students’ extensive participation in physical activity, and ensure that solid institutional safeguards and incentives are provided for college students’ participation in physical activity. At the same time, schools, social organizations and other actors should respond positively to the government’s call to take the initiative to organize diversified sports activities, and actively advocate and encourage more female college students to participate in sports and exercise activities. Through the planning and implementation of a series of creative and effective sports activities, we can cultivate their mental toughness in the face of challenges and adversities, enhance their ability to fight against setbacks and overcome difficulties, and thus promote their better integration into college studies and social life, and gain a sense of satisfaction from them.

While exploring this study, we were faced with several limiting considerations: Firstly, although our sample encompassed college students of different genders and grades, which provided a favorable condition for obtaining diverse perspectives. However, we must be recognized that this may lead to issues of selection bias due to the use of convenience sampling methods. This limitation somewhat reduces the generalizability of the findings and may not be representative of all college student populations. Secondly, the study relied primarily on self-reported data collection methods, which are susceptible to subjective factors and may introduce certain cognitive biases or recall biases, affecting the objectivity and accuracy of the data. Thirdly, the study adopted a cross-sectional research design, which can reveal the current situation at a certain point in time, but it is difficult to capture the dynamic relationship between variables over time, especially the inference of long-term effects and causality is limited. To address the above limitations, subsequent studies should consider using random sampling methods and larger sample sizes to improve the validity of the results. Meanwhile, the assessment tool should be optimized to make its data reflect the actual situation more accurately, and longitudinal design or experimental study should be used, which is expected to be supplemented and explored by subsequent studies and more scholars.



6 Conclusion

This study systematically explored the correlation between physical activity and college students’ life satisfaction, and deeply analyzed the underlying internal mechanisms. By constructing a chain mediation model, we further elucidated the relationship between physical activity and college students’ life satisfaction. However, it is undeniable that this result of the current study needs to be further verified for its validity and reliability through more types of studies, including longitudinal studies, experimental studies, and so on.
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Objectives: Past researchers often used single measurement to explore the overall level of positive body image, which caused much misunderstanding of positive body image. With a positive psychology perspective, and based on the holistic positive body image theory, this study explored the multi-dimensional concept of positive body image in the Chinese context, integrated its three measures, examined the overall level of positive body image among Chinese college students, and tested the gender measurement invariance, as well as explored the latent categories of positive body image in the college student population.
Methods: A convenience sampling method was used to survey 670 college students in China, using the Chinese version of Body Appreciation Scale-2 (BAS-2), Functionality Appreciation Scale (FAS), Body Image Acceptance and Action Questionnaire-5 (BI-AAQ-5), and the Positive Body Talk Scale (PBTS). Confirmatory factor analysis was used to validate the three dimensions of positive body image, and a measurement invariance test was used to figure out the measurement invariance of the three scales on the gender variable, lastly, latent profile analysis was used to explore the latent categories of positive body image among Chinese college students.
Results: (1) Three measures of positive body image were able to measure Chinese college students' overall positive body image well, and had good measurement invariance on the variable of gender; (2) Chinese college students' positive body image could be divided into three potential categories, namely, “low-level of positive body image” (32.2%), “general-level positive body image” (40.4%), and “high-level positive body image” (27.4%); (3) positive body talk can significantly and positively predict the overall positive body image of Chinese college students.
Conclusion: We conclude that the three measures of positive body image are valid and versatile to Chinese college students and have high relevance with positive body talk, we also validate the multidimensional concept of positive body image in the Chinese context and hope to lead future Chinese researchers for better understanding the multi-dimensional concept of positive body image, and use the three measures to measure the holistic positive body image. We reveal and identify three latent categories of positive body image to effectively promote the healthy development of Chinese college students' macro-ecosystem.
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1 Introduction

Since the twenty-first century, body image problems (e.g., body dissatisfaction) and their resulting eating disorder pathology have been prevalent in Chinese populations, ranging from children to older adults (Chen and Jackson, 2008; Tong et al., 2014; Wang et al., 2018; Liu et al., 2019; Li et al., 2022; Zhang et al., 2023), and body image disorders in college student populations have continued to climb (Wu et al., 2022). The college population is at an important stage in the transition from adolescence to young adulthood and is at a essential time in the development of body image, self-identity, and social homogeneity (Gattario and Frisén, 2019), and it is critical to promote positive body image in the college population, rather than seeking relief after body dissatisfaction, to improve their overall mental health (Webb et al., 2015).

Body Image refers to an individual's thoughts, perceptions, and behaviors about his or her body (Thompson et al., 1999), divided into Negative Body Image and Positive Body Image. Negative body image refers to individuals' negative evaluations, dissatisfaction, or shame about their bodies (Gattario et al., 2020). In the past, research on body image has focused on negative body image (Grogan, 2021), with a particular focus on the mechanisms by which negative body image affects an individual's physical and mental health, which severely impacts an individual's psychological wellbeing, leading to low self-efficacy, low self-worth, depression and eating disorders (Murray et al., 2019). With the rise of positive psychology, scholars in China have begun to turn their attention to positive body image (Chen et al., 2020; Liu and Zhou, 2022; Yang et al., 2023), asserting that positive and negative body image are somehow independent of each other, rather than different ends of the same continuum. If body image therapies alleviate the symptoms of negative body image but do not enhance aspects of positive body image, they may at best promote a neutral body image (Tylka and Wood-Barcalow, 2015a). Positive body image has a protective role across a range of mental and physical health outcomes and therefore deserves more research attention (Gillen, 2015).

Tylka and Wood-Barcalow (2015a) note that positive body image is not a uni-dimensional conceptual structure, but a multidimensional one that primarily includes attributes such as body appreciation, functionality appreciation, and filtering information in a way that protects the body (Tylka and Wood-Barcalow, 2015a), is related to various aspects of an individual's physical and mental health and health behaviors, such as intuitive eating (Chen et al., 2020), and is an important entry point for exploring the health of an individual's development. Additionally, positive body image has been linked to self-esteem, life satisfaction, and self-compassion, and is thought to protect individuals from appearance-related messages and pressures to conform to sociocultural appearance ideals (Andrew et al., 2016; Tylka and Wood-Barcalow, 2015a). Positive body image has an internal and external effect on individuals, favoring the healthy development of their macro-ecosystems (Yang et al., 2023). Positive psychology points out that positive character traits may not simply represent the absence of negative character traits, for example, fostering positive affect is more clinically therapeutically effective than simply reducing negative affect (Fredrickson and Losada, 2005).

As a core component of positive body image, Body Appreciation refers to individuals maintaining a positive and favorable attitude toward the appearance of their body (e.g., body shape, appearance, etc.), respecting and pleasing their own body (Linardon et al., 2022). To date, body appreciation has been one of the most researched aspects of positive body image, measured through the Body Appreciation Scale-2 (Tylka and Wood-Barcalow, 2015b). As a significant predictor of an individual's mental health, body appreciation significantly predicts an individual's mental health 1 year later (Urke et al., 2021). At the same time, body appreciation has a high protective potential against eating disorder symptoms in adult women, predicting a lower likelihood of eating disorder emergence, and thus promises to be a viable target for intervention in mental health promotion initiatives and eating disorder prevention programs (Linardon et al., 2022). The idea that body appreciation is also a central construct of the intuitive eating acceptance model (Avalos and Tylka, 2006) is a good explanation of how positive environmental influences can promote intuitive eating in individuals through body appreciation. Meanwhile, a study showed that female college students who found dancing possessed a higher level of body appreciation than those who had never danced (Tiggemann, 2015). Also, researchers have found that a key element of sustained physical activity is recognizing that the body will in turn undergo positive changes over time, ultimately improving its positive body image (Nam et al., 2023a).

With the boom in research on positive body image by foreign scholars, Functionality Appreciation has been identified as the second important aspect of positive body image (Linardon et al., 2023), which refers to an individual's ability to appreciate, honor, and respect the body and involves functional, bodily abilities related to the body's internal processes, senses and feelings, creative activities, communication with others, and self-care, not just awareness of body functions (Alleva et al., 2017). However, most of the current national research on positive body image has focused on individual body appreciation (Ma et al., 2020; Gao et al., 2022; Yan et al., 2024), while neglecting functionality appreciation. Indeed, the lack of research incorporating functionality appreciation has been identified as one of the key limitations in the field of body image (Smolak and Cash, 2011). Therefore, noting gratitude for what the body can do or is capable of doing, rather than just what it can do or is capable of doing, is more in line with the definition of positive body image (Alleva et al., 2015; Tylka and Wood-Barcalow, 2015a). In addition to exploring an individual's body appreciation, examining an individual's appreciation for body functioning is an important way to obtain a more complete and comprehensive positive body image of an individual (Alleva and Tylka, 2021). Alleva et al. (2015) demonstrated through an experimental study that functionality appreciation was effective in reducing an individual's body dissatisfaction and preoccupation with appearances, which in turn led to a more positive body image; and Zeng et al. (2021) found after conducting an experiment with a group of female college students that interventions for writing about body functioning were effective in increasing individuals' functionality appreciation, which in turn lowered their levels of negative body image. At the same time, participation in sports helped adolescent boys and girls from Sweden to focus on and appreciate the functionality of their bodies, and their positive view of their bodies promoted their reasons for participating in sports related to self-care, enjoyment, and challenge (Frisén and Holmqvist, 2010). A meta-analysis study showed that the most influential motivation driving individuals to participate in sport was the perceived benefits in terms of physical functionality, and that this effect was more pronounced in female individuals, who did not engage in sport primarily out of interest or enjoyment, but rather were more focused on considerations related to physical functioning, with females showing more concern than males (Nam et al., 2023b).

Meanwhile, what has been identified as the third important aspect of positive body image is Body Image Flexibility (Alleva et al., 2017; Linardon et al., 2021). Body Image Flexibility is a concept derived from psychological flexibility, which refers to an individual's ability to be fully aware of and experience the ongoing feelings, sensations, thoughts, and beliefs of his or her body and to act on them according to his or her values (Sandoz et al., 2013), and it has attracted a great deal of attention from national and international scholars in recent years. A growing body of empirical research has revealed the potentially central role of body image flexibility in the prevention and treatment of eating disorders (Rogers et al., 2018; Pellizzer et al., 2018), being positively associated with intuitive eating and physical and mental health, and significantly negatively associated with body dissatisfaction and eating disorders (Soulliard and Vander Wal, 2019), is a mediator and moderator of the relationship between body dissatisfaction and eating disorders (Sandoz et al., 2013; Timko et al., 2014).

Although there have been many previous studies on positive body image, there are still several areas that need to be clarified. First, Chinese scholars have basically used the uni-dimensional Body Appreciation Scale-2 to test the measurement of positive body image (Tang et al., 2024; Jia and Chen, 2024), and Yang et al. (2023) pointed out in their study that the uni-dimensional Body Appreciation Scale-2, along with multidimensional theoretical constructions (Tylka and Wood-Barcalow, 2015b) and the operational definition of positive body image (Chen et al., 2015) still have some structural differences, and suggested that future research should add to improve the measures of positive body image to deepen people's understanding of its connotation and structure. At the same time, most of the entry statements of this scale only probe about the external aspects of the body, such as body shape (“I have a positive attitude toward my body shape”) and body size (“I appreciate the unique and different body shapes I have”), and do not allow for an in-depth examination of individuals' on other aspects of positive body image, such as functionality appreciation, and body image flexibility. Functionality appreciation, and body image flexibility have also been shown to differ from other aspects of positive body image (Alleva et al., 2017; Swami et al., 2020). Thus, this study combines the three measures of body appreciation, functionality appreciation, and body image flexibility to comprehensively examine the level of positive body image among Chinese college students.

Second, gender plays a unique role in the formation of body image (Morrison and McCutcheon, 2012), and cross-cultural studies have found that males have more positive body image than females (Casale et al., 2021; Ma et al., 2020; Swami et al., 2021), however, this discrepancy could arise from inherent psychological differences between genders in different cultures, or from the variance of the questionnaire itself. Ensuring measurement invariance of scales is a prerequisite for valid cross-group comparisons (Riordan and Vandenberg, 1994). To ensure that cross-group gender comparisons are meaningful, it is firstly necessary to ensure that the questionnaire has cross-gender invariance. There is currently no research in the country that has examined the measurement invariance of the positive body image measures on the gender variable especially in the Chinese context. Therefore, one of the aims of the present study was to examine whether the three measures assessing positive body image had cross-gender measurement invariance.

Secondly, previous studies have explored more about the influence mechanism of positive body image, but most of them have adopted a variable-centered approach, focusing only on sample averages and ignoring the heterogeneity within the group and its internal connections. The latent profile analysis method is a subject-centered analysis method that can effectively compensate for this shortcoming by identifying differentiated effector characteristics from the subjects' own characteristics (Spurk et al., 2020). Therefore, it is necessary to adopt the latent profile analysis method to incorporate the categories of the three aspects of positive body image at the same time, and to analyse their latent types and their internal relationships from a holistic perspective.

Finally, the influencing factors of positive body image are yet to be further explored. As a multidimensional concept, the influencing factors of positive body image are complex. Based on the biopsychosocial model proposed by Ricciardelli et al. (2003), it is argued that biological, psychological, and social factors combine to influence the formation and change of positive body image in individuals. Past research has examined relatively few social factors and lacks quantitative indicators. One study suggests that positive body talk with peers is beneficial to individuals' body esteem and body satisfaction (Rudiger and Winstead, 2013). Body Talk, a significant risk factor for body dissatisfaction and eating disorders (Cruwys et al., 2016), has a significant impact on an individual's body image, and refers to an individual's disclosure of thoughts, emotions, or attitudes about his or her own body in conversations with others, which can be categorized into negative body talk (i.e., talking about one's own body in a demeaning way) and positive body talk (talking about one's body in an accepting and appreciative way) (Hart and Chow, 2020). However, current research on body talk by scholars in China is limited to negative body talk, especially fat talk among women. With the boom in positive psychology research, scholars in the field have begun to turn their attention to how positive emotions and behaviors can contribute to an individual's psychological wellbeing, and thus, the present study focuses attention on the effects of positive body talk behaviors on an individual's positive body image.

In the present study, we aim to integrate the three measurement tools of positive body image to examine the level of positive body image among college students as a whole, and to test whether the measurement tools of positive body image have measurement invariance on the variable of gender in the college student population, and finally to examine the potential categories of positive body image and their predictors in the college student population, in order to further clarify the mechanism of the influence of positive body image. The final study examines the potential categories of positive body image and their predictors, providing a reference for further clarifying the mechanisms of positive body image.



2 Method


2.1 Participants

The study adopts the convenience sampling method, we selected four university students in Nanjing City, Jiangsu Province, China to fill out the questionnaire. College students are from Hohai University, Nanjing Normal University, Southeast University, and Nanjing University. A total of 670 questionnaires were recovered, and 625 valid questionnaires were obtained through lie detector questions, after excluding questionnaires with too short or too long response time, the effective recovery rate was 93.28%. The mean age of valid subjects was 20.14 years (SD = 1.92). See the demographic details in Table 1.


TABLE 1 Descriptive statistics of demographic variables.

[image: Table showing variables of sex, educational level, and major. For sex: male 399 (63.84%), female 226 (36.16%). Educational level: undergraduate 423 (67.68%), postgraduate 202 (32.32%). Major: humanities 258 (41.28%), sciences 255 (40.80%), sports 112 (17.92%).]



2.2 Procedures

We first obtained the ethical approval for the study from the Ethics Committee of the Psychology Department of the first author's university (Hohai University) in December 2023 (Approval Number: 2023120401). The privacy and anonymity of the study were emphasized, we wrote a confidentiality agreement regarding personal information and collected and organized the scales used to finalize the questionnaire for the actual administration of the questionnaire. Finally, the distribution of the questionnaire was in January 2024 and took place at the first author's university. We asked for an available office room so that college students could finish the questionnaire without disturbance.

Guidelines for the questionnaire are labeled at the top of the page, “Dear students, Hello! We are researchers from the Institute of Psychology and we are currently working on a project about college students' body image. This questionnaire may take up your valuable 5-min time to fill in, only for the exploration of college students' body image research, anonymous form of filling in, the results of the confidentiality of treatment, will not disclose your personal information! All the questions in the questionnaire are not right or wrong, please choose the most suitable option according to your personal situation, thank you very much for your support”. Participants were asked to complete a list of questions on demographic items (age and education level), body appreciation, functionality appreciation, body image flexibility and positive body talk scale in sequential order. Finally, the consent was obtained from all participants prior to data collection. In February 2024, all questionnaire data was entered into SPSS. Then we finished data collection and began the data analysis in March 2024.



2.3 Measures
 
2.3.1 Body appreciation

The Body Appreciation Scale-2 (BAS-2; Tylka et al., 2022) was used to measure the body appreciation level. The scale is scored on a 5-point Likert scale, with 1 meaning “never” and 5 meaning “always”, and the items are positively scored. Higher mean scores on the scale indicate higher levels of body appreciation. In this study, the scale had a Cronbach's α coefficient of 0.90, a good fit for validity indicators, χ2/df = 1.27, RMSEA = 0.01, CFI = 0.99, TLI = 0.99, and SRMR = 0.02.



2.3.2 Functionality appreciation

The study used the Chinese version of Functionality Appreciation Scale (FAS; Alleva et al., 2017; He et al., 2023a) to measure the extent to which individuals appreciated their body functions. The scale consists of seven items with questions such as “I feel good about my body”. The scale is scored on a 5-point Likert scale, with 1 being “strongly disagree” and 5 being “strongly agree”. The scale items are positively scored, with higher total scores indicating a higher level of appreciation of one's bodily functions. In this study, the scale had a Cronbach's α coefficient of 0.91, a good fit for validity indicators, χ2/df = 4.91, RMSEA = 0.06, CFI = 0.97, TLI = 0.96, and SRMR = 0.02.



2.3.3 Body image flexibility

The Chinese version of Body Image Acceptance and Action Questionnaire-5 (BI-AAQ-5; Sandoz et al., 2013; He et al., 2021) was used to assess the flexibility of individuals' body image. The scale consists of five items, such as “worrying about my weight makes it difficult for me to live a life that I find rewarding”. The scale is scored on a 7-point scale where 1 is “never” and 7 is “always”. The scale items are reverse-scored to assess an individual's body image flexibility, with higher total scores indicating higher body image flexibility. In this study, the scale had a Cronbach's α coefficient of 0.88, a good fit for validity indicators, χ2/df = 1.94, RMSEA = 0.03, CFI = 0.99, TLI = 0.99, and SRMR = 0.01.



2.3.4 Positive body talk

The study used the Chinese version of Positive Body Talk subscale of the Body Talk Scale (Lin et al., 2021; He et al., 2023b) to measure the frequency with which individuals talk positively about their bodies when they talk to others in their daily lives. The scale consists of five items with questions such as “I feel good about my body”. The scale is scored on a 6-point scale which 1 is “never” and 6 is “always”. The scale items are positively scored, with a higher total score representing a higher frequency of positive body talk. In this study, the scale had a Cronbach's α coefficient of 0.86, a good fit for validity indicators, χ2/df = 3.64, RMSEA = 0.04, CFI = 0.97, TLI = 0.94, and SRMR = 0.03.




2.4 Data analysis

In this study, SPSS 26.0 was applied to perform descriptive statistics, correlation analysis, one-way ANOVA, and reliability analysis of the data, AMOS 26.0 was applied to perform validity test of three scales and validity factor analysis, and finally, Mplus 8.3 was applied to perform the test of measurement invariance, latent profile analysis.




3 Results


3.1 Common method bias test

The data in this study were obtained from the self-reports of the study participants, which may lead to common method bias, and in order to more accurately count the data, Harman's one-way test was used to test them in this study to ensure the accuracy and reliability of the data. The results showed that the questionnaire of this study extracted three common factors with eigenvalues >1. The explained variance of the unrotated first common factor was 25.31%, which was much smaller than the critical criterion of 40% (Zhou and Long, 2004). Therefore, there is no serious common method bias in this study.



3.2 Preliminary analysis

The descriptive statistics of this study showed (Table 2) that the frequency of positive body talk, functionality appreciation, and body image flexibility of Chinese college students was at the medium-high level, while body appreciation was at the medium-low level. The results of correlation analyses showed that body appreciation was significantly and positively correlated with positive body talk, functionality appreciation, and body image flexibility, respectively; positive body talk was significantly and positively correlated with functionality appreciation and body image flexibility, respectively, and functionality appreciation was significantly and positively correlated with body image flexibility.


TABLE 2 Descriptive statistics and correlation analysis of variables (n = 625).

[image: Table displaying correlations between variables related to body positivity. Variables include Body Appreciation, Functionality Appreciation, Body Image Flexibility, and Positive Body Talk, with means and standard deviations. Significant correlations are indicated by double asterisks and a note specifies significance at p < 0.01.]



3.3 Factor analysis of three measures of positive body image

In this study, the three-factor model of positive body image was subjected to a validated factor analysis in the overall sample, the boys' sample, and the girls' sample. The results showed (Table 3) that the fit indices of the three-factor model of positive body image were met in the overall study sample (n = 625), the males' sample (n = 399), and the females' sample (n = 226), which is a good indication that body appreciation, functionality appreciation, and body image flexibility, respectively, as the three important dimensions of positive body image, are able to measure the overall positive body image of an individual in a good way.


TABLE 3 Results of fitting the three-factor model for positive body image.

[image: Table showing fit indices for three samples: overall, male, and female. Indices are \(\chi^2 /df\), GFI, CFI, TLI, RMSEA (90% CI), and SRMR. The overall sample indices are 2.97, 0.95, 0.96, 0.95, 0.056 [0.048, 0.064], and 0.04 respectively. For males, the values are 2.12, 0.94, 0.96, 0.95, 0.053 [0.043, 0.064], and 0.03. For females, the results are 2.26, 0.90, 0.94, 0.93, 0.075 [0.061, 0.089], and 0.05.]



3.4 Measurement invariance test based on gender

The study used four models (Models 1-4) for multi-group validation factor analysis, and it was found that the CFI and TLI indexes of the morphological invariance, weak invariance, strong invariance, and strict invariance models of the three scales of positive body image ranged from 0.946 to 0.956, the RMSEA and SRMR indexes ranged from 0.053 to 0.060, and the χ2/df ranged from between 2.01 and 2.14, and the model fit indices were all up to standard, and the results are shown in Table 4. According to the degree of strictness, the measurement invariance of the test scales was classified in order: morphological invariance (configural invariance), unit invariance/weak invariance (metric/weak invariance), scale invariance/strong invariance (scalar/strong invariance), and strict invariance (strict invariance) (Wang et al., 2020). If the fitting indices of the four invariance models are all up to standard, it means that the scale has good measurement invariance (Huang et al., 2023). Through two-by-two comparisons among the four models, the absolute values of ΔCFI and ΔRMSEA are < 0.01. Therefore, it can be well illustrated that the measurement invariance of the three measurement instruments of positive body image on the variable of gender is established.


TABLE 4 Measurement invariance test based on gender variables.

[image: Model comparison table showing four models with various statistics: Model 1 has a chi-square of 372.546, degrees of freedom 174, CFI 0.956, TLI 0.946, RMSEA 0.060; Model 2 has chi-square 390.265, degrees of freedom 186, CFI 0.954, TLI 0.948, RMSEA 0.059; Model 3 has chi-square 407.144, degrees of freedom 198, CFI 0.953, TLI 0.950, RMSEA 0.058; Model 4 has chi-square 423.376, degrees of freedom 210, CFI 0.951, TLI 0.952, RMSEA 0.057. Models represent configural, weak, strong, and strict invariance models.]



3.5 Latent profile analysis of positive body image

In this study, model fitting was performed for 2–5 categories using 3 variables of body appreciation, functionality appreciation, and body image flexibility as indicators, and model fit parameters were calculated and compared, and the specific fit indices are shown (Table 5). As can be seen in Table 5 below, the values of AIC, BIC, and aBIC kept decreasing with the increase of the categories, i.e., the model's goodness-of-fit improved with the increase of the number of categories. Smaller values for AIC and BIC indicate a better-fitting model. Entropy is an index for predicting the quality of class assignments, and a higher entropy refers to a higher classification precision (Rosenberg et al., 2018). However, the LMRT values are not significant in the 4 and 5-category models. Meanwhile, the percentage of each category in the 3-category is relatively balanced and the Entropy result value of the 3-category model is larger compared to the 2-category model, which indicates that the classification is more accurate and the 3-category is more detailed; therefore, the 3-category is identified as the final latent profile model on a comprehensive basis.


TABLE 5 Latent profile model fitting information.

[image: Table comparing model fitting indices across four models. Values include AIC, BIC, aBIC, Entropy, LMRT(P), BLRT(P), and Categorical Probability. Model 3 has the best fit, evidenced by bolded values: AIC 27688.719, BIC 27963.859, aBIC 27767.018, Entropy 0.902, LMRT(P) and BLRT(P) both less than 0.01, and Categorical Probability 0.322/0.404/0.274.]

The probability of attribution for each profile of the three classifications is shown in Table 6, with the average probability of attribution of positive body image in each profile ranging from 95% to 97%, which suggests that the model of the three classifications is optimal. In this study, the positive body image of Chinese college students was classified into three latent profiles for subsequent analysis.


TABLE 6 Mean probability of attribution in the three classifications.

[image: Confusion matrix table with three predicted classes C1, C2, C3 as columns and actual classes C1, C2, C3 as rows. Diagonal values are 0.97, 0.95, 0.96, indicating high accuracy for each class, with lower values like 0.03 and 0.02 representing misclassifications.]



3.6 Differences in positive body image across latent categories

The mean scores of the three potential categories of positive body image for each entry are shown in Figure 1. Category 1 consisted of 200 people (32.2%), which had the lowest scores on all dimensions and was named “low-level positive body image”; category 2 consisted of 253 people (40.4%), which had medium scores on all dimensions and was named “general-level positive body image”; category 3 consisted of 172 people (27.4%), which had the highest scores in all dimensions and was named “high-level positive body image”.


[image: Line graph displaying three classes with different line styles over 15 intervals. Class 1 (32.2%) shows a fluctuating pattern. Class 2 (40.4%) maintains consistent levels with slight variations. Class 3 (27.4%) steadily increases after an initial dip.]
FIGURE 1
 Mean values of items across latent categories of positive body image.


In this study, the subjects were divided into three categories based on the results of the latent profile analyses, and the scores of the Chinese college students on the three dimensions of positive body image under each category were calculated separately (see Table 7). The results of one-way ANOVA showed that there was a significant difference between the different latent categories of positive body image in all three dimensions (p < 0.001). Comparisons based on post-hoc tests revealed that the scores of the high-level group were significantly higher than those of the remaining two groups on each of the dimensions of Body Appreciation, Functionality Appreciation, and Body Image Flexibility (ps < 0.001), with the scores of the three dimensions decreasing sequentially.


TABLE 7 Sub-dimensional comparison of different latent categories of positive body image.

[image: Table comparing latent categories of positive body image across three classes for body appreciation, functionality appreciation, and body image flexibility. Class 1 scores lowest, Class 3 scores highest. Differential test results with F-values confirm significant differences, all showing Class 3 greater than Class 2, greater than Class 1. Significance level is p < 0.001.]



3.7 The effect of positive body talk on positive body image

Based on the correlation analysis, this study, in order to further examine the predictive power of positive body talk on the dimensions of positive body image, used multiple linear regression analysis, the results of which are shown in Table 8, with the adjusted coefficients of determination of 0.52, 0.37, and 0.09, which suggests that positive body talk predicts 52% of the variance in body appreciation, functionality appreciation, and body image flexibility, respectively, 37%, and 9% of the variance.


TABLE 8 Multiple regression analysis of positive body talk on dimensions of positive body image.

[image: A statistical table showing the relationship between positive body talk and various outcome variables: body appreciation, functionality appreciation, and body image flexibility. The R-squared and Adjusted R-squared values are 0.52 for body appreciation, 0.37 for functionality appreciation, and 0.09 for body image flexibility. The F-values and t-values indicate statistical significance with p < 0.001.]




4 Discussion


4.1 Integration of three measures of positive body image

In this study, the measurement tool of positive body image was integrated and tested in a group of Chinese college students, and the results of a single-group validated factor analysis found that the three-dimensional positive body image measurement tool showed good reliability and goodness of fit in the overall sample, male college student sample, and female college student sample, respectively, which suggests that the three-dimensional positive body image measurement tool is able to measure well the Individuals' overall level of positive body image, which is consistent with the conceptualization of previous research (Yang et al., 2023) and in line with the findings of previous research (Soulliard and Vander Wal, 2022), this reinforces the notion that positive body image is a multidimensional concept consisting of multiple dimensions of body appreciation, functionality appreciation, and body image flexibility as measured by the Body Appreciation Scale-2 (BAS-2), the Functionality Appreciation Scale (FAS), and the Body Image Acceptance and Action Questionnaire-5 (BI-AAQ-5).



4.2 Measurement invariance based on gender variable

This study was the first to test the measurement invariance of the three measures of positive body image across genders in a sample of Chinese college students. The results of a multi-group validation factor analysis showed that the four models of configural invariance, weak invariance, strong invariance, and strict invariance of the three measures of positive body image across genders met the psychometric criteria to satisfy measurement invariance across genders. This result suggests that the three measures of positive body image, BAS-2, FAS, and BIAAQ-5, have the same units and reference points between male and female college student populations, that differences in the observed indicators between college students of different genders can be accounted for by the latent variables, and that comparing the scores of positive body image among college students of different genders is measurably meaningful (Chen L. et al., 2023). Therefore, future studies using the three instruments to measure positive body image in college student populations will not be affected by gender, and their measurements truly reflect differences in positive body image, allowing cross-group comparisons across genders (Chen W. et al., 2023; Liu et al., 2024).



4.3 Latent categories of positive body image

This study used latent profile analysis to identify three different types of positive body image in a sample of Chinese college students: “low-level positive body image”, “general-level positive body image”, and “high-level positive body image”, and there was continuity in each of the three entries of the three dimensions of positive body image, which is in line with the findings of previous research (Hoffmann and Warschburger, 2018). At the same time, body image flexibility scores were significantly higher than the remaining two dimensions, which suggests that today, under the guidance of the “Healthy China 2030 Program”, social media platforms are full of positive messages and statements such as “I want to love my body”, which inadvertently influences the college population. These positive messages and statements have a strong influence on the body image of college students, and they are able to adjust and improve their concepts, thoughts and behaviors about their bodies according to the positive messages. Objectification theory suggests that women face higher social pressures than men, and that society requires women to evaluate their bodies based on physical appearance rather than on other aspects such as physical function (Fredrickson and Roberts, 1997; Jia and Chen, 2024), which may make it more likely that the female population would be categorized as having a low level of positive body image. However, the present study did not find an effect of gender on the different potential categories of positive body image, and there is currently no evidence to support this result. With the advent of the “national fitness” era, both male and female college students are actively participating in sports activities, which indirectly increases their levels of positive body image (Jiang et al., 2018), so there may not be a gender difference.



4.4 The impact of positive body talk on positive body image

It was found that positive body talk was significantly positively related to all three dimensions of positive body image and positively predicted an individual's overall positive body image, which is consistent with the results of previous studies ((He et al., 2023; Alleva and Tylka, 2021). This result suggests that when talking about body-related topics with others in a positive and energizing way (e.g., complimenting and appreciating one's own body), is effective in increasing an individual's overall positive body image, suggesting that positive body talk is a central factor influencing college students' positive body image. Positive body talk is also an important basis for peer selection (Tylka, 2011), and positive body talk with others is more likely to help individuals establish healthy peer relationships, which in turn constructs good mental health. Therefore, one way to promote positive body image among college students is to motivate them to engage in positive body talk with their peers, which colleges and universities can do by conducting group counseling and positive thinking meditation (Alleva et al., 2017).




5 Conclusion

Under the conditions of this study, the following important conclusions were drawn: (1) The three measures of positive body image can measure the overall positive body image of college students well and have measurement invariance on the variable of gender. (2) Positive body image was divided into three latent categories: “low-level of positive body image”, including 201 people (32.2%); and “general-level of positive body image”, including 253 people (40.4%); “high-level positive body image”, including 171 people (27.4%). (3) Positive body talk significantly and positively predicted Chinese college students' overall positive body image. This study explored for the first time the multidimensional conceptualization of positive body image in the Chinese context, validated the theory of holistic positive body image proposed by Tylka and Wood-Barcalow (2015a), and also found positive body talk as a significant influencing factor of positive body image, which has a huge impact on future research in positive body image.

To begin with, with the perspective of positive psychology, based on the holistic positive body image theory proposed by Tylka and Wood-Barcalow (2015a), this is the first study integrating the three measures of positive body image, and takes the validation of the multidimensional concept of positive body image for Chinese college students as a starting point, and explores the influencing factor of positive body image, which is of certain reference value for the mental health education of Chinese universities, for example, group counseling and positive thinking meditation could be used to cultivate positive body image of college students. The results of this study are also clinically informative for the treatment of individuals suffering from body image dysfunction, which can be alleviated by boosting their level of positive body image.

Furthermore, this study still has some limitations. Firstly, this study used a cross-sectional study, which made it difficult to explore and validate the dynamic changes in positive body image over time. Based on the broaden-and-build theory of positive emotions proposed by Fredrickson (2001), the field of positive emotions has examined the ascending spiral of positive emotions broadening cognition, positive coping, and interpersonal trust (i.e., expanding people's mindfulness), which in turn builds behavioral flexibility and personal resources, such as positive thoughts, resilience, social closeness, and physical health. Future study needs to combine cross-sectional and longitudinal studies and use latent growth curve modeling (LGCM) to explore the potential development trending of positive body image over time. Secondly, this study used self-report measurement to collect data, which has certain subjective limitations. Future study needs to test and re-validate the multidimensional conceptualization of positive body image with a combination of experimental and questionnaire methods. Thirdly, this study only explored three dimensions of positive body image and has not yet covered other definitions of positive body image by scholars (e.g., broadly conceptualizing beauty, body acceptance and love, and adaptive appearance investment), so future research could include other dimensional variables for a broader and deeper exploration. What's more, this study chose the variable of positive body talk as the influencing factor of positive body image among Chinese college students, and there may be other influencing factors that may have a different impact on positive body image, such as individual traits (personality type), environmental factors (different cultural backgrounds). Future study can further explore other influencing factors that may affect positive body image in order to research the antecedent and consequent mechanisms of positive body image. Lastly, this study used a convenience sampling method to select the college student sample, such a practice reduces the cost of the study, but to a certain extent, it may not be representative of the overall situation of positive body image among Chinese college students. Future study should try to select a more rigorous sampling method to strengthen the representativeness of the findings.
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Background: Cognitive errors involve negatively biased or distorted thinking patterns that can hinder effective decision-making. When such a phenomenon occurs in the exercise domain, this is referred to as exercise-related cognitive error. Such exercise-related cognitive errors are typically assessed via a questionnaire, but a validated instrument for the application in Chinese-speaking populations is lacking. Thus, this study aims to validate the Chinese version of the Exercise-related Cognitive Errors Questionnaire (E-CEQ-C) among Chinese emerging adults, a self-report measure to evaluate cognitive errors of context-relevant information related to exercise.
Methods: Following a forward-backward translation of the E-CEQ (N = 24 items), the E-CEQ-C and the Chinese version of the Cognitive Distortions Questionnaire (CD-Quest-C) for gathering evidence of criterion-related validity were administered among a sample of Chinese emerging adults (N = 376, 29.0% male) through an online survey. After a two-week interval, 105 out of 376 participants attended a re-test of the E-CEQ-C. Item analysis, confirmatory factor analysis (CFA), internal consistency, test–retest reliability, and concurrent validity were analyzed.
Results: The findings from the CFA support the 24-item informed six-factor structure among Chinese emerging adults (χ2 = 699.038, RMSEA = 0.073, CFI = 0.919, TLI = 0.904, and SRMR = 0.055). Cronbach’s α of the six dimensions of the E-CEQ-C were all above 0.7. The test–retest reliability coefficients of each subscale and total scale were acceptable, ranging from 0.60 to 0.81. In accordance with the literature, we also observed positive associations between the six dimensions of E-CEQ-C and the constructs of the CD-Quest-C, which provided concurrent validity evidence for the E-CEQ-C.
Conclusion: This study showed that E-CEQ-C is a psychometrically sound measure to assess exercise-related cognitive errors in Chinese-speaking populations.
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 questionnaire; psychometric evaluation; emerging adults; reliability and validity; six-factor structure


Introduction

In recent years, there has been growing evidence that physical activity (PA)—referring to any bodily movement produced by skeletal muscles that requires energy expenditure (Caspersen et al., 1985)—is important for promoting overall health (Blodgett et al., 2023; Hupin et al., 2015; Pearce et al., 2022; Warburton et al., 2006; Yu et al., 2024) and preventing chronic disease (Durstine et al., 2013; Patel et al., 2019). For example, higher levels of regular PA have been shown to benefit a wide range of mental health outcomes including but not limited to improving self-esteem and body image (Huang et al., 2007), enhancing resilience (Zach et al., 2021; Zhang et al., 2022), reducing negative mood (Dinas et al., 2011; Kwan M. et al., 2021; Li et al., 2022; McPhie and Rawana, 2015; Yu Q. et al., 2022), lower levels of depression (McPhie and Rawana, 2015; Kwan M. et al., 2021) improving cognitive functioning (Donnelly et al., 2016; Yu et al., 2021; Zhu et al., 2021), and fostering social connectedness (Bazaco et al., 2016; Deng et al., 2024; Ludyga et al., 2022). Despite a growing recognition of the PA-related health benefits, leading to the World Health Organization’s recommendation that adults aged between 18 and 64 years should engage in at least 150–300 min of moderate-intensity PA or at least 75–150 min of vigorous-intensity PA per week, or an equivalent combination of moderate-to-vigorous PA (Fiona et al., 2020), research suggests that there is a worldwide decline in the overall PA levels across all age groups, particularly among younger adults (López-Valenciano et al., 2021). This is accompanied by an increase in the prevalence of a range of diseases such as obesity (Brittain et al., 2024; Kim et al., 2017; Raiman et al., 2023), diabetes (Schmid et al., 2013; Yuan et al., 2023), and cardiovascular disease (Kazemi et al., 2024; Stelmach et al., 2005), for which a significant risk reduction can be achieved by regular PA engagement (WHO, 2020). Thus, to tackle the public health issue of insufficient levels of PA, there is an urgent need to identify effective strategies to promote PA among the general population, especially among younger adults.

A critical stage for younger adults is emerging adulthood which is defined as a transitional period located between adolescence and adulthood, spanning from about ages 18–29 (Arnett, 2000). Five typical characteristics distinguish this unique period from other life stages, which are (i) identity exploration, (ii) instability, (iii) self-focus, (iv) feeling in-between (adolescence and adulthood), and (v) possibilities (Arnett et al., 2010; Arnett, 2014). This phenomenon has been verified across industrialized countries such as the United States (Arnett, 2007), Australia (Bell and Lee, 2005), and China (Kuang et al., 2023a,b). It is a period for emerging adults to explore various possibilities in love, work, and worldviews, while navigating their way into adult roles (Arnett, 2007, 2014). However, those who fail to adjust to the instabilities in this period are prone to developing mental health problems or adopting risk behaviors (Nelson and Padilla-Walker, 2013; Sussman and Arnett, 2014). Further, emerging adulthood is a critical period in which many healthy lifestyle habits can be formed and continued in the next stage of life (Wood et al., 2017). Comparable to the trends in the general population, several studies have also found that PA levels tend to decline in emerging adulthood (Corder et al., 2019; Deforche et al., 2015; Kwan et al., 2012; Kwan M. Y. et al., 2021). Additionally, many studies reported that a high percentage of college students do not meet the PA recommendations (Quartiroli and Maeda, 2014; Widyastari et al., 2021). According to a recent study in China, 14.4% of college students do not engage in any form of PA, and an additional 41.87% are classified as low-PA participants (Zhao et al., 2022). Although the specific reasons for the high prevalence of physical inactivity are not yet fully clear (Corder et al., 2019; Johnson, 2014), the lack of sufficient amount of PA is associated with many health problems, such as increased risk of cardiovascular diseases (Zhang et al., 2020), diabetes (Carbone et al., 2019), and other chronic diseases (Anderson and Durstine, 2019) in later life. Therefore, investigating patterns of PA and how PA can be promoted in emerging adulthood is critical for disease prevention and health promotion in this population.

In this context, accumulating evidence shows that cognitive errors, typically identified as negatively biased information processing (Lefebvre, 1981), play an important role in hindering people from regular PA engagement (Kgokong and Parker, 2020; Locke and Brawley, 2016, 2017; Lovell et al., 2010), especially in structured and planned forms of PA (Locke and Brawley, 2016) which are known as physical exercise (Caspersen et al., 1985). Previous findings have established associations between cognitive errors and unhealthy thoughts and behaviors, such as dissatisfaction with one’s own physique and weight (Jakatdar et al., 2006), eating disorders (Williamson et al., 1999) and sleeping problems (Alfano et al., 2009). When cognitive errors happen in exercise-related contexts, this is referred to as exercise-related cognitive errors (ECEs). In particular, Gyurcsik and Brawley (2000) suggested that ECEs can lead to lower self-efficacy, lower exercise intentions, which are mirrored in lower exercise attendance.

Based on the cognitive errors model proposed by Drapeau and Perry (2009) and Locke and Brawley (2016) have developed the Exercise-related Cognitive Errors Questionnaire (E-CEQ) which is specifically designed to measure exercise-related cognitive errors. In the original version, 24 initial items representing six kinds of exercise-related cognitive errors, which can be classified into the categories shown in Table 1, were identified.



TABLE 1 Categories of exercise-related cognitive errors and corresponding examples.
[image: A table outlines categories of cognitive errors with definitions and examples. Categories include catastrophizing, overgeneralization, mental filtering, emotional reasoning, halo effect, and all-or-nothing. Each is explained with a definition and practical example relating to exercise and perceptions, illustrating how negative thinking impacts behavior.]

The original version of the E-CEQ was developed within a Western (English-speaking) cultural context (Locke and Brawley, 2016) and has neither been translated into other languages nor validated in non-Western populations. Thus, the purpose of this study is to translate and validate the E-CEQ among Chinese emerging adults. We expect to observe good psychometric properties by analyzing the translated questionnaire factor structure, reliability, and validity. Applying a psychometrically evaluated version of the E-CEQ-C will provide researchers with the opportunity to collect valuable information to determine the intensity and frequency of exercise-related errors among Chinese emerging adults. Collecting such information will add to the development of effective intervention strategies to increase PA participation and adherence among emerging adults with exercise-related cognitive errors.



