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The outbreak of COVID-19 epidemic has influenced human beings from various aspects including physical exercise behaviours. This study aims to explore the influence of the COVID-19 epidemic on exercise self-efficacy and exercise behaviour, as well as the intermediary effects of exercise motivation. A sample of 1,115 undergraduate students was investigated using the physical exercise behaviour scale, exercise self-efficacy scale, and exercise motivation scale, combined with the COVID-19 epidemic environment as an influencing factor. SPSS was used for statistical analysis and AMOS for the prediction model building. Logical analysis was undertaken to sort out and analyse the data. The structural equation model reveals that exercise self-efficacy has a positive effect on exercise motivation and exercise behaviour. Meanwhile, the COVID-19 epidemic environment negatively influences exercise behaviour through the intermediary role of exercise self-efficacy and exercise motivation. Moreover, the intermediary effect of exercise self-efficacy is greater than that of exercise self-efficacy and exercise motivation. This study provides both theoretical implications and practical guidelines for society and undergraduate students to improve their exercise behaviour during epidemic.
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INTRODUCTION

The emergence and worldwide spread of the novel coronavirus epidemic (hereinafter referred to as the COVID-19 epidemic) has been deemed the most momentous event since the 21st century (WTTC, 2020). The COVID-19 epidemic surely brought about calamities with regard to many causalities for individuals’ socio-economic functioning and psychosocial states (Khudaykulov et al., 2022), which has influenced almost all the aspects of human beings, including sport and physical exercise. The long-term self-isolation resulting from the COVID-19 epidemic has challenged people to retain physical activity and quality of life (Dwyer et al., 2020). Because of the pandemic lockdowns in many areas worldwide, people’s exercise possibilities were limited to varying degrees, such as the closing of fitness centres (Constandt et al., 2020; Mutz and Gerke, 2020; Schnitzer et al., 2020). This limitation in physical exercise may lead to adverse outcomes because exercise contributes to disease prevention, chronic disease treatment, and maintenance of psychological well-being (Lavie et al., 2019; Rodríguez et al., 2020). It requires schools to make some changes regarding physical education. However, little research has been done on exactly how the COVID-19 environment has affected students’ exercise motivation and behaviour.

Research during COVID-19 has focused on physical health and exercise across various groups of people, including professional athletes (Schinke et al., 2020), children (Yarımkaya and Esentürk, 2020), and working adults (Zhang et al., 2020b). However, there is a dearth of studies on the effects of lockdown on undergraduate students, who tend to be the most energetic regarding physical exercise. Although the COVID-19 epidemic limited people’s outdoor exercises to some degree, young people’s exercise participation levels and patterns remain unclear. For example, evidence shows that young people in Germany are more likely to maintain participation in home-based sports and physical exercise during the COVID-19 epidemic, compared with older people who did not find adequate substitutes for their sporting routines (Mutz and Gerke, 2020). This indicates that it is still unclear how the quarantine affects physical exercise behaviour and efficacy. This study seeks to investigate the impact of the COVID-19 epidemic environment (EE) on undergraduate students’ exercise behaviour (EB), exercise self-efficacy (ES) and exercise motivation (EM). It considers China where the COVID-19 cases were first reported, as the research context, and Chinese undergraduate students whose daily life has been dramatically influenced by the epidemic, as representative.

The COVID-19 epidemic in China was severe in its early stage, and the government took various measures to prevent its spread. The closure of universities, sports facilities, and stadiums led to physical inactivity among Chinese undergraduate students. During the epidemic, 82.98% of Chinese undergraduate students exercised less than an hour a day (Hu et al., 2020). Recent research reveals that the exercise behaviour of Chinese undergraduate students during the COVID-19 epidemic has been affected by environmental, social, and psychological factors (Zhang et al., 2020a). However, existing research has failed to demonstrate this by explaining the mechanisms of that influence. This study explores the effects of the epidemic on the physical exercise behaviour of undergraduate students by constructing a structural equation model through multiple linear regression analysis. Implications are considered for undergraduate students and universities’ physical education to maintain health during and after the COVID-19 pandemic.



