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The impact of wearable sports equipment on college students’ physical exercise persistence: a mediated model of physical exercise motivation moderated by social support
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Background: Under the strategic framework of “Healthy China,” the issue of insufficient exercise adherence among college students has become increasingly prominent. As an emerging intervention tool, wearable sports equipment (WSE) holds potential in addressing this issue, yet its effectiveness may be influenced by exercise motivation and social support. Existing studies have primarily focused on the independent effects of technological interventions, with limited exploration of the psychosocial mechanisms involved.



Objective: Drawing upon Self-Determination Theory and Social Support Theory, this study constructs a mediated model of exercise motivation to examine the mechanisms through which WSE influences exercise adherence among college students, with a particular focus on the mediating role of exercise motivation and the moderating effect of social support.



Methods: A cross-sectional survey was conducted using stratified cluster sampling among 1,286 students from six universities across China. Core variables were measured using the Perceived Use of Wearable Equipment Scale, Exercise Adherence Scale, Exercise Motivation Scale, and Social Support Scale. Model 59 of the SPSS PROCESS macro was employed for data analysis.



Results: WSE use significantly predicted exercise adherence (β = 0.143, p < 0.001), with exercise motivation partially mediating this relationship (accounting for 27.3% of the total effect). Social support exhibited a dual moderating effect: it strengthened the direct effect of WSE on exercise adherence (β = 0.204 under high support vs. β = 0.082 under low support), but weakened the effect of WSE on exercise motivation (non-significant under high support, β = 0.219 under low support), as well as the indirect effect of WSE on exercise adherence via motivation (β = 0.116 under high support vs. β = 0.463 under low support).



Conclusion: WSE impacts exercise behavior through the synergistic interplay of exercise motivation and social support. Intervention strategies should be tailored according to individuals’ levels of social support—those with low support should focus on strengthening motivational internalization, while those with high support may benefit more from the direct reinforcement of technological feedback. The findings provide a theoretical basis for optimizing health promotion strategies in higher education institutions.
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Introduction

In recent years, the Chinese government has increasingly emphasized the importance of public health, introducing a series of policies aimed at encouraging regular physical activity across the population. The 2016 “Healthy China 2030” Planning Outline clearly stated that “public health is the ultimate goal of building a healthy China,” with one of its core objectives being to “promote the integration of nationwide fitness and overall health” (1). Subsequently, the General Administration of Sport, in collaboration with the Ministry of Education and other departments, issued the Youth Physical Activity Promotion Plan, which highlighted the use of technology to increase exercise participation among young people, including college students (2). In 2021, the “National Fitness Plan (2021–2025)” further stressed the need to “apply modern technologies such as wearable sports equipment to create innovative health service models,” specifically to address the issue of weak physical exercise persistence among young individuals (3). These policy trends reflect a growing national strategy to promote healthy lifestyles by incorporating wearable sports equipment—such as smart wristbands and fitness watches—into interventions aimed at improving exercise habits among college students. Furthermore, recent meta-analytic evidence has demonstrated the efficacy of nature-based social prescriptions in improving mental health outcomes, which aligns with the national strategy of promoting holistic health through multi-faceted interventions (4). Additionally, studies have highlighted that digital platforms and virtual fitness technologies can significantly enhance motivation and knowledge development among university students, suggesting a promising avenue for integrating technology with traditional health promotion methods (5).

At the same time, there is growing concern over the physical health of the college student population. According to the 2020 National Report on Students' Physical Fitness and Health, only 23.8% of Chinese college students met the national fitness standards, with low exercise motivation and lack of social support being identified as key factors linked to poor physical exercise persistence (6). While traditional campus-based physical education policies (such as integrated in- and out-of-class physical activity programs) may temporarily increase activity levels, research suggests their long-term impact is limited (7, 8). Against this backdrop, wearable sports equipment has been recognized for its potential to improve individuals' self-regulation in exercise through features such as real-time feedback and goal setting (9, 10). However, current policies have paid insufficient attention to how technological interventions interact with psychological and social mechanisms—particularly exercise motivation and social support. For example, although the Basic Standards for Physical Education in Higher Education Institutions require universities to “establish student physical health records,” they provide no clear guidance on how to integrate data from wearable equipments with psychological support to optimize intervention outcomes (11).

International experience also supports the value of combining technology with social support. The World Health Organization (WHO), in its Global Action Plan on Physical Activity 2018–2030, emphasizes the importance of enhancing exercise adherence through a dual pathway that integrates “digital tools and social networks”. Similarly, the American College of Sports Medicine (ACSM), in its position statement, noted that wearable sports equipment should be used in tandem with support from peers or mentors in order to bring about sustained improvements in physical activity behavior (12–14). Based on both China's policy priorities and international insights, this study focuses on the moderating role of social support in interventions using wearable sports equipment, aiming to bridge the gap between policy and practice and to provide a theoretical foundation for sports and health management in colleges and universities.