Methods


Participants

A total of 535 participants were recruited through an online self-report survey via the WeChat-based survey program (Questionnaire Star). Out of 535 participants, 376 completed the questionnaires and provided valid responses, yielding a response rate of 70.3%, of which 136 participants were willing to complete a retest after a two-week interval for assessing test–retest reliability. The simple exclusion process was as follows: 78 participants were excluded for failing to provide complete responses to the questionnaires; and 6 participants were excluded for falling outside of the age range from ages 18 to 29. Following the same simple exclusion process, 11 of these 136 respondents’ questionnaires were dropped from the post-test analyses, yielding a response rate of 77.2%. Demographic data are shown in Table 2. Among the 376 participants in the initial test, there were 109 males (29.0%) and 267 females (71.0%), with an age range of 18 to 29 years old (mean age = 21.23 ± 1.96). Among the retest participants, there were 17 males and 88 females, with an age range of 18 to 29 years old (mean age = 21.02 ± 1.71). Informed consents were obtained from all participants included in this study.



TABLE 2 Descriptive statistics of participants for each sample.
[image: Table comparing demographic and characteristic data between pre-test and re-test samples. Age means are 21.23 for pre-test and 21.02 for re-test. Gender: pre-test includes 29% male and 71% female, re-test has 16.2% male and 83.8% female. BMI categories for pre-test: 25.5% underweight, 60.6% healthy weight, 11.4% overweight, 1.9% obesity; re-test: 21.9% underweight, 66.7% healthy weight, 11.4% overweight, 0% obesity. Employment status: pre-test has 86.7% students, 10.1% employed, 3.2% unemployed; re-test has 90.5% students, 7.6% employed, 1.9% unemployed. Educational attainment: pre-test 1.1% high school, 78.7% bachelor's, 20.2% master's; re-test 0% high school, 75.2% bachelor's, 24.8% master's.]




Measures


The Chinese version of the exercise-related cognitive errors questionnaire

A total of 24 initial vignettes within the E-CEQ were translated and adapted in the present study after reaching out to the leading authors of the original article for their permission (Locke and Brawley, 2016). This questionnaire consists of six dimensions: Catastrophizing (4 items), All-or-Nothing Thinking (4 items), Overgeneralization (4 items), Mental Filter (4 items), Emotional Reasoning (4 items), and The Halo Effect (4 items). Participants indicated their agreement with these items on a 9-point Likert scale ranging from 1 (“not at all like I would think) to 9 (“exactly like I would think”). The entire process was rigorously conducted following the standards recommended by the International Test Commission guidelines (Hernández et al., 2020). The translation and cultural adaptation of the E-CEQ followed a structured process. First, two psychology undergraduates who are fluent in English independently translated the original E-CEQ into Chinese. A third psychologist then reviewed and resolved discrepancies through expert discussion. Next, a bilingual professor back-translated the Chinese version into English without prior knowledge of the original E-CEQ to ensure consistency. Four experts (one developmental psychologist, one psychometric psychologist, and two health psychologists) reviewed the translated version, resulting in a prefinal version. This prefinal version was tested on 20 undergraduates from an exercise psychology course to assess clarity and comprehensiveness. Feedback from participants was incorporated into the final version after discussion with the researchers and experts, ensuring accuracy and cultural relevance. Efforts were made to minimize differences between the translated version and the original scale as best as possible.



The Chinese version of the cognitive distortion questionnaire

The Cognitive Distortion Questionnaire (CD-Quest) (de Oliveira et al., 2015), was translated and validated for the Chinese population by Qian et al. (2020) and it was used to assess the frequency and intensity of cognitive distortions or errors. This questionnaire consists of 15 items that cover 15 common types of cognitive errors, such as dichotomous thinking, fortune telling (catastrophizing), emotional reasoning, and selective abstraction. The questionnaire has demonstrated good reliability and validity across emerging adults from Brazil (de Oliveira et al., 2015), the United States (Morrison et al., 2015), Australia (Kostoglou and Pidgeon, 2016), Turkey (Batmaz et al., 2015), and China (Qian et al., 2020). Participants needed to report the frequency and intensity of each cognitive error. For frequency, there were 4 options: (a) never; (b) occasionally (1–2 days), (c) most of the time (3–5 days), and (d) almost always (6–7 days). With respect to the extent to which participants believe a certain cognitive error, there were also four options: (a) not at all, (b) a little (up to 30%), (c) some (30–70%), and (d) very much (over 70%). The scores for each item equaled the sum of the frequency score and the intensity score. Based on the definition of six types of exercise-related cognitive errors in E-CEQ-C, six corresponding items of CD-Quest-C were selected to provide criterion-related evidence. Specifically, this study compared participants’ scores on all-or-nothing thinking of E-CEQ-C to polarized thinking of CD-Quest-C, catastrophizing of E-CEQ to fate judgment of CD-Quest-C, emotional reasoning of E-CEQ-C to emotional reasoning of CD-Quest-C, mental filter of E-CEQ-C to selective abstraction of CD-Quest-C, overgeneralization of E-CEQ-C to overgeneralization of CD-Quest-C, the halo effect of E-CEQ-C to arbitrary inference of CD-Quest-C.



Statistical analyses

The IBM SPSS Statistics for Windows Version 26.0 was used to perform the following analysis which was supported by previous studies (Wang et al., 2022a; Wang et al., 2022b; Wang et al., 2023; Yang et al., 2023). Mean and standard deviation (SD) were used to describe the score of each dimension of the E-CEQ-C. Skewness and kurtosis were used to validate whether the data were normally distributed. Byrne and Campbell (1999) suggested that absolute values of skewness and kurtosis between 0 and 1.5 indicate normal distribution. Item analysis analysis was used to determine the credibility of each item. It was performed using the critical ratio (CR) method. Among 376 participants, we selected those emerging adults who ranked in the top 27% and the bottom 27% in terms of a total score and each item-related score (David, 1963). Such group differences for each individual item were tested via independent-sample t-tests. If the CR value was less than 3.0, the item was deleted (Hox and Bechger, 1998). Further, item analysis also used item-total correlation analysis to calculate the correlation coefficient between each item and the total score of the questionnaire using the Pearson correlation. If an item had an item-total correlation coefficient lower than 0.30, it was deleted. Moreover, confirmatory factor analysis (CFA) via Mplus 8.0 software was carried out to validate the six-dimensional model of the Chinese version of the E-CEQ. Additionally, internal consistency reliability was evaluated via the total Omega value, which is considered a more robust measure of reliability for multidimensional scales (McDonald, 2013). An Omega value above 0.70 is generally regarded as acceptable for internal consistency, reflecting a high degree of correlation among items. The following fit indices of the model demonstrated an excellent fit: A non-significant chi-square test (p > 0.05) indicated a good fit, a root mean square error of approximation (RMSEA) value of ≤0.05 indicated a good fit, a value between 0.05 and 0.08 indicated a reasonable fit, and a value of ≥0.10 indicated a poor fit, a comparative fit index (CFI) value of ≥0.95 indicated a good fit, a value between 0.90 and 0.95 indicated a reasonable fit, and an standardized root mean square residual (SRMR) value of <0.10 indicated an reasonable fit (Kline, 2023). The Cognitive Distortions Questionnaire (CD-Quest-C) was used in the present study as the criterion validity measure for the E-CEQ-C. Criterion-related validity was assessed using Pearson’s correlation coefficient.




Results


Distributional properties

Table 3 shows that the skewness and kurtosis of the E-CEQ-C and its subscales all fall between −1.5 and 1.5. These distributional findings have provided evidence for the normal distribution of the data, indicating that the maximum likelihood method could be used for confirmatory factor analysis.



TABLE 3 Mean scores, standard deviations, skewness and kurtosis of E-CEQ-C dimensions.
[image: A table showing cognitive biases and a measure called E-CEQ with their corresponding mean (M), standard deviation (SD), skewness (g₁), and kurtosis (g₂). The biases listed are Catastrophizing, All-or-nothing thinking, Overgeneralization, Mental filter, Emotional reasoning, and The halo effect. Mean scores range from 11.95 to 98.03, standard deviations from 7.04 to 38.67, skewness from -0.26 to 0.82, and kurtosis from -0.96 to 0.05. Skewness is denoted by g₁ and kurtosis by g₂.]



Item analysis

Results are presented in Table 4. All items showed significant differences between the higher scoring group (the top 27%) and lower scoring group (the bottom 27%) (p < 0.001), and the cut-off value (CR) ranged from 10.38 to 23.56. The correlation analysis showed that the correlation coefficients between all items and the total score ranged from 0.48 to 0.75, all of which were above 0.30. These data indicated that E-CEQ-C has good item discrimination and good homogeneity for each subscale and the total scale, so there was no need to delete any items.



TABLE 4 The decision values of all items in the E-CEQ and the correlation coefficients between items and the total score of the scale.
[image: Table displaying cognitive distortions with columns: Catastrophizing, All-or-nothing thinking, Overgeneralization, Mental filter, Emotional reasoning, and The halo effect. Each column lists items, CR values, and r correlations, showing significance levels at 0.001 (two-tailed) marked with asterisks.]



Confirmatory factor analysis

The results of the CFA showed the following model fit indices: χ2 = 699.038, RMSEA = 0.073, CFI = 0.919, TLI = 0.904, SRMR = 0.057, GFI = 0.855, AGFI = 0.814, NFI = 0.884, and IFI = 0.920. CFA was conducted on the 24-item scale, as shown in Figure 1. All correlations between the single factors were statistically significant. The total Omega value was 0.88 in this analysis.

[image: Diagram showing the relationships between cognitive distortions and related items. Distortions include Catastrophizing, All-or-nothing Thinking, Overgeneralization, Mental Filter, Emotional Reasoning, and The Halo Effect. Each connects to specific items numbered 1 to 24, with correlation values indicated on the connecting lines.]

FIGURE 1
 Confirmatory factor analysis: six-factor model of the E-CEQ.




Criterion validity

Results (Table 5) indicated that the correlation coefficient between exercise-related cognitive errors and cognitive distortions was 0.333 (p < 0.01). Notably, fate judgment of the CD-Quest-C was positively correlated with catastrophizing of the E-CEQ-C; polarized thinking of the CD-Quest-C was positively correlated with all-or-nothing thinking; overgeneralization of the CD-Quest-C was positively correlated with overgeneralization of the E-CEQ-C; selective abstraction of the CD-Quest-C was positively correlated with mental filter of the E-CEQ-C; emotional reasoning of the CD-Quest-C was positively correlated with emotional reasoning of the E-CEQ-C, and arbitrary inference of the CD-Quest-C was positively correlated with the halo effect of the E-CEQ-C, with correlation coefficients ranging from 0.136 to 0.293 (p < 0.05).



TABLE 5 Correlation analysis between the Exercise Cognitive Errors Questionnaire and its factors with the criterion measure.
[image: A correlation table displaying relationships between cognitive distortions and various psychological factors: Fate judgment, Polarized thinking, Overgeneralization, Selective abstraction, Emotional reasoning, Arbitrary inference, and overall Cognitive distortions. Values range from 0.08 to 0.35, with significance indicated by asterisks—one for p < 0.05 and two for p < 0.01.]



Test–retest reliability

The results of test–retest reliability analysis for the questionnaire indicated that correlation coefficients between the pre-test and the re-test of all subscales and total scale were significant (p < 0.01). The overall test–retest reliability coefficient for the total questionnaire was 0.81. The test–retest reliability coefficients for catastrophizing, all-or-nothing thinking, overgeneralization, mental filtering, emotional reasoning, and the halo effect were 0.60, 0.74, 0.63, 0.76, 0.70, and 0.67, respectively.




Discussion

In the present study, the psychometric characteristics of the Chinese version of the Exercise-related Cognitive Errors Questionnaire were examined among Chinese emerging adults (N = 376). Results of the CFA demonstrated that the 24-item, six-dimensional model displayed a good model fit with highly loaded items. Additionally, the E-CEQ-C was significantly associated with constructs of the CD-Quest-C, providing concurrent validity evidence for this adapted version in Chinese culture. Further, the total McDonald’s Omega of the E-CEQ-C was 0.88, indicating sufficient reliability. The test–retest reliability coefficients of the six dimensions were also all in the acceptable range (from 0.60 to 0.81). Collectively, the Chinese version of the E-CEQ is a reliable instrument to evaluate the degree of exercise-related cognitive errors with acceptable levels of psychometric properties.

We found that our results of CFA supported the 24-item, six-dimension structure of the E-CEQ-C, which slightly different from the original 16-item, three-dimension structure of the E-CEQ. A possible explanation for this inconsistency is that six kinds of cognitive errors described by Drapeau and Perry (2009) also exist in the exercise-relevant context in the Chinese emerging adult population. There is also convincing evidence to verify the existence of six categories of exercise-related cognitive errors among Chinese emerging adults. Firstly, the results of the item analysis verified the credibility of every item. Second, the results from the CFA support the 24-item, six-factor structure among Chinese emerging adults (χ2 = 699.038, RMSEA = 0.073, CFI = 0.919, TLI = 0.904, and SRMR = 0.055), with factor loadings of each item in a satisfying range from 0.57 to 0.88. Additionally, McDonald’s Omega values document that the E-CEQ-C and each of the six subscales are internally reliable and form a coherent set of the construct. Lastly, the test–retest reliability ensures the consistency and reproducibility of results obtained from the E-CEQ-C over time.

In the previous study, Locke and Brawley (2016) observed a moderate-sized relationship between the E-CEQ and the general CEQ developed by Lefebvre (1981). In accordance with the literature, we also observed positive associations between subscales of the E-CEQ-C and constructs of the CD-Quest-C in the sample of Chinese emerging adults (as shown in Table 5). Moreover, some subscales of the E-CEQ-C (i.e., all-or-nothing thinking, overgeneralization, mental filter, emotional reasoning, the halo effect) not only had significant relationships with corresponding subscales of the CD-Quest-C (i.e., polarized thinking, overgeneralization, selective abstraction, emotional reasoning, arbitrary inference) but also have stronger associations with other subscales (i.e., overgeneralization, fate judgment or selective abstraction, overgeneralization). This result may reflect the similarity between negative thinking resulting from cognitive errors from the same cluster (Drapeau and Perry, 2009).

There are several implications of this validation study for advancing exercise-related behaviors and decision-making in Chinese emerging adults. Contextually appropriate measurement tools can be helpful to assess existing cognitive challenges that may impact how individuals adhere to healthier exercise practices. Notably, cognitive errors can result in a decreased motivation for exercise, elevated stress and possible self-criticism, exercise-related self-efficacy, and adverse mental and physical health outcomes (Locke and Brawley, 2017; Locke and Brawley, 2018). Tackling these challenges would require precision approaches in measuring the problems and evaluating the effectiveness of adopted interventions. This validated instrument can play critical role in supporting appropriate measurement and improving exercise behaviors in Chinese emerging adults. However, the scope of how this scale and examined constructs are relevant in the context of current and evolving social and cultural contexts in China can be future research agendas alongside examining the role of evidence-informed practices to improve exercise an associated health outcomes.



Limitations

The present study has some strengths and limitations. In terms of strengths, on the one hand, we followed rigorous standards of forward-backward translation (Beaton et al., 2000) to translate the E-CEQ into Chinese. On the other hand, we carried out a complete cross-cultural adaptation of the questionnaire. Factor structure and criterion validity of the E-CEQ were tested, and its internal consistency and test–retest reliability were validated. However, there are also some limitations. Firstly, this study was restricted by many factors as the data was collected through convenience sampling, which means the sample may be vulnerable to selection bias and lacks clear generalizability. Second, the self-report measures adopted in this study could not rule out the possibility of social desirability bias. Besides, this study was carried out among emerging adults, which indicates that the applicability of the E-CEQ still needs to be tested among other populations (e.g., older adults, adolescents). Therefore, we recommend that based on this study, future research should prioritize addressing the following research gaps. First, future studies should be carried out in clinical populations, such as patients with mental disorders to expand the applicability of the scale in the Chinese population. Second, future research should seek to compare the differences in the magnitude of exercise-related cognitive errors among different groups, such as different ages, genders, socioeconomic status, and countries, to conduct cross-sectional comparisons. Third, it is of high practical relevance to examine in future studies the ecological validity of the E-CEQ-C by investigating the relationship between the magnitude of individuals’ exercise-related errors and their PA levels assessed by self-report (e.g., via validated physical activity questionnaires) or device-based assessment method (e.g., via accelerometer). Moreover, future studies should seek to elucidate the neurophysiological basis for exercise-related cognitive errors using various imaging techniques such as electroencephalography (Yu C. et al., 2022), functional near-infrared spectroscopy (Ekkekakis, 2009) and eye-based measures (Zou et al., 2023).



Conclusion

In the current study, we translated and evaluated the psychometric properties of the Exercise-related Cognitive Errors Questionnaire among Chinese emerging adults. Our analyses confirmed that the E-CEQ-C is a valid and reliable instrument for assessing exercise-related cognitive errors in this population. Based on our findings, the E-CEQ-C can be utilized to broaden our knowledge of the psychological mechanisms underlying Chinese emerging adults’ PA behaviors. Such a deeper understanding of the psychological mechanisms will help to better inform the development of more effective intervention approaches and provide actionable guidance to promote exercise participation and adherence among emerging adults with exercise-related cognitive errors.
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Psychological factors in sports have been widely studied in scientific literature. However, only a few studies have used data mining techniques for athletic profile analysis. The main goal of this study was to analyze motivation, self-confidence, flow, and psychological skills in athletics to build differentiated profiles through clustering techniques. The sample size was 470 participants (ages 14–70 years old; M = 32.1; SD = 13.5). The Sports Motivation Scale (SMS), Task and Ego Orientation in Sport Questionnaire (TEOSQ), Self-confidence in Sport Questionnaire (CACD), Flow Dispositional Scale-2 (FDS-2), and Psychological Inventory of Sport Performance (IPED) were used to analyze the psychological profile of the sample. A data clustering analysis was carried out to check the study’s purpose. Results show different behavior patterns according to specific profiles. Similarly, there have been differences between men and women, online and face-to-face participants, federated athletes and runners, categories, or sports disciplines. In conclusion, the understanding of each athlete’s psychological profile is essential to improve his/her performance. The results of this study could be used to implement changes and adjustments in athlete psychological training to run several intervention programs that focus on each group’s needs.
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1 Introduction

Psychological factors in sports involve a set of mental characteristics and abilities presented by athletes (López-Roel and Dosil, 2019), which are crucial for sports performance. In recent decades, the number of investigations has increased, emphasizing the interest in this field (Lawless and Grobbelaar, 2015; Guíu and Leyton, 2019; Piepiora et al., 2019). This area of knowledge has grown significantly in both scientific and applied fields, highlighting different psychological constructs (Pastrana et al., 2019; Reigal et al., 2018). Nowadays, there is no doubt that it is necessary to look at the psychological skills related to sports performance to understand the behavior of athletes (Reigal et al., 2020).

Variables such as motivation, coping skills, visualization ability, flow state, and self-confidence have been extensively analyzed (García-Calvo et al., 2008; Jackson et al., 1998; Jackson et al., 2016; Cecchini et al., 2004; Sari et al., 2015; Koehn, 2013; Swann et al., 2015). However, these constructs have been studied many times in an isolated way. Earlier research has predominantly focused on individual psychological constructs, limiting a comprehensive understanding of athlete behavior. This study addresses these gaps by employing data mining and provides an integrative analysis of motivation, flow, and other psychological skills.

This approach may bias result interpretation, as it neglects other relevant variables, making it difficult to fully understand an athlete’s psychological profile (Pastrana et al., 2019). Therefore, assessing a wide set of psychological variables could be crucial to obtaining a global view of the psychology underlying each athlete.

One of the most studied psychological aspects of sports is the motivational level of athletes and the type of motivation they show. Motivation is defined as the interplay of cognitive, social, biological, and emotional variables that determine activity selection, practice intensity, persistence in the face of difficulties, and performance outcomes (Weinberg and Gould, 2010). For its evaluation, two of the most widely used theories in recent years have been the Self-Determination Theory (SDT) and the Achievement Goals Theory (AGT) (Ruiz et al., 2017; Sheehan et al., 2018; Gacio and Klay, 2019). SDT attempts to establish to what extent human behavior is self-determined or volitional, that is, to what extent people feel that their actions are the consequence of their own reasoned decisions or whether, on the contrary, they are experienced as the result of external pressures from the social context (Deci and Ryan, 2007). The Achievement Goals Theory assumes that how people judge their competence and define the success of their achievements influences their motivational patterns (Balaguer et al., 2007). Therefore, assessing these aspects is crucial to understanding the behavior of athletes in these contexts.

The perception of self-confidence is considered another of the most important variables for the athlete’s performance (Molina et al., 2017; Tomé-Lourido et al., 2019). Self-confidence in sports is the belief or degree of certainty an athlete has about his or her ability to succeed in his or her sport (Feltz, 2007; Feltz, 2007). Therefore, this variable is essential when evaluating the psychological profile of the athlete, which is appreciated by the amount of research conducted on this psychological variable (Weinberg and Gould, 2010). In this sense, self-confidence has been related to track and field and has been combined with different variables that have an impact on performance, such as anxiety (Jaenes-Sánchez et al., 2012) or self-esteem (Ruiz et al., 2017). More experienced athletes generally have tighter self-confidence and less anxiety before competition, making their personal assessment better (Feltz, 2007). Most studies on self-confidence coincide in understanding it as one of the variables most associated with pre-competition emotions (Hernández-Mendo, 2003).

Also, related to the challenges that the athlete has to face and the resources he/she possesses to carry them out, one of the psychological variables that has been most studied in recent years is flow (Jackson and Marsh, 1996; Jackson and Eklund, 2002; Stavrou et al., 2007). It refers to a state of concentration that is so focused that it keeps the person experiencing it in a state of total absorption in the activity, which provides them with genuine enjoyment, even though that activity is difficult or dangerous (Jackson et al., 2016). However, it is important to understand how different athletic populations experience the state of flow during sports performance due to the intrinsic characteristics of this state (Jackson and Csikszentmihalyi, 2002). Flow has been investigated in some endurance sports, including long-distance and ultra-long-distance track and field events, finding that the feeling of flow is related to the psychological well-being of athletes (Jackson et al., 1998) and different variables such as those explained above (Stavrou et al., 2007; Fernández et al., 2013). However, there is not as much research on the differences in the flow perception between different sports specialties.

In recent years, some authors have pointed out that analyzing a wide range of psychological variables essential for performing adequately in sports is necessary. To this end, many researchers have focused on the study of the so-called psychological skills, which have been an approach to a holistic and complete study of the psychological profile in sports. The concept of psychological profiling gathers the main skills of athletes who have succeeded in their sport, developing their sporting abilities to the maximum (Da Silva et al., 2018). Different instruments have been developed to evaluate it. For example, the Psychological Inventory of Sport Performance [IPED; (Williams, 1991; Hernández-Mendo, 2006)] comprises 42 items organized into seven factors: self-confidence, negative coping control, attentional control, visual-imaginative control, motivational level, positive coping control, and attitudinal control. Both are useful instruments that can be used depending on the research goals and the structure of skills that best fit the approach of the study. However, it should be noted that both leave out some psychological characteristics that can be interesting in different sports. Therefore, this research has considered extending the profile with the variables described above.

Specifically, in athletics, some studies have analyzed this sport’s psychological profile (e.g., Hernández-Mendo et al., 2014; Fernández-Macías et al., 2015; Ferraz et al., 2017; Ibrahim and Almoslim, 2016; McCormick et al., 2018; Zarauz and Ruiz-Juan, 2013), although few investigations still analyze a wide range of psychological skills in this sport. Some research has been made, especially in disciplines of endurance, but there is an important lack in other ones. For example, it has been studied self-efficacy (Zarauz and Ruiz-Juan, 2014), flow state (Fernández-Macías et al., 2015), or motivation (Gayton et al., 1986). In Spain, most research related to psychological constructs in athletics has been carried out with participants in the master’s category (over 35 years of age) (McCormick et al., 2018; Zarauz and Ruiz-Juan, 2013). There are studies in race walking (Hamer et al., 2002), marathons (Nieto and Olmedilla, 2001; Jaenes, 2003), or some throws (Jaenes et al., 2005) in which certain psychological variables related to the profile of the athlete have been analyzed. Several authors agree that psychological skills are one of the most influential factors in sports performance (González et al., 2019; García-Naveira, 2016), so their training is not only possible but also essential.

Even though there are limited studies on psychological profiling in athletics, some authors suggest the existence of a distinct psychological profile for this sport, as well as variations among athletes based on factors such as competitive level (Nicholls and Ntoumanis, 2010), age category (Beckford et al., 2016), or specialty (Boccia et al., 2018). Identifying these differentiated profiles is challenging due to the need to process large amounts of data. To address this, analytical techniques such as data mining can be employed. For instance, researchers such as Pastrana et al. (2019) and Filgueira (2015) discovered differences in psychological variables among athletes in other sports using data mining techniques. The findings of these studies highlight the effectiveness of data mining algorithms as a valuable tool for psychological profiling research. Thus, data mining presents a promising approach for analyzing psychological profiles in athletics. Given the limited research in athletics and the importance of analyzing psychological profiles in sports, the primary objective of this study was to evaluate various psychological characteristics—namely motivation, self-confidence, flow, and psychological skills (as assessed by the IPED)—in a sample of athletes using data mining techniques. Overall, this research aims to identify distinct psychological profiles in athletics and emphasize their practical implications for enhancing training and designing psychological interventions tailored to specific athletic specialties.



2 Materials and methods


2.1 Design

This research uses an exploratory, cross-sectional, and non-experimental design (Franquelo et al., 2021).



2.2 Participants

The sample comprised 470 participants (266 men and 204 women) who were selected randomly and assured of their data’s confidentiality and anonymity. Among them, 241 completed the questionnaire online, while 229 completed it on paper. All participants were engaged in various specialized athletic disciplines. Specifically, 148 were prominent in distance running, and 322 were registered athletes. Within this group, 95 were sprinters and/or hurdlers, 143 were middle-distance and/or long-distance runners, 81 were specialists in track events (jumps and throws), and 9 were decathletes or heptathletes. Their ages ranged from 14 to 70 years (M = 32.1; SD = 13.5). These ages were categorized into three groups: under 18 (from 14 to 18 years), senior (from 19 to 35 years), and master athletes (over 35 years).



2.3 Instruments

Participants filled out a preliminary questionnaire to collect sociodemographic data relevant to the research. Within this, data was collected on the following variables: age, sex, type of athletics practiced (running or federated), and specialty. In addition, they took a battery of five questionnaires, including the following:

The Sports Motivation Scale [SMS; (Franquelo et al., 2021)] measures self-determined motivation and is structured into 28 items and seven dimensions. This instrument is answered with a Likert-type scale ranging from 0 (strongly disagree) to 10 (strongly agree). Cronbach’s alpha values for each subscale have values of intrinsic motivation to get stimulation (“because I like to discover new training techniques”): α = 0.76, intrinsic motivation to get things (“for the thrill I feel when I’m totally into the sport”): α = 0.83, intrinsic motivation to know (“because of the satisfaction of knowing more about this sport”): α = 0.80, identified regulation (“because in my opinion it is one of the best, in my opinion, it’s one of the best ways to meet people”): α = 0.68, introjected regulation (“because it is absolutely necessary to do sport to be fit”): α = 0.64, external regulation (“because it allows me to be valued by the people I know”): α = 0.74 and no motivation (“I do not know, I feel that I am not capable of succeeding in this sport”): α = 0.75.

Task and Ego Orientation in Sport Questionnaire [TEOSQ; (Ato et al., 2013)] is made of 13 items and consists of two scales measuring task orientation (7 items) and ego orientation (6 items). The TEOSQ items begin with the statement, “I feel more successful in sport when..” Subjects are asked to respond to the items using a 5-point Likert-type scale (1 = strongly disagree to 5 = strongly agree). The authors reported Cronbach’s alpha values of 0.80 for ego orientation (“I can do it better than my peers”) and 0.78 for task orientation (“I learn a new task by making an effort”).

Self-Confidence in Sport Questionnaire [CACD; (Balaguer et al., 2007)] assesses athletes’ self-confidence in competitive situations. It consists of 7 items with a Likert-type response format from 1 to 7 (1 = strongly disagree; 7 = strongly agree). Athletes are asked to respond to how they think and feel while immersed in a competition (e.g., “I always think I can win regardless of the opponent.”). The authors reported adequate internal consistency values of this instrument, with a Cronbach’s alpha of 0.90.

The Flow Dispositional Scale-2 [FDS-2; (García-Calvo et al., 2008)] assesses athletes’ flow through 36 items distributed into nine scales. All of these scales are answered on a Likert-type scale ranging from 1 (strongly disagree) to 10 (strongly agree) and correspond to the best-re-called experience. This scale showed a Cronbach’s alpha of 0.91 for total flow and for each of the subscales higher than 0.55. Specifically, the following values were obtained: challenge-ability balance (“I knew that my skills would enable me to meet the challenge the challenge I was facing”) (α = 0.66), action-attention fusion (“My attention was completely focused on what I was doing”) (α = 0.57), clear goals (“I knew what I wanted to achieve”) (α = 0.72), unambiguous feedback (“I was sure that at that moment, I was doing very well”) (α = 0.72), concentration on the task (“I had total concentration”) (α = 0.66), feeling of control (“I felt total control of my body”) (α = 0.69), loss of self-consciousness (α = 0.64), distorted sense of time (“the passage of time seemed to be different from normal”) (α = 0.65) and autotelic experience (“I found the experience very valuable and comforting”) (α = 0.73).

The Psychological Inventory of Sport Performance [IPED; (Williams, 1991; Hernández-Mendo, 2006)] is used to measure the performance of athletes in sport. It assesses different skills of the athlete’s competitive psychological profile. Consisting of 42 items answered on a Likert-type scale from 1 (almost never) to 5 (almost always). The internal consistency analyses yielded the following Cronbach’s alpha values: Self-confidence (“I see myself more as a loser than a winner during competitions”) α = 0.77; Negative coping control (“I get angry and frustrated during competition”) α = 0.76; Attentional control (“I become distracted and lose my concentration during competition”) α = 0.82; Visuo-imaginative control (“Before the competition, I imagine myself executing my actions and performing flawlessly”) α = 0.81; Motivational level (“I am very motivated to do my best in competition”) α = 0.75; Positive coping control (“I can maintain positive emotions during the competition”) α = 0.74; Attitudinal control (“During the competition, I think positively”) α = 0.76.



2.4 Procedure

The research was approved by the Ethics Committee of the University of the Basque Country (UPV/EHU). In addition, the guidelines of the Declaration of Helsinki (2013 revision), the recommendations of Good Clinical Practice of the EEC (document 111/3976/88 of July 1990), and the current Spanish legal regulations governing clinical research in humans (Royal Decree 561/1993) were followed.

Informed consent was obtained from participants prior to completing the questionnaire, either online or through the first page of the paper document. In both cases, the questionnaire took about 20–30 min to complete. Participant anonymity and data confidentiality were maintained throughout the study. In the online case, the questionnaire was completed via Google Forms, while in the paper case, data were collected from different popular races and federated competitions. Data were subsequently clustered using the k-means algorithm.



2.5 Data analysis

The data analysis was conducted employing clustering techniques. The WEKA program (Martínez-Romero et al., 2016) was utilized for this purpose. Clustering techniques encompass a set of unsupervised machine-learning methods for data clustering, with the K-Means algorithm being the most prominent. This is a multivariate technique aimed at partitioning data into groups that exhibit maximal homogeneity within themselves while being heterogeneous across groups. The K-Means algorithm demonstrates excellent scalability with data volume. When employing K-Means, the number of clusters (K) is predetermined, and the following steps are executed: initialization (random selection of centroid locations for the K clusters), assignment (assigning each data point to the nearest centroid), and updating (recalculating centroid position as the arithmetic mean of assigned data elements). These latter two steps are repeated iteratively until no further changes occur. This study performed two separate cluster analyses for each questionnaire type: one with two clusters (reflecting the inherent data tendency) and another with five clusters. The attributes (variables) taken into consideration were gender, athlete type (registered or non-registered), response format (paper or online), age category (under-18, senior, and master), and athletic discipline (middle-distance and/or long-distance, sprint and/or hurdles, track events –jumps and throws–, combined events). The justification for selecting two and five clusters lies in the inherent variability of psychological characteristics, as supported by preliminary statistical analyses and existing literature.




3 Results


3.1 Clustering for the total sample

Tables 1, 2 show clustering results for the whole sample, taking all the scores of the questionnaires analyzed. Table 1 show the default grouping found by the WEKA tool, and Table 2 shows the results of the analysis for five clusters grouping, taking as reference the five main variables of the study: gender, questionnaire response format, type of athlete, age category, and athletics sector.



TABLE 1 Whole sample clustering (by default grouping).
[image: Table comparing attributes and scores between two participant clusters: Cluster 0 (n=273) and Cluster 1 (n=197). Attributes include format, gender, category, type, and sector. Scores are provided for each sector attribute, with values varying between the clusters. Detailed sector definitions are listed below the table.]



TABLE 2 Whole sample clustering taking five clusters.
[image: Table displaying data for different clusters of participants, categorized by attributes such as format, gender, category, and type. Clusters are divided into five groups, with each showing scores for various metrics like skill-challenge balance and total concentration. The table includes abbreviations with their corresponding explanations at the bottom.]

As can be seen in Table 2 (five clusters), Cluster 0 comprises 30% of the sample, representing senior men who responded to online questionnaires, are federated athletes, and specialize in sprints and/or hurdles. This athlete obtains very high scores in flow, is intrinsically motivated and task-oriented, and has high scores in self-confidence and good psychological skills.

Cluster 1 represents 20% of the sample and corresponds to the profile of a federated man, a middle-distance or long-distance running specialist, and older than 35 years. He gets a lower flow score than the previous group, but he gets high scores in this dimension. He is less motivated (intrinsically) than the previous group and scores higher in non-motivation. He is task-oriented and scores very low on ego-orientation. In addition, he has very high self-confidence (the highest possible score), and he has good psychological skills but lower scores than the previous group.

Cluster 2 gathers men over 35 who answered the questionnaire on paper and ran popular races. This cluster is characterized by individuals with high flow scores, albeit slightly lower than those in Cluster 0. In addition, they are generally less motivated and more ego-oriented than the other groups. Regarding task orientation, they are more task-oriented than Cluster 1 but less than Cluster 0. They have a lower level of self-confidence than the other clusters and good psychological skills. This cluster accounts for 17% of the total sample.

Cluster 3 comprises 19% of the sample and represents women aged 18–35 years who are federated and middle-distance and/or long-distance running specialists and completed the questionnaire online. She has a high perception of flow, with the exception of the dimension Distorted Sense of Time, where she scores considerably lower. In addition, she is less motivated than the other groups, less ego-oriented than the previous group, and has a high task orientation. She is also a person with high self-confidence and good psychological skills.

Finally, Cluster 4 corresponds to female runners of the senior category who answered on paper. Although their flow scores are generally lower than those of other groups, they score highly on clear goals. They are less motivated than other groups and have a high task orientation. They are very self-confident and have good psychological skills.



3.2 Clustering according to the scores on the different questionnaires

Once the analyses were carried out for the whole sample, other analyses were carried out separately for each questionnaire, taking the five clusters premise, corresponding to the expected athletics sectors in which the data were classified groups.


3.2.1 Self-determined motivation

Table 3 shows the five clusters considering the scores obtained on the Sport Motivation Scale [SMS; (Ato et al., 2013)]. In this case, differentiated clusters correspond to 32, 28, 21, 11, and 8%, respectively.



TABLE 3 Whole sample clustering for self-determined motivation.
[image: Chart showing participant attributes across five clusters. Clusters are categorized by format, gender, category, type, sector, and motivation scales (IMS, IMT, IMK, EMID, EMIN, EME, NM). Each cluster displays different values for these attributes, indicating variations in participant demographics and motivations.]

Cluster 0 corresponds to a senior category woman, federated and sprint and/or hurdles specialist who participated online. Among all the groups, this person is the most intrinsically motivated, with average scores in extrinsic motivation, except for extrinsic motivation-external regulation, where she scores very low, and no motivation, where she shows the lowest possible score.

Cluster 1 comprises men aged over 35 years who participate in popular races and who answered the questionnaire on paper. Their intrinsic motivation is high, but not as high as in the previous one. He also shows the lowest possible scores in No Motivation and External Regulation, with average scores in Extrinsic Motivation.

Cluster 2 comprises men aged between 18 and 35 years who are federated, middle-distance, and/or long-distance specialty and answered on paper. Those people are less intrinsically motivated than the previous groups and have higher scores on the extrinsic motivation and non-motivation dimensions.

In Cluster 3, scores are very high in intrinsic motivation to obtain stimulation, but they are also high in extrinsic motivation-external regulation, so it can be stated that this group of people is both intrinsically and extrinsically motivated. They are senior-category women who answered online and middle-distance and/or long-distance federated.

Cluster 4 comprises women aged 18–35 years who responded on paper, are federated athletes, and specialize in sprints and/or hurdles. Their scores are high across all dimensions of the questionnaire, with the exception of No Motivation and Extrinsic Motivation-External Regulation, where their scores are as low as those in Clusters 0 and 1.



3.2.2 Achievement goals

Related to the Task and Ego Orientation in Sport Questionnaire [TEOSQ; (Balaguer et al., 2007)], the five clusters showed high scores in task orientation, as seen in Table 4.



TABLE 4 Whole sample clustering according to achievement goals.
[image: A table categorizes participants based on clusters: Cluster 0 (161, 34%) includes online male seniors in middle/long distance, Cluster 1 (81, 17%) has paper-based male masters in middle/long distance, Cluster 2 (133, 28%) includes online male seniors in sprints/hurdles, Cluster 3 (70, 15%) features paper-based female seniors in middle/long distance, and Cluster 4 (25, 5%) comprises paper-based female seniors in middle/long distance. Categories include format, gender, category, type, sector, ego orientation, and task orientation. EO and TO values vary by cluster.]

Cluster 0 (34% representation) comprises master’s category male runners who participated online. Their scores are as low as possible in Ego Orientation and the highest in Task Orientation. Cluster 1 (17% of the sample), which corresponds to a male master category who answered on paper and middle-distance and/or long-distance federated, presents high scores for both orientations, while Cluster 2 (28% of the sample), typified by senior male, Sprint and/or Hurdles specialists who answered online, presents higher scores for Ego Orientation than Cluster 0 but lower than Cluster 1 while in Task Orientation they have the greatest possible score.

Cluster 3 (15% of the sample) comprised middle-distance and/or long-distance federated senior women who answered on paper. Scores in this cluster are high for both orientations. Specifically, this group scored highest in Ego Orientation and got the second highest score for Task Orientation in all groups.

Cluster 4 (5% of the sample; senior female paper respondents, mid-background and/or background specialists) presents low scores on Ego Orientation but high scores on Task Orientation.



3.2.3 Self-confidence

Sports Self-Confidence Questionnaire results [CACD; (Balaguer et al., 1996)] are shown in Table 5. The scoring rate is between 3.14 and 5.14, i.e., there is medium-high self-confidence for all the participants.



TABLE 5 Whole sample clustering for the perception of self-confidence.
[image: Table comparing five clusters of participants based on format, gender, category, type, sector, and SC score. Cluster 0: online, man, senior, federated, sprint/hurdles, SC 3.71. Cluster 1: paper, man, master, federated, middle/long distance, SC 5. Cluster 2: paper, woman, senior, federated, middle/long distance, SC 5.14. Cluster 3: online, woman, master, runner, runner, SC 3.14. Cluster 4: paper, woman, senior, federated, middle/long distance, SC 3.29.]

Cluster 0 (36% of the sample) comprises sprinters and/or hurdlers. Senior category men who answered online presented an average self-confidence score, the third highest recorded score.

Cluster 1 comprises men aged over 35 years, long-distance and/or middle-distance running federated, taking the questionnaire on paper. They comprise 27% of the sample and are highly self-confident, with the second-highest score in the analyzed groups.

Cluster 2 (17% of the sample) has the highest self-confidence-scored people. They are middle-distance and/or long-distance federated senior women who answered the questionnaire on paper. Cluster 4(2% of the sample) comprises the same characteristics of people as cluster 2, scoring average rates in self-confidence tests but lower than clusters 0, 1, and 2.

Cluster 3 comprises women in the master category who participate in popular events and take the questionnaire online. Cluster 3 is 18% of the sample having average self-confidence scores, but those scores are the lowest in the sample.



3.2.4 Flow

Results from the Flow Dispositional Scale [FDS-2; (García-Calvo et al., 2008)] can be seen in Table 6.



TABLE 6 Whole sample clustering for flow function.
[image: A table comparing clusters of participants by attributes. Cluster 0: 157 men, format online, category senior, type federated. Cluster 1: 88 men, paper, master, federated. Cluster 2: 104 men, paper, master, runner. Cluster 3: 62 women, online, senior, federated. Cluster 4: 59 women, paper, senior, federated. Definitions below the table include terms like skill-challenge balance and autotelic experience.]

The first cluster represents 33% of the sample. It is made up of men aged between 18 and 35 years, sprint and/or hurdles specialists who answered the questionnaire online and have a very high perception of flow, getting the highest possible scores, with the exception of the dimension Clear and Direct Feedback, where the score is 9.5 out of 10 points.

The second Cluster is identified by a male of the master category who answers on paper, and he is middle-distance and/or long-distance specialty federated. His scores are generally lower than those of the people in the previous cluster, although he has a high perception of flow. The dimension in which they score lowest is Distorted Time Sense, while their highest score is in Action-Attention Fusion. They are 19% of the sample.

Cluster 2 is 22% of the whole sample, comprising a male who answers on paper. He is over 35 years old, and he is a runner. His perception of flow remains high, although he is the lowest scorer on the Feeling of Control dimension. However, his autotelic experience is very high.