LITERATURE REVIEW


Exercise Self-Efficacy, Exercise Motivation, and Exercise Behaviour

Self-efficacy is a concept that originated from the social cognitive theory (SCT), which posits that changes in behaviour are accomplished through an intermediary cognitive mechanism (Bandura, 1977). Bandura (1986) proposed the theory of self-efficacy, stating that individual behaviour, cognition, and environment influence each other. Positive attitude towards one’s self-efficacy is a resource that may be utilised as a coping strategy in reducing stressors (Godinic et al., 2020). Being applied to physical exercise (Ryan et al., 1997), self-efficacy refers to the consideration of people’s ability to smoothly proceed or adhere to physical exercise behaviour in various environments. Exercise self-efficacy is the degree of confidence individuals have in their regular exercise. Studies have proved that self-efficacy is a significant predictor of physical activity (Dzewaltowski, 1989; Yordy and Lent, 1993; Armitage and Conner, 1999). It has a significant impact on the frequency of physical exercise behaviour (McAuley et al., 2000). In addition, self-efficacy has been found to significantly correlate with the total time spent on exercising (Lim et al., 2005), which is indispensable for the emergence and persistence of physical exercise behaviour. Conversely, exercise self-efficacy is related to a positive emotional response (McAuley et al., 2003), indirectly affecting exercise behaviour by increasing exercise motivation (Kwan and Bryan, 2010).

Bandura (1977) believes that motivation can dominate and guide behaviour to a certain extent. Different motivations may determine people’s participation in exercise due to the influence of gender, age, culture, level of experience, and type of skills (Brodkin and Weiss, 1990). Deci and Ryan (1985) put forward the self-determination theory, which divides motivation into three categories: internal motivation (an innate tendency of human beings to pursue novelty and challenge, develop and exercise their abilities, and dare to explore and learn), external motivation (people are not interested in the activity itself, but tend to engage in an activity to obtain some separable result), and no motivation (individuals do not make a connection between their behaviour and its results, and have no interest in the activity they are engaged in). Self-determination theory has been used to explain human exercise behaviour. Internal motivation can predict exercise behaviour, and provide strong evidence for long-term exercise (Ardeńska et al., 2016). In addition, a lack of internal motivation or external motivation is closely related to an avoidance of exercise behaviour (Standage et al., 2012).

Physical exercise behaviour is affected by various factors, including demographic, economic, and social factors (Becker and Maiman, 1975). Protection motivation theorists highlight that people’s participation in sports and exercise is often related to health-focused motivation (Rogers, 1983). People with knowledge and inspiration pertaining to health tend to have a stronger motivation for physical exercise (Becker and Maiman, 1975). Lim (2009) demonstrates that exercise behaviour is linked to exercise motivation and self-efficacy. The degree of self-efficacy will affect on the relationship between exercise motivation and behaviour (Klompstra et al., 2018). When self-efficacy is low, a higher degree of motivation will not promote exercise behaviour. The combination of higher self-efficacy and higher motivation will lead to exercise behaviour. Furthermore, exercise behaviour is also influenced by the interaction of multiple factors: society, family, school, unit, and other environments (Spence and Lee, 2003).

To summarise, the factors that affect individuals’ participation in physical exercise are not single but diverse. The antecedents that affect physical exercise behaviour mainly include psychological, individual, social, and environmental factors. The lack of sports venues and equipment and changing weather conditions are all factors that may affect people’s participation in physical exercise. The outbreak of COVID-19 has undoubtedly altered the physical exercise environment. Therefore, this study integrates the environmental factor of COVID-19 to explore the relationships among physical exercise behaviour, exercise motivation, and exercise self-efficacy.



The Theory of Planned Behaviour

Ajzen (1991) developed the theory of planned behaviour (TPB), proposing that three independent determinants (attitude towards behaviour, subjective norms, and perceived behaviour control) are effective in the prediction of behavioural intention. The TPB (Ajzen, 1991) has been widely used in predicting and explaining human behaviour, such as customer behaviour (Liao et al., 2007), smoking behaviour (Karimy et al., 2015), exercise behaviour (Blue, 2010) and so on. Attitude towards behaviour is considered the most reliable variable in explaining behavioural intention (Ajzen, 1991). Subjective norms are social factors that refer to the perceived social pressure on implementing the behaviour. This indicates that an individual’s behaviour is influenced by the society they are part of. Subjective norms indirectly affect behaviour through their influence on behavioural intention (Ajzen, 1991). Compared to the other variables, subjective norms have the least influence on behavioural intention (Terry et al., 1999).

