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Introduction: The integration of technology in educational settings, particularly in physical education, has shown potential in enhancing learning experiences and improving physical health outcomes. This study aims to investigate the effects of technology use on student engagement and fitness outcomes, considering the mediating role of student engagement and the moderating influence of personal attributes.

Methods: Utilizing a time-lagged design, the research collected data from 513 Chinese undergraduate students (52% male and, 48% female) aged between 18 and 24 years over three waves using structured questionnaires rated on a 5-point Likert scale.

Results: Results revealed a significant positive relationship between technology use and both student engagement (β = 0.68, p < 0.01) and fitness outcomes (β = 0.60, p < 0.01). Student engagement significantly mediated the relationship between technology use and fitness outcomes (β = 0.57, p < 0.01). Personal attributes moderated the effects of technology use on student engagement (β = 0.54, p < 0.01) and fitness outcomes (β = 0.52, p < 0.01), indicating varied benefits among students based on individual characteristics.

Discussion: These findings highlight the importance of tailoring technological applications in physical education to individual needs, suggesting that personalized approaches can significantly enhance the effectiveness of technology in improving fitness and engagement.
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Introduction

The importance of technology use in physical education has been increasingly recognized in recent years (Niu, 2023), as educators seek innovative ways to enhance student engagement and improve fitness outcomes (Tang, 2023). Technology use refers to the integration of digital tools such as fitness trackers, mobile applications, and interactive software specifically designed for physical education (Zhamardiy et al., 2020). These tools aim to facilitate student participation, provide real-time feedback, and enhance physical activities, making them more engaging and personalized for students (Ferguson et al., 2022). A growing body of research illuminates the transformative potential of technology in educational settings (Deng and Yu, 2023; Fitria, 2023; Timotheou et al., 2023; Wang et al., 2023; Wijayanto et al., 2023), particularly within the realm of physical education (El-Tanahi et al., 2024; Wallace et al., 2023). For instance, Østerlie et al. (2023) have shown that incorporating digital tools like fitness trackers and interactive apps can significantly increase student participation by making activities more engaging and accessible. Furthermore, Arufe-Giráldez et al. (2023) highlights that technology not only facilitates a more interactive learning environment but also provides real-time feedback, enabling students to monitor their progress and adjust their efforts in physical activities. This evidence suggests that technology, when effectively integrated, can serve as a powerful catalyst for enhancing the educational experiences and physical health of students, making a compelling case for its broader adoption in physical education curricula.

While the integration of technology in physical education is often associated with enhancing learning environments and potentially increasing activity levels, there is a notable gap in direct empirical evidence linking technology use specifically to improved fitness outcomes in students. Current literature predominantly highlights the role of technology in facilitating interactive experiences and providing feedback mechanisms (Esteve-Mon et al., 2023), but its direct effect on the physical health improvements over time remains underexamined. This oversight in research highlights the need for a focused examination of how technology impacts actual fitness achievements. Understanding this relationship is essential for substantiating claims about the benefits of technology in physical education (Calderón et al., 2020) and for designing interventions that effectively utilize technology to boost physical fitness (Skarzhinskaya and Sarafanova, 2020), thereby fulfilling the broader educational objectives of health and wellness promotion in schools.

In addition, the study seeks to explore the underlying mediating mechanisms by examining student engagement, a critical component often proposed as a bridge between technology use and fitness outcomes. Student engagement in physical education is defined as the degree to which students are involved, motivated, and actively participating in physical activities within their educational programs (Leo et al., 2022). Student engagement refers to the degree to which students are motivated, involved, and actively participating in physical activities during their educational program (Leo et al., 2022). This concept includes behavioral, emotional, and cognitive components, reflecting how invested students are in the physical education process (Fredricks et al., 2004). While previous research has established that technology can enhance the learning environment and potentially increase activity levels (Calderón et al., 2020), there is a less explored area regarding how this engagement translates into actual fitness improvements. The research gap lies in understanding the mediating role of engagement: how it specifically acts to transform the enhanced interactions provided by technology into measurable fitness gains. This aspect of student engagement is crucial because it provides insight into the process by which technological tools can be leveraged to not only capture students’ interest but also to effectively improve their physical health outcomes. Addressing this gap allows for a more comprehensive understanding of the pathways through which technology influences physical education, offering valuable information for the design of more effective educational tools and strategies.