The relationship between wearable sports equipment and physical exercise persistence among college students

In recent years, wearable sports equipment—such as smart wristbands and fitness watches—has emerged as a valuable tool in promoting physical exercise persistence, thanks to its functions in data tracking, real-time feedback, and behavioral reinforcement (15, 16). Among college students, who typically show relatively low levels of exercise adherence (6), physical activity behavior is shaped by a range of factors including exercise motivation, self-regulation ability, and the surrounding social environment (17). Research has shown that wearable sports equipment can enhance physical exercise persistence through several psychological mechanisms, such as goal setting, self-monitoring, and social comparison (18–20). However, the effectiveness of such interventions appears to vary significantly between individuals. This variation may be explained, at least in part, by the moderating effects of social support and the mediating role of exercise motivation (21–23). Therefore, examining how wearable sports equipment supports exercise behavior among college students through the mediating pathway of exercise motivation, while also considering the moderating role of social support, is of both theoretical relevance and practical value.

The key strength of wearable sports equipment lies in its ability to provide real-time data—such as step count, heart rate, and calorie consumption—which helps users develop a more objective understanding of their physical activity (24–26). According to Social Cognitive Theory (27), the stronger a person's ability to monitor their own behavior, the higher their sense of self-efficacy tends to be, and the more likely they are to maintain a consistent exercise routine. For example, an experimental study involving college students found that participants who used smart wristbands significantly increased their daily step count over an eight-week intervention period (p < 0.01), along with improvements in self-regulation ability (28). In addition, features such as achievement systems (e.g., badges, leaderboards) can reinforce behavior through operant conditioning mechanisms, encouraging users to remain engaged in physical activity (29–31). That said, relying solely on technological feedback may give rise to what is known as “data fatigue”—a drop in user engagement due to repeated exposure to similar forms of motivation over time (32). This suggests that the intervention effect of wearable sports equipment is not merely determined by its technical functions, but is also shaped by individual psychological factors (such as exercise motivation) and external conditions (such as social support). Moreover, during the COVID-19 pandemic, the role of technology in mitigating the negative impacts of isolation on physical and psychological health has been widely acknowledged. For instance, virtual reality fitness was found to mediate the relationship between preventive measures and overall wellbeing, highlighting the potential of technology-assisted interventions in crisis contexts (33).



The relationship between wearable sports equipment, exercise motivation, and physical exercise persistence among college students

The growing popularity of wearable sports equipment—including smart bands and fitness watches—has opened new possibilities for studying college students' exercise behaviors from a technology-enhanced perspective. Research indicates that these equipments, through features like real-time activity tracking (e.g., step count, heart rate, calorie burn) and immediate feedback, contribute meaningfully to users' ability to self-regulate their physical activity (24–26). However, significant differences in the outcomes of equipment usage have been observed between individuals. One possible explanation for this variation is the mediating role of exercise motivation, a core psychological factor (17). According to Self-Determination Theory (SDT), physical exercise persistence is not only linked to external interventions but is also closely related to how deeply an individual internalizes their exercise motivation (34, 35). In this sense, understanding how wearable sports equipment contributes to changes in physical exercise persistence through its relationship with exercise motivation provides critical insight into the underlying psychological mechanisms of technology-based exercise interventions.

A number of empirical studies have shown that wearable sports equipment can play a role in enhancing exercise motivation. For instance, Fritz et al. (20) found that goal achievement feedback provided by these equipments strengthens users' sense of competence, which in turn contributes to higher levels of intrinsic motivation. This finding echoes Bandura's (27) self-efficacy theory, which suggests that when individuals are able to confirm their physical capabilities through objective data, they are more likely to stay engaged in regular physical activity. Among Chinese college students, Tam (28) conducted an intervention study and observed that participants using smart wristbands not only showed a notable increase in daily step count after eight weeks, but also reported higher levels of exercise enjoyment—a key indicator of intrinsic motivation—compared to the control group. These results suggest that wearable sports equipment may support motivation internalization by satisfying the three basic psychological needs outlined in Self-Determination Theory (SDT): autonomy (through self-set goals), competence (through data-based validation), and relatedness (through social features) (36).