Perceived behaviour control (PBC) refers to the perceived difficulty of executive behaviour and an individual’s judgement of their ability to control specific behaviours (Ajzen, 1991). By applying PBC in different contexts, including exercise (Hagger et al., 2002), leisure (Ajzen and Driver, 1992), and health (Albarracin et al., 2001), its usefulness in predicting behaviour has been verified. The more positive the attitude and subjective norms, the greater the PBC, and the stronger the behavioural intention. Behavioural intention is the most direct factor affecting behaviour. However, in practice, behaviours may encounter many difficulties in the process of implementation, which may, in turn, restrict the intention of the behaviour. There is a reciprocal relationship between behaviour and behavioural intention.



Research Framework and Hypotheses

This study integrates the TPB (Ajzen, 1991) and the SCT (Bandura, 1977) to predict physical exercise behaviour. The behavioural intention from the TPB and the self-efficacy from the SCT are the effective factors used to predict exercise behaviour. According to the TPB, subjective norms, sense of control, and attitude towards behaviour can be adapted to explain and predict exercise behaviour. In the field of exercise behaviour, behavioural intention is replaced by exercise motivation. It considers not only the psychological motivation for people to retain exercise behaviour but also the direct reasons and motivations for the exercise behaviour. In the field of exercise behaviour, exercise self-efficacy refers to the confidence required of individuals to perform continuous and regular exercise under various conditions and to regulate individuals’ estimation of their cognition of participating in exercise behaviour.

With regard to the influence of environment on physical exercise behaviour, the COVID-19 epidemic environment was integrated into the theoretical framework of this study (Figure 1). The undergraduate students’ physical exercise behaviour (EB) was considered as the explained variable, and the COVID-19 epidemic environment (EE), physical exercise motivation (EM), and exercise self-efficacy (ES) were considered as explanatory variables. This study assumes that the COVID-19 epidemic environment can indirectly affect physical exercise behaviour, through the factors of physical exercise motivation and exercise self-efficacy. The structural equation model (SEM) was used to verify whether the theoretical framework path was reasonable and explore the influencing factors of physical exercise behaviour.

[image: Figure 1]

FIGURE 1. The path map of the influence of the COVID-19 epidemic environment on physical exercise motivation, self-efficacy, and behaviour.


People experience difficulties in maintaining physical activity and quality of life due to the COVID-19 epidemic (Dwyer et al., 2020). Most people engage less in sports and physical exercise under quarantine (Schnitzer et al., 2020), including Chinese undergraduate students (Hu et al., 2020; Zhang et al., 2020a). Therefore, we propose hypothesis one (H1): the COVID-19 epidemic environment is negatively correlated with exercise self-efficacy, which in turn affects undergraduate students’ participation in physical exercise. Exercise self-efficacy has been confirmed to affect the choice of exercise behaviour, the persistence and effort involved in the exercise behaviour, and further, the individual’s exercise motivation level, attribution of success or failure, performance results, and emotional response (McAuley et al., 2000, 2003; Kwan and Bryan, 2010). Similarly, exercise behaviour is positively affected by self-efficacy, while exercise self-efficacy has a positive effect on motivation (Lim, 2009). According to this, hypotheses two (H2) and three (H3) are proposed as follows: H2 posits that exercise self-efficacy is positively correlated with exercise motivation, promoting undergraduate students’ participation in physical exercise, and H3 posits that exercise self-efficacy is positively correlated with physical exercise behaviour, stimulating undergraduate students’ participation in physical exercise. Previous studies have verified the positive influence of motivation on physical exercise participation (Duncan et al., 2010; Standage et al., 2012). Thus, we propose hypothesis four (H4): Physical exercise motivation is positively correlated with physical exercise behaviour, promoting undergraduate students’ participation in physical exercise.