Moreover, the study seeks to explore the boundary conditions by investigating the moderating influence of personal attributes on the relationship between technology use and fitness outcomes. Personal attributes, such as baseline fitness levels, motivational orientations, and individual attitudes towards physical education (Bishop and Durksen, 2020), can significantly influence how students respond to technological interventions in their classes. While existing research has highlighted the broad benefits of technology in educational settings (Alharthi, 2020), there is a notable lack of detailed understanding of how these effects might vary among individuals with different personal characteristics. This investigation into personal attributes as moderators is crucial because it could reveal that the effectiveness of technology in enhancing fitness outcomes is not uniform but instead depends on specific individual factors. By identifying these conditions, the study can provide more targeted insights and recommendations for customizing physical education programs to better meet the diverse needs of students, thereby optimizing the impact of technology on physical health improvements (Figure 1).
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FIGURE 1
 Proposed theoretical model.




Literature review


Technology use and student engagement

The relationship between technology use and student engagement in physical education is hypothesized to be positively correlated. There is burgeoning evidence that modern students, often termed digital natives, are inherently stimulated by technology (Reddy and Bubonia, 2020; Wallace et al., 2023). When physical education classes incorporate elements such as fitness trackers, interactive apps, virtual reality, and online platforms (Zhamardiy et al., 2020), these tools can transform routine exercises into engaging, personalized experiences. This is further substantiated by Calabuig-Moreno et al. (2020) who argued that students who used fitness apps and trackers in physical education classes showed higher levels of participation and enthusiasm compared to those who did not. Similarly, Yu and Jee (2020) found that interactive technologies in physical education increased student engagement and improved overall physical fitness and health outcomes.

According to Yu (2023), technology facilitates various engaging features that cater to students’ interests and needs. For instance, wearable fitness trackers provide real-time feedback, allowing students to monitor their progress and set personal goals, which can be highly motivating (Ferguson et al., 2022). In addition, interactive apps offer personalized workout plans tailored to individual fitness levels, making activities more relevant and achievable (Zhamardiy et al., 2020). Further, gamification makes physical activities fun and competitive, appealing to students’ sense of play and competition (Ryan and Deci, 2000). These features are expected to boost engagement by making physical education classes more enjoyable and meaningful. In addition, self-determination theory (SDT) posits that engagement is driven by fulfilling autonomy, competence, and relatedness needs. Technology addresses these needs by providing control over learning (autonomy), immediate feedback (competence), and social interaction opportunities (relatedness) (Ryan and Deci, 2000). Empirical evidence supports that technology can foster a more intrinsically motivated and engaged student body.



Mediating role of student engagement

The link between student engagement and fitness outcomes in physical education is essential to understand, as it is believed that higher levels of engagement can significantly boost physical health. When students are deeply involved in physical activities, they are more likely to put forth consistent effort, leading to better fitness results (Nuss et al., 2021). Research by Fredricks et al. (2004) highlights that students who show higher levels of engagement not only perform better academically but also exhibit enhanced physical performance.