That said, it's important to recognize that the relationship between equipment usage and exercise motivation is not necessarily linear. In a longitudinal study, Peng et al. (37) found that while wearable sports equipment initially boosts exercise frequency via external motivation (such as earning virtual badges), long-term physical exercise persistence is more closely related to intrinsic motivation. This highlights a possible “motivation shift” over time—users may rely on external rewards early on, but sustained engagement tends to require internal motivational support. Moreover, overreliance on equipment-based feedback may lead to what has been called “data fatigue” (38, 39), where users grow tired of repetitive motivational patterns and gradually lose interest. This further underscores the need to understand how motivation changes over time, especially when designing technology-based interventions aimed at supporting consistent physical activity. Recent evidence also suggests that coping behaviors play a crucial mediating role in alleviating the effects of a pandemic on students' physical and psychological health, which further underscores the importance of psychosocial factors in health intervention models (40). Furthermore, social support has been identified as a key moderator that enhances the effectiveness of digital interventions, particularly in promoting motivation and adherence among young adults (5, 40).



The relationship among wearable sports equipment, exercise motivation, social support, and college students' physical exercise persistence

As the Healthy China strategy continues to gain traction, college students' physical activity habits have attracted growing academic attention. Wearable sports equipment—such as fitness trackers and smartwatches—have emerged as promising tools for health intervention. By offering real-time monitoring, goal-setting features, and instant feedback, these equipments provide practical technological support for improving physical exercise persistence among college students (41–44). Still, the effectiveness of these tools varies widely between individuals, prompting researchers to take a closer look at the roles of exercise motivation and social support in shaping these outcomes (17). Drawing on Self-Determination Theory (SDT) and the theory of social support, the present study proposes a mediated model in which exercise motivation serves as the psychological mechanism linking wearable sports equipment use to physical exercise persistence. In addition, the model explores how social support plays a moderating role within this process, aiming to provide both theoretical insight and practical guidance for improving physical activity interventions among university students.

Social support serves as a critical moderating factor in this model. Based on social exchange theory, support from peers, family members, or coaches can strengthen the positive outcomes related to wearable sports equipment use (45). Research has shown that users who receive in-person guidance while using such equipments demonstrate physical exercise persistence levels that are 31% higher than those who use the equipments independently (46, 47). Within the Chinese cultural context, Xu et al. (48) found that family support is closely related to enhanced exercise motivation among equipment users (48). This may be because social support offers not only emotional affirmation but also behavioral modeling, which can help users internalize the feedback provided by the equipment more effectively (22, 49). It is worth noting that different types of social support may be related to distinct outcomes. Instrumental support—such as exercising together—tends to be more directly related to physical exercise persistence, whereas emotional support—like encouragement or positive reinforcement—has a more indirect connection by reinforcing exercise motivation (50).



Research hypotheses

Grounded in Self-Determination Theory and the theory of social support, this study proposes the following hypotheses:

H1: The use of wearable sports equipment is positively related to college students' physical exercise persistence.

H2: Exercise motivation plays a mediating role in the relationship between wearable sports equipment and physical exercise persistence.

H3: Social support moderates the relationship between wearable sports equipment and exercise motivation.

H4: Social support moderates the relationship between exercise motivation and physical exercise persistence.

H5: Social support moderates the relationship between wearable sports equipment and physical exercise persistence.

These hypotheses will be tested using a moderated mediation model (see Figure 1). The results are expected to provide insight into how technological interventions interact with psychosocial factors in shaping physical activity behavior among college students. This may offer theoretical guidance for developing tailored health promotion strategies.
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FIGURE 1
Moderated mediation model of wearable sports equipment, physical exercise persistence, physical exercise motivation and social support.




Research method


Participants

This study adopted a stratified cluster sampling method to recruit undergraduate students from six comprehensive universities located in eastern, central, and western China. Among these universities, two were “Double First-Class” institutions and four were ordinary undergraduate universities. The inclusion criteria were as follows: (1) full-time undergraduate students; (2) aged between 18 and 24 years old; (3) no regular physical exercise over the past six months (defined as less than 150 min of moderate-intensity exercise per week); and (4) voluntarily agreed to participate and signed the informed consent form. The exclusion criteria included: (1) individuals with medical contraindications to physical activity; (2) participants currently involved in other exercise intervention programs; and (3) those who experienced difficulties using smart equipments.

A total of 1,286 valid responses were collected (46.0% male, 54.0% female), with an average age of 20.02 ± 1.43 years. Freshmen accounted for 25.0%, sophomores 25.3%, juniors 24.9%, and seniors 24.8% of the sample. In terms of academic majors, 31.3% were from humanities and social sciences, 34.0% from science and engineering, and 34.8% from medical-related disciplines.