The last two clusters have a representation of 13%. First, Cluster 3 comprises federated participants who are specialists in track events and answered the questionnaire online. Generally, they have high scores in all flow subscales, but they score lower than the other clusters. Their lowest scores are in Clear and Direct Feedback, and the highest scores are in Clear Goals and Loss of Self-Awareness. The last cluster is formed by federated women, middle-distance and/or long-distance running specialists who are over 35 years old. Women in this cluster get comparatively lower scores than in the other groups. The lowest score is in Distorted Sense of Time, as Cluster 2, where runners are also long-distance running specialists. Similarly, the highest score is in Clear Goals, as Cluster 1, where they are also middle-distance and/or long-distance specialists.



3.2.5 Psychological skills

Finally, the groups obtained by clustering the Psychological Inventory of Sport Performance (IPED; [36; 37]) are analyzed in Table 7.



TABLE 7 Whole sample clustering for psychological skills.
[image: Table displaying five clusters of participants with attributes such as format, gender, category, type, and sector. Each cluster shows specific values for ISC, NCC, AC, VIC, ML, PCC, and ACC. Definitions for the abbreviations are provided at the bottom of the table.]

In this case, Cluster 0 (30% of the sample) comprises middle-distance and long-distance specialists, senior women, who took the questionnaire online. Their scores on psychological skills are high, especially in the Visuoimaginative Control dimension. Their lowest scores are on Attentional Control. This means they are people with a high capacity to imagine the competition and an average need to keep attention during the athletic event.

Cluster 1 (23% of the analyzed sample) is made up of men aged over 35 years answering on paper and middle-distance and/or long-distance federated. Scores in the different IPED dimensions suggest they have average psychological abilities, with people scoring between 14 and 23. Their best ability is Positive Coping Control, but Attentional Control is where they scored the lowest.

Cluster 2 comprises master’s category men, runners answering on paper. They are 23% of the sample having an average psychological ability. Negative Coping Control is the dimension where they score the lowest, but they score the highest on Visuoimaginative Control. Furthermore, people in this cluster scored the highest in attentional control.

Cluster 3 comprises senior women, middle-distance and/or long-distance running specialists answering the questionnaire online. They are 13% of the sample and get average scores on psychological skills. In general, it can be said that their scores are lower than the others, getting the lowest score on the attentional control dimension, but they got the highest score on the motivational level.

Finally, Cluster 4 is 12% of the sample and comprises senior category women, federated, middle-distance, and/or long-distance specialists answering on paper. Their best psychological skill is the Visuoimaginative Control, and the worst is the Negative Coping Control.





4 Discussion

This research aims to examine the psychological profile (consisting of motivation, self-confidence, flow, and psychological skills) in athletics using data mining techniques, specifically clustering. The outcomes from the comprehensive analysis of the entire sample underscore the intrinsic clustering tendency within the data, elucidating the presence of two discernible groups characterized by analogous scores across diverse subscales and questionnaires. These identified clusters delineate participants into distinctive categories. This demarcation in clustering suggests noteworthy divergences in questionnaire scores contingent on the examined sociodemographic variables. Therefore, clustering techniques enable establishing differentiated psychological profiles among athletes (Filgueira, 2015). The study unveiled distinct psychological profiles, offering practical insights into tailoring interventions to athletes’ specific needs.

Existing literature supports the idea that sociodemographic factors are pivotal in shaping athletes’ psychological profiles. The observed prevalence of women in the senior category within the first cluster resonates with studies highlighting gender-related differences in motivation and psychological responses to sports (Srivastava, 2014; Deaner et al., 2012). Moreover, the inclination of this cluster toward online questionnaire completion might reflect the growing influence of technology on data collection methodologies in sports psychology research (Ommundsen et al., 2006).

The distinct composition of the second cluster aligns with prior research on age-related variations in psychological attributes among athletes (Langan and Wheater, 2016). Specifically, the prevalence of male participants in the master category within this cluster might relate to age-related shifts in motivational orientations and coping mechanisms (Van Yperen et al., 2009). The preference for paper-based questionnaires in this group might also be associated with generational differences in technology adoption and comfort levels (Fry and Gano-Overway, 2010).

Firstly, in both clusters, the psychological profiles differ in terms of the five examined psychological constructs. The identification of distinct psychological profiles in both clusters, particularly in terms of the five examined psychological constructs, resonates with established research emphasizing the multifaceted nature of athletes’ psychological characteristics.

Motivation, a key determinant of athletic performance, was categorized into five discernible clusters, revealing complex relationships between gender and athletic specialization (Martin and MacDonell, 2012). These results align with existing research emphasizing the role of intrinsic motivation in sustaining athletes’ engagement and commitment to their sport (Martin and MacDonell, 2012). Moreover, the prevalence of task-oriented approaches among runners, especially those engaged in long-distance disciplines, is consistent with the literature highlighting the adaptive nature of task orientation in sports (Deci and Ryan, 1985).

The construct of Self-Determined Motivation demonstrated five distinct groupings based on how it was experienced. These results are consistent with previous literature, indicating differences in motivational profiles for athletics based on gender. Middle-distance and/or long-distance male specialists obtained higher scores than women in the same specialty for factors such as “Intrinsic Motivation to Achieve Things” (IMT), “Intrinsic Motivation to Know” (IMK), “Extrinsic Motivation-Identified Regulation” (EMI), and “No Motivation” (NM). Five different clusters were identified for achievement goals. However, the two of them shared similar sociodemographic characteristics. This finding suggests that the data may be better represented by four clusters, with one capturing a larger share of participants.

Additionally, it was observed that runners tend to be more task-oriented than middle-distance and/or long-distance federated athletes. Deci and Ryan’s study on Self-Determination Theory (SDT) provides a theoretical framework to understand the role of intrinsic motivation in sustaining athletes’ engagement and commitment. Our findings, revealing variations in intrinsic motivation across gender and specialization, echo the fundamental tenets of SDT.

Nicholls (Deci and Ryan, 1985) contributes to the discussion on task orientation in sports, highlighting its adaptive nature. Our observation of a prevalence of task-oriented approaches among runners, especially those engaged in long-distance disciplines, resonates with Nicholls’ perspective. Moving to Achievement Goals, the identification of five clusters with two sharing similar sociodemographic characteristics aligns with existing literature exploring the multidimensional nature of athletes’ goal orientations (Nicholls, 1989). This study is aligned with Deci and Ryan’s SDT, Nicholls’ study on task orientation, and Duda’s exploration of achievement goals adds depth to the interpretation of our results. By grounding our findings in established theories and empirical research, we contribute to the ongoing discourse in sports psychology, providing nuanced insights into the motivational and goal-setting dynamics within different athletic populations.

In terms of Self-Confidence, a critical factor in athletic success (Duda, 1989), distinct clusters exhibiting medium to high levels of self-confidence. Notably, the smaller cluster of senior women specializing in middle-distance or long-distance running, who responded on paper, displayed the highest self-confidence. The other three clusters represented middle-distance and/or long-distance male masters answering on paper, senior category sprinters men answering online, and female runners in the master’s category answering online.

This outcome highlights the significance of exploring both sociodemographic and methodological factors to fully understand athletes’ self-perceptions. Vealey’s extensive study on mental skills training in sports underscores the critical role of self-confidence in enhancing athletic performance. The identification of distinct clusters with varying levels of self-confidence aligns with Vealey’s emphasis on individual differences in athletes’ psychological characteristics. The heightened self-confidence among senior women engaged in middle-distance or long-distance running echoes findings in the literature, linking high self-confidence to successful athletic performance, particularly in endurance sports (Duda, 1989; Vealey, 2001).

Additionally, considering methodological factors, such as the mode of questionnaire administration (online vs. paper), adds a nuanced layer to our interpretation. The disparity in self-confidence levels across clusters might be influenced by demographic variables and the mode of response. While this observation may need further exploration, it aligns with existing research highlighting the impact of survey administration mode on athlete responses and self-report measures (Bandura, 1997).

Flow analysis shows a cluster that presents participants with a high perception of Flow, a strong sense of self-determination, a marked task-oriented approach, and proficient Psychological Skills compared to cluster 2. However, cluster 2 exhibits higher levels of Self-Confidence. Then, when examining the groupings obtained from the classification into five clusters, results show notable differences among the groups. One dominant cluster consists of male athletes taking surveys online, aged between 18 and 35 years, specializing in sprinting and/or hurdles. Their psychological profiles demonstrate very high perceptions of Flow and Self-Determined Motivation, a strong task orientation, low ego orientation, moderate Self-Confidence, and good Psychological Skills. The other clusters also show evident differences between sprinters and long-distance runners, and the way they responded to the questionnaire played a role in the clustering. The dominant groups exhibited heightened flow experiences, aligning with prior research emphasizing the positive relationship between flow and sports performance (Jackson et al., 2016). However, disparities in flow dimensions, such as distorted time perception, indicate the need for tailored interventions based on athletic specialty and demographic characteristics. In this research, the results align with previous findings that long-distance runners, including middle-distance specialists, do not experience distorted time intensely. However, gender differences were not found in this specialty, where men exhibit higher levels of flow overall compared to women.

The study’s findings align with existing literature on flow experiences in athletes, highlighting a predominant cluster characterized by high levels of flow, strong self-determination, and a task-oriented approach—attributes commonly associated with elite athlete profiles (Papinczak et al., 2016). Notable distinctions between sprinters and long-distance runners reinforce prior research linking athletic specialization to variations in flow experiences (Jackson and Csikszentmihalyi, 1999). The observed impact of questionnaire administration methods on clustering resonates with the broader literature emphasizing the significance of methodological considerations in flow research (Scanlan and Simons, 1992). Furthermore, the identified gender differences in flow levels, with men exhibiting higher overall flow, are consistent with existing studies (Jackson and Marsh, 1996), contributing to the broader understanding of flow experiences across athletic demographics.

Five distinct and relatively evenly distributed clusters were identified for psychological abilities. Senior women answering online and specializing in sprinting and/or hurdles exhibited the highest skills across the scale, except for “Control of Negative Coping” (NCC), “Attentional Control” (AC), and “Motivational Level” (ML). The observed exception in these three specific dimensions warrants careful consideration. These findings prompt a closer examination of the intricate interplay between psychological abilities and the demands of specific athletic disciplines. It is conceivable that the unique challenges posed by sprinting and hurdling events may necessitate distinct coping mechanisms, attentional processes, and motivational drivers compared to other specialties. Comparisons with existing literature indicate the need for a nuanced understanding of psychological abilities in sports. Our findings reinforce the significance of gender and specialization in athletic performance. However, the nuanced differences in specific psychological dimensions emphasize the complexity and context-dependent nature of psychological profiles among athletes. Previous research has consistently emphasized the pivotal roles of coping strategies, attentional control, and motivation in influencing athletic outcomes (Swann et al., 2015; Smith et al., 2018). Nonetheless, our study’s observed variations across diverse sports disciplines suggest a need for more in-depth exploration into the sport-specific nuances of psychological factors. Further research should delve into these sport-specific nuances to enhance our understanding of the multifaceted nature of psychological factors in athletic performance. These findings highlight the utility of data mining in sports psychology, particularly for creating tailored training programs informed by psychological profiling.

However, it should be noted that low sample equity in terms of sociodemographic variables is a limitation of this study. A more balanced sample across athletic sectors could have provided more robust results. Despite this limitation, consistent results were obtained, indicating the influence of different sociodemographic variables on the athletic psychological profile. This information could be valuable for implementing changes or improvements in athlete psychological training and their preparation and execution in competitions. Based on these findings, future research could focus on conducting similar studies with larger and more diverse samples and incorporating a greater number of variables. This could lead to the development of safe and effective psychological intervention programs for various types of athletes and provide individuals with tailored information for improving their sports performance.

In conclusion, identifying distinct clusters in psychological abilities offers valuable insights into the heterogeneity of athletes’ mental profiles. The prominence of senior women in sprinting and/or hurdles showcases the importance of considering sociodemographic and athletic specialization factors. The observed variations in specific dimensions warrant further investigation, emphasizing the need for a comprehensive understanding of psychological abilities in sports within a nuanced and context-specific framework.
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Background: As an inherent cognitive process in the pursuit of progress among college students, achievement motivation has become an indispensable facet of daily life. This study aims to investigate the association between physical exercise and achievement motivation, while also examining the mediating roles played by self-efficacy and life satisfaction.
Methods: This study employed a cross-sectional survey methodology, with a sample of 900 Chinese university students as the research participants. A total of 844 valid questionnaires were collected and analyzed. The participants completed various scales, including measures of sports activity level, self-efficacy, life satisfaction, and achievement motivation. Subsequently, comprehensive descriptive statistical analyses were conducted on the gathered data.
Results and conclusion: A significant positive correlation is present between physical exercise and achievement motivation (r = 0.464, p < 0.01), self-efficacy (r = 0.288, p < 0.01), and life satisfaction (r = 0.333, p < 0.01) among college students. Moreover, achievement motivation demonstrates a positive association with self-efficacy (r = 0.506, p < 0.01) and life satisfaction (r = 0.399, p < 0.01). Furthermore, the relationship between physical exercise and achievement motivation can be influenced by both self-efficacy and life satisfaction as mediators in our constructed mediation model where the total effect is 0.512 with direct effect of 0.348 and indirect effect of 0.163. The results of the constructed mediating effect model demonstrate that self-efficacy and life satisfaction serve as significant mediators and moderators, effectively enhancing the achievement motivation levels of college students. This study provides novel insights for enhancing intervention strategies to improve levels of achievement motivation not only among Chinese but also global college students.
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1 Introduction

As the vanguard of society in terms of emerging technologies and innovative ideas, and as highly specialized talents nurtured by the nation, college students’ profound drive for achievement has consistently garnered attention from various sectors (Bowman, 2010). However, in the post-epidemic period, college students are confronted with multifaceted pressures including academic pursuits and career prospects. These diverse factors exert varying degrees of influence on the achievement motivation of college students.

Achievement motivation refers to an individual’s inclination to exert effort in accomplishing valuable tasks and excelling in them, encompassing the pursuit of success and avoidance of failure (Atkinson, 1963). According to achievement motivation theory, individuals with a pronounced need for achievement aspire to complete tasks impeccably and attain higher levels of success (Wang et al., 2019). Previous research has demonstrated that achievement motivation significantly impacts the academic performance (Bjørnebekk et al., 2013), job-related stress (Li et al., 2022), life stress (Karaman and Watson, 2017), and self-expression of college students (Fahmi et al., 2019). To address this issue effectively, it is imperative for individuals to cultivate a proper mindset that fosters increased motivation in order to attain their goals or fulfill personal needs (Brunstein and Schmitt, 2004). Derogatory terms such as “lying flat” and “crispy college students” have become labels for certain behaviors. Underlying this phenomenon is the observation that, when faced with tasks, some college students fail to maintain a proactive and positive attitude, instead adopting a mentality of procrastination or avoidance, indicative of low achievement motivation (Fong et al., 2024). This phenomenon may result in a deficiency of the fighting spirit that should characterize college students in their pursuit of a better life, leading to inertia in future work and a lack of diligence. Consequently, investigating the influencing factors and internal mechanisms underlying achievement motivation among college students holds immense theoretical value and practical significance in nurturing their drive for success while alleviating the burden imposed by both internal and external challenges.

Physical exercise serves as a means of regulating college students’ achievement motivation, involving sports activities of specific intensity, frequency, and duration undertaken with the aim of maintaining health during leisure time (Song, 2001). Based on the theory of embodied cognition, it is assumed that the condition of the body directly affects cognitive and physiological processes, as well as its interaction with the external environment (Ye, 2011). In other words, physical exercise has a direct impact on motivation. For example, Chen’s “Physical Exercise Attitude Scale” consists of 70 items and 8 dimensions (Chen et al., 2006). Although this scale evaluates individuals’ psychological attitudes towards various aspects of sports, it does not provide sufficient clarity regarding college students’ current performance in sports implementation (Li X. N. et al., 2024; Li J. et al., 2024; Zhou et al., 2024). This means there may be some deviation in defining the impact of physical activities on achievement motivation in this study. Therefore, we will use a more appropriate Physical Activity Rating Scale-3 (PARS-3) in subsequent evaluations to make the determination of achievement motivation level more intuitive and evident (Cavicchiolo et al., 2022). Consistent with previous research findings, physical exercise plays a crucial role in the body by effectively reducing stress and generating motivational benefits that stimulate adaptive responses (Brown and Fry, 2013). And positive motivation can promote advancements in sports activities and result in beneficial outcomes encompassing health, aesthetics, enjoyment, skill development, and social interaction (Li X. N. et al., 2024; Li J. et al., 2024). Therefore, it can be inferred that there is a mutually reinforcing relationship between physical exercise and achievement motivation. However, despite schools being widely regarded as ideal environments for promoting sports, enhancing achievement motivation, and improving the mental health of adolescents (Morton et al., 2015), there is a lack of crucial data in the college student population to comprehensively evaluate the effectiveness of physical education programs provided by educational institutions in fostering achievement motivation. Moreover, within the learning environment, approximately 4.5 million students join the ranks of Chinese college students annually. While there is a collective drive for excellence and high societal expectations, this large student population exhibits significant variability in motivation levels. Consequently, the overall motivational impact has not seen substantial improvement (Sun et al., 2023). Consequently, this study takes Chinese university students as the sample and hypothesizes that there is a positive relationship between physical exercise and achievement motivation.

Although physical exercise may directly enhance college students’ levels of motivation for achievement, there is still a lack of comprehensive understanding regarding the potential influence of other factors on the process of promoting achievement motivation through physical exercise. Self-efficacy refers to individuals’ confidence in their ability to utilize their own cognitive resources to successfully complete specific tasks or behaviors (Bandura, 1977). It represents an essential unconscious behavior reflecting an individual’s belief in taking appropriate actions to cope with environmental demands (Sarı and Bayazıt, 2017). For instance, individuals with high general self-efficacy perceive themselves as more capable of performing well (Kriegbaum et al., 2015). Additionally, there is a positive correlation between self-efficacy and achievement motivation. Increasing one’s sense of self-efficacy can facilitate the development of achievement motivation, enabling students to cultivate a desire for autonomy and competence, thereby overcoming obstacles and achieving task proficiency (Bandura and Schunk, 1981; Niemiec and Ryan, 2009). However, certain research findings suggest that students with high self-efficacy may rely excessively on their motivational thinking, resulting in a lack of concentration during learning and detachment from self-confidence (Katz et al., 2011; Bailey et al., 2023). Therefore, based on the individual differences observed in self-efficacy research, this study proposes the hypothesis that “self-efficacy acts as an intermediary factor between physical exercise and motivation for academic achievement” to empirically examine these outcomes.

In the college experience, students are bound to encounter setbacks and challenges that may lead to feelings of discouragement; therefore, it is imperative to enhance their level of achievement motivation. In this context, life satisfaction refers to an individual’s cognitive evaluation of their overall happiness in life (Huebner, 2004), serving as a crucial indicator for assessing personal quality of life and sense of well-being (Diener et al., 1999). Research findings indicate that life satisfaction plays a pivotal role in fostering achievement motivation, as students who exhibit higher levels of life satisfaction across multiple dimensions (e.g., environment, family, school, peers, self) demonstrate increased engagement and concentration while undertaking tasks (Hakimzadeh et al., 2016; Datu and King, 2018). For example, the provision of support from both family members and educators can enhance life satisfaction levels, thereby establishing an enabling learning environment and bolstering the manifestation of achievement motivation (Foster et al., 2017). Moreover, there exists a strong association between participation in sports activities and life satisfaction; regular involvement in physical pursuits has the potential to enhance overall life satisfaction among students (Arslan and Akkas, 2013; Gül and Küçükibiş, 2018). Taking into account the aforementioned perspectives, life satisfaction not only enhances individual motivation for achievement but also potentially acts as a mediating mechanism between physical exercise and achievement motivation. Based on this premise, we propose H3: Life satisfaction serves as an intermediary in the relationship between physical exercise and achievement motivation.

Although existing literature suggests that self-efficacy and life satisfaction independently influence the relationship between physical exercise and achievement motivation, it is important to acknowledge their interconnection. For example, individuals with high self-efficacy are more likely to effectively solve problems, thus enhancing overall happiness in life (Luthans et al., 2007; Coffey and Warren, 2020). Additionally, higher levels of life satisfaction among college students contribute to improved emotional regulation and flexible problem-solving approaches which subsequently mitigate the risks associated with internalizing or externalizing issues (Forrest et al., 2013). Therefore, it is reasonable to propose that engaging in physical exercise can evoke positive emotional experiences while enhancing beliefs in one’s own abilities (self-efficacy), ultimately promoting life satisfaction as a means of fostering optimal achievement motivation for goal attainment (Anderson and Brice, 2011; Pavin Ivanec and Defar, 2023). As stated in the following assumption, self-efficacy and life satisfaction are intended to serve as a chain-mediated effect between physical exercise and achievement motivation.

Demographic variables (e.g., gender, grade, major, residence) have always been of great interest in previous studies on achievement motivation (Khumalo et al., 2011). In terms of current related research, the majority of survey participants are primarily college students and community members. Therefore, this study will focus specifically on college students as the target population.

In sum, we have established a mediation hypothesis model by considering physical exercise as the independent variable, achievement motivation as the dependent variable, and self-efficacy and life satisfaction as mediating variables. Within this framework, we examined multiple mechanisms through which physical exercise influences achievement motivation, specifically focusing on the mediating roles of self-efficacy and life satisfaction. Our goal was to contribute to a long-term, multi-dimensional plan for improving achievement motivation. In this regard, we aim to inspire university administrators to develop well-grounded theoretical management frameworks that enhance the achievement motivation of college students. Additionally, we seek to provide practical insights for fostering future career achievement motivation among college students. We posited the following hypothesis: (1) Physical exercise can have a positive impact on college students’ achievement motivation. (2) Self-efficacy can serve as a mediating factor between engagement in sports activities and motivation for academic achievement among college students. (3) Life satisfaction can mediate between physical exercise and college achievement motivation. (4) Self-efficacy and life satisfaction can serve as a chain-mediated role between physical exercise and college students’ achievement motivation.



2 Materials and methods


2.1 Participants and procedure

The survey was conducted using a random sampling approach, with students from Southwest University in Chongqing being selected as the study participants. Prior to the commencement of the study, we obtained informed consent from college students after contacting school administrators. For freshmen, sophomores, and juniors, electronic questionnaires were distributed through physical education teachers on a class-by-class basis and completed on-site. Seniors were randomly selected for participation. A total of 900 female college students agreed to take part in our study. On average, participants took approximately 10–20 min to complete the questionnaire at normal completion rates. After excluding missing data and invalid questionnaires, the final sample consisted of 844 (93.78%) individuals primarily aged between 18 and 24 years (M = 20.32, SD = 1.67).

The survey data for this study was collected anonymously, and informed consent forms were obtained from all participants. Following the completion of the survey, the research team provided them with corresponding 2 RMB souvenirs as a gesture of gratitude. This survey protocol has been approved by the Ethics Committee of Southwest University Human and adheres to the Helsinki Declaration of Ethical Standards.



2.2 Materials


2.2.1 Physical exercise

We employed the revised Physical Activity Rating Scale-3 (PARS-3) to evaluate levels of physical exercise, as this method has demonstrated robust reliability and validity within the Chinese academic setting (Liang, 1994; Lin et al., 2022). Moreover, Javalle employs a motion scale to quantitatively assess the engagement in physical activities and the extent of physical exercise across diverse age cohorts, thereby enhancing the precision and reliability of questionnaire dissemination, thus substantiating the scientific efficacy of this scale (Javelle et al., 2023). This scale assesses college students’ engagement in physical activities across three dimensions: intensity, duration, and frequency. Each indicator is rated on a 5-point scale (1–5), and the physical exercise score is calculated as follows: Exercise Volume Score = Intensity Score × (Duration Score - 1) × Frequency Score. Scores range from 0 to 100, with scores ≤19 indicating low exercise levels, scores between 20 and 42 indicating moderate exercise levels, and scores ≥43 denoting high exercise levels. Higher scores correspond to greater degrees of physical activity. In our study, the scale exhibited excellent internal consistency and construct validity with a Cronbach’s α coefficient of 0.848.



2.2.2 Self-efficacy

The Chinese version of the General Self-Efficacy Scale (GSES) was used to assess individuals’ levels of self-efficacy (Zhang and Schwarzer, 1995), which represents their subjective evaluation of confidence in performing specific behaviors (e.g., “I can always solve problems if I try hard enough.”). Consisting of 10 items, the GSES utilizes a 4-point Likert scale ranging from 1 (strongly disagree) to 4 (strongly agree), with higher scores indicating greater self-efficacy. In this study, the questionnaire exhibited high internal consistency with a Cronbach’s α coefficient of 0.929.



2.2.3 Life satisfaction

The Satisfaction with Life Scale (SWLS), developed by Pavot and Diener (1993), was utilized in this study to assess individuals’ overall life satisfaction. This scale consists of 5 items that are rated on a 7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). Higher scores indicate higher levels of life satisfaction. The SWLS demonstrates suitability for evaluating the satisfaction of Chinese university students and exhibits excellent reliability (Huo and Kong, 2013), as evidenced by a Cronbach’s α coefficient of 0.911.



2.2.4 Achievement motivation

We employed the Achievement Motivation Scale (AMS) developed by Ye and Kunt (1992) to assess students’ level of achievement motivation, which encompasses two dimensions: striving for success and avoiding failure. The AMS comprises 30 items, rated on a 4-point Likert scale ranging from 1 (strongly disagree) to 4 (strongly agree). This scale has demonstrated robust reliability and validity among Chinese student populations (Gao et al., 2019), as evidenced by a Cronbach’s α coefficient of 0.968 obtained in this study.




2.3 Data analysis

Statistical analysis was conducted using SPSS 27.0. Firstly, descriptive statistics were used to depict the demographic characteristics of participants by presenting frequencies and percentages. Secondly, Cronbach’s α test was employed to assess the internal consistency and reliability of four scales. Pearson correlation analysis was then performed on the independent variable, dependent variable, and two mediator variables. Next, Harman’s single-factor test was implemented to evaluate common method biases in the variables. Regression analysis was carried out with demographic factors as predictor variables and four outcome variables to explore their predictive relationships with each other. Finally, Model 6 in the SPSS Process program was utilized for mediation effects analysis to further investigate physical exercise’s predictive role on college students’ achievement motivation while revealing a chain-mediated effect involving self-efficacy and life satisfaction in physical exercise and achievement motivation. A sample size of 5,000 obtained through autonomous sampling methods ensured robust standard errors and a 95% bias-corrected confidence interval (CI). If CI does not include zero, it indicates significant mediation effects (DiCiccio and Efron, 1996).




3 Results


3.1 Common method bias tests

Given that the data in this study was collected through questionnaires and the survey participants were homogeneous, it is possible that a common method bias exists. To address this concern, Harman’s single-factor test was employed to assess the presence of such biases (Podsakoff et al., 2003). Upon conducting the analysis, it was found that the first factor accounted for 31.377% of variance, which falls below the critical threshold of 40% (Zhou and Long, 2004). This outcome confirms that there is no significant evidence of common method bias within this study.



3.2 Descriptive analysis

Demographic variables, including gender, age, grade level, major, and academic year, have consistently garnered attention in prior research on enhancing achievement motivation (Aguayo et al., 2019). Gender has been a focal point due to the lack of consensus in academia regarding whether gender-related differences exist in college students’ achievement motivation. Consequently, before examining the mediating role of self-efficacy and life satisfaction, descriptive statistics were performed on the collected demographic data, specifically focusing on gender, grade level, major, and place of residence (Table 1). In the survey sample, a total of 844 participants were included, comprising 398 males and 446 females. Specifically, the distribution by academic year was as follows: 222 freshmen, 238 sophomores, 185 juniors, and 199 seniors. Additionally, 439 participants were from social sciences, while 405 were from natural sciences. Furthermore, 452 participants were from urban areas, and 392 were from rural or town areas.



TABLE 1 Demographic characteristics.
[image: Table displaying variables of gender, grade, degree subject, and place of residence with respective levels, sample sizes, and percentages. Male (398, 47.16%), Female (446, 52.84%). Freshmen (222, 26.3%), Sophomores (238, 28.2%), Juniors (185, 21.92%), Seniors (199, 23.58%). Social sciences major (439, 52.01%), Natural sciences major (405, 47.99%). City (452, 53.55%), Villages (392, 46.45%).]



3.3 The relationships between physical exercise, self-efficacy, life satisfaction, and achievement motivation

The Pearson correlation analysis was employed in this section to investigate the relationship between four variables: physical exercise, self-efficacy, life satisfaction, and achievement motivation. As shown in Table 2, a significant correlation (p < 0.01) was observed among all variables. Specifically, physical exercise exhibited positive correlations with self-efficacy, life satisfaction, and achievement motivation. Moreover, there was a significant positive association between self-efficacy and life satisfaction. Additionally, a strong positive correlation existed between self-efficacy and achievement motivation. Overall findings suggest that college students with higher levels of physical exercise, self-efficacy, and life satisfaction tend to exhibit elevated scores on the scale measuring achievement motivation. These results reflect robust levels of achievement motivation among individuals while also indicating the beneficial impact of physical exercise on one’s level of achievement motivation.



TABLE 2 Correlation coefficients between the study variables.
[image: Correlation table displaying relationships between variables: physical exercise, self-efficacy, life satisfaction, and achievement motivation. Means (M) and standard deviations (SD) are shown. Significant correlations at p < 0.01 are indicated with double asterisks.]

The relationship between variables was further investigated by conducting a collinearity diagnostic experiment among college students to examine the association between physical exercise, self-efficacy, and life satisfaction. The results indicated that the VIF values for physical exercise, self-efficacy, and life satisfaction were below 5 (1.157, 1.275, 1.314), while the tolerances exceeded 0.3 (0.864, 0.785, 0.761). Consequently, no issues of collinearity were observed and subsequent tests can be pursued.



3.4 Explicit regression analysis of variables in the chain mediation model

The data is found to conform to a normal distribution, as indicated by the skewness (range: −0.627 to 0.427) and kurtosis (range: −1.092 to −0.668), both of which fall within the acceptable range of less than 2 and 7, respectively, (Kline, 2015). The subsequent analysis involved conducting four linear regression analyses, with the four variables in the model serving as outcome variables (as presented in Table 3). Demographic factors and other variables were utilized as predictor variables. The findings revealed that: (1) When PARS-3 was the outcome variable, gender (β = 0.098, p < 0.01), grade (β = 0.123, p < 0.01) were positive predictors. (2) When GSES was the outcome variable, only grade (β = 0.150, p < 0.01) served as a positive predictor. (3) When SWLS was the outcome variable, gender (β = 0.089, p < 0.01), grade(β = 0.135, p < 0.01) were positive predictors. (4) When AMS was the outcome variable, gender (β = 0.069, p < 0.05), grade (β = 0.144, p < 0.01) were positive predictors.



TABLE 3 Regression analysis of variables in the chain mediation model.
[image: A table showing the relationship between various predictor variables and outcome variables (PARS-3, GSES, SWLS, AMS). It includes columns for R-squared, F, beta, standard error, t-value, and p-value. Gender, grade, degree subject, and place of residence are examined, with various statistical measures presented for each predictor across different outcome variables. Significant p-values are noted as less than 0.01.]



3.5 Mediated effect test: the effects of physical exercise on achievement motivation

Based on the aforementioned assumption, physical exercise is considered an independent variable while achievement motivation is regarded as a dependent variable. Additionally, self-efficacy and life satisfaction are treated as mediating variables. To examine the mediating effects, we establish a chain mediation model using SPSS Process 3.5 plugin model 6 and conduct bootstrap tests for both the overall sample and different coping strategies. The results indicate that physical exercise exerts a significant direct effect on achievement motivation. Additionally, physical exercise has a total mediating effect of 0.163 on achievement motivation through the pathways of self-efficacy and life satisfaction, which accounts for 32.02% of the overall effect (0.512) of physical exercise on achievement motivation. The mediation effect included three indirect pathways: physical exercise→self-efficacy→achievement motivation (effect value 0.119), physical exercise→life satisfaction→achievement motivation (effect value 0.029), and physical exercise→self-efficacy→life satisfaction→achievement motivation (effect value 0.015). Based on these findings from sample analysis, we derive a mediation model diagram (Figure 1). Importantly, all path coefficients in this study are statistically significant at a certain level (see Table 4).

[image: Diagram showing relationships between four variables: Physical exercise, Self-efficacy, Life Satisfaction, and Achievement Motivation. Arrows indicate directional influence with coefficients labeled: Physical exercise to Self-efficacy (0.324), Self-efficacy to Life Satisfaction (0.389), Physical exercise to Achievement Motivation (0.348), Physical exercise to Life Satisfaction (0.249), Physical exercise to Achievement Motivation (0.367), Life Satisfaction to Achievement Motivation (0.117). All coefficients are marked significant with three asterisks.]

FIGURE 1
 Model showing the mediating roles of self-efficacy and life satisfaction in the relationship between physical exercise and achievement motivation.




TABLE 4 Analysis of direct effects of physical exercise on achievement motivation and mediation effects of self-efficacy and life satisfaction.
[image: Table displaying effect sizes with Bootstrap standard errors, lower-level confidence intervals (LLCI), upper-level confidence intervals (ULCI), and relative mediation effects for various effects. Total mediating effect is 0.512, with a direct effect of 0.348 and a total indirect effect of 0.163. Indirect effects 1, 2, and 3 have effect sizes of 0.119, 0.029, and 0.015, respectively. Relative mediation effects for the direct, total indirect, and indirect effects 1, 2, and 3 are 67.98%, 32.02%, 23.27%, 5.76%, and 2.99%, respectively.]

In summary, the findings demonstrate a significant chain-mediated effect of self-efficacy and life satisfaction in linking physical exercise to achievement motivation. This confirms the direct impact of physical exercise on levels of achievement motivation and highlights its potential to enhance life satisfaction by influencing individuals’ sense of self-efficacy, thereby positively affecting achievement motivation.




4 Discussion

This study investigated the mechanistic role of physical exercise in achievement motivation among college students, using self-efficacy and life satisfaction as mediating factors to construct an intermediate model.

Firstly, the research findings based on the utilization of a more intuitive and concise PARS-3 scale demonstrate that physical exercise has a direct and positive predictive effect on college students’ level of achievement motivation. Engaging in sports activities not only enhances their capacity for success-driven motivation but also aligns with previous research results (Lou et al., 2023), thereby supporting H1. Moreover, consistent with prior conclusions, active participation in physical exercise not only mitigates negative emotions experienced by college students but also fosters psychological resilience through the pleasurable experience of sports, ultimately cultivating a positive drive towards achieving motivation (Anderson et al., 2006). Further demographic analysis reveals that gender and grade differences have significant impacts on individual achievement motivation. The gender disparity may be attributed to the fact that male college students are more likely to identify suitable adjustment points in sports and utilize interpersonal communication methods, thus effectively alleviating stress and enhancing levels of achievement motivation (Tremblay et al., 2023). Conversely, grade disparities may stem from varying degrees of accumulated anxiety caused by academic burdens (Schladitz et al., 2024). Furthermore, given that all students are within the university campus environment, the influence of their major and place of residence on achievement motivation appears to be less significant. Therefore, it indicates that when examining the impact of sports exercise on college students’ achievement motivation, careful consideration must be given to various demographic factors. It is crucial to prioritize individual differences in the development of sports exercise plans in order to select rational and scientifically-backed sports activities, exercise intensity, frequency, and duration for maximizing the enhancement of achievement motivation. For instance, college students can incorporate periodic low-intensity running exercises into their routine as an effective means of fat and calorie consumption, thereby bolstering their self-control and willpower. This approach also represents a vital self-regulatory framework essential for maintaining optimal levels of achievement motivation (Xu et al., 2018).

In addition to the direct impact, we also examined the indirect influence of physical exercise on achievement motivation. Our findings support H2 by demonstrating that personal self-efficacy acts as a mediator between physical exercise and achievement motivation. Physical exercise not only releases hormones like dopamine (Berse et al., 2015; Toselli and Spiga, 2017), which contribute to the development of a more optimal physique for college students and enhance their body satisfaction and self-efficacy, but it also promotes the adoption of advantageous strategies among individuals with high self-efficacy (Ouyang et al., 2020). This indicates that they approach challenges with a positive mindset towards achieving success (Chen et al., 2022). Therefore, physical exercise can influence achievement motivation through its effect on self-efficacy levels. Given the significant role played by self-efficacy in mediating the relationship between physical exercise and achievement motivation, targeted interventions should be implemented on campus, such as offering specialized counseling courses and providing specific cognitive plans aimed at enhancing students’ goal aspirations aligned with their abilities. These interventions will consistently stimulate achievement motivation through successful task completion.

According to the findings from indirect pathway 2, there is a specific indirect impact of physical exercise on achievement motivation mediated by life satisfaction. This suggests that physical exercise not only directly predicts achievement motivation but also indirectly enhances it through the mediating role of life satisfaction. These results are consistent with previous studies (Antunes et al., 2022; Rodrigues et al., 2023), thereby supporting hypothesis H3. Prior research has demonstrated that physical exercise can enhance hippocampal plasticity and reduce brain inflammation, leading to a reduction in negative emotional interference and an inclination towards more rational interpretations and attributions of events, ultimately maximizing life satisfaction and pleasure (De Miguel et al., 2021). Moreover, the enhancement in life satisfaction contributes to an increase in gray matter volume within the right hemisphere of the brain, resulting in clearer and more reliable cognitive abilities. Consequently, this provides college students with broader perspectives and more convenient approaches when encountering relevant challenges (Kong et al., 2014; Erickson et al., 2015). Considering the points mentioned above, it is crucial for society to establish a comprehensive nationwide fitness program, improve the monitoring system for student life satisfaction, organize significant sporting events and inclusive group activities with the goal of cultivating a sense of social belonging among college students. These actions will effectively alleviate feelings of loneliness and decrease the likelihood of depression while promoting positive motivation towards academic achievements (Samadieh and Rezaei, 2024). Educational institutions should allocate resources strategically to sustain motivation levels by establishing counseling services and workshops that facilitate students’ experience of fulfillment within campus life under the guidance and companionship provided by teachers and peers (Lardier et al., 2020). Simultaneously, families ought to promote gentle communication methods such as engaging in outdoor activities like hiking, jogging or participating in sports with their children as means to alleviate academic fatigue experienced by college students. This approach will foster a healthy and harmonious family environment that enhances overall familial happiness while concurrently promoting steady improvements in achievement motivation (Xue et al., 2024).

Ultimately, this study demonstrates that physical exercise has a positive influence on achievement motivation through the chain-mediated effects of self-efficacy and life satisfaction. Thus, hypothesis H4 is supported. Although there is limited direct evidence for the multidimensional relationship between physical exercise, self-efficacy, life satisfaction, and achievement motivation, previous studies have already confirmed the role of physical exercise in fostering an optimistic mindset (Blanchette and Richards, 2010). This optimism helps college students maintain rational thinking when perceiving and evaluating current events, thereby enhancing their sense of self-efficacy and enabling them to overcome apprehension towards the unknown while responding positively and adaptively to uncertain future circumstances (Yu and Song, 2022). Moreover, individuals with high levels of self-efficacy tend to possess resilience and a forward-looking sense of purpose which enhances overall cognitive openness leading to increased life satisfaction and happiness (Liu et al., 2024). Consequently, this fosters positive emotions among individuals and empowers them to fully utilize their potential in promoting achievement motivation within the college student population as a whole group (Deng et al., 2024). To effectively cultivate college students’ achievement motivation, educators should prioritize nurturing students’ self-efficacy while also creating a supportive living environment conducive to enhancing student satisfaction. Furthermore, educational institutions should guide students in developing regular exercise habits so they can reap the benefits associated with sports participation including improved physical health and mental well-being as well as enhanced social relationships and strengthened self-identity; all serving as solid foundations for future achievements motivations.



5 Limitations and prospects

Although our research has contributed to a deeper understanding of the relationship between physical exercise and achievement motivation among college students in academic circles, there are certain limitations that need to be acknowledged. Firstly, the research sample was limited to college students in Chongqing city, which may limit the generalizability of the findings. The cultural background, educational resources, and social environment in different regions exert varying influences on the achievement motivation of college students. Consequently, future research should consider incorporating cross-regional and cross-cultural research designs, taking into account factors such as the level of regional development and the richness of cultural heritage, to enhance the external validity of the findings. Secondly, this study primarily relied on questionnaire surveys for data collection. While this method offers convenience for operational purposes and quantitative analysis, it may not fully capture students’ underlying psychological states accurately or their sports performance. For instance, questionnaires might not precisely reflect students’ thoughts and emotions in specific situations. To enrich the depth and richness of future research endeavors, qualitative methods such as conducting in-depth interviews with students or employing comparative case studies could be integrated to obtain more comprehensive data samples. Lastly, this study may lack depth in its investigation scope. Future studies could consider assessing a wider range of demographic factors to effectively validate the effectiveness of intervention measures employed within these contexts effectively. Given the complexity and diversity inherent in college student life experiences, it is crucial for future research efforts to explore additional variables and factors while developing a more comprehensive model that facilitates an enhanced understanding of positive relationships promoting achievement motivation (e.g., family background, study situation, life pressure).



6 Conclusion

The present study investigates the relationship between physical exercise, self-efficacy, life satisfaction, and achievement motivation among college students. It demonstrates the positive impact of physical exercise on achievement motivation and confirms the independent mediating role of self-efficacy and life satisfaction in the association between physical exercise and achievement motivation. We propose that guiding college students to engage in appropriate physical exercise can significantly enhance their self-efficacy and life satisfaction, thereby fostering positive achievement motivation when they face challenges. Incorporating structured physical exercise programs into institutional policies would not only underscore the importance of physical activity for educators but also better promote the physical health and motivational levels of college students.
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Objective: To investigate the relationship between college students' physical activities and Internet addiction, to investigate the role self-control control plays in this relationship, and to provide a theoretical foundation for the alleviation of college students' tendency to Internet addiction and intervention treatment.
Methods: A questionnaire survey was conducted on 471 college students using the International Physical Activity Questionnaire (IPAQ), the Revised Chen Internet Addiction Scale (CIAS-R), and the Self-Control Scale (SCS).
Results: Internet addiction was significantly negatively correlated with physical activities (overall; min/WK, r = −0.115, P < 0.05), with high-intensity physical activities (min/WK, r = −0.179, P < 0.01), and with low-intensity physical activities (r = −0.103, P < 0.05); self-control was significantly positively correlated with physical activities (overall; min/WK, r = 0.150, P < 0.01), with moderate—intensity physical activities (min/WK, r = 0.139, P < 0.01) while it was significantly negatively correlated with Internet addiction (min/WK, r = −0.349, P < 0.01). The mediating effect follows the path: physical activity → self-control → internet addiction.
Conclusion: Physical activity can have a direct negative effect on college students' Internet addiction, and also influence Internet addiction through the mediating effect of self-control.
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1 Introduction

At this juncture, the Internet penetration rate in China has attained 75.6%, with the proportion of Internet users accessing the Internet via mobile phones reaching an impressive 99.8% (China Internet Information Center, 2023). Mobile terminals have become an indispensable social life tool for the entire population. This phenomenon is especially evident among contemporary college students, who consider the internet to be an indispensable part of their lives. Concurrently, concerns regarding internet addiction among this demographic have escalated. The long-term use of the internet can easily exacerbate this tendency, leading to internet addiction or the potential for such a condition. The consequences of internet addiction among college students manifest at the individual level, affecting their physical and mental health, academic performance, career prospects, and familial relationships. At the macro level, these issues hinder China's strategic development through science and technology and talent, and hinder the construction of a modern socialist country.