MATERIALS AND METHODS


Participants

The sample of this study were participants of 1,300 undergraduate students in China, geographically including students from east, west, north, south, and central China. And the proportion of male and female in the survey sample were relatively balanced: the percentage of male and female is 47.7% and 52.3% accordingly.



Evaluation Instrument Design

The evaluation instrument in this study was a sum of questionnaires designed based on the exercise self-efficacy scale (Benisovich et al., 1998; Li, 2010), physical exercise motivation scale (Ryan et al., 1997; Chen et al., 2013), and physical exercise behaviour scale (Li, 2018). In addition, questions about the influence of the COVID-19 epidemic environment were added. To evaluate each scale, a seven-point Likert scoring method was used (e.g., 1: strongly agree, 7: strongly agree).

As for the explained variable, physical exercise behaviour, the undergraduate students’ physical exercise behaviour scale (Li, 2018) developed by Li (2018) was adopted. According to Li (2018), the scale included seven dimensions: autonomous exercise behaviour (i.e., you always exercise consciously), exercise promotion behaviour (i.e., you will ask professionals to guide your physical exercise), exercise planning behaviour (i.e., you will make detailed exercise plans), situation-induced behaviour (i.e., you will exercise hard in order to participate in sports competitions), goal outcome behaviour (i.e., as long as you feel tired, it is hard for you to keep exercising), passive participation behaviour (i.e., for some reasons, such as illness or obesity, you are forced to keep exercising), and injury coping behaviour (i.e., after injury, you will take the initiative to seek help from experienced people). Among seven dimensions, six of the 20 topics were selected according to the research objectives. Situation-induced behaviour was deleted because it was not related to our study. In considering the explained variable, the physical exercise behaviour of undergraduate students had a certain exercise intensity and time. It consisted of performing physical activities in a physical education class and in their spare time keeping fit and maintain a good physical condition.

Regarding the explanatory variable, the COVID-19 epidemic environment, we designed a specific scale based on three dimensions. Considering that students’ exercise methods and exercise environment were changed during the epidemic, and both of their physical state and psychological state were affected. Thus, the original scale included three dimensions of physical factors, psychological factors and external environment factors. The items were generated by analysing the potential impact of the epidemic environment on exercise through a board literature review. The scale was then evaluated and revised by experts followed by field testing in our sample. Factor analysis were applied to examine the scale’s construct validity and reliability. The dimension of psychological factors was deleted in factor analysis. The final scale consists of two dimensions with seven items (Appendix). The dimension of physical factors includes item such as “due to the COVID-19 epidemic environment, you have to stay at home for a long time and feel listless,” and the dimension of external environment factors includes item such as “due to the COVID-19 epidemic environment, there is no place to exercise because of the closure of fitness centres and sports facilities.” Therefore, a higher score means a greater extent that the individual was influenced by the COVID-19 epidemic environment.

The exercise self-efficacy scale (Benisovich et al., 1998) revised by Li (2010) was adopted to test the explanatory variable of exercise self-efficacy. The scale included four dimensions: physical (i.e., when you feel tired, you can keep exercising), activity (i.e., when you did not achieve your exercise goal, you can keep exercising), mental (i.e., when you feel depressed, you can keep exercising), and conflict factors (i.e., when you have other appointments, you can keep exercising). Nine topics were selected to evaluate participants’ ability and confidence in their regular, continuing exercise behaviour. The exercise motivation scale (Ryan et al., 1997) revised by Chen et al. (2013) was adopted to test the explanatory variable of exercise motivation. This scale included the following dimensions: social motivation (i.e., you keep exercising because you want to make new friends), appearance motivation (i.e., you keep exercising because you want to be more attractive to others), ability motivation (i.e., you keep exercising because you want to improve your sports skill), health motivation (i.e., you keep exercising because you want to keep healthy), and enjoyment motivation (i.e., you keep exercising because sports are entertaining). Furthermore, two further dimensions (institutional and obedience motivation; i.e., you keep exercising in order to coping with the physical exercise examination) were added to create a total of seven dimensions, which should measure participants’ external motivations according to the self-determination theory (Deci and Ryan, 1985). Nine out of 37 topics were selected on the basis of their relevance.