The required minimum sample size was calculated using G*Power 3.1 software, with a medium effect size (f2 = 0.15), significance level α = 0.05, and statistical power (1−β) = 0.95. The minimum required sample size for multiple regression analysis was 1,072, indicating that the actual sample size sufficiently met the requirements for statistical analysis. Demographic characteristics of the participants are presented in Table 1. This study was approved by the Ethics Jiangxi Normal University (approval number: IRB-JXNU-PSY-20250016) and all procedures were conducted in accordance with the ethical standards outlined in the Declaration of Helsinki.



TABLE 1 Presents the descriptive statistics and correlations among the main variables.



	Variable
	M
	SD
	WSE
	PEP
	PEM
	SS





	WSE
	2.979
	1.111
	1
	
	
	



	PEP
	2.319
	0.878
	.488**
	1
	
	



	PEM
	2.388
	0.820
	.675**
	.796**
	1
	



	SS
	2.424
	0.847
	.664**
	.826**
	.905**
	1




	Values are Pearson correlation coefficients; **p < .01 (two-tailed).


	N = 1,072. WSE, the use of wearable sports equipment; PEP, physical exercise persistence; PEM, physical exercise motivation; SS, social support.









Research instruments


Questionnaire on the use of wearable sports equipment

The measurement of wearable sports equipment usage was based on a combination of established instruments developed by Song J. et al. (51), including the Perceived Usefulness Scale of Wearable equipments, the Motivation Scale for Using Wearable equipments, and the Trust in Wearable Technology Scale. The original reliability coefficients of these scales were 0.926, 0.928, and 0.937 respectively, and all have been widely applied in previous domestic and international studies.This section of the questionnaire consisted of 34 items in total. The dimension of motivation related to wearable sports equipment usage was measured by 11 items (e.g., “Using wearable equipments encourages me to engage in daily physical activity positively”); perceived usefulness was assessed with 10 items (e.g., “Wearable equipments help me achieve my exercise goals more efficiently”); and trust in wearable technology was evaluated by 13 items (e.g., “I believe the data shown on wearable equipments is accurate”). A 5-point Likert scale was used to score the items, with higher scores indicating a higher level of engagement with wearable sports equipment. To better capture the impact of different types of WSE devices, this study introduced new metrics to differentiate WSE functionalities: device type (basic/professional/social) and core feature usage frequency (e.g., weekly data tracking usage, weekly social interaction participation). This approach will help us explore how different features influence exercise endurance and motivation. In this study, the overall instrument demonstrated strong psychometric properties (Cronbach's α = 0.981, χ2/df = 2.624, CFI = 0.977, TLI = 0.975, RMSEA = 0.036, SRMR = 0.033).



Questionnaire on physical exercise persistence

To measure physical exercise persistence, this study used the “Exercise Adherence Scale” developed by Professor Wang et al. (52). The scale divides physical exercise persistence into three dimensions, with a total of 14 items. The dimension of exercise behavior includes 4 items (e.g., “Each time I engage in physical activity, it lasts for at least one hour”); effort and investment consists of 5 items (e.g., “I actively practice new skills to improve myself”); and emotional experience contains 5 items (e.g., “I enjoy the feeling that physical activity brings to me”). Previous research has shown that the original version of this scale has good reliability and validity, and it has been widely used in China. This questionnaire uses a 5-point Likert scale, with higher scores indicating a higher level of physical exercise persistence. In the current study, this instrument demonstrated strong psychometric properties (Cronbach's α = 0.923, χ2/df = 2.714, CFI = 0.983, TLI = 0.980, RMSEA = 0.037, SRMR = 0.030).




Questionnaire on exercise motivation

To assess exercise motivation, the study employed the Chinese version of the “Motives for Physical Activity Measure – Revised” (MPAM-R), translated and adapted by Chen Shanping based on the local context. The questionnaire evaluates exercise motivation across five dimensions: health, enjoyment, competence, appearance, and social interaction. Each dimension includes 3 items, making a total of 15 items. Participants rated each item using a 5-point Likert scale (from 1 = “Not at all” to 5 = “Very strongly”). During translation and validation, Chen and colleagues tested the feasibility and validity of the instrument. Item analysis showed that all items had good discrimination, internal consistency, and structural validity. The scale has been shown to be suitable for capturing exercise motivation among the target population. Higher total scores reflect stronger levels of exercise motivation. In the current study, this scale also showed good reliability and validity (Cronbach's α = 0.924, χ2/df = 2.750, CFI = 0.981, TLI = 0.978, RMSEA = 0.037, SRMR = 0.030).