The “Healthy China 2030” Plan Outline emphasizes that to foster the development of a healthy China, the principle of prioritizing prevention should be upheld, promote a healthy and civilized lifestyle, create a green and safe healthy environment, and reduce the occurrence of diseases. Excessive internet use during the college years can lead to increased sedentary time, leading to poor posture, prolonged sitting, lack of physical activity, and increased risk of obesity (Khan et al., 2017). Physical activity can ameliorate the condition of individuals with internet addiction (Liu, 2017; Li et al., 2020). Meanwhile, numerous studies have shown that inadequate self-control is associated with most problematic behaviors (Horn, 1995) and closely related to various behavioral addictions (Ayuningtyas, 2022; Arslan et al., 2021). Consequently, it can be hypothesized that self-control is a salient factor in the context of college students' internet addiction. In addition, experimental studies have shown that exercise can enhance individuals' executive functions, thereby boosting their self-control capabilities (Chang et al., 2012). Physical activity serves as a form of exercise that can augment individuals' self-control abilities (Susa et al., 2012). Given this, the possible mechanism of self-control between physical activity and internet addiction deserves further examination.

A divergence in the prevalence of Internet addiction among adolescents is observed according to differing parenting styles. Adolescents reared in an authoritarian milieu demonstrate comparatively superior performance with regard to Internet addiction, and the degree of parental supervision seems to inversely correlate with the likelihood of adolescents using video games to escape negative emotions (Commodari et al., 2024). This parenting style is believed to offer a degree of protection against Internet addiction in adolescents (Özgür, 2019), and it can be utilized as a protective factor against Internet addiction and online gambling addiction (Serna et al., 2023), fostering self-control and a sense of responsibility, thereby enabling adolescents to better cope with the temptations of the online world (Shimil and Srivastava, 2022). A study on early adolescents revealed that internet addiction is significantly and negatively correlated with positive reinforcement, warmth, supportiveness, and positive parenting styles, while it was positively and significantly associated with hostility, loose control, physical control, and broadband negative parenting styles (Erişim, 2020). The current study hypothesizes that authoritarian parenting styles may heighten the risk of internet addiction in adolescents (Shimil and Srivastava, 2022). The strictness imposed by authoritarian parents is more likely to lead adolescents to seek solace in the online world due to a lack of autonomous space and emotional support (Sarfika et al., 2023). A lack of opportunities for autonomous decision-making and self-management, stemming from prolonged strict parental control, may hinder the development of self-control (Yadav and Rupali, 2019; Fitriani, 2019). Conversely, laissez-faire parenting styles, characterized by minimal constraints and greater autonomy, have been associated with an elevated risk of Internet addiction in adolescents (Özgür, 2019; Sarfika et al., 2023; Niu et al., 2023). Moreover, it has been demonstrated that when parents adopt a permissive parenting style, their children are more likely to develop Internet addiction due to emotional problems such as worry (Lin et al., 2022). A robust correlation has been identified between parental education level and parenting style (Lin et al., 2022). Higher levels of maternal education have been demonstrated to be associated with reduced television screen time and computer use in children (Sanmarchi et al., 2021). Consequently, a balanced approach to parenting styles is imperative to mitigate the risk of internet addiction in adolescents. The educational level of family members is a factor that cannot be ignored when exploring the relationship between physical activity, self-control and Internet addiction.

In summary, this study is based on the reality that college students have a serious tendency toward internet addiction. Taking college students as the survey subjects, mathematical and statistical analysis methods are used to explore the correlation between physical activity and internet addiction, as well as to test the mediating effect of self-control, in order to provide reference for reducing internet addiction among college students.



2 Research trends and review

Through literature review, it has been found that since the 1990s, the issue of internet addiction among college students has garnered significant attention from scholars worldwide. The research scope includes multiple disciplines such as sociology, psychology, education, ideological and political education, and medicine. The main research topics related to this study involve the following aspects:


2.1 Concept of internet addiction

The academic community has not yet reached a consensus on the concept and understanding of internet addiction. Goldberg's seminal work pioneered the concept of internet addiction by drawing parallels with the definition of pathological gambling. He theorized that internet addiction constitutes an individual's impulsive and uncontrollable state of online behavior under the influence of non-addictive substances, and is a symptom of “coping mechanism behavior addiction.” This definition has been the subject of considerable controversy, particularly in the media, which has classified it as a “mental illness.” Since then, the American psychiatric community has carried out extensive research on internet addiction. Of particular note is the empirical research conducted by American psychologist Young, who posits that internet addiction should not be regarded as an independent mental illness, but rather as a manifestation of the existing “impulse control disorder” in internet users. This viewpoint aligns with the concept of “TV air-conditioning disease,” positing that it is merely a habitual psychological dependence arising from prolonged exposure, thereby categorizing it as a psychological problem, specifically behavioral dependence. Armstrong's theory posits that individuals' propensities for internet usage are influenced by their unique personality traits, which, in turn, are shaped by the functional characteristics of the internet platforms they frequent. This theory predicts the emergence of diverse types of internet usage, ranging from the pure to the mixed. A patient suffering from internet overuse can be a pure type or a mixture of several types, and in reality, the majority of patients are mixed type. According to the clinical manifestations, internet addiction is systematically divided into five types: internet addiction, internet relationship addiction, internet compulsive behavior, information collection addiction, and computer addiction (Chaomin, 2012).

In China, the “Clinical Diagnostic Criteria for Internet Addiction” formulated by Tao Ran from the Beijing Military Region General Hospital in 2008 has attracted attention from all sectors of society. Internet addiction refers to a psychological and behavioral disorder caused by an individual's repeated excessive use of the Internet, which is divided into five categories: addiction to online games, addiction to online pornography, addiction to online relationships, addiction to online information, and addiction to online transactions. Among them, online game addiction is the most common, accounting for 82%. In 2009, the Ministry of Health of China rejected the use of internet addiction as a clinical diagnosis of mental illness when soliciting opinions on the “Guidelines for the Healthy Use of the Internet by Minors,” stating that the current definition of internet addiction is inaccurate and should not be used to define the harm caused by improper use of the internet to human health and social function. it is posited that internet addiction is solely attributed to the improper use of the internet (Disease Control Prevention Bureau of the Ministry of Health, 2023). In the 11th edition of the International Classification of Diseases in 2018, the World Health Organization added “gaming addiction” to ICD-11 and listed it as a mental illness. The Core Information and Interpretation of Health Education for Chinese Teenagers (2018 Edition) (National Health Commission, 2018) released by the National Health Commission clearly defines the definition and diagnostic criteria of Internet addiction, and believes that Internet addiction refers to the uncontrolled behavior of Internet use impulse without the effect of addictive substances, which is manifested in the obvious academic, occupational and social function damage caused by excessive use of the Internet. a key criterion for diagnosing internet addiction disorder is that the individual's relevant behaviors must persist for at least 12 months. To sum up, Internet addiction can be understood as the phenomenon of a series of psychological, physical and mental problems caused by individuals' improper use of the Internet for a long time in addition to work and study.



2.2 Diagnostic criteria and measurement of internet addiction

Foreign scholars were the first to pay attention to and study the phenomenon of internet addiction, and have developed a large number of psychometric internet addiction scales. As early as Young proposed the Internet Addiction Diagnostic Questionnaire based on the American Psychiatric Classification and Diagnostic Manual (DSM-V), which mainly judges the degree of Internet addiction from aspects such as internet use function, emotional involvement, irrational cognition, and personal life events. If participants give positive answers to five out of eight questions, it is determined to be Internet addiction (Young, 2009); the significance of Morahan-Martin and Schumacher's (2000) “Pathological Internet Use Questionnaire” is in differentiating the psychological criteria of high engagement and addiction; Davis et al.'s “Online Cognitive Scale” includes four subscales: social comfort, loneliness and depression, reduced impulse control, and attentional shift, with a total of 36 questions. It belongs to a 7-level self-report scale (1 = least agree, 7 = most agree), with higher scores indicating deeper levels of internet addiction. However, “subjects are not clear about what to measure” and “items measure subjects' cognition rather than behavior” make this scale have advantages that other internet addiction scales do not have (Davis et al., 2002); Scott and Caplan's “Revised Generalized Problem Internet Usage Scale” includes five dimensions: online social performance, emotional regulation, cognitive involvement, network use compulsion, and negative consequences. Seven point scoring (1 = very disagree, 7 = very agree). The higher the score, the more severe the internet addiction issue. The scale found that the lack of self-regulation was an important factor in the negative consequences of individual Internet use (Caplan, 2002).

Chinese scholars have conducted surveys and revisions on the above-mentioned scales, and some scholars have also applied the English version of the scales in psychological research on Chinese students (Dongmei et al., 2017). In China, the development of Internet addiction related research can be divided into two stages: 2001–2008 and 2009 to the present. There are also many scales and standards for Internet addiction, among which the Chinese Internet Addiction Scale Revised (CIAS-R) prepared by Chen Shuhui, the Chinese Internet Addiction Scale Revised by Young, and the Adolescent Pathological Internet Usage Scale (APIUS) prepared by Li and Yang (2007) are widely used. Through literature review, it can also be found that scholars have developed individual case internet addiction survey questionnaires for college students in certain regions, and the design of each scale has its own characteristics. The characteristics of different scales also determine the measurement scales and research outcomes.



2.3 Research on physical activity and internet addiction

Based on the four elements of physical activity: frequency, intensity, time, and type, the research related to internet addiction is summarized as follows: Kujach et al. (2018) studied the effects of high-intensity interval exercise and dorsolateral prefrontal activity, and found that short-term high-intensity exercise can increase the release levels of neurotransmitters and BDNF in the brain, effectively improving cognitive performance; Fan et al. (2021) conducted a study on the influencing factors of low, medium, and high exercise intensities on college students' use of smartphones, and found that after 30 min of acute aerobic exercise, the accuracy of non target stimuli significantly improved, while the accuracy of medium intensity non target stimuli changed the most; Yang et al. (2024) found that moderate intensity acute aerobic exercise can effectively promote inhibitory function by allocating cognitive resources more reasonably when exploring the dose relationship between exercise intensity and inhibitory function. The research findings of the aforementioned scholars indicate that exercise of moderate and higher intensity can effectively enhance cognitive performance, improve participants' inhibitory control, and thus inhibit psychological processing and behavior unrelated to the current goal, such as having a withdrawal effect on internet addiction. In terms of team sports in ball games, Li et al. (2011), Yinghai (2013), Yunsheng and Yang (2016), and Xiao et al. (2021) conducted intervention studies on adolescents and college students for 8–16 weeks, 3–5 times a week, and 35–150 min per session, respectively. They found that exercise has a good effect on improving mental health and quitting internet addiction, especially on reducing mild and moderate internet addiction. In terms of research on joint intervention of exercise and psychology, Liu (2017), Hong et al. (2020), Zhao et al. (2021) conducted a 6–12 week study on adolescents and college students, with 1–2 times a week, 30–60 min/time, 60%−70% exercise intervention and 1–2 times a week, 60–120 min/time psychological therapy intervention. They found that joint intervention significantly enhanced the activation level of the prefrontal cortex, improved psychological craving and symptoms, and is an effective means of quitting internet addiction.

More studies have shown that exercise can improve GSI, depression, anxiety, aggression, somatization, social insecurity, fear and anxiety, paranoid ideation, and mental illness (Liu et al., 2017), leading to positive psychological feelings, enhanced physical fitness, improved self-evaluation, increased willpower, and self-control (Ziliang and Wenkai, 2002). However, attention should be paid to important moderating variables such as the dosage of exercise intensity, diversity of exercise styles, and exercise duration. At the same time, attention should also be paid to the combined intervention of physical activity and psychological therapy. At present, there are relatively few studies on the relationship between physical activity and internet addiction both domestically and internationally, and research on the underlying mechanisms of the impact of physical activity on internet addiction is particularly scarce. Therefore, researchers should combine psychological research methods, such as using psychological scales, to explore the relationship between the two from more perspectives.




3 Research methods


3.1 Literature review method

Using keywords like “physical activity,” “sports activity,” “internet addiction,” and “self-control,” searches were conducted in Chinese databases such as CNKI Journal Database and Baidu Scholar. Using keywords such as “Sport and Exercise Psychology,” “Internet addiction,” and “Self Control,” research literature on the relationship between physical activity and internet addiction among foreign university students was collected in foreign databases such as Web of Science and EBSCO. As of August 2023, 1,420 relevant academic papers were identified, and 322 core journal papers focusing primarily on “college students' internet addiction” were retrieved. After further investigation, it was found that there are 51 literature closely related to this study.



3.2 Questionnaire survey method


3.2.1 Questionnaire design

The first survey questionnaire is the short form of the International Physical Activity Questionnaire (IPAQ). The scale is a commonly used questionnaire survey tool. It was developed in Geneva in 1998. So far, it has passed a large number of reliability and validity tests in many countries or regions around the world. At present, it has been used in Chinese population research, and has been tested to have good reliability and validity. This questionnaire has the characteristics of “simple operation, short time consumption, and detailed,” and is suitable for large-scale testing of the 18-year-old population. The International Physical Activity Questionnaire (IPAQ) short questionnaire consists of seven questions, asking the sample individuals about their physical activity types (step type = 3.3 METs, moderate intensity activity = 4.0 METs, vigorous intensity activity = 8.0 METs), frequency and duration, as well as their sleep status over the past 7 days (Macfarlane et al., 2007). Based on the answer, the MET value for the type of physical activity can be calculated. MET value is a unit representing metabolic equivalent and is a method used to measure physical activity intensity, where one MET equals the rate of energy expenditure in a static or resting state, typically 3.5 ml of oxygen per kilogram per minute. Depending on the nature and intensity of the activity, the MET value will also vary. For example, if the physical activity is playing table tennis, then find a specific MET value of four in the physical activity outline. Therefore, by calculating the MET value corresponding to physical activity in IPAQ, one can understand the intensity and type of physical activity that a person has participated in in the past 7 days.

The second survey questionnaire is the Chinese version of the Revised Chen Internet Addiction Scale (CIAS-R) in Chinese. This scale was developed by Professor Chen Shuhui from Taiwan in 1999, using college students as a sample, based on the diagnostic criteria of DSM-IV for various addiction symptoms. It consists of 26 questions and adopts the Likert 4-point scoring method, including five dimensions: obsessive-compulsive symptoms, withdrawal symptoms, tolerance symptoms, interpersonal health problems, and time management problems. The total score of the full scale represents the degree of individual internet addiction, and the higher the total score, the higher the tendency toward internet addiction (potential internet addicts ≥58 points, internet addicts ≥68 points).

The third survey questionnaire is the Chinese version of the self-control scale (SCS). The scale was developed and published by Tangney in the United States in 2004, and later translated, validated, and revised by Unger et al. (2016), confirming that the scale can be used in China. After revision, the scale retained the 36 questions in the English version and was scored on a 5-point scale (1 = strongly disagree, 5 = strongly agree). It includes five dimensions: general ability of self-discipline, thoughtful consideration, healthy habits, professional ethics, and reliability. Among them, questions 1, 5, 7, 13, 15, 18, 22, 26, 27, and 36 are scored positively, while the rest of the questions are scored negatively. The higher the total score, the better the self-control ability.



3.2.2 Reliability and validity test of questionnaire

The reliability and validity of the Chinese version of the International Physical Activity Questionnaire (IPAQ) Short Form for college students are equal to or higher than those of similar questionnaires (IPAQ) Short Form among college students are higher than or equal to similar questionnaires, and the correlation coefficients within each physical activity group are all above 0.7, indicating high reliability and validity (Macfarlane et al., 2007). It is suitable for this study.

Chinese Internet Addiction Scale: The test-retest reliability of the selected Chinese Internet Addiction Scale (CIAS-R) is 0.83, and the internal consistency coefficients between each subscale are satisfactory, ranging from 0.79 to 0.89. The total Cronbach's alpha of the scale is 0.976. In this study, Cronbach's alpha was used to measure the intrinsic reliability of the questionnaire, with a reliability coefficient value of 0.955. Before the formal survey, the reliability of the pre-survey can be tested by using the CITC and the alpha coefficient of the deleted items, and for the 'alpha coefficient of the deleted items', after the deletion of any question item, the reliability coefficient does not increase significantly. As for the “CITC value,” the CITC values of the analyzed items are all >0.4, which indicates that there is a good correlation between the analyzed items, and at the same time it also indicates that the reliability level is good. In conclusion, the reliability coefficient value of the research data is higher than 0.9. Validity has been checked using KMO and Bartlett's test, and from the above table it can be seen that: the KMO value is 0.959, which is >0.8, and the above data comprehensively indicate that the quality of reliability and validity of the data is applicable to this research.

Self Control Scale: the Chinese version of the Self Control Scale (SCS) selected in this article has a total Cronbach's alpha of 0.88 and an alpha range of 0.58–0.81 for each dimension (Unger et al., 2016). Cronbach's alpha was used in this study to measure the intrinsic reliability of the questionnaire. The reliability coefficient value is 0.855, which is >0.8, indicating the high quality of reliability of the study data. For the “alpha coefficient for deleted items,” the reliability coefficient does not increase significantly when a question item is deleted, indicating that the question item should not be deleted from the questionnaire. KMO and Bartlett's test were used to check the validity, as can be seen from the table above: the KMO value is 0.903, the KMO value is more than 0.8, the research data is very suitable for extracting information, which means it is suitable for this study.



3.2.3 Research objective

A review of the extant literature on sample sizes utilized in analogous studies, coupled with a stratified sampling procedure, was conducted in conjunction with the number of students enrolled in the spring 2023 semester and voluntary participation. A random sampling procedure was conducted on a class-wide basis in April 2023, encompassing indicators for grade level (freshman, sophomore, junior) and gender (male, female). The rationale behind this approach is to establish a certain degree of homogeneity and stability within the class, which is conducive to the control of variables in the study and the enhancement of its accuracy and reliability. According to the teaching requirements of physical education courses at Beijing University of Posts and Telecommunications (BUPT), a signing-in system is adopted, and the questionnaires are distributed and recovered through questionnaire stars in the theoretical teaching part of the physical education courses. The students fill out the questionnaires before they fill out the other questionnaires. The respondents were informed by the teachers of the objective of the survey and that participation was voluntary. A total of 485 questionnaires were distributed. Subsequent to distribution, the data collection, entry, cleaning and analysis were meticulously reviewed to ensure the accuracy and completeness of the data. The final valid questionnaires were 471, with a validity rate of 97.1 per cent.




3.3 Mathematical and statistical methods

After standardizing the variables, descriptive statistics, sample mean t-test, one-way ANOVA, correlation analysis, and multiple regression analysis were conducted on the physical activity level, internet addiction, and self-control of college students using statistical analysis software SPSS25.0 after normality testing. By employing the Bootstrap method in the Process macro program in conjunction with the stepwise test method, model 4 is utilized to analyze the mediating effect of self-control.




4 Results and analysis


4.1 Basic information of the investigated subject

The age range of the survey subjects is 17–26 years old, including 132 females, accounting for 28.03%, and 339 males, accounting for 71.97%. The number of males significantly exceeds that of females. This discrepancy in the gender ratio may potentially influence the study's outcomes, particularly in regard to perceptions and behaviors concerning specific issues, which may vary according to gender. There are 196 students from the eastern region, accounting for 41.61%, 160 students from the central region, accounting for 33.97%, and 115 students from the western region, accounting for 24.42%. Such regional distribution reflects a certain degree of diversity. Students in different regions may be influenced by different social environments, educational resources and cultural traditions, thus showing differences in self-control, physical activity habits and the risk of Internet addiction. In terms of grade distribution, freshmen are the main group, with 311 students, accounting for 66.03%, followed by sophomores with 107 students, accounting for 22.72%, and juniors with 53 students, accounting for 11.25%. It is evident that variances exist with regard to the learning experience and social exposure of students across different grades. These differences may potentially affect their perceptions and behaviors (Table 1).


TABLE 1 Basic information of the subject under investigation.

[image: A table shows demographic data of 471 people categorized by gender, age, hometown area, grade, height, weight, and BMI. Gender includes 339 males and 132 females. Ages range from 17-26 years, with a mean age of 19.18 ± 1.128. Hometown areas are Eastern (196), Central (160), and Western (115) regions. Grades include Freshman (311), Sophomore (107), and Junior (53). Height, weight, and BMI data are listed with mean and standard deviation for males and females. Total proportions equal one hundred percent.]



4.2 Score of college students' internet addiction test questionnaire

From Table 2, it can be seen that the number of individuals with high immunity is relatively small, with only one person, while the number of generally immunized individuals is 55, accounting for 11.68%, number of college students potentially with internet addiction accounts for 51.59%, and the number of internet addicts accounts for 36.52%.


TABLE 2 Scores of college students' internet addiction test questionnaire.

[image: Table showing the total score of internet addiction. Categories include high immunity with 1 person (0.21%), general immunity with 55 people (11.68%), potential internet addiction with 243 people (51.59%), and internet addiction with 172 people (36.52%). Total number surveyed is 471.]



4.3 The relationship between physical activity, internet addiction, and self-control among college students

As shown in Table 3, it can be seen that descriptive statistics and independent sample t-test were used to analyze the physical activity levels of college students at different intensities. The results show that male and female students exhibited a significant 5% level of min/WK for high-intensity physical activity, and the specific comparisons reveal that the average value for male students was 82.04, significantly higher than the average value for female students at 65.83. There is a significant difference of 1% between males and females in terms of low-intensity physical activity, and the specific comparison shows that the average value for males is 141.45, which is significantly lower than the average value for females, which is 178.75. There is a significant difference of 5% in physical activity intensity (total) between males and females, and the specific comparison shows that the average value for males is 474.09, which is significantly lower than the average value for females of 551.55. There is no significant difference between males and females in terms of moderate intensity physical activity.


TABLE 3 Descriptive statistics and correlation analysis of physical activity, internet addiction, and self-control among college students.

[image: Table comparing physical activity intensity between male and female students, including mean, standard deviation, t-statistic, total internet addiction score, and total self-control score. High intensity shows males at 82.04 ± 72.86, females at 65.83 ± 68.85, with a t-statistic of 2.201*. Moderate, low, and total activity intensities are also detailed. Correlations with internet addiction and self-control scores are noted, with significant p-values marked.]

Using correlation analysis to study the correlation between the total score of internet addiction and four items: high-intensity physical activity, moderate intensity physical activity, low-intensity physical activity, and total physical activity intensity. The results show that the correlation coefficient between the total score of internet addiction and high-intensity physical activity was −0.179, with a significance level of 1%, indicating a significant negative correlation between the total score of internet addiction and high-intensity physical activity. The correlation coefficient between the total score of internet addiction and low-intensity physical activity is −0.103, and shows a significance level of 5%, indicating a significant negative correlation between the total score of internet addiction and low-intensity physical activity. The correlation coefficient between the total score of internet addiction and physical activity intensity (total) is −0.115, and shows a significance level of 5%, indicating a significant negative correlation between the total score of internet addiction and physical activity intensity (total).

Using correlation analysis to study the correlation between the total score of self-control and four items: high-intensity physical activity, moderate intensity physical activity, low-intensity physical activity, and overall physical activity intensity. The results show that the correlation coefficient between the total score of self-control and moderate intensity physical activity was 0.139, with a significance level of 1%, indicating a significant positive correlation between the total score of self-control and moderate intensity physical activity. The correlation coefficient between the total score of self-control and physical activity intensity (total) is 0.150, and shows a significance level of 1%, indicating a significant positive correlation between the total score of self-control and physical activity intensity (total).



4.4 The relationship between self-control and internet addiction among college students

As indicated in Table 4, Pearson correlation analysis was used to study the relationship between self-control and internet addiction among college students. The results show that the correlation coefficient between the total score of self-control and internet addiction was −0.349, which passed the 1% significance level test, indicating a significant negative correlation between self-control and internet addiction.


TABLE 4 Correlation coefficient between self–control and internet addiction among college students.

[image: Table showing correlation between internet addiction and self-control scores. The correlation coefficient between the total score of internet addiction and total self-control score is negative zero point three four nine with a significance of p less than 0.01.]



4.5 Gradual regression analysis of the relationship between physical activity and internet addiction among college students

A stepwise regression analysis was performed, with high-intensity physical activity, moderate-intensity physical activity, and low-intensity physical activity serving as independent variables, gender, hometown area, family income, father's education level, and mother's education level as covariates, and the total score of internet addiction as the dependent variable. Following automatic recognition by the model, a total of two items remained in the model, namely “mother's education level” and “high-intensity physical activity.” The mathematical expression of the model is as follows:

[image: Equation displaying a linear relationship: Y equals 65.125 minus 1.776 times X subscript 8 minus 0.033 times X subscript 1, labeled as equation 1.]

The explanatory coefficient (R2) of the relational model is 0.049, and the adjusted explanatory coefficient is 0.045. The F-statistic of the model is 11.971, which passed the 5% significance level test, indicating the effectiveness of the model. Furthermore, an investigation into the multicollinearity of the model revealed that all VIF values were <5, indicating the absence of collinearity issues. Additionally, the D–W value was found to be ~2, suggesting that the model does not exhibit autocorrelation and there is no correlation between the sample data. The model demonstrates adequate performance and possesses considerable predictive capability. The regression coefficients of the relationship model further substantiate this claim, with maternal education level and high-intensity physical activity exerting a significant negative influence on college students' internet addiction, as evidenced by regression coefficients of −2.873 and −3.726, respectively. This finding suggests that the influence of maternal education level and high-intensity physical activity on college students' internet addiction is more significant, while the influence of other independent and covariates is weaker (Table 5).


TABLE 5 Stepwise regression analysis of the relationship between physical activity and internet addiction in college students.

[image: Regression analysis table showing non-standardized coefficients, standardization coefficients, and T statistics for two factors: mother's education level and high-intensity physical activity. Coefficients are −1.776 and −0.033 respectively. T statistics are −2.873 (p<0.01) and −3.726 (p<0.01). Other values: R² = 0.049, Adjusted R² = 0.045, F(2,468) = 11.971, p = 0.000, D-W value = 2.01.]



4.6 Mediating effect test of self-control between physical activity and internet addiction

It is evident that the mediation effect analysis involves three distinct models.

As demonstrated in Table 6. The mathematical expression for Equation 1 is:

[image: Equation showing a linear regression model: \( Y_1 = 61.383 + 2.382 \times X_1 + 0.334 \times X_2 + 0.263 \times X_3 - 0.860 \times X_4 - 1.451 \times X_5 - 0.004 \times X_6 \).]


TABLE 6 Regression analysis of mediation model–XY total effect equation (n = 471).

[image: Regression analysis table showing coefficients for variables predicting internet addiction score. Significant predictors are constant (C), and physical activity intensity (X6), p < 0.05. Adjusted R² = 0.026, F(6, 464) = 3.074, p = 0.006. D-W value is 2.024.]

The coefficient of determination (R2) of the model is 0.038, the adjusted explanatory coefficient is 0.026, and the F-statistic of the model is 3.074. The model has passed the test at the 5% significance level, indicating that Equation 1 is effective. This means that at least one of the following factors will have an impact on the total score of internet addiction: gender, hometown, household income, father's education level, mother's education level, and activity intensity (total). Furthermore, an examination of the multicollinearity of the model revealed that all VIF values were <5, indicating the absence of collinearity issues. Furthermore, the D–W values were found to be ~2, suggesting that the model did not exhibit autocorrelation and that there was an absence of correlation between the sample data. The model demonstrates adequate predictive capability. The regression coefficient of the relationship model indicates that physical activity intensity (total) has a significant negative impact on the total score of internet addiction, while gender, hometown, family income, father's education level, and mother's education level do not have an impact on the total score of internet addiction.

As demonstrated in Table 7. The mathematical expression for Equation 2 is:

[image: Equation showing \( Y_2 = 107.352 - 2.046 \times X_1 - 1.249 \times X_2 - 0.210 \times X_3 + 1.455 \times X_4 + 1.727 \times X_5 + 0.006 \times X_6 \).]


TABLE 7 Regression analysis of mediation model–XM total effect equation (n = 471).

[image: Table displaying regression analysis results. Non-standardized coefficients (B) and standardized coefficients (Beta) are shown for variables: gender, hometown location, family income, father's and mother's education levels, and physical activity intensity. Significant p-values are noted for the constant (0.000) and physical activity (0.003), indicated by ** for p < 0.01. R-squared is 0.06 and adjusted R-squared is 0.048. The F statistic is 4.942 with a p-value of 0.000. The dependent variable is the total score on the self-control scale.]

The explanatory coefficient (R2) of the relationship model is 0.060, the adjusted explanatory coefficient is 0.048, and the F-statistic of the model is 4.942. The model has passed the test at the 5% significance level, indicating that Equation 2 is effective. This means that at least one of the following factors will have an impact on the total self-control score: gender, hometown, household income, father's education level, mother's education level, and physical activity intensity (total). Furthermore, an investigation into the multicollinearity of the model revealed that the VIF values were all <5, indicating that there was no collinearity issue, and the D–W values were around the number 2, indicating that the model did not have autocorrelation and there was no correlation between the sample data. The model demonstrates efficacy and exhibits robust predictive capabilities. The regression coefficient of the model indicates that physical activity intensity (total) has a significant positive impact on the total score of self-control. However, the impact of gender, hometown location, family income, father's education level, and mother's education level on the total score of internet addiction is not significant.

As demonstrated in Table 8. The mathematical expression for Equation 3 is:

[image: Mathematical equation representing \( Y_1 \) as a function of variables: \( Y_1 = 91.782 + 1.803 \times X_1 - 0.019 \times X_2 + 0.203 \times X_3 - 0.448 \times X_4 - 0.962 \times X_5 - 0.002 \times X_6 - 0.283 \times X_7 \).]


TABLE 8 Regression analysis of mediation model–the following equation is a direct effect equation for X (n = 471).

[image: A table presents the results of a multiple regression analysis, showing coefficients, standard deviations, and significance values for variables affecting self-control scores. The significant predictor is the self-control total score with a p-value of 0.000. Other variables include gender, hometown location, family income, and parental education levels. The R-squared value is 0.135, and the F statistic is 10.360. The Durbin-Watson value is 2.017. The dependent variable is the total score on the self-control scale. Significance is marked by ** for p < 0.01.]

The explanatory coefficient (R2) of the relationship model is 0.135, the adjusted explanatory coefficient is 0.122, and the F-statistic of the model is 10.360. The model has passed the test at the 5% significance level, indicating its effectiveness. That is to say, at least one of the following factors has a significant impact on the total score of internet addiction: gender, hometown area, household income, father's education level, mother's education level, physical activity intensity (total), and self-control total score. In addition, an investigation into the multicollinearity of the model revealed that all VIF values are <5, indicating the absence of collinearity. Furthermore, the D–W value is ~2, suggesting that the model does not exhibit autocorrelation and there is no correlation between the sample data. This affirms the model's efficacy and strengthens its predictive capacity. The regression coefficient of the model indicates that self-control exerts a significant negative influence on the total score of internet addiction. However, gender, hometown location, family income, father's education level, mother's education level, and overall physical activity intensity do not have a significant impact on the total score of internet addiction.

At the same time, by using the Bootstrap method in the Process macro program, combined with the stepwise test method, model 4 was used for mediation analysis. The results show that the 95% confidence intervals of a, b, a * b, C′, and C did not include 0, indicating that the effects of these paths were significant. The significant effect of physical activity on self-control indicates a direct relationship between physical activity and self-control among college students; the significant effect of self-control on internet addiction indicates a direct relationship between self-control and internet addiction among college students; the overall effect of physical activity on internet addiction is significant, indicating a direct relationship between physical activity and internet addiction among college students; the mediating effect of self-control between physical activity and internet addiction is significant, with a 95% confidence interval of (−0.085, −0.013). The results show that a and b were significant, c′ was not significant, and the 95% confidence interval of a * b did not include 0, indicating that the mediating effect of self-control on physical activity and internet addiction in college students is completely mediated. Refer to Table 9 and Figure 1.


TABLE 9 Test of the mediating effect of self–control on college students' physical activity and internet addiction.

[image: Table showing statistical results for different routes. Route \(a\): effect value 0.006, 95% CI [0.002, 0.009], t-statistic 3, p-value 0.003, conclusion "Complete intermediary." Route \(b\): effect value \(-0.283\), 95% CI [\(-0.36\), \(-0.206\)], t-statistic \(-7.214\), p-value 0. Route \(a*b\): effect value \(-0.002\), 95% CI [\(-0.085\), \(-0.013\)], t-statistic \(-0.088\), p-value 0.93. Route \(c'\): effect value \(-0.002\), 95% CI [\(-0.005\), 0.001], t-statistic \(-1.426\), p-value 0.154. Route \(C\): effect value \(-0.004\), 95% CI [\(-0.007\), \(-0.001\)], t-statistic \(-2.321\), p-value 0.021. Definitions for variables provided below the table.]


[image: Diagram showing relationships between physical activity, self-control, and internet addiction. Physical activity influences self-control with a coefficient of 3.00. Self-control negatively impacts internet addiction with a coefficient of -7.24. Physical activity directly affects internet addiction with a coefficient of -2.32.]
FIGURE 1
 Model of the mediating role of self-control in college students' physical activity and internet addiction.





5 Discussion


5.1 Positive guidance is needed for college students' internet addiction status

The results show that potential internet addicts (≥58 points) among college students accounted for 51.59% of the total, and internet addicts (≥68 points) accounted for 36.52% of the total. A large proportion of those diagnosed as potential internet addicts and internet addicts participated in this study. Among them, there was no significant gender difference in the degree of internet addiction tendency between boys and girls. Previous studies on internet addiction have also looked extensively at gender differences, with different conclusions based on different topics, research methods and scales used (Peisheng et al., 2022; Ha and Hwang, 2014). As per the 51st China Internet Report, China's per capita online time per week is 26.7 h. Types of Internet use include basic applications, business transactions, online entertainment, and social services. The proportion of Internet users between the ages of 10 and 29 is as high as 28.5% (China Internet Information Center, 2023). Internet use tends to be long in average time per week and rich in types of use. Research has shown that gender is not significant regarding online experience, frequency, and duration of use (Teong and Ang, 2016). A higher level of internet addiction has been observed among male subjects in relation to “online games,” “wealth management and stock speculation,” and among female subjects in relation to “shopping consumption,” “WeChat and Weibo,” and other types (Bi, 2016). Behavioral psychology posits that the greater the intensity of environmental stimuli, the higher the probability of behavioral occurrence (Qihong, 2010). In the event of the establishment of a regular and orderly correspondence between behavior and stimuli, individuals are likely to develop behavioral habits and seek corresponding stimuli on a regular basis. The characteristics of network freedom, real-time, exchange, sharing, and openness enable the realization of college students' cognitive, emotional, self-actualization, compensation, and release needs to be realized in the online world. In accordance with Maslow's hierarchy of needs, the internet serves as a means for college students to fulfill their yearnings for belonging, love, respect, and self-actualisation in a cost-effective, convenient, and secure manner. Consequently, the duration and frequency of internet usage become regular and orderly, giving rise to patterns and habits in this behavior and stimulation. It is noteworthy that the present survey is conducted in the post-pandemic period. In comparison with the learning, living and socializing experiences of the past 3 years in offline settings, the present study has revealed that the adoption of home-based online learning, living and socializing has led to a structured and consistent shift in the types of online use between male and female students. This phenomenon has the potential to intensify the prevalence of internet addiction behavior.

However, it should be noted that college students are a transitional phase from their role as students to that of social individuals. The transition is accompanied by a host of challenges, including but not limited to immaturity in both body and mind, a dearth of network literacy, and the pervasive influence of the Internet. These factors, among others, render college students particularly vulnerable to Internet addiction, fraudulent activities, substandard guidance, and illegal infringement. In light of these challenges, it is imperative for stakeholders to harness the transformative potential of network culture and new technologies for college students, create a good Internet ecology, and enable college students to participate in the construction of Internet ecology safely and effectively.



5.2 The significant negative impact of maternal education on college students' internet addiction

In the stepwise regression analysis of the relationship between physical activity and internet addiction among college students, it was found that the education level of the mother has a significant impact on internet addiction among college students. The mother's education level has a highly significant negative impact on internet addiction among college students, that is, the higher the education level of the mother, the lighter the tendency of internet addiction among college students.

The attachment theory of British psychoanalyst Bowlby (1969) posits that the initial relationship between a child and their primary caregiver constitutes the starting point of all relationships, especially the way the child establishes an attachment relationship with their mother (Wansen, 2010). In the event of emotional impulses related to attachment being obstructed during the development of intimate relationships, an individual may manifest behavioral and psychological disorders (Floros et al., 2012). Consequently, if the typical attachment process of college students is impeded during their developmental phase, they will resort to alternative methods to achieve attachment transfer or compensation. Internet addiction can be regarded as a compensatory demand.

Furthermore, the impact of parenting type on children is indirect, while the impact of parenting style is direct and discretionary. A close relationship exists between different parenting types and styles and adolescent behavior (Pandeng, 2014).

Research has indicated a correlation between parents' parenting styles and their children's internet addiction, particularly in terms of cognitive ability. Improper parenting styles have been found to be a significant contributing factor to their children's internet addiction. The extent to which mothers employ excessive interference, overprotection, rejection, denial, and preference in their parenting styles is positively associated with the level of internet addiction among college students (Jia, 2022; Siomos et al., 2008). The adoption of overprotective parenting styles has been demonstrated to engender limitations in the domains of self-expression and the development of independence, in addition to a diminution in problem-solving skills (Salmin et al., 2021). This phenomenon has been shown to increase the risk of Internet addiction and compromise the ability to self-regulate (Chupradit et al., 2022). In a recent cross-sectional study, overprotective parenting styles were found to be significantly associated with increased anxiety, depression, and stress among college students (La Rosa and Ching, 2024). This finding suggests a potential link between specific parenting styles and the development of Internet addiction problems, as well as the potential for these problems to contribute to the onset of psychological disorders in college students. As indicated by the extant literature, a mother's higher level of education has been shown to create a more conducive domestic environment (Chi et al., 2016). Mothers with a higher level of education are more likely to adopt positive parenting styles, which have been shown to foster children's self-discipline, effective emotional management, and the development of healthy interpersonal relationships, thereby reducing the risk of Internet addiction (Zulfiqar and Khan, 2021). It has been demonstrated that mothers who have received a higher level of education tend to continuously pursue personal growth and learning, thereby setting an example for their children (Kalil et al., 2012). The objective is to guide children in the development of correct values and attitudes toward life. Mothers with a high level of education are also more likely to prioritize the provision of a conducive educational environment and the cultivation of hobbies for their children. This approach assists children in identifying more meaningful activities as an alternative to online entertainment.

Therefore, it can be concluded that the higher the level of education of parents, especially the level of education of mothers, the more they are able to establish a positive relationship with their children, use appropriate communication methods (Song, 2023), set an example for their children and provide a wolvish upbringing and education environment. These factors subtly influence their children's physiological and psychological changes toward positive changes, thus reducing the tendency of Internet addiction.



5.3 Significant negative impact of physical activity on college students' internet addiction

An analysis of physical activities of varying intensities among college students revealed significant differences between male and female students in high-intensity and low-intensity physical activities. Male students participating in high-intensity physical activities were find to be significantly higher than their female counterparts, while male students participating in low-intensity physical activities were significantly lower than female students. In terms of total physical activity intensity, boys were found to be significantly lower than girls. This disparity could be attributed to the tendency for both sexes to engage in moderate-to-low intensity physical activities, such as walking, Tai Chi, and other low-intensity pursuits. It is noteworthy that the time allocated and frequency of participation in these activities exceeds that of high-intensity physical activities, such as basketball, within a week. While acknowledging the existence of gender differences, it is crucial to recognize that these are social constructs, influenced by gender role stereotypes that can significantly impact individuals' goals, expectations, values, and real-life social experiences. Within the domain of physical activity and competitive sports, gender roles are frequently employed to differentiate between boys and girls. Boys are perceived to be better suited to high-intensity, competitive physical activities, while girls are expected to participate in low-intensity, more flexible activities. This stereotypical expectation exerts a significant influence on individuals' goals, expectations, values, and actual social experiences, resulting in disparities in the intensity of physical activity between boys and girls. Societal expectations of males typically include being strong, courageous, and competitive, which makes boys more inclined to choose high-intensity physical activity to meet these expectations. Conversely, females are expected to embody qualities of gentleness and grace, and thus, low-intensity physical activities are more aligned with these social expectations. During adolescence, these gender role expectations can influence the intensity of physical activity and the selection of competitive sports for both genders.

In the analysis of the correlation between physical activity and internet addiction among college students, it was found that there is a significant negative correlation was found between total physical activity and internet addiction. This indicates that college students who engage in a wide range of physical activities over an extended period each week demonstrate a reduced propensity for internet addictionthis, finding aligns with the conclusions drawn in earlier research (Du et al., 2023).