Data Collection

Given the quarantine and lockdown measures of the COVID-19 pandemic, an electronic version of the questionnaire was posted on the website “Questionnaire Star”,1 which was open for each visitor to access. The initial contact with the potential participants was taken as we sent the questionnaires via the most popular social media application for Chinese youth, WeChat. Specifically, we distributed the questionnaire link to 27 WeChat groups for undergraduate students between August 20 and 28, 2020. A total of 1,300 questionnaires were distributed to students and completed by them. Among the 1,300 questionnaires, 1,115 are valid, with an effective rate of 85.77%. The criteria for excluding unqualified samples were incomplete answers, same answer for every question, and less than 90 s (“Questionnaire Star” measures the time they took to answer the questions). The research model used was a typical structural equation model.



Statistical Analysis

In this study, SPSS 22.0 (International Business Machines Corporation, New York) was used to analyse the preliminary reliability and validity of the data and exploratory factor analysis. AMOS 23.0 (International Business Machines Corporation, New York) was used to construct the structural equation model for detailed data analysis, which was modified to achieve better fitting and adaptability. The data were then analysed to explore the relationships of COVID-19 epidemic environment, undergraduate students’ exercise behaviour, exercise self-efficacy and exercise motivation.




RESULTS


Descriptive Statistics

In the analysis of the sample structure, the sex ratio was 47.7% male 52.3% female, which was reasonable. As for the students’ geographical location, the participants were distributed across all 32 provincial administrative regions in China.



Reliability Test

In this study, confirmatory factor analysis (CFA) was used to verify constructive validity. When the data show good constructive validity, they must have convergent validity and discriminant validity.

SPSS 22.0 was used to test the reliability and validity of the questionnaire. As shown in Table 1, the Cronbach’s Alpha for each scale was greater than 0.8, and the Kaiser–Meyer–Olkin (KMO) greater than 0.8. Each value conforms to the reliability and validity requirements of the questionnaire.



TABLE 1. Reliability test of the questionnaire.
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Validity Test

A convergent validity test with average variance extracted (AVE) was used to test the convergent and discriminant validity. Table 2 shows that the AVE of each dimension is greater than 0.5, proving that the convergence degree of the model is good. The correlation coefficients of exercise behaviour, exercise motivation, exercise self-efficacy, and the COVID-19 epidemic environment are less than 0.7. Only one item is greater than 0.7, but the excess coefficient is not high; within the permitted range, it is acceptable. The square roots of the diagonal AVE values in the table (indicated in bold) are larger than the correlation coefficients between the dimensions shown below the diagonal values. Therefore, there is a significant difference in validity among the dimensions.



TABLE 2. Validity test of the questionnaire.
[image: Table2]



Fitness Test of the Measurement Model

The main purpose of the model fitness test is to verify the degree of the fit between the theoretical model and the actual data of the structural equation model. The better the goodness of fit of the model, the better the match between the theoretical model and the actual data. A series of fit indices were tested, including the goodness-of-fit statistic (GFI), the adjusted goodness-of-fit statistic (AGFI), root mean square error of approximation (RMSEA), relative/normed chi-square statistic (CMIN/DF), and the standardised root mean square residual (SRMR; Hooper et al., 2008). As shown in Table 3, all fitness indexes in the model are in line with the standard, indicating that the fitness of this model is good.



TABLE 3. Index table of model fitness.
[image: Table3]



Model Analysis of the Linear Structural Equation

The structure of the model integrating COVID-19 epidemic environment factor is significant for parameter estimation (Table 4), that is, p < 0.001. Under the standardisation of item reliability, the factor load (EE6 = 0.718, EE5 = 0.786, EE4 = 0.823, EE1 = 0.655), is greater than 0.6 and the SMC value is greater than 0.36. These are within the acceptable range, proving that the topic of the COVID-19 epidemic environment scale shows good validity. When (CR = 0.835) is greater than 0.8, it proves that the structure has good internal consistency. The convergent validity (AVE = 0.560) is greater than 0.5, within the acceptable range, indicating that the model and its convergent validity are good. The measurement model for exercise self-efficacy is significant in parameter estimation, that is, p < 0.001.