Questionnaire on social support

Social support was measured using the Social Support Rating Scale originally developed by Vaux et al. (53) and later revised by Xin et al. (54). The questionnaire across three dimensions: family support, friends support and others support. This instrument contains 20 items, such as “My friends respect me.” Responses were rated on a 5-point Likert scale, ranging from 1 (“Never true”) to 5 (“Always true”). This study adds a distinction between online and offline nature of social support: offline support (such as face-to-face support from family and friends) and online support (such as virtual support from fitness app communities, social media, etc.). In this study, the Cronbach's α coefficient of the scale was 0.930. Higher total scores indicate a higher level of social support. The scale demonstrated good psychometric properties in the current study (Cronbach's α = 0.947, χ2/df = 2.270, CFI = 0.983, TLI = 0.981, RMSEA = 0.031, SRMR = 0.029).




Data analysis

Descriptive statistics, correlation analysis, and common method bias testing were conducted using SPSS 26.0. To examine the mediated model moderated by social support, the study used PROCESS macro (Model 59) in SPSS.




Results


Common method bias test

The analysis involved 42 items in total, from which 9 factors were extracted. The first factor accounted for 29.972% of the total variance, well below the commonly accepted threshold of 50%, suggesting that common method bias was unlikely to pose a serious threat to the findings. The cumulative explained variance reached 67.763%, exceeding the recommended threshold of 60%, indicating that the nine extracted factors were able to represent the variability in the data reasonably well.



Correlation analysis

As shown in Table 1, the descriptive statistics and correlation results for each variable are as follows: the mean score for wearable sports equipment usage was 2.979 (SD = 1.111), for physical exercise persistence was 2.319 (SD = 0.878), for exercise motivation was 2.388 (SD = 0.820), and for social support was 2.424 (SD = 0.847).

The Pearson correlation analysis indicated that wearable sports equipment usage was positively related to physical exercise persistence (r = 0.488, p < 0.01), and also showed significant positive relations with exercise motivation (r = 0.675, p < 0.01) and social support (r = 0.664, p < 0.01) (see Figure 2). In addition, physical exercise persistence was positively related to both exercise motivation (r = 0.796, p < 0.01) and social support (r = 0.826, p < 0.01), while the relation between exercise motivation and social support was also strongly positive (r = 0.905, p < 0.01). These findings provide solid empirical groundwork for the following analysis of the mediated model.
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FIGURE 2
Mediated model with moderation effects.




Test of the mediated model moderated by social support

To examine the moderated mediation effect, we used the PROCESS macro in SPSS, specifically Model 59, to analyze how social support moderates the model and how exercise motivation serves as a mediator. Details of the analysis are presented below:

As shown in Table 2, the results of the moderated mediation model indicated that wearable sports equipment usage was positively related to both physical exercise persistence (β = 0.143, p < 0.001) and exercise motivation (β = 0.117, p < 0.001). Social support was not only directly and positively related to physical exercise persistence (β = 0.449, p < 0.001) and exercise motivation (β = 0.781, p < 0.001), but also significantly moderated the relation between wearable sports equipment usage and the two outcome variables. The interaction terms were statistically significant (β = 0.061 and −0.101, respectively, both p < 0.001). Additionally, exercise motivation showed a significant positive relation with physical exercise persistence (β = 0.289, p < 0.001), and this relation was negatively moderated by social support (β = −0.174, p < 0.001).



TABLE 2 Test of the moderated mediation model between wearable sports equipment usage and physical exercise persistence.



	Variable
	PEP
	PEM



	β
	SE
	t
	p
	β
	SE
	t
	p





	WSE
	0.143
	0.017
	8.666
	<0.001
	0.117
	0.015
	7.714
	<0.001



	SS
	0.449
	0.029
	15.275
	<0.001
	0.781
	0.016
	9.717
	<0.001



	WSE × SS
	0.061
	0.016
	3.883
	<0.001
	−0.101
	0.013
	−7.988
	<0.001



	PEM
	0.289
	0.030
	9.738
	<0.001
	
	
	
	



	PEM × SS
	−0.174
	0.018
	−9.482
	<0.001
	
	
	
	



	N
	1,286
	1,286



	R
	0.907
	0.915



	R2
	0.823
	0.837



	F
	F (5, 1,280) = 188.427, p = 0.000
	F (3, 1,282) = 197.719, p = 0.000




	N = 1,072. WSE, the use of wearable sports equipment; PEP, physical exercise persistence; PEM, physical exercise motivation; SS, social support.