The present study established a significant negative correlation between high-intensity physical activity (P < 0.01), low-intensity physical activity (P < 0.05), and internet addiction. In the stepwise regression analysis of the relationship between physical activity and internet addiction among college students, it was found that high-intensity physical activity (P < 0.01) had a significant negative impact on internet addiction among college students. The consequences of excessive internet use by college students can be detrimental to their wellbeing, potentially leading to adverse physical, psychological, and mental health outcomes, including aberrant eating habits, sleep disturbances, and reduced levels of sedentary physical activity. These consequences may also include increased feelings of loneliness and depression, reduced social engagement and satisfaction, the onset of neurological disorders, and a decline in basic interpersonal skills (Bayat et al., 2023). Research has demonstrated that individuals can ameliorate the deleterious effects of internet addiction through exercise. The underlying mechanism of this phenomenon involves the following: first, exercise elevates core body temperature and reduces muscle tension, thereby alleviating symptoms of anxiety and stress; secondly, the increase in catecholamines induced by exercise can regulate the cardiovascular and respiratory systems, control emotions, and affect attention and memory; and thirdly, the pleasure derived from endorphins produced by exercise is characterized by its prolonged duration. It has been demonstrated that exercise can enhance the specific structure and function of the central nervous system, thereby bidirectionally regulating dopamine and its receptors. This, in turn, is beneficial to human health and can effectively address the problematic behavior exhibited by adolescents with internet addiction (Siomos et al., 2008; Jun et al., 2012).

A 16-week Tai Chi intervention study was conducted on college students with internet addiction, and it was found that Tai Chi exercise can have a positive effect on the treatment of internet addiction in such students (Cuiying and Guofan, 2017). In a separate study on the impact of basketball and Baduanjin on internet addiction, it was determined that the basketball group, which engaged in high-intensity exercise, exhibited a more substantial impact in comparison to the Baduanjin group, which engaged in low-intensity activity. Nevertheless, it is noteworthy that both sporting programmes have the capacity to reduce the degree of internet addiction and promote physical and mental health in college students, albeit through different influencing mechanisms (Xiao et al., 2021). It is evident that when utilizing sports as a means to address and intervene in the issue of internet addiction among college students, it is imperative to select exercise programs that are tailored to their age-related characteristics, individual differences, and interests. For individuals grappling with internet addiction, in diverse physical activities and their corresponding varying time commitments necessitates the establishment of new lifestyles and habits, a process that is inherently intricate and necessitates the formulation of scientific exercise prescriptions tailored to specific practical circumstances.



5.4 Self-control fully mediates physical activity and internet addiction among college students

In this study, we looked at how self-control works as a middleman to see how exercise and internet addiction are connected. The results show that self-control had a big effect on this relationship. This means that physical activity has a direct effect on college students' internet addiction, and self-control is a key part of this process. Internet addiction among college students is a complex phenomenon influenced by a variety of factors. Self-control, acting as a mediating variable, can assist researchers in understanding the formation process of internet addiction and furnish a theoretical basis for the prevention and intervention of Internet addiction. To illustrate, dual-systems theory of self-control elucidates the internal mechanism of internet addiction.

The theory of self-control suggests that Self-control is the result of the combined action of two systems within the brain: the impulse system and the self-control system. The impulse system processes information automatically, without us being aware of it, and without using psychological resources. This means that when we try to do things like control our internet use, it can be hard to do so. Internet addiction in college students may be attributable to an impulsive system characterized by the presence of numerous internet-related behavioral schemas, and a control system that is inadequate in its capacity to generate strategies to inhibit internet use. So, to get better at controlling yourself, you need to be able to resist impulses. Engaging in exercise training can help with this in different aspects (Du et al., 2023).

The important things that can help people with internet addiction through exercise are how much exercise. The important factors that can help individuals with internet addiction through exercise include the amount of exercise they do, how hard they try, how different the exercises are, and how long they exercise for. Different types and levels of exercise have been shown to enhance self-control (Commodari et al., 2024). Exercise can make you feel good, improve your fitness, enhance your self-perception, give you more willpower and improve your self-control. It can also help college students get better at controlling themselves. The greater the self-control college students have, the less likely they are to be addicted to the internet (Bayat et al., 2023).

Therefore, in accordance with the dual systems theory of self-control, it is possible to intervene in college students' Internet addiction by improving the functioning of the control system and suppressing the influence of the impulsive system. The following intervention strategies can be adopted:

	• Pre-intervention preparations: a comprehensive assessment of the target group, based on the assessment results, and the determination of goals according to the SMART principle (Elliott et al., 2022).
	• Using positive thinking training to help students enhance their self-awareness and self-control, as well as to help relieve stress and anxiety, such as the correct use of the Internet and the benefits of physical activity.
	• Use behavioral therapy to help students change bad behavioral habits. For example, mechanisms of rewards and punishments can be used to encourage students to use exercise tracking software, or games to increase physical activity and reduce internet use.
	• Improve the functioning of the control system through cognitive therapy, cultivate alternative behaviors by adjusting the environment to achieve the impact of inhibiting the impulsive system, such as restricting the time of Internet use while increasing team building and communication training to enhance the participants' sense of teamwork and interpersonal relationship handling skills (Shuang, 2024). Individualized training. For example, for participants with anxiety, walking, tai chi, yoga, etc. can be chosen to help them relieve anxiety (Bayat et al., 2023).




6 Conclusion

Further research is needed on the relationship between physical activity and internet addiction both domestically and internationally, especially in terms of studying the underlying mechanisms of physical activity on internet addiction, which is still relatively scarce. This article uses the International Physical Activity Questionnaire (IPAQ) Short Volume, Chinese Internet Addiction Scale (CIAS-R), and Chinese Self Control Scale (SCS) as measurement tools, selects 471 college students as survey subjects, and tests the mediating effect of self-control on physical activity and internet addiction among college students, in order to provide reference for preventing and intervening in the deepening of college students' tendency toward internet addiction.

Firstly, it is crucial for all parties to respect college students' ability to challenge traditional gender roles, opting to engage in physical activities that align with their individual interests. Female students should be encouraged to participate in a diverse array of challenging physical activities, with a focus on ensuring ample opportunities for engagement in competitive sports. Secondly, it is vital for college students to prioritize long-term physical activities, characterized by regularity and consistency in terms of time, frequency, and intensity. This approach fosters habits that not only reduce the prevalence of internet addiction but also enhance an individual's capacity for self-control. Moreover, it is crucial for college students to enhance their self-control abilities through engaging in physical activities of varying intensity to effectively address the issue of Internet addiction, thereby providing valuable insights into the interplay between physical activity and individual psychology and behavior. In exploring the relationship between physical activity and internet addiction among college students, it is essential to consider family factors, particularly maternal parenting styles, to ensure the provision of targeted intervention and counseling.

Finally, the finding that 'self-control fully mediates the relationship between college students' physical activity and internet addiction' further enriches the dual-systems theory of self-control, providing novel perspectives and evidence for a deeper understanding of the aforementioned theory. Concurrently, the theory also provides new ideas and methods for preventing college students' Internet addiction and improving their physical activity levels.

Theoretical contribution: the present study provides new theoretical perspectives and measurement tools for the interdisciplinary field of sport and psychology, thereby contributing to an in-depth understanding of the nature and influencing factors of Internet addiction. Practical application: it provides a basis for developing targeted interventions.



7 Limitations

The present study did not include restructured data, which would have facilitated the demonstration of the relevant effects of differing educational levels and geographic locations. Future research could focus on the differences in self-control and behavioral habits among students with different majors, academic achievements, and educational backgrounds.

At the same time, there may be differences in lifestyle and environment among populations in different regions of China, and these differences may affect the generalizability of the findings. In future studies, the representativeness of these two factors in the study can be increased through stratified sampling by education level and different regions. In different cultural contexts, the cultural tradition in the central region focuses on family and social relationships, and students may be constrained by family and society when using the Internet. In the western region, where cultural traditions focus more on nature and traditional lifestyles, students may rely relatively less on the Internet. However, the increasing ubiquity of the internet in these regions has the potential to influence students' lives, possibly increasing the risk of Internet addiction. Future studies should investigate the possible differences and reasons for such differences in different cultural contexts.

In terms of individual factors, future research could also consider individual interest, motivation, self-esteem, self-confidence, self-efficacy, and other factors to gain a more comprehensive understanding of the differences in physical activity between male and female students and the relationship with Internet addiction.

Expanding the sample size is crucial in future research. However, this requires more resource input, higher cost, longer research time, etc. Consequently, it is imperative to methodically consider various factors and formulate a pragmatic research programme to ensure the viability and efficacy of the study.
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Objective: This study conducted a meta-analysis to examine the impact of exercise interventions on anxiety levels among college students.
Methods: Under Review Manager 5.3 and Stata17.0, subgroup analyses were conducted on data from 514 subjects across 10 studies from Chinese and English literature. The analyses examined intervention content, intervention period, single intervention duration and intervention frequency. A random effects model was employed to assess the overall effect size and heterogeneity.
Results: The exercise intervention demonstrated a significant effect on reducing anxiety among college students, with a large effect size (d = −0.83). The heterogeneity test of intervention content (I2 = 0%) revealed high consistency in the specific content of exercise intervention across studies. However, substantial heterogeneity was observed in single intervention time (I2 = 75%), intervention frequency (I2 = 75%), and intervention period (I2 = 72%), indicating significant variations across studies. These differences suggest that varying durations, frequencies, and periods of intervention yielded different effects on college students’ anxiety levels.
Conclusion: This meta-analysis has found that structured physical exercise programs, especially mind–body integrative exercises, can alleviate anxiety to the greatest extent, offering evidence-based guidance for implementing targeted exercise interventions in college mental health programs.
Systematic review registration: https://doi.org/10.37766/inplasy2024.11.0006.
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Introduction

Anxiety is a complex emotional state, characterized by worry, restlessness, and fear about the future (Rowa et al., 2017). Psychologically, anxious individuals exhibit heightened attention to potential negative events, often leading to unfounded or exaggerated worries (Craske et al., 2011). This condition manifests through various physiological responses, including rapid heartbeat, accelerated breathing, increased sweating, and muscle tension (Hyman and Pedrick, 2012). Studies indicate that the incidence of anxiety among college students reaches 54.4%, representing one of their most prevalent psychological challenges (Lun et al., 2018). The impact of anxiety extends beyond psychological distress, affecting the autonomic nervous system (ANS) through disruption of both sympathetic and parasympathetic functions (Chalmers et al., 2014). Chronic anxiety can compromise the body’s immune system, elevating disease susceptibility (Dantzer, 2018).

Recent meta-analysis have explored various exercise interventions for anxiety management in college students. Du et al. (2022) analyzed 12 studies involving 1,000 participants, finding that Tai Chi therapy significantly reduced anxiety symptoms, particularly when combined with mindfulness interventions and structured as thrice-weekly, 80–90-min sessions over 12 weeks. Song et al. (2021) examined 44 studies, revealing the effectiveness of aerobic exercise, traditional Chinese exercise, and meditation in alleviating depressive symptoms, with aerobic exercise showing superior outcomes for anxiety. Lin and Gao (2023) evaluated nine studies, demonstrating that moderate to high-intensity exercise with longer duration and higher frequency significantly improved anxiety symptoms.

Subsequently, a meticulous dissection of the idiosyncratic contributions and innovative insights advanced by this research will be carried out. To commence with, when it comes to the pinpointed focus of the research object, prior meta-analyses, albeit encompassing research on exercise interventions for college students, exhibited a relatively wide–ranging scope. In contrast, this study precisely zeroes in on the impact of mind–body integrated exercises, such as yoga, qigong, taijiquan, and Pilates, on the anxiety levels of college students. By taking these as the core research subjects, it fills the gap in the sub-categorization of exercise types in previous studies, providing more targeted references for exercise selection in college student anxiety interventions. Mind–body exercise refers to a category of physical activities that place a particular emphasis on the connection and interaction between the mind and the body (Kim, 2000). It combines physical movement with mental focus, incorporating elements such as mindfulness, meditation, and specific breathing techniques, aiming to enhance physical and mental health, reduce stress, and boost self-awareness (Gard et al., 2014). There are several differences between it and conventional sports: In terms of focus, mind–body exercise takes both the mind and body into account (Mehling et al., 2011). For example, yoga emphasizes focusing on the breath and being present in the moment (Salmon et al., 2009), while conventional sports mainly focus on physical performance (Durand-Bush and Salmela, 2002). For instance, running pursues speed and endurance. Regarding movement characteristics, mind–body exercise features slow, smooth, and controlled movements (La Forge, 2005). Just like the gentle and continuous movements in Tai Chi (Lan et al., 2002), conventional sports are more diverse, including quick and explosive movements (Suchomel et al., 2018). In terms of skill acquisition, mind–body exercise focuses on cultivating the abilities of mental concentration, breath control, and coordination between the body and mind, which requires long-term patient practice (Aposhyan, 2018). Conventional sports mainly involve mastering specific sports techniques, such as running postures and swimming strokes (Launder and Piltz, 2013).

Furthermore, the merit of comprehensively comparing multiple exercise modalities is manifested in the fact that previous research predominantly concentrated on the influence of a solitary exercise modality on anxiety, or merely made cursory references to a handful of exercise modalities, falling short of conducting a thorough comparative analysis. This study innovatively incorporates multiple mind–body integrated exercises into the same research framework, systematically comparing their effects on alleviating anxiety among college students. Through this comprehensive comparison, the advantages and disadvantages of different mind–body integrated exercises in reducing college students’ anxiety levels can be clearly presented, offering a wider array of intervention strategies for university mental health programs and healthcare providers. Finally, as for the highlight of in-depth integration of exercise parameters, although previous studies did refer to the parameters of exercise interventions, most were specific parameter studies for a single exercise, lacking an integrated analysis of parameters such as intervention duration, frequency, and intensity across multiple exercises. However, this study conducts a comprehensive analysis of these key parameters of multiple mind–body integrated exercises through subgroup analysis, aiming to identify the optimal parameter combinations suitable for different mind–body integrated exercises, thus providing a scientific basis for formulating personalized and precise exercise intervention programs. This represents a significant expansion of existing research on exercise intervention parameters.

This study adopts the method of meta-analysis, with a focus on exploring the impact of mind–body integrated exercise interventions on the anxiety levels of college students, aiming to synthesize data on intervention duration, frequency, and intensity across multiple exercise modalities. Given the limited understanding of how these exercise-based interventions precisely affect college students’ anxiety, and the lack of clear insights into which exercise types and parameters are most effective, the following research hypotheses are proposed.


Hypothesis 1: Exercise has a significant effect in alleviating the anxiety of college students.
Hypothesis 2: Among all forms of exercise, Taijiquan demonstrates the most remarkable efficacy in reducing the anxiety levels of college students.
Hypothesis 3: Considering students' recovery and the effectiveness of anxiety reduction, the optimal intervention frequency is three times a week, providing regular stimulation and preventing over fatigue.
Hypothesis 4: Considering students' physical and mental conditions and the effectiveness of anxiety reduction, the optimal duration for each intervention is hypothesized to be 50 minutes.
Hypothesis 5: We assume that an 8 week duration for the whole exercise intervention would yield the best results.





Methodology

The meta-analysis has been pre-registered. The registration website is the Systematic Review and Meta-analysis Registration platform at https://inplasy.com/, and the identifier is INPLASY2024110006.


Acquisition and preliminary screening of literature

Literature searches were conducted across major Chinese and English databases on October 23, 2024. The search encompassed the China National Knowledge Infrastructure (CNKI) for Chinse literature, and Web of Science, PubMed, Medline, Embase, and Scopus, for English publications. The search period covered all available literature from the inception of each database through October 23, 2024.

The search strategy employed two groups of keywords for both Chinese and English databases, combined using Boolean operators. For Chinese databases, the first keyword group included: “exercise,” “tai chi,” “yoga,” “qigong,” “resistance,” “physical activity,” “movement,” “Baduanjin,” “Pilates,” and “aerobic exercise.” The second group comprised “anxiety” and “mental health.” For English databases, the first keyword group consisted of “exercises,” “physical exercise,” “physical activity,” “aerobic exercise,” “isometric exercise,” “acute exercise,” and “exercise training.” The second group included “anxiety,” “angst,” “nervousness,” “hypervigilance,” “social anxiety,” “anxiety social,” “social anxieties,” and “anxiousness.”

Keywords within each group were combined using the Boolean operator “OR,” while the two groups were connected using “AND.” the complete search strategy was first developed for PubMed and subsequently adapted for other databases. The search query used in PubMed is as follow

(“Exercise”[MeSH Terms] OR “physical exercise”[Title/Abstract] OR “physical activity”[Title/Abstract] OR “aerobic exercise”[Title/Abstract] OR “isometric exercise”[Title/Abstract] OR “acute exercise”[Title/Abstract] OR “exercise training”[Title/Abstract]) AND (“Anxiety”[MeSH Terms] OR “Angst”[Title/Abstract] OR “Nervousness”[Title/Abstract] OR “Hypervigilance”[Title/Abstract] OR “social anxiety”[Title/Abstract] OR “anxiety social”[Title/Abstract] OR “social anxieties”[Title/Abstract] OR “Anxiousness”[Title/Abstract]) AND “college students”[Title/Abstract].

Meanwhile, the search query of Web of science is as follow:

1 (((((TS = (Anxiety)) OR TS = (Angst)) OR TS = (Nervousness)) OR TS = (Hypervigilance)) OR TS = (social anxiety)) OR TS = (Anxiousness).

2 (((((((TS = (Exercise)) OR TS = (physical exercise)) OR TS = (physical activity)) OR TS = (aerobic exercise)) OR TS = (isometric exercise)) OR TS = (acute exercise)) OR TS = (exercise training)).

3 TS = (college students).

#1AND #2 AND #3.



Inclusion and exclusion criteria of literature

The literature selection process followed the PICOS framework of evidence-based medicine, which systematically evaluates research subjects (P), intervention measures (I), control/comparison measures (C), outcome indicators (O), and study design (S; Liberati et al., 2009). Studies were included if they employed randomized controlled trial (RCT) design, recruited college students as participants, and included samples meeting established anxiety symptom diagnostic criteria. The interventions needed to implement mind–body integrated exercises such as Pilates, Tai Chi, yoga, or Baduanjin, with sessions lasting at least 30 min and conducted multiple times over the intervention period. Studies were required to utilize non-exercise activities or maintenance of regular lifestyle as control conditions and apply validated subjective scales for anxiety assessment. Additionally, studies needed to report complete sample sizes, means, and standard deviations for both experimental and control groups.

Studies were excluded if they were conference abstracts, case studies, or systematic reviews. The exclusion criteria also encompassed studies that included participants with regular physical exercise experience exceeding 3 months or employed cognitive therapy as a control condition. Studies with incomplete pre- or post-intervention data or those published in languages other than Chinese or English were also excluded from the analysis.



Literature screening and data extraction

The literature screening process followed a systematic, multi-step approach. Initially, all identified bibliographic entries were imported into NoteExpress reference management software for duplicate removal. The first author conducted preliminary screening based on titles, abstract, and full text of the publication. Subsequently, a second author independently assessed the selected articles for adherence to the inclusion criteria. In cases where consensus could not be reached, a third author was consulted, or the research team engaged in collaborative discussions to resolve discrepancies. Through this rigorous screening process, the final set of studies for meta-analysis was determined (Figure 1).

[image: Flowchart depicting the article selection process for a review. Initially, 2,192 articles identified; 1,360 duplicates removed. Titles and abstracts of 832 articles reviewed; 776 excluded for reasons including no randomized controlled trial (453) and irrelevant subjects (147). Full text of 56 articles reviewed; 46 excluded due to reasons like incomplete data (19). Ultimately, 10 articles deemed eligible for inclusion.]

FIGURE 1
 Flow diagram of literature selection.


Data extraction was conducted independently by two researchers following a standardized protocol. Key indicators extracted included the first author, publication year, sample characteristics (size and gender distribution) and detailed intervention parameters (content, total duration, weekly frequency, and session duration), along with outcome assessment measures. When encountering incomplete or unclear data, the researchers systematically contacted the corresponding authors via email. A follow-up email was sent after 2 weeks if no initial response was received. Articles with persistently missing or ambiguous data after these communication attempts were excluded from the final analysis.



Literature review quality assessment

The methodological quality of included studies was evaluated using the Physiotherapy Evidence Database (PEDro) scale. The PEDro scale comprises 11 items, with the first item excluded from scoring calculations. Each remaining item was scored dichotomously: 1 point for meeting specified criteria and 0 for not meeting criteria. Studies scoring 6 or higher were classified as high quality. Two researchers independently assessed the included articles using these criteria. When scoring discrepancies arose, resolution was achieved through either consultation with a third researcher or group consensus discussions (Table 1).



TABLE 1 PEDro score of the included literature.
[image: A table displaying various studies with columns for study authors and years, eligibility criteria, random allocation, allocation concealment, group similarity at baseline, blinding, adequate follow-up, intention-to-treat analysis, intergroup statistical report, and PEDro score. Each row presents a study with binary presence (one) or absence (zero) of criteria across columns, concluding with a PEDro score for each study.]



Data analysis

The analysis of anxiety scale outcomes across selected studies was conducted using the random model in Revman 5.3 software. As the outcome measures were continue variables using consistent units, the standardized mean difference (SMD) was selected as the effect size metric. Effect sizes were interpreted according to (Cohen et al., 1983) guideline: SMD <0.2 indicating negligible effect, 0.2 ≤ SMD < 0.5 representing small effect, 0.5 ≤ SMD < 0.8 denoting medium effect, and SMD ≥ 0.8 signifying large effect.

Study heterogeneity was evaluated using the I2 statistic. An I2 value of zero indicates homogeneity among studies, warranting the use of a fixed-effects model for effect size aggregation. Conversely, I2 values ≥50% suggest substantial heterogeneity, necessitating the application of a random-effects model and subsequent subgroup analyses to explore potential sources of variation.




Results


The basic characteristics of incorporated research literature

This meta-analysis incorporated 10 randomized controlled trials conducted across various international locations. The total sample comprised 514 college students, with five studies including exclusively female participants and five including both genders. Of the total sample, 67 were males and 385 were females (gender distribution was unreported in one study). Individual study sample sizes ranged from 18 to 78 participants.

The exercise interventions encompassed various modalities including yoga, Tai Chi, Qigong, Pilates, and resistance training. Session duration ranged from 30 to 75 min, with 60-min sessions being most prevalent. Intervention frequency varied from two to five sessions weekly, with three sessions per week being the most common protocol. The total intervention duration spanned from 4 to 16 weeks, with 8-week programs predominating. Control group conditions typically involved maintenance of regular lifestyle patterns without structured physical exercise. Anxiety levels were assessed using standardized instruments including the ATAI, SAS, SCL-90, and HAHA scales (Table 2).



TABLE 2 Basic information of included literature.
[image: A table summarizes various studies on exercise interventions and anxiety outcomes. It includes authors, participant numbers, gender, intervention types, frequency and duration, outcome measures, and main findings. The interventions examined include Pilates, Taijiquan, Qigong, cluster resistance training, and yoga. Outcome measures such as STAI, SCL-90, SAS, and HAMA indicate reduced anxiety in several groups. Key findings highlight significant anxiety reductions in experimental groups compared to controls across different studies.]



Publication bias test

Publication bias was assessed through both visual and statistical methods. The funnel plot analysis (Figure 2) revealed one study deviating notably from others, indicating potential heterogeneity in the dataset. The observed asymmetry in the distribution of data points could be attributed to several methodological factors. First, the diversity of intervention methods may contribute to the dispersion of effect sizes. Second, the variation in anxiety measurement instruments across studies, including differences in measurement range, sensitivity, reliability, and validity, could have influenced the symmetry of effect size distribution. For example, studies utilizing State Anxiety Scales versus Trait Anxiety Scales may have captured different aspects of anxiety, potentially contributing to the uneven distribution of effect sizes. Additionally, studies with smaller sample sizes may have produced more extreme effect sizes due to random variation, resulting in asymmetric scatter patterns. However, the Egger test yielded a non-significant result (p > 0.05), suggesting the absence of significant publication bias (Figure 3). Given the superior reliability of the Egger test compared to funnel plot visual inspection, we primarily based our conclusions regarding publication bias on the statistical test results.

[image: Funnel plot displaying standard error of standardized mean difference (SE(SMD)) on the vertical axis against standardized mean difference (SMD) on the horizontal axis. Data points are scattered mainly within the funnel-shaped area formed by dashed lines, indicating potential publication bias.]

FIGURE 2
 Funnel plots of publication bias.


[image: Output from a statistical analysis using a random-effects model. The test conducted is a regression-based Egger test for small-study effects with Hedges's g as the effect-size label. Details include beta1 as negative zero point eighty-three, standard error as two point eight seven zero, z-score as negative zero point twenty-nine, and probability greater than z as zero point seven seven two nine, indicating no small-study effects at the null hypothesis. Method used is REML (Restricted Maximum Likelihood).]

FIGURE 3
 Egger test of publication bias.




Sensitivity analysis

Sensitivity analysis was conducted to evaluate the stability and reliability of the meta-analytic findings. The analyses employed two primary approaches: sequential single-study exclusion and model specification variation. Following each modification, effect sizes were recalculated and tested. The results demonstrated minimal fluctuation across there analyses, indicating robust and reliable meta-analytic findings. This stability across different analytical approaches supports the credibility of the study’s conclusions.



Meta-analysis results


Overall effect test of intervention outcomes

Analysis of the aggregated data from the 10 selected studies revealed a significant effect of physical excise interventions on anxiety symptoms among college students (Table 3). The heterogeneity assessment yielded substantial variation. The heterogeneity assessment yielded substantial variation across studies (I2 = 72%, p < 0.001), necessitating the use of a random effects model for effect size synthesis. The considerable heterogeneity observed suggests that the intervention effects may be moderated by various factors, warranting further investigation of potential moderating variables that influence the overall treatment efficacy.



TABLE 3 Overall effect of exercise intervention on anxiety.
[image: Table displaying statistical data. Quantity of literature: 10. Heterogeneity test: Chi-squared 31.60, p-value less than 0.001, I-squared 72 percent. Effect size and 95% confidence interval: -0.83 (-1.18, -0.48). Two-tailed test: Z 4.62, p-value less than 0.001.]

The meta-analysis yielded a significant negative effect size (d = −0.83, 95% CI [−1.18, −0.48], p < 0.001), indicating a substantial reduction in anxiety symptoms following physical exercise interventions among college students (Figure 4). The negative direction of the effect size represents improvement in anxiety symptoms, while the magnitude exceeds Cohen’s (1988) threshold of 0.8 for large effects. The statistical significance (p < 0.001) and confidence interval bounds remaining consistently negative provide strong evidence for the robust anxiolytic effects of physical exercise interventions in the college student population. Thus, Research Hypothesis 1 has been verified.

[image: Forest plot illustrating a meta-analysis of multiple studies comparing experimental and control groups. It shows the standardized mean differences with 95% confidence intervals for each study and overall. The diamond shape represents the overall effect size favoring the experimental group, with a significant p-value. Heterogeneity statistics are included.]

FIGURE 4
 Forest graph of exercise improves the overall effect of anxiety.




Subgroup analysis of moderating variables

Given the substantial heterogeneity observed in the overall effect size analysis, subgroup analyses were conducted to investigate potential moderating variables. Four intervention parameters were examined as potential sources of heterogeneity: intervention measures, weekly frequency, session duration, and total intervention period (Table 4). These analyses aimed to systematically evaluate how variations in exercise program characteristics might influence intervention effectiveness.



TABLE 4 Results of moderating variable intervention on anxiety in exercise program.
[image: A table shows the analysis of moderating variables with subgroups like Pilates, Qigong, and others, detailing tests of heterogeneity (X², p, I²), quantity of literature, sample size, effect size with confidence intervals, and two-tailed test results (Z, p). Each row presents data for different intervention measures, frequencies, and durations, highlighting statistical findings, such as effect sizes and significance levels.]

Intervention measures. The analysis of intervention content included 417 participants across four exercise modalities: Pilates, Qigong, Tai Chi, and Yoga. Notably, the between-group heterogeneity was minimal (I2 = 0%), suggesting consistent effects across different exercise types and indicating reliable, predictable intervention outcomes regardless of the specific exercise modality. Among these interventions, Tai Chi demonstrated the largest effect size (d = −0.93, 95% CI [−1.36, −0.51], p < 0.001), followed by Pilates (d = −0.69, 95% CI [−1.05, −0.32], p < 0.001). Mind–body exercise programs, specifically Qigong (d = −0.46, p = 0.02) and Yoga (d = −0.50, p = 0.02), showed comparable moderate effects. The consistency in anxiety reduction across these diverse exercise modalities, as evidenced by the low heterogeneity, suggests that various forms of structured physical activity may share common therapeutic mechanisms in anxiety management among college students.

Weekly Intervention Frequency. Analysis of weekly intervention frequency included 468 participants, categorized in two three frequency levels, two, three and five sessions per week. This analysis revealed substantial heterogeneity among frequency groups (I2 = 75%), indicating considerable variability in intervention effects across different frequency protocols. The three-sessions-per-week protocol demonstrated the largest effect size (d = −1.06, 95% CI [−1.83, −0.29], p = 0.007), followed by the five-sessions-per-week protocol (d = −0.67, 95% CI [−1.22, −0.13], p = 0.02). The two-sessions-per-week protocol showed the smallest, though still significant, effect (d = −0.64, 95% CI [−1.00, −0.29], p < 0.001). However, the high heterogeneity suggests that these findings should be interpreted with caution, as the relationship between intervention frequency and anxiety reduction may be influenced by other unmeasured variables.

Duration of Each Single Intervention. The analysis of intervention session duration included 468 participants, with substantial heterogeneity observed across duration groups (I2 = 75%). This heterogeneity may be attributed to variations in anxiety measurement instruments across studies, with different scales potentially varying in their sensitivity and specificity. The 50-min session protocol demonstrated the strongest anxiolytic effect (d = −0.99, 95% CI [−1.40, −0.58], p < 0.001), followed by the 60-min session protocol (d = −0.58, 95% CI [−0.83, −0.33], p < 0.001).

Exercise Intervention Period. The analysis of total intervention duration encompassed 514 participants, with substantial heterogeneity observed across duration groups (I2 = 72%), indicating that intervention length significantly moderated the relationship between exercise and anxiety reduction. The 8-week intervention protocol demonstrated the largest effect size (d = −1.09, 95% CI [−1.76, −0.41], p = 0.002), followed by the 12-week protocol (d = −0.68, 95% CI [−1.09, −0.26], p = 0.001). A declining trend in effectiveness was observed with longer intervention periods, as evidenced by the 16-week protocol (d = −0.63, 95% CI [−1.15, −0.11], p = 0.02). The 4-week intervention showed the smallest effect size (d = −0.31) and failed to reach statistical significance (p > 0.05), suggesting that shorter intervention periods may be insufficient for meaningful anxiety reduction.

Up to this point, Hypotheses 1–5 have all been verified.





Discussion


Quality of included literature and overall effect size

Quality assessment of the 10 included studies yielded scores ranging from 6 to 8, with a mean score of 6.5, indicating generally high methodological quality. Lower quality scores were primarily attributed to insufficient reporting of randomization procedures, blinding protocols and participant attribution. Publication bias analysis revealed symmetric distribution of studies, suggesting robust stability of findings. The meta-analysis demonstrated a large significant effect of exercise interventions on anxiety reduction among college students (d = −0.83, 95% CI [−1.18, −0.48], p < 0.001).



Importance and significance of the research results

This meta-analysis systematically assesses the effectiveness of physical exercise interventions, especially mind–body integrated exercises such as yoga, Pilates, Tai Chi, and Qigong, in alleviating anxiety among college students, and precisely determines the optimal intervention parameters. Recent meta-analyses evaluating the impact of exercise interventions on anxiety in elderly cancer patients demonstrated that exercise was significantly associated with a reduction in anxiety levels (standardized mean difference [SMD] = −0.39; 95% confidence interval [CI], −0.66 to −0.12; Soong et al., 2025). Moreover, subgroup analyses revealed that, in contrast to conventional exercise interventions, mind−body exercise interventions were more strongly associated with improvements in anxiety levels (SMD = −0.77; 95% CI, −1.54 to −0.01; Soong et al., 2025), which is highly consistent with the finding of our study that mind–body exercise can ameliorate anxiety among college students. Furthermore, research has indicated that mind–body exercises (−0.67 [95% confidence interval = −1.19 to −0.15]) and resistance exercises (−1.00 [95% confidence interval = −1.70 to −0.30]) have a significant effect on alleviating anxiety in Parkinson’s disease patients (Costa et al., 2024). This provides crucial theoretical basis and practical support for our research approach, in which mind–body exercises are adopted as almost all the exercise interventions, further validating the scientific nature and forward–looking nature of the research direction. From the overall subgroup analysis, the effects of lower-intensity exercise, lower exercise frequency, and shorter exercise intervention cycles on anxiety were not statistically significant, and the 95% confidence interval included 0 (Lin and Gao, 2023). However, the subgroup analysis of this study shows that the identified optimal intervention protocol is to conduct exercises three times a week, 50 min each time, for a period of 8 weeks, and this protocol has the most significant anxiolytic effect among the college student population. The inconsistency of the research results indicates that when designing exercise interventions aimed at addressing the anxiety problems of college students, it is crucial to conduct in-depth exploration and precisely determine these key parameters in order to maximize the positive impact of exercise on mental health.

As the key force for future social development, the mental health of college students is of crucial importance. However, anxiety is widespread and seriously impacts their academic performance, daily life, and social interactions (Andrews and Wilding, 2004). Mind–body integrated exercises have remarkable advantages in addressing college students’ anxiety. Campuses are equipped with sufficient venues and rich club activities, enabling students to easily participate in their spare time. They can either practice yoga alone to relax or engage in group Tai Chi sessions to relieve stress. Such convenience lowers the participation threshold. College students attach great importance to self-image and quality improvement (Crocker and Canevello, 2012).These exercises can not only relieve anxiety but also enhance physical fitness, shape the body, and achieve dual optimization of the body and mind, which is highly appealing. Moreover, college students have a strong sense of self-control (Bowlin and Baer, 2012).The control of breathing, movements, and mental focus during exercise allows them to truly feel in control of their lives and emotions, strengthening their confidence in coping with anxiety (Otto and Smits, 2011).

This research offers robust empirical evidence for the effectiveness of exercise interventions in alleviating anxiety among college students. Institutions of higher education are advised to augment their investment in sports facilities. This involves constructing specialized yoga and Pilates classrooms, as well as creating well-maintained outdoor spaces dedicated to the practice of Tai Chi and Qigong. Simultaneously, the curriculum system should be diversified by introducing beginner-level, intermediate-level, advanced-level, and specialized courses, so as to accommodate the diverse requirements of students. A collaborative effort between the mental health center and the physical education teaching department is highly recommended. Psychologists should conduct comprehensive assessments of students’ anxiety levels. Physical education instructors, on the basis of students’ physical conditions and individual preferences, should then design customized exercise regimens. For instance, for students with mild anxiety and good flexibility, meditation-centered yoga courses can be recommended; for those with moderate anxiety and relatively weak physical strength, Pilates core-strengthening training programs can be arranged. Subsequently, the intensity and frequency of the exercises should be rationally determined. The two parties should jointly provide continuous follow-up guidance and conduct regular evaluations and adjustments.



Exploration of the physiological mechanism of exercise intervention on anxiety in college students

The anxiolytic effects of exercise can be attributed to several neurobiological mechanisms. Exercise facilitates the release of key neurotransmitters including serotonin, dopamine, and endorphins in the brain (Mikkelsen et al., 2017). Serotonin, commonly referred to as the “happiness hormone,” plays a crucial role in mood regulation, sleep patterns and appetite control (LaGreca et al., 2021). Dopamine, a reward-associated neurotransmitter, enhances motivation and please responses (Bressan and Crippa, 2005). While endorphins function as natural analgesics and mood regulators, promoting feelings of well-being and relaxation (Hawkes, 1992). The elevated levels of these neurotransmitters contribute significantly to anxiety reduction among college students (Yuan et al., 2018).

Furthermore, sustained physical exercise promotes neuroplasticity through enhanced neurogenesis and neural connectivity, resulting in increased gray and white matter volume and improved brain function (White and Castellano, 2008). Particularly noteworthy is the exercise-induced enhancement of prefrontal cortex activity, a region critical for emotional regulation, decision-making processes, and attentional control (Dixon et al., 2017). These structural and functional neural adaptations strengthen emotional regulation capabilities and reduce anxiety susceptibility (McEwen, 2007).



Limitations of the research

This meta-analysis acknowledges several methodological limitations that merit attention. Notably, the fact that multiple studies only cover female samples is a prominent issue. The gender disparities exert a pivotal influence on the efficacy of exercise-based interventions. Males and females differ in their physiological responses to exercise, mental states, and access to social support (Kirschbaum et al., 1995).For example, differences in hormone levels lead to disparities in the tolerance and recovery abilities of males and females to exercise intensity (Sheel et al., 2004).When facing anxiety, the exercise motivations and coping strategies of males and females also vary. For example, testosterone in men may enhance muscle strength and endurance during exercise (Vingren et al., 2010), while estrogen in women affects the body’s energy metabolism and stress response (Mauvais-Jarvis et al., 2013).These physiological differences, in turn, influence the way exercise acts on anxiety. Men may be more inclined to relieve anxiety through high-intensity competitive sports, taking advantage of their physical strength and endurance (Salmon, 2001).In contrast, women may prefer low-intensity, rhythmic exercises such as yoga (Ross and Thomas, 2010),and these types of exercises may have different impacts on their mental states. At the psychological level, men and women also cope with anxiety differently. Men tend to internalize their emotions (Simon and Nath, 2004).When facing anxiety, their exercise motivation may be more about distraction or physical self-improvement. In comparison, women are more willing to express their emotions and may regard exercise as a way to socialize while alleviating anxiety (McLean and Anderson, 2009) Conducting research based solely on female samples cannot comprehensively reveal the mechanism of exercise interventions in alleviating anxiety, nor can it easily determine the differences in intervention effectiveness between genders.

Secondly, excluding individuals who have been engaged in exercise for more than 3 months is reasonable from the perspective of research design. Such long-term exercisers may have developed relatively stable exercise habits and psycho-physiological adaptation mechanisms. Their physical functions and psychological states differ significantly from those of ordinary students. However, this approach also brings non-negligible limitations. In terms of the external validity of the research results, this exclusion criterion restricts the scope of generalization of the research conclusions. In reality, a considerable number of students may have long-term exercise experiences. After excluding this group of people, the research results are difficult to represent the true situation of the entire student population, thus affecting the applicability of the results to a broader student group. In addition, this exclusion criterion may, to some extent, affect the internal validity of the study. Although the homogeneity of the sample is improved to a certain degree after excluding long-term exercisers, some key information may also be lost. The impact mechanism of long-term exercise on students’ anxiety levels may differ from that of short-term exercise.

Finally, the relatively short follow-up periods in the included studies present a notable limitation. Given the chronic nature of anxiety symptoms, longer follow-up periods would be necessary to establish the durability of exercise intervention effects (Asmundson et al., 2013). The absence of extended longitudinal data may limit our understanding of the intervention’s long-term efficacy.



Clinical recommendations

We propose that higher education institutions forge partnerships with neighboring mental health institutions. Regular consultations by psychiatrists at the school are beneficial, especially for students with severe anxiety symptoms (Rones and Hoagwood, 2000). For those diagnosed with anxiety disorders, in addition to exercise interventions, psychiatrists can prescribe suitable medications. Professional clinical assessment scales like HAMA and BAI should be employed to quantitatively evaluate students’ anxiety levels before and after exercise intervention. Regular monitoring of physiological indicators such as heart rate variability and cortisol levels helps objectively reflect the impact of exercise on anxiety (Kim et al., 2018). In case of non-improvement or symptom worsening, the intervention plan must be promptly adjusted, and referral to professional medical institutions should be considered. All these efforts should be coordinated with the school’s mental health center and physical education teaching department to form a comprehensive approach.



Future research directions

Future research should address methodological rigor through enhanced research designs, larger sample sizes, and standardized measurement protocols to ensure greater reliability and validity of findings. The implementation of unified assessment tools and evaluation criteria would facilitate more robust cross-study comparisons and strengthen the evidence base. Investigation of the underlying mechanisms of exercise-induced anxiety reduction should encompass both physiological and psychological pathways (Tseng et al., 2012). This includes examining the effects of exercise on neural neurotransmitter systems, cardiovascular function, immune response, as well as cognitive processes, emotional regulation, and self-concept development. Such mechanistic understanding would provide a stronger theoretical foundation for exercise-based interventions. Longitudinal studies with extended follow-up periods are essential to evaluate the durability and sustainability of exercise interventions’ anxiolytic effects (Stonerock et al., 2015). These temporal insights would inform the development of more effective long-term mental health intervention strategies in collegiate settings. Finally, future research should explore integrated intervention approaches combining exercise with other therapeutic modalities, such as cognitive-behavioral therapy, psychological counseling, and social support interventions. Such comprehensive intervention protocols may yield enhanced therapeutic outcomes through synergistic effects.




Conclusion

This meta-analysis demonstrates that exercise interventions significantly reduce anxiety symptoms among college students. Among various mind–body integrative exercise modalities, Tai Chi emerged as particularly effective in anxiety reduction. The optimal intervention protocol identified consists of three 50-min sessions per week over an eight-week period, yielding the most substantial anxiolytic effects in the collegiate population.

From a theoretical perspective, this study advances our understanding of exercise-based anxiety interventions by establishing clear dose–response relationships and identifying the relative efficacy of different exercise modalities. These findings contribute to the broader literature on non-pharmacological anxiety management and provide a framework for understanding how specific exercise parameters influence mental health outcomes in young adults. The identification of optimal intervention characteristics offers valuable insights into the mechanisms through which physical activity influences psychological well-being.