According to Noetel et al. (2023), engagement in physical education involves active participation, emotional investment, and cognitive focus on physical tasks. These dimensions collectively ensure that students are not only physically active but also mentally and emotionally committed to improving their fitness. Anchored on the self-determination theory (SDT), when students feel autonomous, competent, and connected to others in their physical education classes, their engagement levels increase, which in turn enhances their physical outcomes (Ryan and Deci, 2000). Empirical evidence supports this notion. For instance, De Bruijn et al. (2020) found a positive correlation between student engagement and the amount of physical activity students performed, which directly improved their fitness levels. This study demonstrates that engaged students tend to participate more vigorously and frequently in physical activities, thereby gaining better fitness benefits. Similarly, Goodyear et al. (2023) showed that students who were more engaged in their physical education classes experienced notable improvements in their cardiovascular health and overall physical condition. This focus on engagement is crucial because it emphasizes the importance of creating a supportive and motivating environment in physical education. When students are engaged, they are more likely to enjoy physical activities and adopt healthier lifestyles, which can have lasting impacts on their fitness and well-being. Hence,

Subsequently, the integration of technology in physical education can significantly enhance student engagement, providing interactive and motivating experiences that capture students’ interest. This heightened engagement, driven by the use of digital tools such as fitness apps and wearable trackers (Goodyear et al., 2023), encourages more consistent and enthusiastic participation in physical activities. As students become more engaged through these technological interventions, they are likely to increase their physical activity levels (Leo et al., 2022), thereby improving their fitness outcomes. Thus, the use of technology not only makes physical education more engaging but also serves as a catalyst for better fitness achievements among students.



Moderating role of personal attributes

Moreover, the study anticipates that personal attributes serve as boundary conditions between technology use and student engagement, as well as the indirect relationship between technology use and fitness outcomes through student engagement. Personal attributes, such as baseline fitness levels, motivational orientation, and individual attitudes toward physical education (Schmidt et al., 2020), are likely to influence how students interact with and benefit from technology in their physical education classes. For example, students with higher baseline fitness levels may be more inclined to use fitness trackers and apps effectively, resulting in greater engagement and subsequent fitness improvements. This notion aligns with findings from Pan (2020), who noted that individuals with a predisposition for physical activity tend to engage more with technological tools designed to enhance their workouts.

Motivational orientation is another critical personal attribute that can moderate the impact of technology on student engagement. According to Ryan and Deci (2000), students who are intrinsically motivated are more likely to engage deeply with educational content, including technology-enhanced physical education. When students find the use of technology enjoyable and aligned with their personal goals, their engagement levels are likely to increase (Lacka et al., 2021), leading to better fitness outcomes. This assumption is supported by the self-determination theory, which posits that autonomy, competence, and relatedness foster intrinsic motivation and engagement.

In addition, individual attitudes towards physical education also play a significant role in moderating these relationships. Students who have positive attitudes towards physical education are more likely to embrace technological tools and incorporate them into their fitness routines. As Alyoussef (2022) highlighted, students’ perceptions of the usefulness and ease of use of technology significantly impact their willingness to engage with it. When students perceive technology as beneficial and easy to use, their engagement increases, subsequently improving their fitness outcomes.

Furthermore, personal attributes may influence the indirect relationship between technology use and fitness outcomes through student engagement. For instance, a student with a high level of intrinsic motivation might not only engage more with the technology but also sustain this engagement over time, leading to more significant fitness improvements. Conversely, a student with lower motivation might initially engage with the technology but fail to maintain this engagement, resulting in less pronounced fitness outcomes.

The moderating role of personal attributes suggests that technology’s effectiveness in enhancing engagement and fitness outcomes is not uniform across all students. As Burton-Jones and Hubona (2005) noted, individual differences can significantly impact how students respond to educational interventions. By identifying and understanding these moderating factors, educators can tailor their approaches to better meet the diverse needs of their students, thereby maximizing the benefits of technology use in physical education.




Hypotheses

Based on the aforementioned justifications, the study puts forth the following hypotheses:


H1: There is a positive relationship between technology use and student engagement.

H2: There is a positive relationship between student engagement and fitness outcomes.

H3: Student engagement mediates the relationship between technology use and fitness outcomes.

H4: The direct relationship between technology use and student engagement is moderated by personal attributes, such as higher levels of personal attributes underpin this association.

H5: The indirect relationship between technology use and fitness outcomes through student engagement is moderated by personal attributes, such as higher levels of personal attributes underpin this association.
 