The analysis of the moderating role of social support in the relation between wearable sports equipment usage and exercise motivation (see Table 3) revealed the following: under a low level of social support (−1 SD), wearable sports equipment usage was significantly related to increased exercise motivation [Effect = 0.219, p < 0.001, 95% CI (0.183, 0.255)]; at the mean level of social support, this relation remained significant but was weaker [Effect = 0.117, p < 0.001, 95% CI (0.088, 0.147)]; however, under a high level of social support (+1 SD), the relation was no longer statistically significant [Effect = 0.016, p = 0.452, 95% CI (−0.026, 0.057)]. This pattern suggests that social support significantly moderates the relation between wearable sports equipment usage and exercise motivation, and as the level of social support increases, the positive relation between equipment usage and motivation becomes weaker.



TABLE 3 Moderating effect of social support in the relation between wearable sports equipment usage and exercise motivation.



	Level
	Value
	Effect
	BootSE
	t
	p
	BootLLCI
	BootULCI





	Low (−1SD)
	−1.000
	0.219
	0.018
	11.862
	0.000
	0.183
	0.255



	Mean
	0.000
	0.117
	0.015
	7.714
	0.000
	0.088
	0.147



	High (+1SD)
	1.000
	0.016
	0.021
	0.753
	0.452
	−0.026
	0.057




	BootLLCI refers to the lower bound of the 95% confidence interval obtained through bootstrapping; BootULCI refers to the upper bound of the same interval. The type of bootstrap method used is percentile bootstrap.







As shown in Table 4, the moderating effect of social support on the relation between wearable sports equipment usage and physical exercise persistence also demonstrated clear differences. At a low level of social support (−1 SD), the positive relation between equipment usage and physical exercise persistence was relatively weak but still significant [Effect = 0.082, p < 0.001, 95% CI (0.039, 0.126)]; at the mean level, the relation became stronger [Effect = 0.143, p < 0.001, 95% CI (0.111, 0.177)]; and under high social support (+1 SD), the relation was the strongest [Effect = 0.204, p < 0.001, 95% CI (0.158, 0.250)]. These results suggest that social support enhances the relation between wearable sports equipment usage and physical exercise persistence, with the facilitative effect of equipment usage becoming increasingly stronger as social support rises.



TABLE 4 Moderating effect of social support in the relation between wearable sports equipment usage and physical exercise persistence.



	Level
	Value
	Effect
	BootSE
	t
	p
	BootLLCI
	BootULCI





	Mean−1SD
	−1.000
	0.082
	0.022
	3.717
	0.000
	0.039
	0.126



	Mean
	0.000
	0.143
	0.017
	8.665
	0.000
	0.111
	0.177



	Mean +1SD
	1.000
	0.204
	0.024
	8.701
	0.000
	0.158
	0.250




	BootLLCI refers to the lower bound of the 95% confidence interval generated by bootstrap sampling, and BootULCI refers to the upper bound. The bootstrap method used is the percentile bootstrap approach.







Results shown in Table 5 further revealed that social support significantly moderated the relation between exercise motivation and physical exercise persistence. Under low social support (−1 SD), exercise motivation was most strongly related to physical exercise persistence [Effect = 0.463, p < 0.001, 95% CI (0.396, 0.540)]; this relation weakened but remained significant at the mean level [Effect = 0.289, p < 0.001, 95% CI (0.231, 0.348)]; and under high social support (+1 SD), the relation further declined [Effect = 0.116, p = 0.001, 95% CI (0.046, 0.186)]. These findings indicate a clear pattern of negative moderation: as social support increases, the strength of the relation between exercise motivation and physical exercise persistence becomes progressively weaker.



TABLE 5 Moderating effect of social support in the relation between exercise motivation and physical exercise persistence.



	Level
	Value
	Effect
	BootSE
	t
	p
	BootLLCI
	BootULCI





	Mean −1SD
	−1.000
	0.463
	0.034
	13.606
	0.000
	0.396
	0.540



	Mean
	0.000
	0.289
	0.030
	9.738
	0.000
	0.231
	0.348



	Mean +1SD
	1.000
	0.116
	0.036
	3.234
	0.001
	0.046
	0.186




	BootLLCI refers to the lower bound of the 95% confidence interval generated by bootstrap sampling, and BootULCI refers to the upper bound. The bootstrap method used is the percentile bootstrap approach.







For the group with low social support (see Figure 3), the effect of wearable sports equipment usage on exercise motivation was significant (β = 0.219, t = 11.862, p < 0.001); for each unit increase in wearable sports equipment usage, college students' exercise motivation increased by 0.219 units. However, for the group with high social support, the effect of wearable sports equipment usage on exercise motivation was not significant (β = 0.016, t = 0.753, p > 0.05). This suggests that social support plays a significant negative moderating role in the relationship between wearable sports equipment usage and exercise motivation.
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FIGURE 3
Moderating effect of social support between wearable sports equipment and exercise motivation.