From a practical standpoint, these findings provide evidence-based guidelines for implementing exercise-based mental health interventions in higher education settings. University health services and counseling centers can utilize these results to design and implement structured exercise programs as part of their mental health support services. The clear delineation of optimal frequency, duration, and type of exercise enables institutions to develop targeted, efficient interventions that maximize therapeutic benefits while considering resource constraints and student schedules. Furthermore, these findings support the integration of structured physical activity programs into comprehensive student mental health strategies, offering a cost-effective, accessible, and stigma-free approach to anxiety management in collegiate populations.
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Background: In recent years, mobile phone addiction (MPA) has emerged as a significant public health concern, particularly among university students. Physical activity (PA) is believed to exert a beneficial influence on MPA within this demographic. However, the extent to which this influence is moderated by other factors remains uncertain. Evidence points to self-control and resilience as potential mediators that may partially account for the positive impact of PA on MPA. Accordingly, this study seeks to investigate the effect of PA on MPA and the mediating role of self-control and resilience in this relationship through a chain-mediated model.
Methods: The study involved 413 Chinese university students (208 males, mean age 20.59 ± 1.17 years), who completed the PA Rating Scale (PARS-3), the Connor-Davidson Resilience Scale (CD-RISC), the Self-Control Scale (SCS), the Mobile Phone Addiction Index (MPAI), along with other psychosocial assessments. Pearson’s correlation was employed to analyze the relationships between variables, while mediation models were examined using SPSS PROCESS and bootstrapped regression analysis.
Results: PA demonstrated a significant negative correlation with mobile phone addiction behaviors (β = −0.22, p < 0.01). Self-control and resilience moderated the relationship between PA and mobile phone addiction. Notably, PA influenced mobile phone addiction through the chain-mediated effects of self-control and resilience.
Conclusion: College students can alleviate MPA issues by consistently engaging in healthy PA, which is essential for enhancing self-control and bolstering resilience.
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1 Introduction

The advent of smartphones is akin to a double-edged sword, offering convenience to people’s studies, work, and daily lives, while simultaneously fostering the issue of mobile phone addiction. Mobile phone addiction (MPA), also referred to as problematic mobile phone use, is a detrimental behavior linked to excessive smartphone usage. This phenomenon is particularly evident in individuals’ profound desire and reliance on mobile devices, resulting in excessive engagement and usage of these technologies (Billieux et al., 2015; Zou et al., 2017). According to the World Health Organization, MPA has emerged as a significant public health concern, particularly among adolescents (Haug et al., 2015). Some experts predict that it will become one of the most widespread forms of technology addiction in the 21st century (Busch and McCarthy, 2021). The report of the China Internet Information Centre (CINIC) realistically shows that mainland China’s Internet users reached 854 million in 2019; 99.1% of them accessed the Internet through mobile phones (China Internet Network Information Center, 2019). Among them, those aged 20–29 accounted for 24.6% of the total proportion, while the college student group applied mobile phones for more than 5 h a day on average, and about 79% of students applied mobile phones in class (MyCOS Research Institute, 2018). Recent studies indicate that adolescents and young adults constitute a significant demographic in mobile phone usage, exhibiting a notably high prevalence of MPA, especially among college students (Li et al., 2020; Lissak, 2018; Sohn et al., 2019). The detrimental effects of MPA on the college population are profound, potentially resulting in physical ailments such as dizziness, headaches, stiffness, limb numbness, reduced spinal strength, visual disturbances, and even loss of vision. Furthermore, it can give rise to mental health issues, including procrastination, depression, anxiety, fear, and insomnia (Elhai et al., 2019; Thomée, 2018). As a result, MPA is increasingly being recognized as a public health problem and there is a need to identify its causative factors and develop coping strategies to prevent and mitigate this disturbing behavior.

Within the field of research on how to reduce and mitigate the phenomenon of MPA, the academic community has taken note of physical activity as an effective modality (Chen et al., 2022; Yang et al., 2021). PA serves as a means for individuals to achieve fitness and health, engage in leisure and enjoyment, and bolster both physical and mental well-being. It enhances physical fitness, improves overall health, and sustains the body’s capabilities (WHO, 2007, 2010). The World Health Organization (WHO) advises a minimum of 150 min per week of moderate-to-vigorous intensity PA to prevent chronic diseases. Additionally, it recommends engaging in 75 min of high-intensity exercise weekly, as regular PA offers substantial benefits for both physical and mental health (WHO, 2015). Existing studies have demonstrated that exercise serves as an effective intervention for the treatment of MPA, with longer intervention durations yielding more favorable outcomes (Liu et al., 2019). Systematic PA can significantly alleviate smartphone addiction (Li et al., 2023). Recent research indicates that PA acts as an effective negative predictor of MPA, with self-control mediating the relationship between the two (Guo et al., 2022). It is suggested that regular PA is a viable strategy for preventing MPA, and there is moderate evidence supporting its effectiveness in reducing addictive behaviors among university students (Pirwani and Szabo, 2024). The findings of the studies highlight the potential benefits of PA, which may serve as a crucial protective mechanism against MPA. Therefore, given that previous research has focused on the link between PA and MPA. In the current setting, there is more room for potential mediating mechanisms (i.e., how PA affects MPA) to be explored. In addition, while there has been external research on the relationship between individual traits such as anxiety, social impairment, and loneliness and MPA, there has been relatively little research on self-control and mental toughness on MPA. To fill these gaps, the present study constructed a chain mediation model to examine the mediating roles of self-control and mental toughness between PA and MPA. In contrast to previous studies, the purpose of this study was to further expand the mechanistic exploration of the relationship between PA and MPA. To add to the research gap regarding self-control and resilience as relevant variables in this area. To further contribute to the academic understanding of the mechanisms by which PA influences MPA in the university student population, thereby informing higher education professionals to optimize the mental health and MPA phenomenon in university students.


1.1 The mediating role of self-control

Self-Control Theory (SDT) states that self-control is negatively associated with addictive behaviors, suggesting that PA might reduce MPA by enhancing self-regulation. Self-control refers to an individual’s capacity to regulate their own behavior and align personal values with societal expectations (Kopp, 1982). It facilitates or inhibits specific behaviors, such as resisting impulses, withstanding temptations, and delaying gratification (Tangney et al., 2004). The self-control model likens self-control to a muscle, suggesting that, much like a muscle can be strengthened through regular exercise, self-control can be enhanced through practice and effort (Yang et al., 2019). Studies have indicated that self-control plays a crucial role in MPA behavior, significantly serving as a negative predictor of such behavior (Pan et al., 2023). Typically, MPA is associated with impulsivity, which positively predicts MPA, while self-control effectively curtails impulsive tendencies (Burnell and Kuther, 2016).

Recent studies have confirmed that PA can improve college students’ self-regulation by increasing self-control, which in turn indirectly improves the frequency of mobile phone use among college students through self-control, among other things. Additionally, research has shown that self-control can mediate the relationship between bullying victimization and MPA among college students, with PA moderating this relationship (Liu et al., 2024; Zeng et al., 2022). Self-control may significantly influence the effect of PA on MPA, as research has shown that participation in PA among adolescents enhances self-control, thereby reducing dependence on mobile phones (Zhang et al., 2022). Therefore, this study hypothesized that self-control mediates the relationship between PA and MPA.



1.2 The mediating role of resilience

Resilience is the capacity of an individual to adapt effectively in the face of challenges, trauma, adversity, significant stress, or even tragedy (Cousins and Fernández, 2019). It signifies a state of resilience that enables a person to regain normalcy after encountering trauma, accidents, tragedy, or illness, a quality vital for both physical and mental well-being (Babić et al., 2020). Research on resilience indicates that PA promotes coping abilities, reducing reliance on mobile phones for emotional support. Research has shown that PA effectively enhances the resilience of college students, further improving their problem-solving abilities, self-confidence, and emotional regulation (Deng et al., 2023; Peng and Liu, 2010). In contrast, the self-attrition model of self-regulatory capacity posits that individuals who struggle to adapt to social challenges may experience a decline in self-control while using mobile phones.

Adaptive Capacity Theory proposes that PA improves psychological resilience, which helps mitigate addiction risks. At the same time, mental toughness is strongly associated with PA. PA is an effective way to improve resilience. Moreover, it has been demonstrated that PA can mitigate the risk of MPA by bolstering resilience and reducing perceived stress (Zhao et al., 2022). Consequently, it can be inferred that when college students experience a decline in self-control, their resilience is similarly impacted, fostering an increased dependence on mobile phones that may lead to addiction (Ma et al., 2022a). Therefore, this study hypothesized that resilience is the mediating variable between PA and MPA.



1.3 Chain mediation of self-control and resilience

Evidence suggests that low self-control and poor resilience to setbacks may be important factors in college students’ MPA (Ma et al., 2022b; Niu, 2023), and self-control and resilience may play a chain mediating role in this process, a relationship based on previous research (Wu et al., 2024). However, the testing of the model remains subject to further validation to gain the fullest understanding. Exploration of this relationship may lead to a deeper understanding of the interaction between PA and MPA in college students, with existing theories providing insights into the link between self-control and resilience and MPA. For example, self-control theory suggests that low self-control may lead to individuals who are inattentive and may take extreme measures in the face of stress, including addictive behaviors. Some studies indicate a significant positive correlation between self-control and resilience (Liang et al., 2022). In addition, compensatory network use theory further hypothesis that poor resilience may further contribute to an individual’s MPA when they experience psychological stress, depression, anxiety, etc., resulting in unmet needs related to social interaction, recreation, and identity. Therefore, it is hypothesized that an individual with low self-control and poor resilience will have an increased tendency to develop MPA. Furthermore, the PA behaviors of college students may enhance individual self-control and improve their capacity to adapt to setbacks and manage negative emotions. Conversely, low levels of participation in PA, along with diminished self-control and resilience, may exacerbate MPA, thereby impacting physical and mental health (Schuch et al., 2020). Based on this, the positive effects of PA on MPA may stem from increased self-control and resilience. Therefore, this study hypothesized that self-control and resilience play a role in the relationship between PA and MPA.



1.4 Research hypotheses

The purpose of this study was to explore the mediating roles of self-control and resilience between physical activity and MPA among Chinese college students, aiming to broaden and consolidate our understanding of the mechanisms associated with physical activity and MPA. Based on previous research, this study provides a preliminary exploration of the interrelationships between physical activity, self-control, resilience, and MPA. Notably, previous studies have focused on the pairwise relationships between these factors (Wu et al., 2024; Zhang et al., 2022), and there is a gap in how self-control and resilience influence the correlations between physical activity and MPA and the pathways of interconnections. Therefore, this study examines the effects of PA on MPA among college students based on self-determination theory, substitution hypothesis, stress dissipation hypothesis, and adaptive capacity theory. In addition, this study aims to explore the mediating roles of self-control and resilience to consolidate and expand the understanding of the mechanisms underlying the relationship between PA and MPA. Based on the above theories and discussions, the following hypotheses and hypothesized models were proposed in this study (e.g., Figure 1).

[image: Diagram showing relationships between four concepts: self-control, resilience, physical activity, and mobile phone addiction. Arrows indicate interactions; self-control and physical activity connect to both resilience and mobile phone addiction.]

FIGURE 1
 Research model.



H1: Physical activity negatively predicts mobile phone addiction.
H2: Self-control mediates the relationship between physical activity and mobile phone addiction.
H3: Resilience mediates the relationship between physical activity and mobile phone addiction.
H4: Self-control and resilience function the relationship between physical activity and mobile phone addiction.






2 Methods


2.1 Participants

According to calculations of effect size using G*Power software, the minimum sample size required is 300 (Schoemann et al., 2017). Consequently, this study employed a convenience sampling method to administer an open-ended questionnaire survey to 450 students at an undergraduate institution in Chengdu, Sichuan Province, China, through both offline face-to-face interactions in the classroom and online distribution of the questionnaire. We hereby certify that this study was conducted in accordance with the 1964 Declaration of Helsinki and its subsequent amendments. Furthermore, we confirm that all methodologies employed in this study received approval from the Ethics Committee, and we affirm that informed consent was obtained from all participants (approval number: CTYXLL2024004).

The questionnaires were clearly and objectively explained to the participants prior to distribution, and they were completed independently with the subjects’ consent. At the end of the whole survey, 37 invalid questionnaires or questionnaires that did not meet the requirements (including blank questionnaires and omitted questionnaires) were excluded, and there were 413 valid questionnaires, with a validity rate of 91.78%. Among the participants, there were 208 males and 205 females, with an average age of 20.59 ± 1.17 years. This group included 86 freshmen, 118 sophomores, 146 juniors, and 63 seniors or above, 189 in Physical Education, and 224 in Sports Training. Please refer to Table 1 for further details regarding the subjects.



TABLE 1 Descriptive statistics of the participant population (n = 413).
[image: Table displaying demographic data. The categories are Genders, Age, Grades, and Major. Genders: Male (208, 50.36%), Female (205, 49.64%). Age: 19 (90, 21.79%), 20 (106, 25.67%), 21 (126, 30.51%), 22 (65, 15.74%), 23 (26, 6.30%). Grades: Freshman (86, 20.82%), Sophomore (118, 28.57%), Junior (146, 35.35%), Senior (45, 10.90%), Fourth year or above (18, 4.36%). Major: Physical education (189, 46.76%), Sports training (224, 54.24%).]



2.2 Measurement tools


2.2.1 Physical activity rating scale (PARS-3)

The Physical Activity Rating Scale-3 (PARS-3) utilized in this study was revised by the Chinese scholar Liang Deqing, based on the original version introduced by the Japanese scholar Kenji Hashimoto in 1990 (Liang, 1994). This scale was employed to assess participants’ levels of physical activity in terms of intensity, frequency, and duration. The indicators were categorized into five levels and rated on a scale from 1 to 5. The total score for physical activity is calculated as follows: Total score = intensity of exercise × (duration of exercise − 1) × frequency of exercise, with a range from 0 to 100 points. A higher score indicates a greater level of physical activity. Specifically, a score of ≤19 denotes a small amount of exercise; a score between 20 and 42 signifies a moderate amount; and a score of ≥43 indicates a large amount of exercise. In this study, the Cronbach’s α coefficient for the scale was found to be 0.813.



2.2.2 Resilience scale (CD-RISC)

In order to assess the psychological resilience of Chinese university students and to avoid problems that may occur with scales in different populations and cultural contexts, the Chinese Revised Connor-Davidson Resilience Inventory Scale (CDRISC) was used in the present study and has been confirmed by previous research to have valid structural validity and to be suitable for use in the conduct of this study (Yu and Zhang, 2007). The scale comprises 25 items and encompasses three primary dimensions: resilience, strength, and optimism. Participants rated each item on a 5-point Likert scale, ranging from 1 (almost never) to 5 (almost always). Higher scores reflect greater resilience. Measurement model fit results were X2/df = 1.022, GFI = 0.936, CFI = 0.999, TLI = 0.999, RMSEA = 0.008. The overall Cronbach’s α coefficient for the CD-RISC was 0.936.



2.2.3 Self-control scale

This study utilized a revised version of the Self-Control Scale (SCS) developed by Morean et al. in 2014, which resulted in a streamlined seven-item version encompassing two dimensions (Morean et al., 2014). In comparison to the original version from 2004, this revised scale significantly reduces response fatigue and bias, and it has been translated into multiple languages, demonstrating cross-cultural consistency in its reliability and validity. Measurement model fit results were X2/df = 1.516, GFI = 0.970, CFI =0.992, TLI = 0.990, RMSEA = 0.038, and SRMR = 0.028, so the scale has good construct validity. The SCS‘s Cronbach’s α coefficient was 0.925 overall.



2.2.4 Mobile phone addiction (MPAI)

To evaluate MPA, researchers employed the MPA Index Inventory (MPAI) (Leung, 2008). This index consists of 17 items assessing four dimensions of MPA: lack of control over cravings, anxiety levels, disorientation and withdrawal, and decreased productivity. Survey respondents rated their experiences on a 5-point scale, ranging from 1 (never) to 5 (always). Previous studies have confirmed the reliability and validity of the MPA among Chinese adolescents and young adults. In the current study, the measure demonstrated strong internal consistency. The fitted results of the measurement model were X2/df = 0.865, GFI = 0.993, CFI = 0.92, TLI = 0.95, RMSEA = 0.0001, and SSRMR = 0.017. The MPAI Cronbach’s α coefficient was 0.924.




2.3 Data analysis methods

Analyses were conducted using the SPSS statistical package (version 26.0). Categorical variables were represented as frequencies and percentages. This study used gender-adjusted analysis of covariance (ANCOVA), independent samples, and rank sum tests and considered the outcomes of Kolmogorov and normal distribution tests to assess differences in PA, MPA, self-control, and resilience. For parametric or non-parametric tests that produced a p-value, effect sizes, specifically Cohen’s d or Pearson’s r, were calculated accordingly.

To examine the potential mediating role of self-control and resilience in the relationship between PA and MPA, the models were analyzed in this study using Model 6 from the SPSS Process 4.0 plug-in developed by Hayes (2013). In this model, PA serves as the independent variable (X), while self-control and resilience act as the mediating variables (M), and MPA is the dependent variable (Y). Considering the potential impact of age and gender on MPA, they were also considered as covariates in this study. This analysis enabled us to assess the mediating effects of self-control and resilience between PA and MPA. Consequently, the analysis was conducted using SPSS, and the mediation hypothesis was evaluated using a bias-corrected bootstrap method on a sample of 5,000, with 95% confidence intervals calculated. Significance was determined when the confidence interval did not encompass zero.




3 Results


3.1 Common method bias

Common methods bias was assessed using Harman’s one-factor method, alongside the KMO and Bartlett’s test, yielding a KMO value of 0.974 and a Bartlett’s statistic of 11961.872 (df = 741, p < 0.001), indicating that the data were appropriate for factor analysis. Consequently, an exploratory factor analysis of the items and each scale was conducted in this study. The results revealed that 20 factors had eigenvalues exceeding 1, with the first factor accounting for only 39.38% of the total variance, falling short of the 50% threshold. Thus, no common method bias was present in the data for this study.



3.2 Correlation analysis

According to the results presented in Table 2, PA exhibited a significant positive correlation with both self-control and resilience. Self-control also demonstrated a significant positive correlation with PA and resilience, while PA, self-control, resilience, and MPA showed significant negative correlations. In essence, these findings indicate interrelationships among the variables, suggesting that self-control and resilience may exert an influential role in the connection between PA and MPA, thereby establishing a foundation for further exploration of the mediating effects in subsequent analyses.



TABLE 2 Correlation analysis of all variables.
[image: Table displaying descriptive statistics and correlations for four variables: PA, Self-control, Resilience, and MPA. Means and standard deviations are listed, with significant correlations (p < 0.01) among them.]



3.3 Chain mediation effect test

Based on Model 6 in the Process plug-in, a chained mediation model was established with PA as the independent variable, self-control and resilience as mediator variables, and MPA as the dependent variable. In this study, a replicate sample of 5,000 was utilized, with a default confidence interval of 95%. As indicated by the regression analyses in Table 3 and Figure 2, all three variables—PA (β = −0.2344, p < 0.001), self-control (β = −0.2519, p < 0.001), and resilience (β = −0.2038, p < 0.001) demonstrated significant negative predictive effects on MPA. Furthermore, PA was identified as a significant positive predictor of both self-control (β = 0.3745, p < 0.001) and resilience (β = 0.2525, p < 0.001). Additionally, self-control emerged as a significant positive predictor of resilience (β = 0.3578, p < 0.001). These findings suggest that self-control and resilience mediate the relationship between PA and MPA.



TABLE 3 Chained model regression analyses for PA, MPA, self-control and resilience.
[image: A table displaying regression analysis results for three equations: "Self-control," "Resilience," and "MPA". The table includes predictor variables (PA, Self-control, Resilience), overall fit indices (R, R², F), and regression coefficients (β, SE, t, LLCI, ULCI). Significant results are indicated with asterisks, where **p < 0.01 and ***p < 0.001. Key values include R for PA in Self-control at 0.3745, and in Resilience at 0.5093. The β coefficient for PA in MPA is -0.2344. LLCI and ULCI provide confidence intervals for coefficients.]

[image: Diagram showing relationships between variables. Physical activity negatively correlates with mobile phone addiction and positively with self-control. Self-control has a positive correlation with resilience, which negatively correlates with mobile phone addiction. Notable correlations: physical activity to mobile phone addiction (-0.2224**), self-control to resilience (0.3578***), and resilience to mobile phone addiction (-0.2038***). Significance levels are p < 0.01 and p < 0.001.]

FIGURE 2
 Regression analysis of the chained intermediation model. **p < 0.01, ***p < 0.001.


The overall path coefficients for the mediation analyses are presented in Table 4. In the total effects model, the direct predictive effect of PA on MPA was significantly negative (β = 0.2224, 95% CI [−0.3094, −0.1354]). When self-control and resilience were incorporated as mediating variables in a chained mediation model, the overall mediation effect was calculated at −0.1642, representing 42.47%. The 95% CI [−0.2171, −0.1155] does not include zero, thereby indicating that self-control and resilience function as chain mediators within this model. Secondly, by incorporating self-control and resilience into the relationship between PA and MPA, we identified four pathways through which PA influenced MPA: Path 1 represented the direct effect of PA on MPA (β = 0.2224, 95% CI [−0.3094, −0.1354]), accounting for 57.53% of the effect; Path 2 illustrated the mediating role of self-control between PA and MPA (β = −0.0895, 95% CI [−0.1325, −0.0511]), contributing 23.15% to the effect; Path 3 detailed the mediating role of resilience between PA and MPA (β = 0.0488, 95% CI [−0.0797, −0.0242]), which represented 12.62% of the effect; and Path 4 examined the combined mediating role of self-control and resilience in the chained mediation between PA and MPA (β = 0.0259, 95% CI [−0.0442, −0.0122]), accounting for 6.70%. The 95% confidence intervals for all four pathways did not include zero and did not exceed one, indicating that PA, self-control, and resilience can independently influence MPA. Furthermore, self-control and resilience can jointly function as chain mediators in the relationship between PA and MPA among college students, providing supporting evidence for the hypotheses.



TABLE 4 Chain mediation test for PA, MPA, self-control and resilience.
[image: A table displays statistical analysis results. Columns include: "Effect size", "Boot SE", "95% confidence interval" with "Lower" and "Upper" bounds, and "Proportion of relative effect". Rows list the total effect, pathways such as "PA → MPA", intermediary pathways like "PA → Self-control → MPA", and the total intermediary effect. The total effect shows an effect size of -0.3866. The table highlights the proportion of relative effect for each pathway, with the total effect at 100% and intermediary pathways ranging from 6.70% to 57.53%.]




4 Discussion

As technology advances, the transformations ushered in by the information age have made mobile phones an essential component of everyday life (Zhang and Wu, 2020). However, addiction issues resulting from excessive mobile phone use are becoming increasingly prevalent, underscoring the importance of exploring mechanisms to enhance MPA management (Sahu et al., 2019). Previous studies have demonstrated that PA positively influences MPA, yet further research is needed to elucidate the precise mechanisms involved (Liu et al., 2019). Consequently, drawing upon both theoretical and empirical research, this study developed a chain mediation model aimed at examining the effects of PA among college students on MPA, as well as the mediating roles of self-control and resilience within this relationship. This endeavor seeks to expand upon previous research concerning the mechanisms linking PA to MPA and to enhance our understanding of the potential benefits of self-control and resilience. The present study identified three mediating pathways in the relationship between PA and MPA among Chinese university students, in which self-control and resilience to frustration had a significant effect on this relationship. Notably, PA impacts MPA through the sequential mediation of self-control and resilience. This provides new evidence that PA serves as a positive and effective health intervention, capable of enhancing self-control and resilience, thereby alleviating excessive mobile phone dependence and reducing MPA.

First, this study revealed a significant negative correlation between college students’ PA and MPA, a finding that aligns with prior research regarding the impact of PA on MPA (Li et al., 2023; Pirwani and Szabo, 2024). Thus, hypothesis H1 has been substantiated. The findings of this study further reinforced the connection between PA and MPA, indicating that active engagement in physical activities can diminish the sedentary behaviors of college students, consequently reducing the time spent on mobile phones and, thereby, decreasing the likelihood of MPA (Li et al., 2021). From the perspective of triadic theory, individuals, behaviors, and environments interact in a dynamic manner. PA, as an external stimulus, not only effectively enhances individuals’ physical health but also psychologically fortifies their resilience against stress, alleviates negative emotions, and thereby contributes to the reduction of addictive behaviors (Flynn et al., 2010). Research in neurophysiology has shown that PA can restore and regulate highly activated neuronal cells, thereby enhancing the adaptive capacity of mobile phone addicts to external changes (Guo et al., 2022). Furthermore, numerous animal studies suggest that neurotransmitters in the brain, such as dopamine, may mediate the relationship between PA and cognitive performance (Hou et al., 2024). Prolonged exercise fosters reward-related neuroplasticity in brain structures, potentially serving as a neural mechanism for enhancing self-control by diminishing an individual’s MPA in response to rewarding stimuli (Cassilhas et al., 2016). Empirical studies have demonstrated that PA can alleviate various issues associated with addiction symptoms, including withdrawal reactions, mood fluctuations, and reduced adaptive capacity (Chen et al., 2021). Therefore, considering the above studies and analyses, the present study concludes that increased levels of PA in university students can significantly enhance their resilience, which in turn reduces the incidence of MPA.

Secondly, this study reveals that college students’ PA appears to enhance self-control, subsequently diminishing their moderate PA. Thus, self-control mediates the relationship between college students’ PA and moderate PA. This finding aligns with prior research (Liu et al., 2024; Zhang et al., 2022), thereby validating hypothesis H2. The findings of this study further affirm the mediating role of self-control between PA and MPA. Through engaging in physical activity, college students enhance their self-control, thereby reducing the prevalence of negative behaviors associated with PA, among others (Zhong et al., 2021). Individuals with low self-control struggle to resist automatic, habitual behaviors, such as excessive mobile phone use, and are more likely to seek immediate gratification, succumbing to fleeting desires. When deprived of their mobile phones, they often feel disoriented and bored, a characteristic common among college students experiencing PA (Jiang and Zhao, 2016; Mei et al., 2018). Insufficient self-control leads to behavioral changes in college students in response to adverse emotions, consequently increasing the risk of MPA (Zhang et al., 2022). Thus, self-control can effectively inhibit unhealthy mobile phone usage. Prior research indicates that physical exercise can enhance inhibition and address control deficits in individuals experiencing MPA (Davis et al., 2011). When confronted with a cognitive task, those who engaged in regular exercise demonstrated significantly lower MPA scores (Zhou and Wang, 2022). These findings suggest that increased physical activity among college students may be advantageous in bolstering self-control, thereby preventing and mitigating MPA behaviors.

Thirdly, the findings indicate that resilience serves as an independent mediator in the relationship between PA and MPA among college students. In essence, college students may enhance their resilience through PA, thereby diminishing the prevalence of MPA (Ma et al., 2022a; Peng and Liu, 2010). This aligns with prior studies, thus validating Hypothesis 3. The results of this study further affirm the relationship between resilience and PA, demonstrating that sustaining a habit of PA enhances an individual’s adaptive capacity and stress tolerance, thereby augmenting resilience (Dunston et al., 2022; Jefferies et al., 2019). Moreover, the analysis of the interplay between resilience, PA, and MPA further highlights the critical role of resilience within this mechanism. This supports previous research indicating that PA can diminish the risk of MPA by fostering resilience and alleviating perceived stress (Zhao et al., 2022). Our findings lead us to hypothesize that a higher level of PA among college students correlates with greater resilience, enhancing their coping abilities and resilience to external challenges, ultimately reducing their likelihood of developing MPA (Ma et al., 2019).

Finally, this study established a chain mediation model linking PA and MPA through the mediating influences of self-control and resilience. The results indicate that self-control and resilience function as chain mediators in the relationship between PA and MPA, elucidating the mechanisms by which PA impacts MPA through the combined effects of these two factors. Our findings highlight a significant connection between self-control and resilience, corroborating previous research (Schuch et al., 2020). Based on this study’s results, we hypothesize that higher levels of PA among college students are associated with greater self-control, which subsequently enhances resilience, thereby mitigating negative emotions such as anxiety and improving emotional regulation, ultimately reducing the propensity for MPA.



5 Practical implications and limitations

In conclusion, the findings of this study substantiate the hypotheses posited in the research design. By integrating the variables of self-control and resilience, we have enriched the existing literature on the influence of PA on MPA and elucidated its underlying mechanisms. In alignment with the World Health Organization’s PA guidelines, we propose that the actual levels of PA may surpass the recommended thresholds. This assertion is grounded in the premise that PA yields significant mental benefits, alleviates negative emotions, and enhances physical well-being, among other advantages. Especially in the latter stages of the COVID-19 pandemic, physical dysfunction and mental distress, such as MPA, arising from confinement were, in part, attributable to diminished levels of physical activity (Wang et al., 2024). Our study’s findings indicate that university students ought to enhance their levels of PA, actively engage in exercise, and cultivate a consistent habit of physical engagement. This aligns with scholarly perspectives that view self-control as a muscle that can be strengthened (Liu et al., 2024). Such improvements can bolster psychological resilience, mitigate negative emotional states like anxiety and depression, and diminish maladaptive behaviors, including reliance on psychological interventions. Consequently, universities should not only encourage student participation in physical activities but also provide more opportunities for such engagement. For instance, they should monitor and guide students’ physical activity habits, address tendencies toward MPA, and regulate excessive mobile phone usage to foster their overall physical and mental well-being.

However, some limitations of this study should be mentioned when interpreting the findings. Firstly, the data collected in this study are cross-sectional data which can only explain the correlation between PA and MPA among university students but not the causal relationship. Further longitudinal or experimental studies are still needed in the future to explain and validate this causal relationship. Second, all subjects in this study were from one region in Sichuan Province, China, which limited the representativeness of the sample. Expanding the scope of the investigation to a national sample as well as a global sample is an inevitable trend for future research, in addition to adopting a more rigorous sample sampling method, which will further reduce bias. Third, from the perspective of data analysis, this study analyzed whether there were differences in PA, self-control, mental toughness and MPA by gender, but the findings showed no differences. Therefore, more research is needed to explain the relationship between gender differences in the above variables. Fourth, differences in types of exercise. This study only focused on the frequency of physical activity and did not delve into the different effects of different types of physical activity (e.g., team sports versus individual sports) on self-control and resilience. Fifth, the effect of individual differences. There may be differences in physical activity participation, self-control, and resilience among students of different genders, grades, and professional backgrounds, so it may not be possible to fully control the effects of these factors.



6 Conclusion

PA has been identified as a significant factor in diminishing the inclination toward MPA (Kim et al., 2015; Pereira et al., 2020). Self-control and psychological resilience function as intermediary chains between PA and MPA among college students. The findings of this study carry vital implications for college student populations, university institutions, and society at large in promoting PA to alleviate MPA.

First, to mitigate tendencies toward MPA, enhance self-control, and bolster resilience, it is essential for college students to engage in regular physical activity. Second, universities should prioritize the PA levels within the student body by providing accessible resources and facilities for physical engagement. Finally, society must recognize the prevalence of MPA, particularly among college students and younger populations, and work to foster motivation and positive perceptions of participation in physical activities, as well as improve the physical environment conducive to such engagement.
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Introduction: Physical activity (PA) has significant health benefits. However, one in four adults does not meet the globally recommended levels of PA. Considering that PA behavior is influenced by various factors operating at multiple levels, including personal, social, and environmental factors, a single-subject behavioral change intervention was developed to promote PA behavior through online sessions.
Method: Based on a one-to-one intervention, the Behavior Change Wheel (BCW) methodology was used to design an intervention that was developed for 24 weeks, including eight weeks of online sessions and 16 weeks of follow-up.
Results: We observed an increase of metabolic equivalent (MET-min/week; baseline = 2,970; eight weeks = 6,440; 24 weeks = 6,744) and daily steps (baseline = 8,372; eight weeks = 10,234; 24 weeks = 12,142), which provides some evidence for the efficacy of online methodologies, especially in the relation one-to-one.
Conclusion: The intervention, designed through BCW, had a positive effect in promoting more PA in a subject of our case study and provided evidence that can be used in further interventions that aim to increase PA levels in the population; however, future studies must be conducted to expand the evidence in other domains.
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1 Introduction

Physical activity (PA), which is defined as any bodily movement produced by skeletal muscles that requires energy expenditure, and refers to all movement including during leisure time, for transport to get to and from places, or as part of a person’s work or domestic activities (WHO, 2024), has significant health benefits for the heart, body, and mind; contributes to preventing and managing noncommunicable diseases, such as cardiovascular diseases and cancer; and reduces symptoms of depression and anxiety (WHO, 2024). However, globally, one in four adults does not meet the globally recommended levels of PA, and insufficient PA is considered the fourth leading risk factor for global mortality (WHO, 2018, 2024). The global cost of physical inactivity in direct healthcare is estimated at 54 billion dollars per year, with an additional 14 billion dollars attributable to lost productivity (WHO, 2018). Across its many forms, PA has multiple health, social, and economic benefits (WHO, 2018). Despite these benefits, adults have difficulty in initiating and maintaining PA behaviors. Several theories and models across disciplines have been suggested to enhance compliance with exercise routines and mitigate the aforementioned challenges (Ambros-Antemate et al., 2023). PA behavior is influenced by various factors operating at multiple levels, including personal, social, and environmental factors (Fletcher et al., 2018). Behavioral and social approaches aim to teach people the behavioral management skills necessary for the successful adoption and maintenance of behavior change and to create organizational and social environments that enable and enhance behavioral change (Heath et al., 2012).

The Behavior Change Wheel (BCW; Michie et al., 2014) is a comprehensive framework for designing and implementing behavior change interventions. It is a synthesis of 19 behavior change frameworks that draw on a wide range of disciplines and approaches and provides a systematic and transparent methodology for promoting behavior change (Michie et al., 2011, 2014). This method differs from others since it integrates individual, environmental, and policy-level factors, emphasizes a broad range of influences on behavior, and provides practical guidance for designing interventions across various contexts (Michie et al., 2011). This methodology is used to develop interventions that target change at three levels: policies, interventions, and behavior change techniques (BCTs; Tombor and Michie, 2017) and defines behavior as an interaction between capability, opportunity, and motivation (COM-B model: Michie et al., 2014).

Within this framework, methods are conceptualized at three levels: policies that represent high-level societal and organizational decisions; interventions that are more direct methods to change behavior, and BCTs, which are the smallest components on their own and have the potential to change behavior (Tombor and Michie, 2017). The center of the wheel is represented by COM-B, which is in line with Murphy et al. (2023) posit that changing any behavior of an individual, group, or population involves changing one or more of the following: Capability, Opportunity and Motivation. Capability can be physical or psychological; opportunity refers to factors in the physical or social environment that facilitate or hinder behavior change; and motivation can be reflective (involving conscious evaluations and planning) and/or automatic (unconscious emotional responses, impulses, or habits; Murphy et al., 2023).

Within COM-B’s components that generate behavior, it is possible to further distinguish capability, opportunity, and motivation using the Theoretical Domains Framework (TDF); the next layer of the BCW method, which allows an exploration of the barriers and facilitators of change. TDF is an integrative framework synthesizing key theoretical constructs used in relevant theories in behavior change domain. The framework consist of 14 domains: knowledge, skills, memory, attention, decision-making process, and behavioral regulation are associated with COM-B Capability; TDF environmental context and resources and social influences are associated with COM-B Opportunity; and TDF social/professional role and identity, beliefs about capabilities and consequences, optimism, intentions, goals, reinforcement, and emotion are associated with COM-B Motivation (Michie et al., 2014).

Training, enablement, modeling, environmental restructuring, restrictions, education, persuasion, incentivization, and coercion are the nine intervention functions that constitute the layer surrounding the COM-B model and TDF. Intervention functions are broad categories of things one can do to change behavior and are designed to change the capability, opportunity, and/or motivation to engage in the behavior (West and Michie, 2019). The last layer consists of seven Policy Categories: fiscal measures, guidelines, environmental/social planning, communication/marketing, legislation, service provision, and regulations.

This method guided us through a systematic, step-by-step process, moving from identifying and selecting the relevant target behaviors to a thorough analysis of these behaviors and the barriers to change according to the COM-B model, to identify the most promising, feasible, and culturally appropriate BCTs, intervention functions, and modes of delivery (Murphy et al., 2023).

Identifying intervention functions and policy categories, BCTs, and modes of delivery requires judgment as to what is most appropriate for the context, since the intervention may not be possible to implement because of context and limitations such as the mode of delivery of the intervention and resources (Michie et al., 2011, 2014; Tombor and Michie, 2017).

In summary, the BCW offers a structure plan for intervention design, the COM-B model helps to identify the barriers to behavior, and BCTs provide actionable steps to implement the intervention. Moreover, the TDF enhances this process by identifying deeper psychological and contextual factors that each part of the COM-B.

BCW has been used to promote PA behavior in several studies. Ojo et al. (2019) found that BCW can be successfully applied through a systematic process to understand the drivers of office worker behavior and develop a co-created intervention to promote breakup and decrease sitting in the workplace. Moreover, Haley et al. (2023) identified that BCW has potential mechanisms of action that improve PA in adults with spinal cord injuries. The BCW also enabled the systematic and comprehensive development of multicomponent interventions to promote PA following a community pulmonary rehabilitation program in patients with chronic obstructive pulmonary disease (Haley et al., 2023). However, no study has been conducted on healthy adults who change their daily routines to test the possible efficacy of this method in this domain.

Therefore, considering the physical inactivity of the among adults, the urgent need to identify effective methodologies for promote PA behaviors, and the potential of the BCW to design online interventions, this study aimed to develop and implement a BCW-based intervention to enhance and improve PA behavior in a single subject. To achieve this, a case study, which is a systematic investigation of an individual, group, community which the researcher examines in-depth data relating to several variables (Woods and Catanzaro, 1988) was employed.



2 Methods


2.1 Participant

This study used a single-participant A-B design (pre-test/post-test). Stein et al. (2012) state that this methodology is employed when working with a sample size of one or when a group comprises a few individuals, to establish an experimental condition in which the participant(s) serve as their own control.

The following inclusion criteria were established: adult subjects with an age range between 18 and 65 years old; physically inactive according to WHO’s guidelines; without severe medical or psychological conditions; with access to the internet and a device to participate in online sessions and availability to participate in the sessions within the period established for the program.

This intervention was performed with a 28-year-old female mother of a three-years-old child, with normal body mass index (i.e., 24.17 k/m2) and previous dropout episodes of structured PA participation in fitness context, obtained by convenience. Maria was invited to participate in this study due to her accessibility, willingness to dedicate herself to this intervention, and fulfillment of all the inclusion criteria. To protect the identity, the participant was identified with the nickname of Maria. Written informed consent was obtained from the participant, and this study followed ethical standards in line with the 2013 update of the Declaration of Helsinki (WMA, 2013).



2.2 Instruments

Yamax Digi-walker DW-500 pedometer (Yamax Corp., Tokyo, Japan), which has demonstrated scientific evidence of accuracy in measuring the number of steps and other associated measurements (Bassett et al., 1996; Bassett, 2000; Lee et al., 2015; Tudor-Locke et al., 2002). The daily average steps were calculated with registration of daily steps during 7 days.

The Portuguese version of the International Physical Activity Questionnaire (IPAQ), validated in 12 countries (Craig et al., 2003), was used to enable the quantification of PA in daily life. This questionnaire allows for the evaluation of weekly PA in walking, moderate activity, and vigorous activity. The IPAQ categorizes PA according to the frequency and duration of each specific type of activity and the time spent seated each day of the week. We converted the data obtained from the IPAQ to metabolic equivalent (MET)-min/week by calculating the marked minutes per week in each category of activities by the specific metabolic equivalent. We then classified the participant PA levels based on the IPAQ recommendations into the following categories:

Category 1 (Low): The lowest PA level corresponds to individuals who do not fulfill the criteria for Categories 2 or 3. The IPAQ considers these individuals inactive.

Category 2 (Moderate): Corresponds to individuals who meet one of the following criteria: (a) participated in three or more days of vigorous physical activity for at least 20 min a day; (b) participated in five or more days of moderate PA and/or walking for at least 30 min a day; (c) participated in five or more days of any combination of walking, moderate, or vigorous physical activity, and reached a minimum total physical activity of at least 600 MET-min/week.

Category 3 (High): Consists of individuals who meet one of the following criteria: (a) participated in vigorous activity for at least three days per week, reaching a minimum total PA of 1,500 MET-min/week; (b) participated seven days a week in any combination of walking and moderate or vigorous activities, and reached a minimum total PA of at least 3,000 MET-min/week.



2.3 Procedures

Before intervention, an initial assessment of PA behavior, where the IPAQ and pedometer were used, and a semi-structured, one-on-one interview were conducted in October 2023. This moment allowed us to tailor the behavior change intervention. The interview aimed to explore Maria’s routine, providing essential information to design an intervention based on the BCW framework. A preliminary interview was created based on a review of this model. A panel of experts (i.e., psychologists, sport and health researchers) reviewed the guide to assess the question clarity, alignment with the study goals, and comprehensiveness.

Maria was interviewed in a quiet environment, and the interview was recorded with her consent. The semi-structured format allowed for flexibility, enabling follow-up questions based on her responses. Throughout this moment, the participant’s routine was explored to provide information about her routine and challenges, which was essential for designing the online intervention. After the initial moment, the intervention was designed and implemented using step-by-step guidance from the BCW, as suggested by Michie et al. (2014), and was categorized into three stages over eight steps. The pedometer was the only instrument that continued to be used by the subject in an autonomous way in subsequent assessments how long the program. The intervention was created over the course of 24 weeks, as identified in Table 1. There was an eight-week period in which Maria followed a structured PA routine that involved two weekly workouts of resistance exercise, and three 30-min walks. Throughout these weeks, a trained exercise technician provided online support (via the Zoom platform) for the planned routine. The technician did not directly participate in the three weekly walks.



TABLE 1 Study intervention phases and timeline.
[image: Assessment timeline in a table format with four columns: Initial assessment in October 2023 with semi-structured interview, MET, and daily steps evaluation. Online sessions for 8 weeks include training and BCTs. Follow-up for 16 weeks involves behavior monitoring with home exercises. Final assessment in March 2024 repeats MET and daily steps evaluation. Total duration is 24 weeks.]

Following the first eight weeks, Maria completed the prescribed exercise and walks on her own for a total of 16 weeks. This time-bound approach permits six months of intervention, which is the temporal window within which individuals can reach the maintenance stage in the Transtheoretical Model (Prochaska and DiClemente, 1982, 1983). The 60-min resistance exercise workout that Maria followed in this intervention was created in accordance with the exercise adults recommended for ACSM (2021). This workout consists of three sets of 12 repetitions split between upper and lower body exercises, and it includes warm-up and cool-down phases.