Methodology


Sample and sampling

This study employed a quantitative methodology with a time-lagged design to investigate the impact of technology use in physical education classes on fitness outcomes, mediated by student engagement and moderated by personal attributes. The research unfolded across three waves spanning over 6 months, each strategically spaced to capture the evolving dynamics of the variables under consideration (Law et al., 2016).

The sampling strategy involved random selection to ensure a representative distribution of the population and to enhance the generalizability of the findings. A unique key was generated for each participant to match the responses across the three waves securely and accurately. This key was explained in a cover letter that accompanied each questionnaire, which also mentioned the study’s adherence to ethical guidelines in line with the Declaration of Helsinki and relevant institutions. Further, informed consent was obtained from all participants, ensuring confidentiality, voluntary participation. The cover letter reassured participants of their anonymity and the secure handling of their data, addressing any potential concerns about privacy. The letter also reiterated the study’s purpose, providing participants with a clear understanding of the importance of their consistent involvement across all three waves.

A total of 500 questionnaires were initially distributed to physical education students enrolled in Chinese universities in the first wave, which focused on collecting data on technology use, personal attributes, and demographic information. Of these, 543 responses were received due to the high participation rate; however, 30 responses were discarded due to incomplete or inconsistent answers, resulting in 513 valid questionnaires for the first phase.

In the second wave, aimed at measuring student engagement, 413 of the initial respondents were re-contacted, and 398 responses were successfully collected. The slight drop in participation was anticipated due to the longitudinal nature of the study.

The third and final wave targeted the measurement of fitness outcomes. All 398 participants from the second wave were invited to continue their participation, and 385 responded. After a detailed examination of these responses, 374 were deemed suitable for final analysis after consolidating the data and ensuring all entries met the study’s stringent quality criteria.

The methodological framework and data collection phases were designed to minimize biases and maximize the reliability and validity of the findings. The time-lagged design allowed for an effective examination of the causal relationships between the variables, providing robust insights into how technology use influences fitness outcomes through mechanisms of engagement, shaped by personal attributes.



Demographic

The demographic profiles of the participants are as follows: the gender distribution was nearly balanced, with 52% of the participants identifying as male and 48% as female. Age was uniformly distributed across the educational years, reflecting participation from all academic levels: 18% were first-year students, 27% were second-year students, 28% were third-year students, and 27% were fourth-year students, ensuring a representation from each stage of undergraduate education. Concerning education, 21% of participants were first-year students, 24% were second-year students, 33% were third-year students, and 22% were fourth-year students. Lastly, baseline fitness level was categorized into three levels to gauge initial physical fitness: 33% of the participants reported a low fitness level, 34% reported a medium fitness level, and 33% reported a high fitness level.



Control variables

In this study, several control variables were included to account for individual differences that might influence the relationships between technology use, student engagement, and fitness outcomes. The control variables—age, gender, education level, and baseline fitness level—were selected based on their potential impact on student responses to physical education interventions. Age was controlled for because physical fitness and engagement levels may vary with the developmental stage, as older students may demonstrate different physical readiness and motivation compared to younger students. Gender was also included to account for potential differences in how males and females engage with physical education and technology, as existing research suggests that males and females may have distinct preferences for fitness-related technology. Education level, or year of study, was controlled because students at different academic stages may have varying levels of engagement with physical education, influenced by their academic experiences and priorities. Baseline fitness level was particularly important, as students who begin with higher fitness levels may engage more actively and effectively with technology-enhanced physical education activities. Baseline fitness can affect a student’s motivation and capacity to respond to physical education interventions, making it a critical factor to control when examining fitness outcomes. By accounting for these variables, the study aimed to isolate the effects of technology use and student engagement on fitness outcomes and ensure that the results were not confounded by these individual characteristics.