For the group with low social support (see Figure 4), the effect of wearable sports equipment usage on physical exercise persistence was significant (β = 0.082, t = 3.717, p < 0.001); for each unit increase in wearable sports equipment usage, college students' physical exercise persistence increased by 0.082 units. For the group with high social support, the effect of wearable sports equipment usage on physical exercise persistence was also significant (β = 0.204, t = 8.701, p < 0.001); for each unit increase in wearable sports equipment usage, college students' physical exercise persistence increased by 0.204 units. This indicates that social support plays a significant positive moderating role in the relationship between wearable sports equipment usage and physical exercise persistence.


[image: Line graph showing PEP versus WSE levels. Two lines represent Low_SS (triangles) and Hig_SS (squares). Low_SS ranges from about -0.35 to 0.15, and Hig_SS from 0.4 to 0.9, across Low_WSE and Hig_WSE.]
FIGURE 4
Moderating effect of social support on the relationship between wearable sports equipment usage and physical exercise persistence.


For the group with low social support (see Figure 5), the effect of exercise motivation on physical exercise persistence was significant (β = 0.463, t = 13.606, p < 0.001); for each unit increase in wearable sports equipment usage, college students' exercise motivation increased by 0.463 units. For the group with high social support, the effect of exercise motivation on physical exercise persistence remained significant (β = 0.116, t = 3.234, p < 0.01); for each unit increase in wearable sports equipment usage, college students' exercise motivation increased by 0.116 units. This indicates that social support plays a significant negative moderating role in the relationship between wearable sports equipment usage and exercise motivation.
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FIGURE 5
Moderating effect of social support on the relationship between exercise motivation and physical exercise persistence.





Discussion

This study, based on Self-Determination Theory (SDT) and Social Support Theory, explored the mechanisms by which wearable sports equipment influences college students' physical exercise persistence, focusing on the mediating role of exercise motivation and the moderating effect of social support. The findings not only validate the effectiveness of technological interventions in promoting college students' physical exercise behaviors but also reveal the dynamic role of social psychological factors in this process, providing both theoretical and practical guidance for the development of differentiated health promotion strategies.


Direct impact of wearable sports equipment on physical exercise persistence

The study found that the use of wearable sports equipment significantly positively predicted college students’ physical exercise persistence, which is consistent with previous studies (20). According to The study found that the use of wearable sports equipment significantly positively predicted college students' physical exercise persistence, which is consistent with previous studies (20). According to Social Cognitive Theory (27), wearable devices help users build objective exercise cognitions by providing real-time feedback (such as steps, heart rate, and calories burned), thereby enhancing self-efficacy. For example, an intervention study showed that college students who used smart wristbands significantly increased their daily steps and improved self-regulation abilities (22). Additionally, the built-in achievement systems (e.g., badges, leaderboards) in devices reinforce exercise behaviors through operant conditioning (51), which aligns with the direct association between device usage and exercise persistence observed in this study. However, it is worth noting that relying solely on technological feedback may lead to “data fatigue” (38), where users experience burnout due to prolonged exposure to similar motivational patterns. This phenomenon suggests that the effects of technological interventions may be influenced by individual psychological factors (such as motivation levels) (17) and external environments (such as peer support) (46), providing a theoretical foundation for subsequent exploration of the roles of exercise motivation and social support.



Mediating role of exercise motivation

The findings support the mediating role of exercise motivation in the relationship between wearable sports equipment usage and physical exercise persistence, which aligns with the core principles of Self-Determination Theory (17). Specifically, wearable sports equipment fosters the internalization of motivation by fulfilling the three basic psychological needs outlined by SDT—autonomy (setting personal goals), competence (demonstrating ability through data), and relatedness (social functions) (35). For example, empirical research that feedback on goal achievement provided by the equipment enhanced users' sense of competence, thereby increasing their intrinsic motivation (55). In studies with Chinese college students, evidence also showed that experimental groups using smart wristbands experienced a significant increase in exercise enjoyment (a key indicator of intrinsic motivation) (15).

However, the dynamic changes in motivation warrant attention. Longitudinal research indicates that initial equipment use relied on external motivation (such as earning virtual badges) to increase exercise frequency, but long-term persistence was significantly related only to intrinsic motivation levels (23). This finding resonates with the results of the moderating effect analysis in this study, where higher levels of social associated with a smaller promoting effect of exercise motivation on physical exercise persistence. This could be because, in high social support environments, individuals rely more on external incentives (e.g., peer encouragement) (52), whereas, in low social support environments, the role of intrinsic motivation is more pronounced (16).