TABLE 4. Confirmatory factor analysis.
[image: Table4]

Under the standardisation of item reliability, the factor load (ES9 = 0.755, ES8 = 0.811, ES4 = 0.85, ES3 = 0.715, ES2 = 0.753, ES1 = 0.792) is greater than 0.6, and the SMC value is greater than 0.36. These are well within the acceptable range, proving that exercise self-efficacy has good validity. The composition reliability (CR = 0.903) is greater than 0.8, which proves that the structure has good internal consistency, and the convergent validity (AVE = 0.609) is greater than 0.5, indicating that the model and its convergent validity are good. Both the questions and the structure of the exercise motivation measurement model are significant in parameter estimation, that is, p < 0.001. Under the standardisation of item reliability, the factor load (EM2 = 0.826, EM3 = 0.887, EM4 = 0.778, EM5 = 0.766, EM7 = 0.834, EM9 = 0.879) is greater than 0.7, and the SMC value for each question is greater than 0.5. These are in a good range, proving that the exercise motivation topic itself has good validity. The composition reliability (CR = 0.930) is greater than 0.8, which proves that the structure itself has good internal consistency, and the convergent validity (AVE = 0.688) is greater than 0.5, in a good range, indicating that the model and its convergent validity are good.

Both the questions and the structure of the exercise behaviour measurement model are significant in parameter estimation, that is, p < 0.001. Under the standardisation of the item reliability, the factor load (EB2 = 0.843, EB3 = 0.749, EB4 = 0.685, EB5 = 0.818) is greater than 0.6, and the SMC value is greater than 0.36, which is within the acceptable range, proving that the exercise behaviour problem itself has good validity. When CR = 0.858, is greater than 0.8, it proves that the structure itself has good internal consistency, and the convergent validity (AVE = 0.602) is greater than 0.5, in the acceptable range, indicating that the model and its convergent validity are good.



Verification and Analysis of Research Hypotheses

In consideration of hypothesis testing and analysis (see Table 5), the COVID-19 epidemic environment has a negative effect on exercise self-efficacy (β = −0.341); exercise self-efficacy has a positive impact on exercise behaviour (β = 0.563 and 16.899, p < 0.001). Exercise self-efficacy has a positive effect on exercise motivation (β = 0.595), and exercise motivation has a positive effect on exercise behaviour (β = 0.308). Therefore, we can assume that H1, H2, H3, and H4 are all verified.



TABLE 5. Analysis of the research hypotheses.
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Analysis of the Intermediary Effect of the Model

In this study, Amos’s structural equation model was used to analyse the intermediary role of exercise self-efficacy and exercise motivation on exercise behaviour in the COVID-19 epidemic environment. Figure 2 shows the model fitting index (RMSEA = 0.051, GFI = 0.944, AGFI = 0.929, SRMR = 0.0451), showing that the model fits well. The COVID-19 epidemic environment has a negative effect on exercise self-efficacy (β = −0.341), while exercise self-efficacy has a positive effect on exercise behaviour (β = 0.563). Therefore, exercise self-efficacy plays an intermediary role between exercise behaviour and the COVID-19 epidemic environment. Exercise self-efficacy has a positive effect on exercise motivation (β = 0.595), while exercise motivation has a positive effect on exercise behaviour (β = 0.308). Exercise self-efficacy and exercise motivation play a remote intermediary role in exercise behaviour in the COVID-19 epidemic environment.

[image: Figure 2]

FIGURE 2. Research framework model.