Measures

The research instruments for this study were designed to gather precise and reliable data from participants. Structured questionnaires were utilized as the primary data collection tool, featuring items designed to gauge perceptions and behaviors across several dimensions related to technology use, student engagement, fitness outcomes, and personal attributes in physical education settings. To ensure a standardized approach to responses, each item in the questionnaires was formatted using a 5-point Likert scale, ranging from 1 (“Strongly Disagree”) to 5 (“Strongly Agree”).

The technology use scale was adapted from existing validated instruments found in the work Kahveci (2010) and included five specific items. A sample item from this scale is, “I frequently use digital tools and apps in my physical education classes.” Similarly, the items measuring student engagement were developed by drawing insights from the foundational research by Fredricks et al. (2004), ensuring that the constructs were contextually relevant and grounded in educational psychology. The fitness outcomes scale included measures such as “My endurance has improved since the start of the semester,” reflecting physical development attributes typically impacted by engaged participation in physical education, adapted from Caspersen et al. (1985). Lastly, the personal attributes items were influenced by the work of Reeve (2013), and included elements such as motivation and discipline, crucial for understanding individual differences in physical education engagement and outcomes.




Results

To examine the presence of common method variance (CMV), Harman’s single factor technique was employed. The observed variables were evaluated by exploratory factor analysis, employing an unrotated solution and constraining the number of factors to one for the purpose of examining single factor assessment. The finding reveals that the maximum variance explained by single factor was 30.342% of the total variance, falling below the threshold of 50%, suggesting that the dataset did not exhibit any concerns related to common method variance (CMV) (Podsakoff et al., 2003). While this is a commonly used method, it has limitations, particularly in its sensitivity to detect more subtle forms of method bias. As such, relying solely on Harman’s single-factor test may not provide a comprehensive assessment of CMV. To further strengthen the credibility of the results, future research could consider additional techniques for assessing CMV, such as the marker variable technique.

The study conducted confirmatory factor analyses (CFAs) using Mplus 7.4 to evaluate the discriminability of four key constructs: technology use, student engagement, fitness outcomes, and personal attributes. The analysis revealed that the proposed four-factor model demonstrated a good fit with the collected data, with a Chi-Square (χ2) value of 339.03 and 271 degrees of freedom, suggesting the model’s adequacy in representing the observed data. The Comparative Fit Index (CFI) and the Tucker-Lewis Index (TLI) both stood at 0.97, indicating a high degree of fit relative to the independent model. The Root Mean Square Error of Approximation (RMSEA) was 0.05 and the Standardized Root Mean Square Residual (SRMR) also at 0.05, both of which further support the model’s goodness of fit.

In comparison, alternative models demonstrated poorer fit indices: a three-factor model combining Technology Use and Student Engagement resulted in a χ2 of 755.24, CFI of 0.92, TLI of 0.92, RMSEA of 0.07, and SRMR of 0.09; a two-factor model that merged technology use, student engagement, and personal attributes showed a χ2 of 3230.97, CFI of 0.68, TLI of 0.65, RMSEA of 0.17, and SRMR of 0.21; and a one-factor model combining all four constructs had a χ2 of 6402.00, CFI of 0.31, TLI of 0.33, RMSEA of 0.27, and SRMR of 0.29. These comparisons underscore the superior performance of the four-factor model over the alternatives, affirming the distinctiveness of the constructs within the study.

Table 1 presents the descriptive statistics and correlations for the constructs of technology use, student engagement, fitness outcomes, and personal attributes measured at different times. The Cronbach’s alpha values, indicating internal consistency, are exceptionally high for all constructs, ranging from 0.90 to 0.97, which suggests that the scales used to measure these constructs are reliable.



TABLE 1 Correlations and descriptive statistics.
[image: Table1]

Technology use (T1) has a mean of 4.07 and a standard deviation of 0.50. It shows significant negative correlations with student engagement (T2) and personal attributes (T1), with coefficients of −0.49 and −0.29 respectively, indicating that higher technology use may be associated with lower student engagement and less favorable personal attributes. It also negatively correlates with fitness outcomes (T3) but to a lesser extent, with a coefficient of −0.20.