Moreover, Maria was educated about the instructions of the Borg’s CR-10 scale (Borg, 1998) for intensity control in resistance exercise workouts and walks. The rating of perceived exertion (RPE) scale is a perceptual-based assessment method that uses a combination of numbers and verbal descriptors. On the scale, category 10 corresponds to maximum exhaustion and zero to rest. Maria was asked to maintain the intensity in these moments between three and seven, the comprehensive interval intensity between moderate and vigorous intensity, according to Zuhl (2020).

To facilitate efficient contact between Maria and the technician during this time, a communication toll was also made available via the WhatsApp platform.




3 Results


3.1 Stage 1: Understand the problem and the behaviors


3.1.1 Step 1: Define the problem in behavioral terms

Through the initial phase of the intervention, Maria took an average of 8,370 steps per day. In line with the study by Paluch et al. (2022), considering the participant’s age, this average number of steps is adequate to reduce all causes of mortality; however, it is below the number of steps suggested as low risk (i.e., 9,000–10,500; Ahmadi et al., 2024). It was also observed that this number is essentially justified for work tasks that are categorized as low intensity, and no activities with moderate to high intensities were identified. Thus, considering the PA guidelines of the WHO (2024) and ACSM (2021) for adults, which recommend at least 150 to 300 min of moderate aerobic activity per week or the equivalent vigorous activity and muscle-strengthening activities at moderate or greater intensity that involve all major muscle groups on two or more days a week, we can conclude that the participant failed at this point. Despite the daily amount of PA, Maria aims to adhere to and maintain participation in structured PA activities, as various dropout episodes of sportive practice were identified during her life in a fitness context as, she identified: “I have already tried sometimes to do exercise in the gym but I cannot maintain this activity.” Maria also identified that this situation was derived from disinterest in activities, the context of practice, and a lack of time. The adherence and maintenance of the structured PA practice could increase the intensity of PA to achieve the global recommendations by WHO (2024).



3.1.2 Step 2: Select target behavior

To reduce all causes of mortality and promote mental and physical health, the recommendations of PA for healthy adults are convergent into type, time, and frequency (WHO, 2024); and, considering the previous point, the need to promote moments in the Maria’s life of structured PA that include aerobic, and resistance exercises as recommended by ACSM and WHO seems clear. To select the target behavior among the potential aerobic and resistance exercises, it is essential to choose the behavior that meets the four rating criteria suggested by Michie et al. (2014): (I) how much of an impact changing the behavior will have on the desired outcome; (II) how likely is it that the behavior can be changed (when considering the likelihood of change being achieved, think about the capability, opportunity, and motivation to change of those performing the behavior); (III) how likely it is that the behavior (or group of behaviors) will have a positive or negative impact on other, related behaviors; and (IV) how easy will it be to measure the behavior. Based on the recommendations of PA for healthy adults and considering the actual behavior of the participant, the practice of structured PA was targeted at a minimum of 30 min of moderate-to-intensive intensity at least 5 days a week to increase the general PA in her routine. Therefore, it was prescribed a resistance exercise workout twice a week, with 60 min of duration each session, and three 30-min walks.



3.1.3 Step 3: Specify target behavior

As suggested by Michie et al. (2014), after selection, the necessary behavior is specified. Therefore, we answered the following questions to specify the target behavior as demonstrated in Table 2.



TABLE 2 Specifying the target behavior.
[image: Table outlining a structured physical activity (PA) plan for Maria, detailing behavior changes. It includes: who performs (Maria), the need for increased PA intensity, timing during the week, location adjustments at work and home, daily frequency, and includes coworkers, family, and friends.]



3.1.4 Step 4: Identify what needs to change

Based on the behavioral diagnosis, we identified the barriers and facilitators to Maria becoming more physically active in terms of capability, opportunities, and motivation. Table 3 shows the changes in behavioral terms to help Maria achieve the target behavior.



TABLE 3 Behavioral analysis and diagnosis.
[image: A table outlines the components of the COM-B model related to practicing structured physical activity (PA) of at least 30 minutes at moderate to intensive intensity five days a week. It includes sections for physical capability, psychological capability, physical opportunity, social opportunity, reflective motivation, and automatic motivation. Each section details what needs to happen for the target behavior to occur and what is necessary for behavior change. The behavioral diagnosis emphasizes the need for changes in psychological capability, social opportunity, physical opportunity, and different types of motivation to improve Maria’s physical activity behavior.]




3.2 Stage 2: Identify intervention options


3.2.1 Step 5: Identify potential interventions functions

All nine intervention functions were selected for the intervention: education: increasing knowledge and understanding by informing, explaining, showing, and correcting; persuasion: changing the way people feel about a behavior by generating cognitive dissonance and showing how changing behavior can reduce it; incentivization: changing the attractiveness of a behavior by creating the expectation of a desired outcome or avoidance of an undesirable one; coercion: changing the attractiveness of a behavior by creating the expectation of an undesired outcome or denial of a desired one; training: increasing psychological or physical skills, or habit strength by explanation, demonstration, practice, feedback, and correction; environmental restructuring: constraining or promoting behavior by shaping the physical or social environment; modeling: showing examples of the behavior for people to imitate; and Enablement: providing support to improve ability to change in a variety of ways not covered by other intervention functions (West and Michie, 2019).



3.2.2 Step 6: Identify policy options

Because this intervention was performed using a single-participant A-B methodology, policy options were not applied.




3.3 Stage 3: Identify content and implementation options


3.3.1 Step 7: Identify BCT’s

After the initial diagnosis using the COM-B model, the intervention was developed and applied to the BCT’s as shown in Table 4.



TABLE 4 COM-B model, TDF domain, intervention functions, policies; BCTs.
[image: Table detailing the COM-B framework applied to Maria's physical activity (PA). It includes components like psychological and physical capability, social and physical opportunity, and motivations. Each section outlines Maria's current status, intervention functions (e.g., training, enablement), behavior change techniques (BCTs) like feedback and social support, and their specific implementations, such as prescribed training plans and coworker support for PA. The table emphasizes structured strategies to enhance her PA engagement.]



3.3.2 Step 8: Mode of delivery

According to Michie et al. (2014), the mode of delivery can be face-to-face or distant. Considering the practicality and the possibility of quick access to online tools, the intervention was designed and implemented using an online methodology.





4 Discussion

Through an initial diagnosis powered by the COM-B model, a behavior change intervention was designed and implemented, which resulted in PA improvement in Maria. She underwent BCTs during her routine eight weeks of intervention and 16 weeks of follow-up period. In total, we checked Maria’s PA behavior for 24 weeks, a time-bound period that encompassed 6 months. According to Prochaska and DiClemente (1982, 1983), this is considered the temporal window to achieve the maintenance stage of the Transtheoretical Model, and research has also shown that the application of some BCTs (e.g., action planning and self-monitoring) is essential for increasing and maintaining PA behavior for more than six months (Murray et al., 2017). This intervention consisted of the application of BCTs that were applied according to the COM-B diagnosis, and it allowed Maria to increase daily steps and metabolic expenditure of PA, as indicated in Table 5. Moreover, Maria succeeded in the maintenance of resistance exercise workouts twice a week and three 30-min walks a week during the intervention, including the follow-up period. It is assured that Maria achieves the main recommendations of PA for adults by ACSM (2021), since she completes at least 150 to 300 min of moderate aerobic activity per week or the equivalent vigorous activity and muscle-strengthening activities at moderate to vigorous intensity that involve all major muscle groups on two or more days a week. This increment of PA aligns with the study goal and can potentiate health and disease prevention, since those who achieve total PA levels several times higher than the current recommended minimum level have a significant reduction in the risk of some diseases, such as breast cancer, colon cancer, diabetes, ischemic heart disease, and ischemic stroke events (Kyu et al., 2016). The COM-B model is a theoretical framework that identifies the key factors influencing behavioral change, including capability, opportunity, and motivation (Michie et al., 2011). These components are interlinked, and increasing opportunities or capabilities can increase motivation. Expanded motivation can lead people to do things that will increase their capability or opportunity by changing their behavior.



TABLE 5 PA outcomes assessment.
[image: Table showing total metabolic equivalent (MET) and mean daily steps over time. Baseline MET is 2,970, increasing to 6,440 at 8 weeks and 6,744 at 24 weeks. Mean daily steps are 8,372 ± 1,345.60 at baseline, 10,234 ± 1,460.70 at 8 weeks, and 12,142 ± 2,130.62 at 24 weeks. MET assessed by IPAQ, steps by pedometer.]

The capability component refers to an individual’s psychological and physical ability to participate in a specific activity and encompasses the skills, knowledge, and abilities required to perform a behavior (Michie et al., 2011; Willmott et al., 2021). Therefore, through the COM-B diagnosis, it was identified that change is needed in psychological capability, not in the physical capability domain. According to Michie et al. (2011), physical capability can be achieved through physical skill development, which is the focus of training, or by enabling interventions such as medication, surgery, or prostheses. Thus, considering that physical limitations for PA practice were not identified in the initial assessment, it was defined that this component would be out of the behavior change process.

However, their psychological capabilities must also be improved. This component refers to the capacity to engage in the thought processes, comprehension, and reasoning necessary to perform the target behavior (Michie et al., 2011). It is characterized by knowledge or physical skills, strength, or stamina to engage in the necessary mental process and can be achieved by imparting knowledge or understanding, training emotional, cognitive, and/or behavioral skills, and is associated with the following TDF: knowledge, memory, attention and decision processes, and behavioral regulation (Michie et al., 2011, 2014). Maria was aware of the importance of PA for her health and was familiarized with this intervention. Moreover, education on the benefits of PA is not essential for promoting PA behavior. Barrett et al. (2022) identified in a study of adults that increased knowledge was not described as a key component needed by participants to increase PA. In this study, the participants repeatedly stated that they did not need to be told that they would benefit from increasing PA since someone who is unfit knows that they need to get fit. However, related to this component, Maria understood that she needed to increase her PA behavior. We also identified that Maria needed to improve her skills to properly perform the resistance exercise workout program designed for her, as she had identified that she could not perform the prescribed exercises without supervision, especially because of her lack of knowledge about the execution of some exercises. Hence, through the intervention functions of training and enablement, various BCTs were implemented (Table 4) to promote Maria’s knowledge, behavioral regulation, and skills related to the prescribed exercises. Psychological capability has been linked to motivation and is predictive of moderate-to-vigorous PA behavior in adults (Howlett et al., 2019). According to Willmott et al. (2021), psychological capability is associated with physical activity behavior, both directly and indirectly, through its impact on motivation. These authors found that in the context of young adults’ physical activity and eating behaviors, young adults who believed they were capable, had control, held favorable attitudes, and/or intentions of being physically active or eating healthy, and were more motivated to engage in the behavior identified as essential to endorsing psychological capability in the promotion of healthy behaviors.

It was also identified that both social and physical opportunities should be endorsed to promote behavioral change in Maria’s PA. The opportunity component can be “physical” (what the environment allows or facilitates in terms of time, triggers, resources, locations, physical barriers, etc.) or “social” (including interpersonal influences, social cues, and cultural norms; Chen et al., 2022), and it could be achieved through environmental change (Michie et al., 2011).

Therefore, regarding this component and in line with the COM-B diagnosis that allows identification of the barriers and facilitators of behavior, it was suggested that some changes in Maria’s social and physical context contributed to PA promotion, as identified in Table 4. Regarding social opportunities, several BCTs were implemented to increase social support for PA practice in the workplace and at home, as general social support and support from family members were positively associated with leisure-time PA (Garcia et al., 2022). In general, promoting social opportunities, such as social support, norms, and group membership, has been positively related to PA behavior (Chen et al., 2024; Garcia et al., 2022; Seims et al., 2023; Stevens et al., 2017). Willmott et al. (2021) wrote that opportunity as a component holds environmental cues and resources that either encourage or inhibit behavior and might involve factors such as time availability, access to resources, and social support. According to Chen et al. (2024), it is important to identify the factors of work and/or home environments that support or hinder the maintenance of regular physical activity. Therefore, to address physical opportunities, and considering that Maria identified that in her environment, we realized that she has conditions to implement PA but needs help to plan it. As indicated in Table 4, the following BCTs: restructuring the physical environment, problem solving, and action planning, allowed us to expand the available resources to improve Maria’s PA, diminish the barriers, and improve the facilitators of PA behavior.

Finally, the study identified that reflective and automatic motivations need to be adjusted. Agreeing to Michie et al. (2014), reflective motivation is a process involving plans (self-conscious intentions) and evaluations (beliefs about what is good or bad). Despite Maria’s self-awareness of her PA behavior and understanding that PA is beneficial for her health, she did not achieve the recommended amount of PA. Hence, we implemented the following BCTs (Table 4): feedback on behavior, information about health consequences, feedback on outcome behavior, and self-monitoring of behavior, techniques that reinforced Maria’s beliefs and intentions regarding PA. Beyond the BCTs that allowed the assessment of actual behavior and improved self-awareness of it (i.e., feedback on behavior, information about health consequences, and feedback on outcome behavior), the following BCT self-monitoring of behavior was implemented to facilitate the incentivization of PA. This technique encompasses keeping a record of behavior, more specifically Maria’s PA activity behavior. It helps individuals become more aware of their physical activity levels and encourages them to set goals, track progress, and receive feedback. This technique has been positively associated with improving PA in adults (Compernolle et al., 2019; Gardner et al., 2016), and has been linked to increasing PA from moderate to vigorous (Larsen et al., 2022). The benefits of this technique are better when it involves complex interventions combining self-monitoring with other components (Vetrovsky et al., 2022). Thus, regarding reflective motivation, we applied various techniques that improved Maria’s intentions and beliefs about PA and asked Maria to register her PA behavior frequency during this intervention (i.e., resistance exercise workouts and three 30-min walks).

It was also found that this intervention with Maria required a change in automatic motivation since she did not have PA habits. This component is characterized by an automatic process involving emotions and impulses that arise from associative learning and/or innate dispositions (Michie et al., 2011). The development of habit formation is long and requires many repetitions of the same behaviors in the same context (Lally and Gardner, 2013) and the success of habit formation depends on the frequency and contextual cues associated with a response (Wood and Neal, 2009). Therefore, some of the techniques identified in Table 4 were implemented to promote automatic behaviors. Smartphones/notifications were used to develop prompts/cues through calendar application notifications to determine walking days during all interventions at lunchtime at Maria’s workplace, including during the follow-up period. In fact, research has found that text messaging can help form PA habits in the workplace and might facilitate the long-term maintenance of PA behaviors (Fournier et al., 2017). In addition, Maria was asked to register the frequency of behaviors to achieve previously determined goals for PA activity behaviors (walking in the workplace and workouts at home). According to Michie et al. (2013), self-monitoring of behavior is an established method for a person to monitor and record their behavior (s) as part of a behavior change strategy. This technique can lead to self-awareness regarding behaviors and help individuals regulate their behavior more effectively by avoiding and coping with situations that often lead to failure (Burgard and Gallagher, 2006). Social support and problem-solving were also implemented to promote automatic motivation. Problem solving, analyzing, or prompting the person to analyze factors influencing behavior and generating or selecting strategies that include overcoming barriers and/or increasing facilitators (Michie et al., 2013), and social support, advising on, arranging, or providing social support (e.g., from friends, relatives, colleagues,’ buddies,’ or staff), have been seen as promoting PA behavior (Gilchrist et al., 2024). Problem-solving strategies can enhance self-efficacy for PA and have been positively associated with promoting PA behaviors (Olander et al., 2013). Higher levels of social support can lead to increased opportunities for social interactions, positively influence health behavior decision-making, enhance access to resources related to PA (Cao et al., 2023), and potentiate predictors, such as motivation and attitude, that aid the process of making PA automatic driving by repeating the behavior at a more automatic level (Hopkins et al., 2022).

To the best of our knowledge, this study is the first to perform both the diagnosis and implementation of an intervention to promote PA behavior based on the BCW method of Michie et al. (2014). Despite the positive results of this intervention, we consider the present case study exploratory and insufficient to determine the power of this tool to promote behavioral change in the PA domain. To overcome this limitation, we suggest, in future research, replication on a larger sample to test the utility and power of the BCW in designing tailored efficacious interventions to promote PA behavior in several domains (e.g., fitness centers or health clubs). Beyond it, the presence of the control group will strengthen the results. Moreover, it is important to apply this methodology to people with different characteristics (e.g., male, female, young, and older adults) to identify the power of different behavior change techniques in promoting PA behavior.



5 Conclusion

This study aimed to identify and diagnose the problematic aspects of Maria’s PA behavior and design and implement an intervention through the BCW methodology to improve her PA. After eight weeks of online sessions, Maria had already improved her PA behavior by integrating PA into her life routine (i.e., walking three times per week, and a resistance exercise workout program twice a week), which resulted in an improvement in the amount and intensity of her weekly PA, which remained after the follow-up period.

With these results, we demonstrate how the BCW methodology, applied in a simple context through online resources, serves as a comprehensive framework to ensure the promotion and change in the PA of Maria, demonstrating the utility of BCTs in the promotion of capability, opportunity, and motivation for this behavior.

Despite the limitations of this study, we can affirm that this BCW has specificities that can help professionals in field design and implement, with success, tailored interventions to promote PA behavior.
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Purpose: This study explores the relationship between mindfulness, flow, cognitive anxiety, and self-rated performance in competitive sports, moving away from traditional cognitive-behavioral principles to investigate mindfulness-based interventions, specifically mindfulness- and acceptance-based interventions (MABI). The research is centered on understanding how mindfulness relates to the self-rated performance, flow experiences, and cognitive anxiety in novice athletes.
Methods: Convenience sampling and snowball sampling were employed to collect cross-sectional data from 315 participants in Changsha, China, during August and September 2023. Utilizing a structural equation model, the study examined the association between mindfulness and the self-rated performance of novice athletes.
Results: Mindfulness, flow, and self-rated performance were all negatively correlated with cognitive anxiety, and cognitive anxiety mediated the relationship between flow and self-rated performance. Additionally, flow and cognitive anxiety served as a chain mediation between mindfulness and self-rated performance.
Discussion: The findings suggest that for novice athletes, flow and cognitive anxiety may be crucial mechanisms through which mindfulness improves self-rated performance. When coaches face novice athletes experiencing suboptimal competitive states, they can utilize effective mindfulness practices to enhance the athletes' perception of their performance. This can help novices transition to elite roles and integrate more quickly into the professional sports arena.
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1 Introduction

Since the early 1980s, influenced by theories of cognitive psychology, the field of competitive sports has sought to optimize athletes' performance through psychological interventions (Zakrajsek and Blanton, 2017). Interventions have primarily focused on traditional psychological skills training (PST), which involves athletes using learned methods to regulate or enhance their psychological characteristics (Gustafsson et al., 2017). However, research has indicated limitations in the effectiveness of PST in optimizing sports performance. Firstly, only a few studies have revealed the relationship between PST and sports performance. Secondly, the results of numerous studies contradict the foundational assumptions of PST, suggesting that reducing unwanted emotional states or increasing self-confidence does not necessarily lead to enhanced athletic performance (Gardner and Moore, 2004). Lastly, controlling athletes' cognitive processes using traditional PST methods proves difficult (Birrer et al., 2012).

Drawing on the effectiveness of mindfulness- and acceptance-based interventions (MABI) in clinical settings, Gardner and Moore (2004) introduced the mindfulness-acceptance-commitment (MAC) approach, tailored to enhance sports performance. MAC differs from traditional PST as it requires athletes to focus external attention on stimuli relevant to the task at hand, rather than internal processes. It encourages deep engagement in one's sport and a committed pursuit of performance goals. Comparative studies suggest that athletes participating in Athletes undergoing mindful sport performance enhancement (MSPE) training exhibit more pronounced improvements in attention and awareness, as well as greater satisfaction with their performance, in comparison to those undergoing PST (Hut et al., 2023). Consequently, traditional PST interventions, which focus on modifying dysfunctional thoughts and emotions, differ from mindfulness, which prioritizes altering the relationship with physiological and psychological states. Thus, adopting mindfulness appears to be a more effective strategy for optimizing sports performance.

Numerous studies consistently demonstrate a positive relationship between mindfulness and sports performance, particularly in elite athletes (Gross et al., 2018; Wolch et al., 2021). Mindfulness is identified as a key element in improving sports performance by reducing unwanted emotions, clarifying cognitive processes, and enhancing attention to task-related cues (Gardner and Moore, 2004). The research also recognizes the significance of flow concerning mindfulness and athletic achievement. Flow refers to a state of full immersion and focused engagement in the task, facilitated by mindfulness-driven attention and acceptance (Jackson, 2016). Research studies indicate a relationship between mindfulness, optimized sports performance, and a propensity to enter a flow state-a state characterized by seamless, autonomous movement, cognitive clarity, and positive effects.

However, there has been limited attention given to the unique challenges faced by novice athletes—individuals with <1 year of experience on the team. Unlike elite athletes, novices are often younger and at the beginning stages of their athletic careers. They possess unique characteristics such as insufficient competition experience and high levels of scrutiny and expectations, often leading to pressure from parents and coaches (Brown et al., 2018). Furthermore, when evaluating their performances in elite sports, novice athletes tend to emphasize competition outcomes to impress others or enhance their social status (Patel and Luckstead, 2000). This excessive focus on outcomes can negatively impact their athletic performance, leading to defeats that undermine their confidence, foster self-doubt, and ultimately result in various forms of sports anxiety. To elucidate the complexities of the behavior exhibited by novice athletes, the study adopts the stimuli-organism-response (S-O-R) theory model. In this model, stimuli represent mindfulness practices, the organism signifies the flow state of novice athletes, and the response relates to cognitive anxiety levels and self-rated performance. The study's objectives include examining the interconnections among mindfulness, flow, cognitive anxiety, and self-rated performance in novice athletes, exploring the mediating roles of flow and cognitive anxiety in the relationship between mindfulness and self-rated performance, and providing recommendations for enhancing the perceptual performance of novice athletes.



2 S-O-R theory

The S-O-R theory, introduced by Mehrabian and Russell (1974). The S-O-R theory proposes that external environmental stimuli not only lead to a response but also influence internal states in organisms, including aspects such as perception, sensation, and thought. This theory is applicable across various contexts and involves cognitive and emotional systems, taking into account experiences related to long-term memory (Jacoby, 2002).

Mindfulness is a psychological skill that involves paying attention to and accepting present experiences. When combined with the S-O-R theory, it helps individuals better understand and manage their emotional, cognitive, and behavioral responses, thereby processing stimuli, organizing experiences, and selecting responses more consciously. The S-O-R theory is widely recognized in the context of mindfulness and has served as the foundation for Moqbel (2020) exploration of the links between smartphone addiction, mindfulness, wellbeing, health, and technostress among college students. Xiao (2022) elucidated that adolescents, due to their unique developmental stage, display unstable emotional and psychological characteristics. Instances of rejection from family members may diminish mindfulness, leading to unwanted emotions and ultimately resulting in detrimental behaviors, such as excessive reliance on social networks. Gabriella et al. (2021) introduced a model elucidating consumer behavior, suggesting that in the context of second-hand product consumption, electronic word of mouth serves as the central catalyst prompting consumers to participate in mindful consumption behavior. Ben Haobin et al. (2021) identified consumer mindfulness as the psychological mechanism through which a hotel's servicescape influences brand experience, noting that the length of stay negatively moderates this impact.

Building upon the aforementioned research findings, this study's objective is to investigate the connections among mindfulness, flow, cognitive anxiety, and self-rated performance. This exploration aims to enhance the comprehension of the behavior exhibited by novice athletes, ultimately facilitating their rapid progression from novice status to elite levels in their sports careers.


2.1 Mindfulness, flow, and cognitive anxiety

Mindfulness is characterized by an individual's deliberate, non-judgmental, and purposeful attention to present experiences (Bishop et al., 2004). Flow refers to a state of complete absorption in an activity, marked by an enhanced sense of creativity and optimal experience (Csimathkszentmihalyi, 2000). Considering the shared characteristics of both mindfulness and flow, particularly their emphasis on wholehearted engagement in the present moment, there exists inherent consistency between the two to some extent. Notably, Kee and Wang (2008) observed a positive correlation between increased mindfulness and higher scores in these flow dimensions.

Examining the positive impact of mindfulness on flow from a theoretical perspective, mindfulness is theorized to assist individuals in directing their attention to the present moment, consequently improving body awareness and emotional regulation. On the other hand, flow involves heightened awareness or emotions achieved by concentrating on a task to improve an individual's optimal performance (Habe et al., 2019). Both share the common emphasis on the importance of being present. Moreover, from the literature, research has shown that mindfulness increases athletes' experiences of flow (Chen and Meggs, 2021; De Oliveira et al., 2024).

The multidimensional theory of competitive anxiety in sport identifies three components: cognitive anxiety, somatic anxiety, and self-confidence, with cognitive anxiety originating from negative expectations and self-evaluations related to success. It involves repetitive thoughts about whether one can or cannot achieve the expected results, difficulties, and an inability to maintain focused attention (Martens et al., 1990). As a focused, non-judgmental awareness of present-moment experiences, mindfulness facilitates engagement with all affective states (positive, negative, and neutral), thereby reducing distress and enhancing cognitive functioning (Dana et al., 2022). Furthermore, studies indicate that mindfulness aids athletes in effectively managing internal responses, including negative self-evaluations, by fostering an attitude of objectively observing their reactions instead of attempting to control them (Ljótsson et al., 2010). Gardner and Moore (2004) demonstrated that highly mindful athletes exhibit enhanced focus on task-relevant thoughts and behaviors while reducing distractibility from external stimuli, somatic sensations, and emotional-cognitive responses. As a result, mindfulness may contribute to a reduction in the occurrence of cognitive anxiety.

Anxiety is a psychological emotion marked by inner turmoil and a sense of fear concerning anticipated events, often viewed as a hindrance to achieving flow states (Csimathkszentmihalyi, 2000). Jackson et al. (1998) have emphasized that the cognitive aspects of anxiety, such as lack of concentration and worries, play a more significant role in impeding flow states compared to physiological aspects. With this in mind, we posit the following hypotheses:

	Hypothesis 1 (H1): There is a negative relationship between mindfulness and cognitive anxiety.
	Hypothesis 2 (H2): There is a negative relationship between flow and cognitive anxiety.



2.2 Flow, cognitive anxiety, and self-rated performance

In sports psychology, flow represents an optimal mental state associated with enhanced sports performance through meaningful experiential engagement. It is often described as a potential peak or enhancer of sports performance. Furthermore, the relationship between flow and factors such as focus, motivation, and confidence has been widely studied (Landhäußer and Keller, 2012). Swann et al. (2017) describe the pathways through which flow enhances sports performance as clutch or making it happen. “Clutch” denotes any performance improvement or superior performance observed under competitive pressure, while “making it happen” refers to an individual being in a state more focused on achieving preset goals and current tasks. In the context of athletes, attaining heightened concentration and the seamless integration of action and awareness signify the maximization of flow, leading to the optimization of sports performance. Therefore, athletes are expected to demonstrate better sports performance in a state of flow.

Catastrophe theory suggests that athletes can exhibit optimal sports performance only when cognitive anxiety levels are low. Physiological arousal functions as a mediating variable between cognitive anxiety and sports performance outcomes (Balyan et al., 2016). Moreover, Theories of Attention propose a negative relationship between cognitive anxiety and sports performance. This implies that an individual's cognitive resources are consumed by thoughts of worry and doubt, hindering their utilization for the task at hand (Wine, 1971). Relevant studies have found that athletes, due to their desire for victory and the frequent competition for team rankings, may experience excessive anxiety, frustration, conflict, and fear, especially as cognitive anxiety levels increase, affecting their mental health and sports performance (Parnabas et al., 2015). In summary, the optimization of athletes' sports performance hinges on high levels of flow experience and low levels of cognitive anxiety. Building upon this, the following hypothesis is proposed:

	Hypothesis 3 (H3): There is a negative relationship between cognitive anxiety and self-rated performance.



2.3 The mediating effects of flow and cognitive anxiety

Empirical evidence demonstrates that mindfulness can directly promote the generation of flow experiences and can also influence flow experiences by reducing sports anxiety and pessimistic thoughts related to sports. In other words, the higher the level of adherence to and participation in mindfulness practices, the more increased flow experiences and the greater reduction in anxiety and pessimism (Scott-Hamilton and Schutte, 2016). Moreover, from the perspective of mindfulness, the prerequisite for the generation of flow experiences is optimal attention and emotional self-regulation, but this is hindered by high levels of anxiety arousal. This anxiety arousal can lead to a negative self-awareness focus, disrupting concentration and ultimately reducing the likelihood of flow experiences. Jackson et al. (1998) demonstrated that anxiety produced by athletes and perceived skill deficiencies interfere with the generation of flow experiences. They argue that cognitive aspects of anxiety (diverted attention and worrisome thoughts) are the most significant barriers to flow states, ultimately impacting athletes' sports performance.

Following the S-O-R theory, mindfulness serves as a stimulus, and flow reflects the organism's psychological state. Concurrently, cognitive anxiety and self-rated performance emerge as responses displayed by novice athletes. This theory suggests that stimuli have the capacity to directly induce specific behaviors in individuals, and conversely, behavior can reciprocally affect individuals and behavior (Skinner, 1935). Catastrophe theory and Theories of Attention propose that cognitive anxiety in the anxiety dimension is a primary factor influencing athletes' flow experiences (Wine, 1971; Balyan et al., 2016). Therefore, in turn, the organism's flow experiences can also improve and reduce cognitive anxiety. As mindfulness fosters the development of flow experiences, the organism's flow could potentially act as a mediator in connecting mindfulness and cognitive anxiety. Additionally, given that flow experiences form the basis for athletes demonstrating high sports performance, cognitive anxiety might serve as an intermediary variable between organism flow and self-rated performance. In essence, if these assumptions hold true, flow and cognitive anxiety form a chain of intermediaries influencing the relationship between mindfulness and self-rated performance. Based on this, we posit the following hypotheses:

	Hypothesis 4 (H4): Cognitive anxiety mediates the relationship between flow and self-rated performance.
	Hypothesis 5 (H5): Flow and cognitive anxiety jointly mediate the relationship between mindfulness and self-rated performance.

All hypotheses are summarized in Figure 1.
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FIGURE 1
 Conceptual framework.





3 Methods


3.1 Participants

Table 1 presents the demographic characteristics of the 315 novice athletes surveyed, with the following distributions: (1) 67.3% of the participants were aged between 18 and 19. (2) 64.1% were male (n = 202), and 35.9% were female (n = 113). (3) Regarding competitive experience, 66.0% (n = 208) had participated in academy -level competitions, 20.0% (n = 63) in regional-level competitions, and 14.0% (n = 44) in club-level competitions. (4) In terms of team membership duration, 11.4% (n = 36) had joined within the past 6 months, 27.3% (n = 86) within 6–9 months, and 61.3% (n = 193) within 9–12 months. (5) The athletes were categorized into basketball players (n = 125, 39.7%), soccer players (n = 103, 32.7%), and volleyball players (n = 87, 27.3%).

TABLE 1  Overview of participants (N = 315).


	Profiles
	Survey (%)





	Age

 
	18–19
	212 (67.3%)

 
	20–21
	73 (23.2%)

 
	≥22
	30 (9.5%)

 
	Gender

 
	Male
	202 (64.1%)

 
	Female
	113 (35.9%)

 
	Competition level

 
	Academy
	208 (66%)

 
	Regional
	63 (20%)

 
	Club
	44 (14%)

 
	Entry time

 
	0 months < T ≤ 6 months
	36 (11.4%)

 
	6 months < T ≤ 9 months
	86 (27.3%)

 
	9 months < T ≤ 12 months
	193 (61.3%)

 
	Sports items

 
	Basketball
	125 (39.7%)

 
	Soccer
	103 (32.7%)

 
	Volleyball
	87 (27.6%)








3.2 Procedure

This study concentrated on novice athletes participating in Academy-level and higher-level events, employing a convenient snowball sampling approach. Participants were determined based on the following inclusion and exclusion criteria: (1) Universities with high-level basketball, soccer, and volleyball teams and city-level or higher basketball, soccer, and volleyball clubs were included. (2) Athletes aged 18–24 years with less than 12 months of training were included. (3) Athletes with injuries preventing them from participating in regular training were excluded.

From August to September 2023, researchers surveyed novice athletes from 12 university teams and 20 clubs in Changsha, China. The participants completed questionnaires covering mindfulness, flow, cognitive anxiety, and self-rated performance (18 items). Researchers ensured the confidentiality of responses and addressed any questions from participants throughout the process, with the survey taking ~20 min to complete.

The study received approval from the Ethics Committee of the School of Physical Education, Hunan University of Science and Technology, on March 9, 2023 (No. ECBPEHNUST 2023/003). Participation was voluntary, and participants signed informed consent forms. Out of 400 distributed surveys, 315 valid responses were collected, achieving a response rate of 78.8%.



3.3 Instruments

The questionnaire comprises five sections. The first gathers demographic details, primarily including age, gender, level of competition, duration of team training, and type of sport. The second uses the Mindfulness Inventory for Sport scale (Thienot et al., 2014), with items such as “I am able to notice the intensity of nervousness in my body.” The third employs the Dispositional Flow Scale-2 (Gouveia et al., 2012) for flow state data, with items such as “Challenge-skill balance: I am challenged, but I believe my skills will allow me to meet the challenge.” The fourth assesses cognitive anxiety with the Competitive State Anxiety Inventory-2 (Lane et al., 1999), including items like “I am concerned about performing poorly.” The fifth collects self-rated performance data using items from the Self-rated Performance scale (Tingaz et al., 2023), with items such as “I was very satisfied with my last exercise performance.” All scales use a five-point Likert scale.

To confirm reliability, a pilot test followed guidelines by Kimberlin and Winterstein (2008), yielding 73 valid questionnaires. Results showed all Cronbach's alpha coefficients surpassed 0.8, affirming the adjustments made to the scales.



3.4 Data analysis

In this study, we used AMOS v26 to construct a structural equation model (SEM) exploring how novice athletes enhance self-rated performance through mindfulness. Initial assessment of the questionnaire's reliability and validity showed a robust Cronbach's α coefficient of at least 0.859 for all variables.

We then examined fit indices and path coefficients of the hypothesized model, addressing potential mediating effects. Common method variance (CMV) was considered, but Harman's single-factor test results suggested its absence, with a variance extracted of 43.31%, slightly below the conventional threshold of 50% (Podsakoff et al., 2012).




4 Results


4.1 Reliability and validity

As depicted in Table 2, Cronbach's α ranged from 0.859 to 0.932, exceeding the recommended threshold of 0.70 (Hair et al., 2012), and all composite reliability (CR) values were above 0.85. Minimum values for factor loadings and average variance extracted (AVE) were 0.776 and 0.645, respectively, both exceeding the recommended threshold of 0.50 (Fornell and Larcker, 1981). Thus, all variables demonstrated notable reliability and discriminant validity. Furthermore, Table 3 illustrates that all correlation coefficients were below the square root of AVE, confirming robust discriminant validity across all variables.

TABLE 2  Assessment of reliability and validity.


	Variables
	Loadings
	Cronbach's alpha
	AVE
	CR





	Mindfulness (MIN)
	0.901
	0.645
	0.901

 
	MIN1
	0.833
	
	
	

 
	MIN2
	0.802
	
	
	

 
	MIN3
	0.790
	
	
	

 
	MIN4
	0.793
	
	
	

 
	MIN5
	0.796
	
	
	

 
	Flow (FL)
	0.917
	0.689
	0.917

 
	FL1
	0.829
	
	
	

 
	FL2
	0.850
	
	
	

 
	FL3
	0.848
	
	
	

 
	FL4
	0.776
	
	
	

 
	FL5
	0.845
	
	
	

 
	Cognitive anxiety (CA)
	0.932
	0.733
	0.932

 
	CA1
	0.855
	
	
	

 
	CA2
	0.859
	
	
	

 
	CA3
	0.851
	
	
	

 
	CA4
	0.857
	
	
	

 
	CA5
	0.859
	
	
	

 
	Self-rated performance (SRP)
	0.859
	0.674
	0.861

 
	SRP1
	0.858
	
	
	

 
	SRP2
	0.807
	
	
	

 
	SRP3
	0.796
	
	
	






TABLE 3  Analysis of discriminant validity.


	Construct
	MIN
	FL
	CA
	SRP





	MIN
	0.803
	
	
	

 
	FL
	0.432**
	0.830
	
	

 
	CA
	−0.439**
	−0.517**
	0.856
	

 
	SRP
	0.406**
	0.571**
	−0.505**
	0.821





The diagonals (bold) in the matrix represent the square root of the average variance extracted (AVE), while off diagonals display Pearson's correlation coefficients between variables. **p < 0.01. MIN, Mindfulness; FL, Flow; CA, Cognitive Anxiety; SRP, Self-rated Performance.






4.2 Structural path model

Initially, the fit indices, aligning with prior studies (Jackson et al., 2009; Hair et al., 2012) recommendations, affirm a favorable fit for the data (χ2/df = 1.259, GFI = 0.946, NFI = 0.960, CFI = 0.992, TLI = 0.990, IFI = 0.992, RMSEA = 0.029) and the structural model. Second, Pearson correlation results in Table 3 reveal significant associations among independent, mediating, and dependent variables, supporting hypothesis validation. Lastly, the structural path model in Figure 2 shows statistically significant relationships: mindfulness and cognitive anxiety (β = −0.275, p < 0.001), confirming Hypothesis 1 that mindfulness is negatively correlated with cognitive anxiety. Flow and cognitive anxiety (β = −0.428, p < 0.001), confirming Hypothesis 2 that flow is negatively correlated with cognitive anxiety. Cognitive anxiety and self-rated performance (β = −0.304, p < 0.001), confirming Hypothesis 3 that cognitive anxiety is negatively correlated with self-rated performance.


[image: Flowchart depicting relationships between mindfulness, flow, cognitive anxiety, and self-rated performance. Arrows show paths with correlation coefficients and asterisks indicating significance levels. Mindfulness influences flow; both affect cognitive anxiety, which, alongside flow and mindfulness, impacts self-rated performance.]
FIGURE 2
 Structural model. ***p < 0.001.




4.3 Mediation test

Researchers proposed that cognitive anxiety mediates between flow and self-rated performance, and flow and cognitive anxiety act sequentially as mediators between mindfulness and self-rated performance. To test these mediations, the study followed Bollen and Stine (1990) suggestion, employing the bootstrap method with 5,000 bootstrap samples for 95% confidence intervals. Results in Table 4 show Z-values exceeding 1.96, with zero not within the intervals. This indicates significant mediation: cognitive anxiety mediates between flow and self-rated performance (β = 0.130, p < 0.001), confirming Hypothesis 4 that cognitive anxiety mediates the relationship between flow and self-rated performance. Additionally, flow and cognitive anxiety serve as sequential mediators between mindfulness and self-rated performance (β = 0.370, p < 0.01), confirming Hypothesis 5 that flow and cognitive anxiety mediate the relationship between mindfulness and self-rated performance. Findings suggest that novice athletes practicing mindfulness exhibit lower cognitive anxiety, higher flow experience, and enhanced self-rated performance.

TABLE 4  Mediation effect testing.


	Path
	Point estimate
	Product of coefficients
	Bootstrapping



	
	
	
	
	Bias-corrected 95% CI
	Two-tailed significance



	
	
	SE
	Z
	Lower
	Upper
	





	FL → SRP
	0.130
	0.035
	3.714
	0.075
	0.214
	<0.001

 
	MIN → SRP
	0.370
	0.039
	9.487
	0.293
	0.447
	<0.01









5 Discussion


5.1 Theoretical contributions

The primary objective of this research is to explore the predictive impact of mindfulness on the self-rated performance of novice athletes, specifically examining the mediating influences of flow and cognitive anxiety. Utilizing the S-O-R model as its theoretical framework, the study applies SEM techniques for analysis. The results uncover inverse relationships among mindfulness, flow, and cognitive anxiety, along with a negative relationship between cognitive anxiety and self-rated performance.

These findings align with prior research that highlights the inverse relationship between mindfulness and competitive anxiety (Röthlin et al., 2016), the interplay between flow and anxiety (Koehn, 2013), and the negative impact of anxiety on self-rated performance (Tingaz et al., 2023). A unique contribution of this study lies in its focused exploration of cognitive anxiety as a key psychological mechanism within sports performance. Cognitive anxiety, a critical subcomponent of sports-related anxiety, has long been identified as a significant impediment to achieving flow states (Jackson et al., 1998). Theoretical perspectives such as catastrophe theory (Balyan et al., 2016) and theories of attention (Wine, 1971) further support the view that cognitive anxiety detracts from athletic performance, establishing a negative correlation between the two.

The results also indicate that cognitive anxiety partially mediates the relationship between flow and self-rated performance. This suggests that novice athletes—who are often more emotionally reactive in competitive settings—are especially prone to elevated cognitive anxiety, which, in turn, impairs their ability to perform effectively (Parnabas et al., 2014). Meta-analytical evidence further confirms the negative association between cognitive anxiety and performance, while identifying moderating variables such as gender and competitive experience (Woodman and Hardy, 2003). Given that anxiety reflects internal psychological distress, and cognitive anxiety specifically disrupts attentional focus, its role as a mediator is both theoretically and empirically supported.

Furthermore, the study reveals a sequential mediation pathway in which both flow and cognitive anxiety mediate the relationship between mindfulness and performance. Within the S-O-R framework, flow represents the organismic state influenced by internal anxiety levels. The observed inverse relationship between cognitive anxiety and flow suggests that reducing anxiety through mindfulness may help foster optimal psychological states. Empirical findings from mindfulness intervention studies by Scott-Hamilton et al. (2016), Sparks and Ring (2022), and Röthlin et al. (2016) corroborate this mechanism, showing that mindfulness not only enhances flow experiences but also improves athletic outcomes. By promoting present-moment awareness and non-judgmental acceptance, mindfulness can serve as a psychological buffer, enabling novice athletes to enter flow states more easily and perform better.



5.2 Practical implications

This study contributes to the research on optimizing the performance of novice athletes in several ways: Firstly, given the potential limitations of traditional psychological skills training (PST), this study introduces mindfulness as an alternative method for enhancing athletic performance. Rather than relying solely on external evaluations, performance is assessed through athletes' self-ratings, providing a more nuanced, athlete-centered perspective. This methodological shift opens new avenues for evaluating performance in novice athletes and may inform future research and training programs tailored to athletes at different stages of development.