In this study, the Bootstrap method was used to test the intermediary effect by re-sampling 5,000 times. As shown in Table 6, the intermediary effect of exercise self-efficacy is 0.187, accounting for 77.6% of the total intermediary effect. The lower limit and upper limit values of 95% CI and percentile 95% CI do not include the value 0. Therefore the indirect effect is established, indicating that there is an intermediary effect between the COVID-19 epidemic environment and exercise behaviour in this study. The effect value of the remote intermediary effect of exercise self-efficacy and exercise motivation is 0.054, accounting for 22.4% of the total intermediary effect. The lower and upper limits of CI and percentile 95% CI do not include 0. Therefore, the indirect effect is established. This shows an intermediary effect between exercise self-efficacy and exercise motivation in this study between the COVID-19 epidemic environment and exercise behaviour. According to the comparison of the indirect effect and the proportion of the intermediary effect, the intermediary effect of exercise self-efficacy is greater than that of exercise self-efficacy and exercise motivation.



TABLE 6. Analysis of the intermediary effects of the model.
[image: Table6]




DISCUSSION AND CONCLUSION

The results of this study suggest that the epidemic situation of COVID-19 affects undergraduate students’ participation in physical. There is a positive mutual correlation between undergraduate students’ exercise motivation, exercise self-efficacy, and exercise behaviour, similar to the findings of Standage et al. (2012) and Ardeńska et al. (2016). Through model analysis, H1 (β = −0.341) was accepted, indicates that the COVID-19 epidemic environment has a negative effect on exercise self-efficacy; H2 (β = 0.563) was accepted, indicates that exercise self-efficacy has a positive effect on exercise behaviour; H3 (β = −0.595) was accepted, indicates that exercise self-efficacy has a positive effect on exercise motivation; H4 (β = 0.308) was accepted, indicates that exercise motivation has a positive effect on exercise behaviour. The reduction in participation in physical exercise during the COVID-19 epidemic is traceable in “laziness and fatigue,” “lack of motivation,” “lack of appropriate facilities/equipment/space” (Farah et al., 2021). This is consistent with the results of the study. According to questionnaires, some undergraduate students experienced physical laziness as they reported tiredness and therefore decreased physical activity, while some students decreased physical activity due to lacking motivation. Besides, the closure of exercise venues leads to a reduction in opportunities to exercise (Constandt et al., 2020; Schnitzer et al., 2020) making it more difficult for students to participate in physical exercise.

The remote effect of the COVID-19 epidemic environment on exercise behaviour are novel. To explore the effect of epidemic on students’ exercise behaviour, a new scale of the epidemic environment was developed. The COVID-19 situation does not directly affect exercise behaviour, but rather that effect takes place through the mediation of exercise self-efficacy and exercise motivation. The negative influence of the COVID-19 epidemic environment on undergraduate students’ self-efficacy results in a decline in their exercise motivation, which further leads to a decline in exercise behaviour. The psychological changes of the COVID-19 epidemic environment result in the main effects on exercise behaviour. Previous studies showed that the COVID-19 pandemic has impacted mental health and created significant challenges for society (Maugeri et al., 2020; Guberina and Wang, 2021; Khudaykulov et al., 2022). As for undergraduate students, empirical studies have reported the prevalence of anxiety and stress during the COVID-19 epidemic (Chang et al., 2020; Liu et al., 2020; Saddik et al., 2020; Lee et al., 2021). This can be attributed to the fear of disease, such as being infected when going out for exercise (Diamond and Waite, 2020). It has been shown that exercising during COVID-19 increases the risk of infection (Woods et al., 2020). According to Maslow’s demand theory (Maslow, 1943), in the face of the COVID-19 pandemic, people must first ensure that their lives are not at risk before considering social or self-fulfilment needs. Therefore, exercise self-efficacy and exercise opportunities of undergraduate students in the COVID-19 epidemic environment are reduced due to the students’ concerns over their own safety, resulting in the decrease in exercise behaviour. The COVID-19 pandemic has forced Chinese undergraduate students to stay at home, leading to a reduction in their physical activity, and an increase in sedentary behaviour (Yeo, 2020). The feeling of fear, anxiety, and stress due to home confinement further impacted their motivation to continue exercises (Kaur et al., 2020).