Student engagement (T2) is recorded with a mean of 3.91 and a standard deviation of 0.89. It positively correlates with fitness outcomes (T3) and personal attributes (T1), with coefficients of 0.62 and 0.22, suggesting that higher engagement is linked with better fitness outcomes and more favorable personal attributes.

Fitness outcomes (T3) has a mean of 3.83 and a standard deviation of 0.85, showing positive correlations with both student engagement (T2) and personal attributes (T1) with coefficients of 0.20 and 0.21, respectively. This indicates that improvements in fitness outcomes are moderately associated with higher engagement and more favorable personal attributes.

Personal attributes (T1) has a mean of 3.87 and a standard deviation of 0.83, and it shows a positive correlation with fitness outcomes (T3) and a negative correlation with technology use (T1), suggesting that favorable personal attributes might support better fitness outcomes while potentially being compromised by higher technology use.

Overall, the table reflects a complex interaction between technology use, student engagement, personal attributes, and fitness outcomes, highlighting the intricate dynamics within physical education settings.

The analysis of control variables provided additional insights into how individual differences affected student engagement and fitness outcomes. Age did not significantly influence either student engagement or fitness outcomes, indicating that the effects of technology use were consistent across different age groups. However, gender had a significant impact on fitness outcomes, with male students reporting slightly higher improvements in their fitness levels compared to females, although gender did not significantly affect student engagement. Education level showed a small but notable effect on student engagement, with students further along in their studies displaying higher engagement in physical education activities. This suggests that older students may have more developed skills or motivation to engage in physical education. In contrast, baseline fitness level was a strong predictor of fitness outcomes, as students who started with higher levels of fitness experienced greater improvements. However, baseline fitness had no significant effect on student engagement, suggesting that students across fitness levels were similarly engaged with the technology-enhanced activities.

In addition, Table 2 outlines the results of hypothesis testing for the study, examining the effects of various factors on student engagement and fitness outcomes at both individual and group levels.



TABLE 2 Hypothesis testing.
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At the individual level, age showed no significant impact on student engagement or fitness outcomes, with beta coefficients near zero and high p-values, indicating a lack of strong influence. Gender also did not significantly affect student engagement, but it did positively impact fitness outcomes, suggesting that gender might play a role in how fitness is affected in the educational context. Education level had a small but significant positive effect on student engagement, suggesting that higher educational levels might boost engagement in physical activities. Baseline fitness level and student engagement, when tested as predictors, showed no significant influence on the fitness outcomes, although the directions of their effects were positive.

The results from Table 2 strongly support the hypothesis that technology use significantly enhances both student engagement and fitness outcomes in physical education classes. The positive impact of technology use is reflected in the substantial beta values for student engagement (β = 0.68, p < 0.01) and fitness outcomes (β = 0.60, p < 0.01), indicating that technology integration is crucial for improving these aspects of physical education.

Personal attributes also play a significant role in influencing both student engagement and fitness outcomes, as evidenced by positive beta values (β = 0.54 for engagement and β = 0.52 for fitness outcomes, both with p < 0.01). This finding suggests that individual characteristics can significantly contribute to how students engage and benefit from physical education programs.

Furthermore, the interaction between technology use and personal attributes shows even stronger effects, with beta values of β = 0.57 for engagement and β = 0.63 for fitness outcomes (both p < 0.01). This interaction indicates that the benefits of technology use are enhanced when aligned with favorable personal attributes, leading to even greater improvements in engagement and fitness outcomes. The result of this analysis is also shown in the form of simple slope analysis in Figure 2.

[image: Figure 2]

FIGURE 2
 Moderation effect of personal attributes.


Overall, these results highlight the critical importance of considering both technology use and personal attributes in designing effective physical education programs that can significantly enhance student engagement and fitness outcomes. The findings support the integration of tailored technological solutions that complement individual student characteristics to maximize educational and health benefits in physical education settings.