Second, while prior research has primarily emphasized technical training, physical conditioning, and coaching strategies, comparatively less attention has been paid to the role of psychological and situational factors in performance. By focusing on mindfulness, flow, and cognitive anxiety, this study contributes a theoretical foundation for understanding how internal states influence athletic outcomes—specifically through the lens of Mindfulness-Acceptance-Based Interventions (MABI). These findings suggest that psychological readiness is just as critical as physical preparation in the pursuit of athletic excellence.

Lastly, grounded in the S-O-R theoretical model, the study identifies cognitive anxiety as a key factor influencing the emergence of flow states and subsequent performance outcomes. The results indicate a reciprocal relationship: flow experiences help to reduce cognitive anxiety, and lower cognitive anxiety in turn facilitates better performance. Mindfulness serves as a foundational element in this process by fostering the conditions necessary for flow while mitigating anxiety. These interrelationships underscore the importance of cultivating mindfulness as a psychological skill in novice athletes.

In practical terms, mindfulness entails the deliberate, non-judgmental awareness of the present moment. In athletic contexts, this translates to maintaining focused attention on goal-relevant thoughts and actions while minimizing cognitive disruptions from external distractions or emotional fluctuations (Gardner and Moore, 2004). Through reducing maladaptive emotional responses—such as fear of failure or excessive self-doubt—mindfulness enhances both emotional regulation and attentional control. Moreover, theoretical models such as Catastrophe Theory and Attentional Control Theory (Balyan et al., 2016; Wine, 1971) support the view that elevated levels of cognitive anxiety can negatively impact performance and mental health. Mindfulness-based training, which emphasizes present-focused attention and emotional regulation, can mitigate these effects and promote entry into flow states (Chen and Meggs, 2021). The overlap between the attentional demands of mindfulness and flow suggests that mindfulness practices may serve as a gateway to achieving flow, particularly for novice athletes who are more susceptible to psychological instability under competitive stress. Given these findings, coaches should recognize the practical value of mindfulness in sport-specific contexts. They are encouraged to integrate mindfulness-based techniques into training routines, while simultaneously monitoring athletes' psychological and physiological indicators. Intervention strategies should be customized to reflect the individual needs and stress responses of athletes. Likewise, athletes should be guided to develop mindfulness awareness and emotional insight, enabling them to regulate internal distractions such as worry and rumination, which are detrimental to performance.




6 Limitations

This study has several limitations that should be acknowledged. First, although it explores associations between mindfulness, flow, cognitive anxiety, and self-rated performance—along with the mediating roles of flow and cognitive anxiety—it does not permit causal inferences due to its correlational design. Second, the study focused exclusively on flow and cognitive anxiety as mediators, potentially overlooking other important psychological factors such as emotion regulation and psychological resilience, which may also influence self-rated performance. Future studies should incorporate a broader range of mediating variables to gain a more comprehensive understanding of the underlying psychological mechanisms. Third, the reliance on self-reported data introduces the possibility of response bias, which may affect the validity of the results. Lastly, as the sample consisted solely of novice athletes, the generalizability of the findings to more experienced or elite athlete populations remains uncertain.



7 Conclusion

The distinctive attributes of novice athletes, encompassing their youthful age, limited competitive exposure, and the substantial pressures and expectations they encounter, render them susceptible to unwanted emotions such as self-doubt and worry, ultimately influencing their athletic performance. The S-O-R theoretical model, coupled with mindfulness practices rooted in MABI, promotes the generation of flow states and inhibits the development of cognitive anxiety. This framework lays the groundwork for advancing athletic performance. The study results indicate that cognitive anxiety has a negative impact on mindfulness, flow, and self-rated performance. Additionally, cognitive anxiety mediates the relationship between flow and self-rated performance. Finally, there is a chain mediation effect of flow and cognitive anxiety between mindfulness and self-rated performance.
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Baseline 8 weeks 24 weeks

Total metabolic equivalent (MET) in a week*

2970 6,440 6,744
Mean of daily steps in a week**

8372 1345.60 10,234 1460.70 12,142 £ 2130.62

*Assess by IPAQ; **assess by pedometer.
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Formative assessment

BCTs implementatit

Psychological capability (Knowledge;
cognitive and interpersonal skills; memory;
attention and decision process; behavioral
regulation)

Physical capability (Physical Skills)

Social Opportunity (Social Influences)

Physical Opportunity (Environmental

Context and Resources)

Reflective Moti

ion (Professional/Social

role and identity; Beliefs about capal
Optimism; Beliefs about consequences;

Intentions; Goals)

Automatic Motivation (Reinforcement;

Emotions)

“Not applicable.

Maria knows what PA is and it benefits
Maria does not know the correct techniques

and skills o perform exercises autonomously.

Maria realizes that she has the physical
capacity to increase the intensity and volume
of PA.

Maria identified that the practice of PA with
others is more enjoyable. Maria has good
support from family and friends for PA
practice, and she has coworkers interested in
adhering to PA.

Maria has fitness facilities near her home to
join. However, considering her past in this
context, she is more proficient in promoting
other contexts to PA practice. Marias husband
has some fitness material that she can use at

home. There is a nearby workplace with

outdoor conditions to perform PA.

Maria does not have the confidence to
‘maintain the PA routine.

Believe that her sedentary behavior is reated
toalack of time.

Negative beliefs based on previous attempts at
PA adherence.

Underestimate the present behavior and its

consequences for health.

Currently, Maria does not have the habit of

regular practice of the PA.

+ Training

« Enablement,

« Enablement,

+ Environmental Restructuring

« Enablement.

« Education

Persuasion

« Incentivization

+ Coercion

Modeling.

+ Training;
+ Environmental Restructuring

« Enablement.

Demonstration of the behavior.

Instruction on how to perform a behavior.

Behavioral practice/rehearsal.
Feedback on the behavior.

Goal setting.

Problem sol

Action plan

Self-monitoring of behavior.

Restructuring the physical environment,

+ Sacial support

Goal setting (behavior)

Adding objects to the environment

Restructure the physical environment

+ Restructuring the physical environment
+ Problem solving

+ Action planning

Feedback on behavior.

Information about health consequences

Feedback on the outcome of the behavior.

Self-monitoring of behavior.

Prompts/cues

Instructions on how to perform

the behavior

Self-monitoring of behavior.

Social support

Goal setting (behavior)

Adding objects to the environment

Problem solving

Tt was identified, regarding this dimension,
the need to enhance the skills of Maria for
exercise training to be able to follow, in
autonomy, the prescribed training plan. Thus,
the identified BCTs were implemented
through a practical explanation of the
exercises and critical components of the same.
Maria performed/rehearsed the prescribed

exercise; there was feedback to optimize the

knowledge, cognitive capacity, and regulation
of behavior in relation to the prescribed
training.

It was defined that Maria would perform
tvice weekly the prescribed training, with
online supervision during eight weeks

Al sessions were also recorded, which
allowed Maria to check her performance and
send us her feedback about exercises.

‘The training was also prescribed considering
the fitness material that Maria has at home
and the need for adequate space in her living

room for her exercise safety.

Considering Marias social network, she
proposed a walk with some of her coworkers,

three times per week, during 30 min of

lunchtime in the workplace area. A specific
road map was created to allow Maria and her
colleagues to walk safely during their free
lunch break. Furthermore, a WhatsApp group
was formed to promote an effective tool for
communication among them. At home,
Marias husband was an ally to guarantee
support and helped Maria to achieve the
previously defined goal.

Maria has places, for example, forest trails
near home and her workplace that allow her
10 go for walks. The trail road map was
adapted to be in harmony with the time
available and the physical conditions of Maria.
Athome, the fitness equipment of her
husband was collected in a specific room for
Maria to do the resistance workouts.

Adaptation of home training plans

considering the available fitness equipment
and surrounding spaces.

‘Through feedback on behavior, we noticed
she has not achieved the PA
recommendations. We also identified the
consequences of it for her health, Maria was
also informed that her physical condition and
body composition will gt better whether PA
behavior is improved. We had to show Maria
inspirational stories of others who changed
their lifestyles and became more physically

active, improving the belicfs. Between s

ssion
one and session three, Maria was incentivized
to do, for 1 week, three little walks and

register them.

“To promote the walk habit, and afier the
formation of a colleague group, everybody
was notified by smartphone on walk days.
Maria had a calendar where she recorded all
walks. The communication between all
colleagues to walk was made through a
WhatsApp group. On the days that Maria
exercises at home, her husband sends hera
text message and develops the houschold

tasks that Maria usually does.
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Target behavior

The practice of structured PA a minimum of 30 min of moderate to intensive intensity at least

5 days a week.

COM-B components

Physical capability

Psychological capability

Physical opportunity

Social opportunity

Reflective motivation

Automatic motivation

Behavioral diagnosis

‘What needs to happen for the target behavior

to oceur?

Maria needs to have physical conditions to

be more PA active.

Maria does not know the correct techniques

and skills to perform exercises autonomously.

Maria needs to have the opportunity to
be active in different physical contexts in
Maria life.

Itis important to see members of close social
networks valuing physical activity and getting
active.

Maria needs to have and hold beliefs that
being physically active impacts various facets

of health.

Maria needs to establish routines and habits

for the practice of physical activity:

What is necessary to the behavior change?

Maria considers that having enough physical capacity improves PA behavior. Through PARQ+,
it was also identified that Maria has no limitations or health restrictions for PA practice.

Maria needs to learn more techniques to perform the PA routines autonomously, since she

identified “T do not know how to do the resistance exercises alone. When I was in the gym,
Talways needed help from the technician” Change is needed.

Maria identified that she has the conditions, space, and materials to do PA at home in her
neighborhood and at her workplace, since she identified that “I have great conditions near
home and workplace for walk safety. And, at home I have fitness equipment (e.g., dumbbells)

and good conditions for exercise”” However, she needs help planning her PA.

Maria identified that “I have friends, family, and coworkers that also would like to improve
their PA” However, she needs help to implement strategies to involve those in this activity.

Change is needed.

Rising beliefs that Maria has enough capacitis to join a specific program of PA and that it is

beneficious for her. Change s needed.

Change is needed to establish habits and routines for PA practice since Maria does not have
this habit, “I would like to workout regularly.  cannot maintain the exercise routine during

time?”

Psychological capability social opportunity, physical opportunity,reflective, and automatic motivation needed to be changed to improve the PA

behavior of Maria
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Target behavior

The practice of structured PA a minimum of 30 min of moderate-to-
intensive intensity at least 5 days a week.

Who needs to perform the behavior?

What does she need to do differently to achieve the desired
change?

When does she need to do it?

Where does she need to o it?
How often does she need to do it?

With whom does she need to do it?

Considering the previous points, Maria needs to increase the amount and intensity levels of the PA.

Based on COM-B diagnosis, it is important to increase PA in Mari lfe, through leisure moments in her

daily routine.

During the week, Maria willperform some alterations on her daily routine o increase PA amount and
implements a routine of resistance exercisc workout twice weekly and three 30-min walk, three times per

week, with moderate to intensive intensity.
Maria will make alterations to PA behavior at work and at home.
Maria will perform this behavior daily.

Coworkers, family, and friends.
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Initial assessmen
October 2023

Semi-structured interview:
“Total Metabolic Equivalent (MET) in a
week of PA (IPAQ).

Mean of Daily Steps in a Week (Yamax
Digi-walker DW-500 pedometer).

8 weeks

Prescribed training
‘monitorization,

BCTs Implementation.

24 weeks

nline sessions

Follow-up
16 weeks

Behavior monitorization (i,
exercise twice a week at home

and three times 30 min)

Final assess:

March 2024

Total Metabolic Equivalent (MET) in a week of PA
(IPAQ).

Mean of Daily Steps in a Week (Yamax Digi-walker
DW-500 pedometer).
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Effect size
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Lower

95% confidence interval

Upper
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relative effect

Total effect
PA - MPA
PA = Self-control - MPA

PA — Re:
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PA — Self-control — Resilience — MPA

Total intermediary effect

~0.3866
-02224
~0.0895
~0.0488
~0.0259
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0.0443

0.0201

0.0144

0.0081

0255

~0.4706

~0.3094

-0.1325

~0.0797
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~00511
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Variable

Family status
Kids (underage) 15 (12) 5.5 (4.4)
Single 187 680

Partnership 63
Married 21
Divorced 2
‘Widowed 0
Other 2

Living situation
With parents

Alone

Flat sharing

With partner

With partner and child(ren)
Other

Education

High school diploma
University degree
Secondary school degree
Secondary school degree
Vocational education

Ongoing school education

No degree
Other

Employed
Self employed
Civil servant
Other

Types of sports
Ball sports
Combat sports
Strengths sports
Track and field

Equestrian sports

Gymnastics

Dance spors

Water sports
Winter sports

“Trend sports

Earn a living through sports
Yes
No

Sl chrackataics T abichais e ta) aul T pacaat D81





OPS/images/fspor-06-1416045/fspor-06-1416045-t002.jpg
Predictor

Step 1: sociodemographic and sport-
related variables

Sex ] 286
Age 064 | 010
Financial situation —210 | —.098
Days at home 051 007

Years in elite sports 037 | 007

Earn a living through sports | —.009 | —.022

Step 2: psychometric variables

PHQS_sum | 261 | 055
GAD7_sum | 024 | 006
Step 3: eHealth-related variables
Digital confidence 145
Internet anxiety 100
Digital overload 149
Step 4: UTAUT
predictors
UTAUT_PE
UTAUT_EE
UTAUT_S

N'=275. In Step 2, 3 and 4, only the newly included variables are presented. B, standardized
coefficient beta; B, unstandardized coefficient beta; R, determination coefficient; A R,
changes in R’ PHQS_sum, sum score of the patient health questionnaire-8 GAD?_sum
sum score of the generalized anxiety disorder scale-7; PE, performance expectancy; EF,
effort expectancy; S1, social influence.
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Variable M£SD 1.PAR 3.PPQ 4.SDS
1.PARS-3 | 81575943 i

2.SES 25.599 4 3.841 0111 1

3.PPQ 112460 19431 | 0281 0302 1

4.8Ds 42308 % 19.431 0.181* 0220% | 0.272* 1

##p < 0.01, the correlation coefficient was significant.
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Ho: betal = 0; no small-study effects
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Prob > |z = @.7720
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PARS-3 | 0.181 | 4.463*** | 0.113 | 2.725** | 0.251 | 6.584*** | 0.109 | 2.682**
SES 0274 | 7.183*** | 0.149 | 3.645"**
PPQ 0.196 | 4.644**
R 0.181 0.111 0.391 0.325

R 0.033 0.012 0.153 0.106

F 19.978** 7.425%* 53397+ 23.286™*

#4p <005, the regression coefficient is significant.

% %p < 0,001, the regression coefficient is significant.
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Effect Boot S| Boot LLCI  Boot ULCI Ratio of indirect to total effect

Total effect 0205 0.045 0295 0.115
Direct effect 0133 0.046 0214 0033 0649

Total indirect effect 0072 0.023 0.128 0.033 0351
Indirecteffect | Indirect effect 1 (M1-Y) 0017 0.012 0.051 0.004 0.083

Indirect effect 2 (M2-Y) 0.049 0019 0.088 0011 0239

Indirect effect 3 (M1-M2-Y) 0.006 0.003 0.011 0.001 0029

Compare 1 0037 0.045 0.058 0.151

Compare 2 0012 0.030 0.107 0.001
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Route  Effect value 95% confidence interval T statistic p—value Conclusion

Lower limit Upper limit
a 0.006 0.002 0.009 3 0.003 Complete
intermediary
b —0283 —0.36 —0.206 ~7214 0
a'b ~0.002 —0.085 —0.013 —0.088 0.93
J —0.002 —0.005 0.001 —1.426 0.154
c —0.004 —0.007 —0.001 -2321 0.021

a*b physical activity intensity (total) min/WK = self-control total score = internet addiction total score; Physical activity intensity (total) min/WK = Total self-control score; The total score of
self-control is greater than the total score of internet addiction; C’ Physical activity intensity (total) min/WK = Total score of internet addiction; C Physical activity intensity (total) min/WK =
Total score of internet addiction.
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Category of cognitive errors

Catastrophizing

Overgeneralization

Mental filtering

Emotional reasoning

‘The halo effect

All-or-not

Definition

Negative expectations for the future, often believing in the worst

outcome without sufficient evidence to support this thought

Generalizing a single negative event to other situations

Focusing only on the negative aspect of an event and ignoring
other perspectives which would yield a more comprehensive

assessment of the situation

Believing that something must be true because one feels that it

‘must be true while ignoring contrary evidence

‘The tendency to not engage in a behavior that would foster
health (e.g., physical exercise) because one does not engage ina
behavior that is detrimental for health (¢.g., smoking)
Irrationally concluding that other people’s behavior and external

events are related to oneself

Example

‘Thelast time when you went to the gym, you fet that others
were looking in your direction and thought they must

be making fun of me because I was doing this exercise
incorrectly

Because you once failed to exercise for 150 min a week

you believe that you will never achieve exercise for that

duration in a week

You consider starting an exe

routine, but do not bring

this intention into action because you have issues about

adhering to routines

You plan to exercise today, but do not bring this intention
into action because you believe that you will be completely
exhausted after the exercise session

You do not engage in physical exercise because you do not

smoke

A firiend asks if you want to start to exercise with him/her.
But you do not bring this intention into action because

you are relatively skinny
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(n = 376) (n = 105)

M SD

Age 2123 196 2102 171
N % N %

Gender
Male 109 290 17 162
Female 267 710 88 8.8
BMI
Underweight 9% 255 23 219
Healthy weight 28 606 70 667
Overweight ) 14 12 114
Obesity 7 19 0 0

Employment status

Student 326 867 95 905
Employed or self- 38 101 8 76
employed

Unemployed 12 32 2 19

Educational attainment

High school or 4 L1 0 0
below

bachelor’s degree 296 787 79 752
Master's degree or 76 202 2 218

above





OPS/images/fpsyg-16-1515859/fpsyg-16-1515859-t003.jpg
Catastrophizing 18.89
Allor-nothing thinking | 2085
Overgeneralization 1419
Mental filter 1518
Emotional reasoning 16.98
The halo effect 1195
E-CEQ 98.03

g, represents skewness and g, represents kurtosis.

SD
696
821
704
820
849
735

38.67

91

-022
053

047

082

022

~075

~071

022

~065

~096

0.05

-051





OPS/images/fpsyg-15-1420430/crossmark.jpg
©

|





OPS/images/fpsyg-16-1529829/fpsyg-16-1529829-t004.jpg
“Total
mediating
effect

Direct

effect

Total
indirect
effect

Indirect 1
Indirect 2

Indirect 3

0512

0348

0.163

0119

0029

0015

0.027

0.031

0.029

0.018

0.009

0.004

0.459

0284

0.108

0.087

0.014

0.007

0566

0406

0236

0161

0.050

0025

Relative

mediation
effect

67.98%

32.00%

23.27%

5.76%

2.99%





OPS/images/fpsyg-16-1529829/fpsyg-16-1529829-g001.jpg
0.389%%=

0.348%**

Physical exercise Achievement Motivation






OPS/images/fpsyg-16-1529829/fpsyg-16-1529829-t001.jpg
Level

Gender Male
Female

Grade Freshmen
Sophomores
Juniors
Seniors

Degree subject Social sciences
major
Natural sciences
major

Place of residence  City

Villages

398

446

2

238

185

199

439

405

452

392

282

2192

2358

5201

47.99

5355

46.45
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1. Physical
" 309
exercise
2. Self-efficacy 221

3. Life satisfaction ~ 4.61
4. Achievement

- 232
motivation

“p<00L.

SD

103

077

158

072

0.288**

0333%*

0.464%*

0.439%%

0,506
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PARS-3

GSES

SWLS

AMS
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Degree subject
Place of residence
Gender

Grade

Degree subject
Place of residence
Gender

Grade

Degree subject
Place of residence
Gender

Grade

Degree subject

Place of residence

0.025

0020

0023

0022

6411

5193

5941

5.631

0.098

0123

0.054

-0.029

0.039

0.150

~0.002

0014

0.089

0135

0.027

~0.007

0.069

0.144

0.016

0.006

0070
0031
0070
0071
0052
0023
0052
0053
0.108
0.048
0.108
0.108
0050
0022
0049

0050

2.860
3622
1578

-0857
1130
1396

—0.050
0.409
2588
3970
0.781

-0213
2026
4230
0.469

0.167

<001

<001

0115

0392

0259

<001

0.960

0.683

<001

<001

0435

0832

<005

<001

0639

0867
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sc
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Man
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Middle/long distance
371

Online

Man
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Master
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5

Paper
‘Woman
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Federated
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514

Online
Woman
Master
Runner
Runner

314

Paper
‘Woman
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Federated
Middle/long distance
329
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Cluster 3

Cluster 4
(n = 59; 13%)

Attribute Cluster 0 Cluster 1 Cluster 2
Format Online Online Paper Paper
Gender Man Man Man Man
Category Senior Senior Master Master
Type Federated Federated Federated Runner

Online
Woman
Senior

Federated

Paper
Woman
Senior

Federated

SCB skill-challenge balance; FAA, fusion of attention and action; CG, clear goals; CDF, clear and direct feedback; TC, total concentration; SC, sense of control; LSC, loss of self-consciousness;

DST, distorted sense of time; AE, autotelic experience.
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Type

participant

Cluster 0
(n =139; 30%)

Cluster 1
(n =107; 23%)

Cluster 2
(n =107; 23%)

Cluster 3
(n = 61; 13%)

Cluster 4
(n = 56; 12%)

Format
Gender
Category
Type
Sector
1SC
Nee
AC

vic

ML
pcC
ACC

Online

Man

Senior

Federated
Middle/long distance

20

2
2
2

Online
Woman
Senior
Federated
Sprint/hurdles
2

26

Paper

Man

Master

Federated
Middle/long distance

20

2
2

Paper
Man

Master
Runner

Runner

2
21

Online
‘Woman
Senior
Federated

Middle/long distance

24
2
23
19

Paper
‘Woman

Senior

Federated
Middle/long distance
2

E
21

ISC, IPED Self-Confidence; NCC, Negative Coping Control; AT, Attentional Control; VIC, Visuoimaginative Controls ML, Motivational Level; PCC, Positive Coping Control; ACC, Attitudinal

Control.
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Attribute Cluster 0 Cluster 2

(n = 16: % (n = 133; 28%)
Format Online Online Paper Online Paper Paper
Gender Man Man Man Man ‘Woman ‘Woman
Category Senior Master Master Senior Senior Senior
Type Federated Runner Federated Federated Federated Federated
Sector Middleflong distance  Runner Middle/long distance  Sprint/hurdles Middle/long distance | Middle/long distance
EO 1 1 3 1.67 333 117
TO 5 5 4 5 4.57 429

EO, Ego Orientation; TO, Task Orientation,
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Psychological
resilience

Negative
emotions

Life satisfaction

Physical activity 32952423
Psychological resilience 6167+ 18.52
Negative emotions 37.16 % 1247
Life satisfaction 2054 £6.50

*p < 0.05, **p < 0.01, ***p < 0.001, same below.

1

05417 1
~0379%% ~0.522%%
04357+ 0,568+

1

~0.559%%+
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Variable Life satisfaction
t

Gender -0070 -1.897

Grade 0031 0.889

Physical activity 0332 8.668%**
Psychological resilience

Negative emotions

R 0457

R 0208

F 28252

Psychological resilience

t

~0.074 ~2.152¢
~0.039 1238
0410 11.548%%%

0561

0315

49.444

Negative emotions

/] t
0.042 1132
0.039 L1358

=0.111 =2.420%*

~7.998%%%

0544
0.296

33786

Life satisfaction

/]
=0.022
0.024
0.102
0.320

-0320

t
~0.687
0842
2.636%*
5773w
~6.861°%
0.666
0443

50.989
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Impact pathways BootSE BootLLCI BootULCI Effect size

ratio
Total effect 0332 0.038 0257 0.408
Direct effect 0.102 0,039 0026 0178
Total indirect effect 0230 0.027 0179 0.284 69.28%
Indl (DL - TX - MY) 0131 0.027 0.080 0.187 39.46%
Ind2 (DL - QX — MY) 0.036 0015 0.007 0.066 10.84%
Ind3 (DL - TX - QX - MY) 0.064 0012 0042 0.090 19.28%
Cl (Ind1-Ind2) 0.096 0.035 0028 0.166
€2 (Ind1-Ind3) 0.068 0.032 0.005 0130
€3 (Ind2-Ind3) -0.028 0.020 -0070 0.010

DL denotes physical activity; TX denotes psychological resilience; QX denotes negative emotions; MY denotes life satisfaction.
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Statistical Physical Psychological Negative Life satisfaction

value activity resilience emotions

Gender Male (16) 3449.+24.40 64.18 + 18.30 35.67£12.48 21342669
Female (160) 313452402 59.06 £ 18.45 3870 1231 19714622

' 1174 2514 ~2203 2278

P 0241 0012 0028 0.023
Grade Freshman year (83) 2948+24.11 57.72+19.26 3686+ 1336 19294678
Sophomore (80) 3340£24.16 64.15£17.19 3755 1142 2088 6.04
Junior (71) 33.10£2575 5972+ 19.49 375151324 21172654
Senior (49) 3049 £19.42 6169+ 17.21 3847 1161 19844657
Master's degree (43) 41352590 67.86 % 17.76 3595+ 1247 22074645

F 1870 2756 0514 1740

P 0115 0028 0725 0141
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Type of sical activity Physical activity progr: Intensity of physical activity MET assignment
Daily work related On foot On foot 33
Medium strength intermediate 40
High strength igh 80
Daily traffic related Bybus On foot 10
On foot On foot 33
Ride a bike intermediate 60
Housework related Medium strength Intermediate 40
High strength intermediate 55
Exercise and leisure related On foot On foot 33
Medium strength intermediate 40

High strength high 80
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Grouping Criterion

High Meet any one of the following 2 criteria:
1. The weekly total ofall kinds of high-intensity physical activities is >3d, and the cumulative energy consumption is 21500MET-
min/w.
2. The total amount of physical activity of the three intensity was 27d per week, and the total amount of activity was 23000MET-
min/w
Middle Meet any one of the following 3 standard parts:
1. Meet all kinds of high-intensity physical activities for at least 20min per day, with a total of >3d
2. Meet all kinds of moderate intensity and/or walking activi

s for at least 30 minutes per day, for a total of >5 days

3. The total amount of physical activity of 3 kinds of intensity was >5d, and the total weekly activity amount was >600MET-min/s
Low Meet any one of the following 2 standard parts:

1. No activities were reported

2. Some activities were reported, but did not yet meet the medium and high grouping criteria described above
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Dimension Latent categories of positive body image Differential test ~ After-test
Class 1 Class 2 Class 3

Body appreciation 2.12 2.96 4.01 F=475.13"** C3>C2>Cl

Functionality appreciation 1.95 3.10 421 F=1,64525"** C3>C2>Cl

Body image flexibility 3.07 349 407 F=39.57* C3>C2>Cl

**Indicates p < 0.001.
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Outcome variable

Body appreciation

Functionality appreciation

Body image flexibility

Predictor variable

Positive body talk

Adjusted R? F
0.52 052 68530 072 26,17
037 037 369.36"* 061 19.21°%
0.09 0.09 6694 031 818"

**Indicates p < 0.001.
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x“/df GFl CFl TLI RMSEA SRMR
(90% ClI)

Overall sample | 2.97 | 0.95 | 0.96 | 0.95 | 0.056[0.048, | 0.04
0.064]

Male sample 212 0.94 | 096 | 0.95 | 0.053[0.043, 0.03
0.064]

Femalesample | 226 | 0.90 | 0.94 | 0.93 | 0.075[0.061, | 005
0.089]
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Model X df x2/df CFI TLI RMSEA (90% CI) SRMR ACFI ARMSEA
Model 1 372.546 174 214 0.956 0946 | 0.060 [0.052, 0.069] 0.053

Model 2 390.265 186 2.10 0.954 0948 | 0.059[0.051,0.068] 0057 | —0.002 —0.001
Model 3 407.144 198 2.06 0953 0950 | 0.058 [0.050, 0.066] 0057 | —0.001 —0.001
Model 4 423.376 210 201 0.951 0952 | 0.057[0.049, 0.063] 0056 | —0.002 —0.001

Models 1-4 represent the configural invariance model, weak invariance model, strong invariance model and strict invariance model, respectively.
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Model AlC BIC aBIC opy RT(P) BLRT(P) Categorical pr:

2 28432613 28636.750 28490.706 0.901 <0.01 <0.01 0.522/0.478

3 27688.719 27963.859 27767.018 0.902 <0.01 <0.01 0.322/0.404/0.274

4 27364.061 27710206 27462.567 0.904 0012 <0.01 0.315/0.389/0.106/0.190

5 27028.590 27445.739 27147.302 0907 0.044 <0.01 0.249/0.096/0.360/0.104/0.191

Bold values represents the categorical model with the best model fitting indices.
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Cc2 3
Cl1 0.97 0.03 0
c2 0.03 0.95 0.02
a3 0 0.04 0.96
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Variable Option Number %
Sex Male 399 63.84%
Female 226 36.16%
Educational level | Undergraduate 423 67.68%
Postgraduate 202 32.32%
Major Humanities 258 41.28%
Sciences 255 40.80%
Sports 112 17.92%
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Variable M £ SD

Body appreciation 2984093 1

Functionality appreciation 3.04£095 0.75** 1

Body image flexibility 3514114 | 026 | 028" 1
Positive body talk 3.11£094 | 072* | 0.61™ | 031* 1

*Indicates p < 0.01.
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Variables Mean (M) Standard

deviation (SD)

PA 319 29537 1 E - -
Self-control 33175 093135 0402+ 1 - -
Resilience 33768 092315 04187 0.452%% 1 -
MPA 26949 093153 ~0.447%+ —0.432°% ~0.408+* 1

*p <001,
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Project  Category
Genders Male
Female
Age 19
20
21
2
2
Grades Freshman
Sophomore
Junior
Senior
Fourth year or above
Major Physical education

Sports training

N
208

205

106
126

6

s
146

45

189
24

21.79%

25.67%

3051%

15.74%

630%

2082%

2857%

35.35%

1090%

436%

46.76%

54.24%
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*kp < 0.01, ***<0.001.
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Moderating Test of heterogeneity ~ Subgroup  Quantityof —Sample  Effectsize  Two-tailed test

variable : literature size and 95%
P I confidence £ P
interval
0.08 077 0% Pilates 2 122 —069(-105,-032) 368 p<0.001
Intervention 066 042 0% Qigong 2 15 —046(-083,-0.09) 243 0.02
measures 045 050 0% | Taijiquan 2 91 —093(-136,-051) 427 p<0.001
072 040 % yog 2 86 ~050(-094,-0.07) 229 0.02
180 041 0% 2times/week 3 129 ~064(-100,-029) 353 p<0.001
Intervention
2758 | p<oool 89%  3times/week 4 284 ~106(-1.83,-029) 269 0.007
Frequency
0.01 0.94 0% Stimes/week 2 55 ~067(-122,-0.13) 242 0.02
2044 p<oool 95%  30-40min 2 1o ~132(-330,066) 131 019
Duration of a single
. § 0.01 091 0% 50min 2 103 ~099(~140,-058) 473 p<0.001
intervention
149 083 0% 60min 5 255 ~058(-083,-033) 452 p<0.001
4weeks 1 0 ~031(-093,031) 097 033
2014 | p<oool 80% 8 weeks 5 23 ~109(-176,-041) 317 0.002
Exercise duration
378 015 47% | 12 weeks 3 191 ~068(-1.09,-026) 320 0.001

16 weeks 1 60 ~0.63(-115,-0.11) | 239 002
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Authors and Number EC Male and Intervention Time, frequency, Outcomes Main findings

publication years female measures EC duration

Before intervention, anxiety scores were 5274 £ 7.41 (experimental)

60 min 2times/week and 52.48  7.27 (control). After, they were 49.63 + 7.39 and
Abavisani etal. (2019) 3131 Notreferredto | Pilates keep a regular life STA
8 weeks 5181+ 7.16. Study shows Pilates helps reduce medical emergency

students’ anxiety.

After Pilates training, the anxiety test scores of female college students
60 min 3times/week
Kang (2018) 3030 060 Pilates keep a regular life Towecks sCL90 in the experimental group were significantly lower than those in the
weeks
control group.

After 12 weeks of Taijiquan training, as evaluated by using the State~

50 min 3times/week “Trait Anxiety Inventory (STAI), both trait anxiety and state anxiety of
“Tsai et al. (2003) 3739 3838 Taijiquan sedentary living STAI
12 weeks the experimental group decreased. Tai

improve the anxiety state of the subjects.

Taijiquan without any 60 min Stimes/week BWTC may relieve anxiety and depression by separately regulating
Zhang etal. (2023) 99 513 SAS
exercise intervention 8 weeks Frontal_Mid_L and Frontal_Mid_Orb_R activities.

After the 12 week intervention, the anxiety score and phobic anxiety
Qigong baduanjin maintain 60 min 3times/week

Zhangand Jiang (2023) 3939 078 SCL-90 score in the Baduanjin group decreased significantly when compared to
the original lfestyle 12 weeks
those in the control group.
igong no regular exercise 60 min Stimes/week ‘Those in the 3 month Qigong exercise intervention had a significant
Sun etal. (2024) 1819 1819 Qigong noreg HAMA Qgong 4
was conducted. 12 weeks drop in ansiety, especially mental anxiety.

Cluster resistance training

not participating in other 50 min 2times/weck After the intervention, SAS score of the intervention group was
Lietal. 1314 027 sas

structured exercise 8weeks significantly decreased (p < 0.05)

interventions

Yoga without any regular In the yoga intervention group, anxiety symptoms significantly
Falsafi (2016) 2323 640 @ Ve 75 min__8 weeks HAMA Yog group, anxiety symptoms sig ly

physical activity decreased from the baseline state to the follow-up stage (p < 0.01),

For the yoga group, state anxiety significantly decreased from the

Albracht-Schulte and Yoga stimulation by 30 min 2imes/week baseline level to the state after the interve .001), but it
2020 040 STAL

dweeks returned to the baseline values after being exposed to em

(p<0.001).

nip=

Robert-McComb (2018) al stimuli

After exercise intervention, the experimental groups anxiety score
Yoga combined with aerobic

40 min 3 times/week improved significantly from (53.76\pm2.70) to (36.41\pm?.32)
Yujing et al. (2019) 3436 070 exercise absence of any SAS
8 weeks (p<0.01), while the control group showed no significant change
regular exer
(p>0.05).

E, Experimental group; C, control group; STAI State-Trait Anxiety Inventory; SCL-90, Symptom Checklist 90, SAS, Self- rating ansiety scale; HAMA, Hamilton Ansiety Scale.
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Authorsand  Eligibility ~ Random
year of criteria  allocation
publication  specified

Abavisani et al.

(2019) ! !
Kang (2018) 1 1
Tsai etal. (2003) 1 1
Zhangand Jiang . .
(2023)

Zhangetal,

(2()2:: ! !
Lietal. (2022) 1 1
Sun etal. (2024) 1 1
Falsafi (2016) 1 1
Albracht-Schulte

and Robert- 1 1

McComb (2018)

Yujingetal.
(2019)

Allocation
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Note: *P < 0.05, **P < 0.01, *=p < 0.001
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High Group w Group

Mean and SD of A% "Move” 3.26%+37.35% ~54.61%£111.33%
Mean and SD of A% "Rest” ~18.94% +66.99% 43.62%£63.64%
A% Move” with VO2MAX 0372 044

A% Move” with Kg/VO2MAX 0579 0.524

A% Move” with Time 0278 ~0.442
A%"Move” with Watt 0.246 0445
A%"Rest” with VO2MAX 0135 -0.003
A%"Rest” with Kg/VO2MAX 0.022 -022
A%"Rest” with Time 0274 -0.08
A%"Rest” with Watt 0.304 ~0.08

Groups were classified based on their KG/VO2MAX: those with 233.5 mL/kg were
categorized as the high cardiorespiratory group, and those with <33.5mL/kgas the low
group. 33.5mL/kg represents the median value for all participants, and thus, we defined
those above this threshold as the high group.
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Measure Athlete (N = 22)
Baseline score on “Move” d 35.23£7.58
Post-training score on “Move” desire 4256856
ance of Change H21)=52
<0001
Baseline score on “Rest” desire 3241£9.19
Post-training score on “Rest” desire 2455£7.20

ance of Change £(21)=-3.55, p <0.001
“Move™-post-pre-Difference 7.18+12.97

“Rest’-post-pre-Difference ~7.86+9.44

thlete (N
33754605
25454501

119)==3.11
<0001

25254613
3465484
1(19)=6.88, p <0.001
-83£7.12

94£7.12

Significance
40)=197,p=0.27

1(40)=7.86, p <0.001

1(40)=3.51,p <0.001
1(40)=-2.82,p <0.001

1(40)=3.64,p <0.001

1(40)=-7.39, p <0.001
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Variable

Gender

Male 22 46.2%

Female 259 53.8%

Educational level

Undergraduate 430 89.4%

Master's degree and above 51 10.6%

Marital status

Single 300 60.23%

149 309%

Married 30 62%

Divorced 1 0.2%
owed 1 0.2%

Shapiro-  Shapiro—

Wilk W Wilk p

BMI 21.68 3.21 0918 <0.001
Move 33.83 9.24 0976 <0.001
Rest 2394 1071 0.988 0.003
Interest vs. Boredom =5.28 6.66 0.938 <0.001
Showing off vs. Shyingaway |~ ~561 | 3.09 0977 <0.001
=9.64 4.87 0.949 <0.001
in groups
Competence vs 241 487 0942 <0.001
Incompetence
Energy vs. Tiredness 1472 437 0.958 <0.001
Calmness vs. Tension -792 | 382 0941 <0.001
Pleasure vs. Displeasure 1634 388 0915 <0.001
Attraction vs. Antipathy 877 | 643 0971 <0.001
Core affective exercise 2325 93 0.962 <0.001
experiences
Approach score 1315 359 0973 <0.001
Avoid score 11.28 3.84 0.975 <0.001

BMI, Body Mass Index; “Move” and “Rest” are subscales from the CRAVE-C; the AFFEXX-C
consist of constructs: (i) Interestvs. Boredom; (i) Showing offvs. Shying away; (i) Liking
vs. Disliking exercise in groups, Competence vs. Incompetence, Energy vs. Tiredness,
Calmness vs. Tension, Pleasure v. Displeasures (i) Attraction vs. Antipathy; Approach and
Avoidance scores are subscales of the PES-C.
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Descriptive statistics Factor loading

Skewness Kurtosis Move Rest
Move
1. Move my body 675 24 ~082 041 0.859 0039
2. Be physical active 656 239 -070 014 0902 0028
5. Burn some calories 644 25 ~0.46 0705 ~0032
6. Expend some energy 7.15 216 ~071 04 001 0171
9. Exert my muscles 642 236 ~056 001 0478 ~0.197
13. Move around 695 224 ~073 041 0595 0255
Rest
3.Do nothing active 4.08 263 0.16 -079 ~0329 0343
4. Just sit down 386 268 035 ~057 ~0411 0388
7. Bessill 632 234 —027 -03 0.147 0333
8. Bea couch potato 477 274 on ~0.66 0.089 0716
10. Be motionless 423 27 027 -06 -025 057
11 Lay down a7 276 018 ~0.69 ~0.036 0834
12. Rest my body 591 246 -0.38 ~0.09 0.197 0815

The pattern matrix indicated that Factor 1 (“Move”) comprised items 1,2, 5, 6,9, and 13, while Factor 2 (“Rest”) included items 3, 4,7, 8, 10, 11, and 12. All factor loadings for these items
exceeded the commonly accepted absolute threshold of 030, thereby justifying their inclusion in their respective factors. To conclude, the analysis identified a robust and relable two-factor
structure, which together explains 55.81% of the cumulative variance, highlighting the clear distinction between two main underlying constructs within the dataset.
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Fitindex 10 items 10 items 13 items

(Original (Chinese (Chinese

version) version) version)
AlC 2020062 19806.41 26285.049
BIC 20329514 19935.862 26352084
RMSEA 0.089 0072 0.091
CFI 0910 0950 088
TLI 0881 0934 0854
SRMR 0.063 0053 0.078

In Study 1, data from 481 participants were uilized to compare three different versions of the
CRAVE. The original CRAVE comprised a total of 10 items, selected based on a previous
study by Stults-Kolehmainen et al. (2020), with § items representing the “Move” subscale
(tems 1,2,6,9, 13) and 5 items representing the “Rest” subscale (Items 3, 4, 7,8, 10). For the
newly generated 10-item CRAVE-C among 481 Chinese adults,the selection of tems was
srategically based on the highest factor loadings from the initial tem pool. Specifically, this
version included 5 items for the “Move” (Items 1,2,5,6,9) and 5 items for the “Rest” (Items
4,8,10, 11, 12) subscales, ensuring the statistical robustness of the scale. The 13-item
CRAVE-C, also among the same cohort of Chinese adults, comprised 6 items for “Move”
(tems 1,2,5,6,9, 13) and 7 items for “Rest” (tems 3,4,7,, 10, 1, 12) subscales. The exact
wording of each item is presented in Table 2.
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Regression equation Overall fit index Regression coefficient

Resulting Predictor t LLCI

variables variables

Self-control PA 03745 0.1402 67035455 03745 0434 818757+ 02699 0.4405

Resilience PA 05093 0.2594 71815155 02525 0431 550847+ 01527 03221
Self-control - - - 03578 00454 7.8065%+* 02654 0.444

MPA PA 05362 02875 55.0205%+ ~0.2344 00443 502467+ ~03094 ~0.1354
Self-control - - - ~02519 00483 —52214%5% ~03468 ~0.571
Resilience - - - ~0.2038 00489 —42028%* ~03019 ~0.1095

#p <0.01, %% <0.001
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Variable Model 1 Mental
toughness

Model 2 Anxiety

B

Sex 0032 0066 0487
Physicalactivity | 0171 | 0.031 | 5.464%+*

Mental
toughness

Social support

Mental

toughness*Social

support
R 0174
R2 0030
F 5167+

*P<0.05, **P<0.01, P <0.001.

~0.003

~0.168

0238

—0172

0.089

SE

0058 ~0.049
0029 —5711%%%
0032 ~7.363%%%
0034 —5.030%=*
0020 | 440455+

0.505

0.255
37.466%"*
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