Moderating effect of social support

The moderating effect of social support in wearable sports equipment interventions presents a complex pattern. First, social support significantly enhanced the direct effect of wearable sports equipment usage on physical exercise persistence. At low levels of social support, the promoting effect of equipment usage was weaker, whereas at high levels of social support, this effect was significantly enhanced (Effect = 0.204, p < 0.001). This result is consistent with the Social Exchange Theory (46), which suggests that support from peers, family, or coaches can amplify the positive effects of technological interventions. For instance, empirical studies found that users who received offline guidance showed significantly higher exercise persistence compared to those using the equipment independently (22). In the Chinese cultural context, that family support significantly enhanced the positive impact of wearable equipment usage on exercise motivation (49). This may be because social support provides emotional validation and helps users internalize equipment feedback through behavioral modeling (47).

However, the moderating role of social support on exercise motivation presents a negative trend. At low levels of social support, the promoting effect of wearable sports equipment usage on exercise motivation was significant, but this effect was no longer significant at high levels of social support. This finding may be related to the “motivational crowding-out effect” (45), where external support (e.g., peer pressure) could undermine the autonomy of intrinsic motivation. Additionally, in high social support environments, users may rely more on interpersonal interactions rather than equipment feedback, leading to the weakening of the psychological mechanisms of the technological intervention (30). This result suggests that when formulating intervention strategies, it is important to balance the use of technology and social support, avoiding an overreliance on a single approach.



Limitations of the study and future directions

Although this study provides important evidence for understanding the mechanisms behind the impact of wearable sports equipment on college students' physical exercise persistence, it still has certain limitations. First, this study employs a cross-sectional design to examine the immediate effects of wearable sports devices (WSE) on college students' exercise persistence. Given that temporal heterogeneity and long-term effects are crucial for technical intervention research, future studies could adopt longitudinal designs (e.g., baseline-3-month-12-month tracking) to further explore the sustained impacts of WSE usage and the evolution of motivation and social support. Additionally, subsequent research could integrate real-world device usage data (e.g., backend data from WSE devices) to investigate potential changes in “data fatigue”. Second, the sample only covered six universities in China and did not sufficiently consider differences in discipline, year of study, or regional variations. Future studies could expand the sample size to improve the external validity of the findings. Furthermore, the study did not differentiate between types of wearable sports equipment (e.g., smart wristbands vs. fitness watches) and their functional characteristics (e.g., feedback frequency, social interaction design). Future research could explore how different technical parameters affect the outcomes of interventions (26).



Future research directions

Future studies could explore the following areas in greater depth: (1) Cross-cultural comparisons to analyze the moderating differences of social support in collectivist vs. individualistic cultures, building on recent frameworks for behavioral change interventions (45); (2) Integration of multimodal data, combining physiological indicators (such as heart rate variability) with behavioral data to construct more accurate predictive models, as demonstrated in recent athlete monitoring studies (13); (3) Optimization of technology pathways, designing dynamic incentive mechanisms based on behavioral economics (e.g., adaptive reward algorithms) to alleviate the issue of “data fatigue”, following principles from just-in-time adaptive interventions (31). These improvements will help promote the precise application of wearable sports equipment in the field of health promotion, particularly through personalized approaches identified in systematic reviews (43).

The findings of this study provide a theoretical foundation for sports intervention programs in higher education. Specifically, tailored WSE (Work-Study Engagement) interventions can be designed for students with varying levels of social support: Students with low social support could enhance their exercise persistence through personalized goals and virtual challenges, while those with high social support might further boost their motivation through group challenges and social interactions. Additionally, universities are advised to integrate WSE data with physical fitness test results to create dynamic health profiles, thereby supporting personalized intervention strategies.




Conclusion

Based on self-determination theory and social support theory, this study explored the mechanisms through which wearable sports equipment influences college students' physical exercise persistence. The findings revealed that the use of wearable sports equipment significantly enhances college students' physical exercise persistence, with exercise motivation playing a partial mediating role. Social support exhibited a complex moderating effect within this model: on one hand, high levels of social support strengthened the direct promoting effect of equipment use on exercise persistence; on the other hand, social support weakened the positive relation between equipment use and exercise motivation and reduced the predictive relation between exercise motivation and physical exercise persistence. This suggests that for individuals with lower levels of social support, equipment use more significantly promotes exercise behavior indirectly by enhancing exercise motivation. In contrast, in high social support environments, the technological intervention provided by the equipment may partly replace the psychological drive of motivation. The results provide a theoretical basis for optimizing interventions in college students' physical exercise strategies, suggesting that differentiated social support plans be integrated with technological interventions to maximize the effect. Future research could further investigate the moderating differences from various sources of social support (e.g., peers, family, coaches) and examine the dynamic changes in long-term interventions.
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