This study has some practical applications that are worth highlighting. The findings of the study indicate that the negative effect of COVID-19 environment on students’ exercise behaviour takes place through the mediation of exercise self-efficacy and exercise motivation. Thus, more importance should be attached to promoting undergraduate students’ exercise self-efficacy and exercise motivation. Exercise self-efficacy is an essential intermediary factor between exercise behaviour and the COVID-19 epidemic environment. Faced with stress caused by the COVID-19 epidemic, gaining self-efficacy could be helpful in reducing stressors and promoting mental health (Godinic et al., 2020). To enhance students’ exercise self-efficacy, we need to consider measures that parents, schools, and society can take to maintain students’ mental health during the pandemic. We should also advocate psychological research on students to avoid students’ psychological anxiety, depression, and negative emotions due to the impact of the pandemic. This is particularly important in the COVID-19 pandemic situation because the physical education class is losing its identity as a consequence of online touchless classes (Varea and González-Calvo, 2020).

In addition, information about different possibilities of home exercise programs should be provided (Schwendinger and Pocecco, 2020). Many types of sports and exercise can be performed at home, such as yoga and meditation (National Center for Complementary and Integrative Health, 2020), rope skipping and jogging in place (Schwendinger and Pocecco, 2020). Undergraduate students should choose their own feasible and home-based physical activities to be performed daily to improve their immunity and prevent the novel coronavirus infection. To increase students’ exercise motivation, autonomy-supportive intervention in physical education should be provided since it is proved to be effective in enhancing autonomous motivation and physical activities in leisure-time (Barkoukis et al., 2020). Some incentive measures could be added, such as examining undergraduate students’ exercise situation at home through online methods and rewarding students who insist on exercising when returning to universities. Besides, making physical activity a regular part of their daily or weekly schedule and writing it on the calendar or exercising with relatives during quarantine can motivate themselves to exercise (Farah et al., 2021). Previous studies indicated that people were motivated when they observed others doing fitness activities (Kaur et al., 2020). During the quarantine, using social media, such as fitness apps, could be helpful for undergraduate students as they can be connected to each other and witness others’ activities. The empirical evidence also proved a higher use of social media and app use for home-based fitness activities (Tate et al., 2015; Ammar et al., 2020; Bagherian et al., 2021).

Furthermore, the findings of this study could be extended to the common public to help them gain exercise self-efficacy and exercise motivation and encourage them to participate in physical exercises, which would be beneficial to both their physical health and psychological health. There are some limitations to this study, which suggest directions for future research. Firstly, large-scale public health events such as the COVID-19 pandemic are infrequent, and the effects of such events vary. This indicates a challenge for generalisations made based on this study. Secondly, there are many factors that affect undergraduate students’ exercise behaviour. Exercise self-efficacy and exercise motivation are only a part of them. This research model can be extended upon in future research, and the factors that affect undergraduate students’ physical exercise behaviour can be analysed by analogy. Thirdly, it has to be considered that demographic factors, such as gender, age, and regional location or origin, may affect the relationship between exercise motivation and behaviour. Even for university students, the age span is relatively large, and exercise behaviour of newly enrolled and graduating students may be different. Therefore, future research could further investigate these factors. As a fourth point, attention needs to be paid to the geographical factors as this study considers China as the research context, because national pandemic strategy in China is quite different from those of many other countries, and the epidemic prevention policies of different provinces in China are also different. Thus, overlooking the political, social, and cultural differences that would apply to studying different regions. Future research may further explore the situation in countries suffering from COVID-19 following on China.
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APPENDIX

Items in the scale of COVID-19 epidemic environment:

1. Due to the COVID-19 epidemic, you feel tired and weak.

2. Due to the COVID-19 epidemic, you are suffering from physical illness caused by sedentary activities such as long-time sitting and lying down.

3. Due to the COVID-19 epidemic, you have to stay at home for a long time and feel listless.

4. Due to the COVID-19 epidemic, you cannot exercise with friends, which makes you feel boring and lack motivation to exercise.

5. Due to the COVID-19 epidemic, there is no place to exercise because of the closure of fitness centres and sports facilities.

6. During the COVID-19 epidemic, you have a poor experience on online exercise activities.

7. Due to the COVID-19 epidemic, sports activities you can participated in are relatively limited, which makes you lose interest in sports.

Note: The items were designed and distributed to participants in Chinese and translated into English later.
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