Discussion

The study set out to explore the relationship between technology use in physical education and its impact on student engagement and fitness outcomes, while examining the mediating role of student engagement and the moderating effects of personal attributes. We successfully met these objectives, offering a nuanced understanding of how technology influences physical education.

First and foremost, technology use and fitness outcomes demonstrated a significant positive relationship, indicating that the incorporation of technology in physical education leads to improved physical health metrics among students. This aligns with findings from prior research such as Lai and Bower (2019) and (Yu, 2023), which suggest that technological tools can enhance the learning environment by providing interactive and engaging ways to participate in physical activities. These tools not only facilitate a more dynamic interaction with physical education content but also provide immediate feedback that can motivate students to push their physical limits (Lai and Bower, 2020).

Second, the role of student engagement as a mediator adds depth to our understanding. It suggests that technology’s impact on fitness outcomes is partially driven by how it increases student engagement. This is in line with theories like the Self-Determination Theory (Ryan and Deci, 2000), which emphasize the importance of engaging educational environments in enhancing intrinsic motivation, thereby improving learning and performance outcomes. In our study, the data indicated that higher levels of engagement, fostered by technology use, directly correlate with better fitness results, supporting the argument that engaged students are more likely to benefit physically from their educational experiences.

Moreover, the moderating role of personal attributes revealed that the benefits of technology in physical education are not uniformly experienced by all students. Instead, these benefits are more pronounced in students with specific characteristics such as higher baseline fitness levels or more positive attitudes towards physical education. This insight is crucial as it suggests that while technology can be a powerful tool, its effectiveness is contingent on individual differences (Chocarro et al., 2023). This finding encourages further investigation into personalized educational approaches that could maximize the effectiveness of technology-based interventions.

The moderated mediation analysis further demonstrated that the relationship between technology use and fitness outcomes through student engagement is significantly influenced by personal attributes. This complexity highlights the importance of considering individual student profiles when designing and implementing technology in physical education programs, ensuring that these interventions are tailored to meet diverse student needs and optimize educational outcomes.

In summary, the study contributes to the broader discourse on educational technology by demonstrating that while technology can significantly enhance physical education outcomes, the extent of its effectiveness depends substantially on how it interacts with student engagement and individual differences. This calls for a more personalized approach in the deployment of technology in educational settings, aiming to cater to the varied needs of students to fully harness the potential of technological advancements in education.


Theoretical implications

The theoretical implications of this study are profound, contributing significantly to our understanding of the dynamics between technology use in educational settings, particularly in physical education, and its effects on student outcomes. These findings enrich the theoretical landscape in several key ways.

Firstly, the positive relationship between technology use and both student engagement and fitness outcomes support and extends existing educational theories that advocate for the integration of technology to enhance learning experiences. The findings affirm theories like the Technology Acceptance Model (TAM, Natasia et al., 2022), which posits that perceived usefulness and ease of use influence individuals’ acceptance and use of technology. By demonstrating that technology use in physical education can lead to improved fitness outcomes, this study provides empirical support for TAM in the context of physical education, suggesting that the benefits of technology are not only perceived but are also manifested in tangible improvements in student fitness levels.

Moreover, the mediation effect of student engagement between technology use and fitness outcomes offers a theoretical extension to the Self-Determination Theory (SDT, Ryan and Deci, 2000). According to SDT (Ryan and Deci, 2000), supportive environments that fulfill students’ needs for autonomy, competence, and relatedness can enhance motivation and engagement. The findings from this study suggest that technology acts as a catalyst in this environment, enhancing engagement by providing students with innovative and interactive ways to participate in physical activities, which in turn improves their physical health. This reinforces the importance of engagement as a central mechanism through which technology influences educational outcomes, emphasizing the need for educators to focus on how technology can foster an engaging learning environment.

Additionally, the moderation of these effects by personal attributes introduces a nuanced perspective to the discussion, aligning with the Differentiated Instruction (DI) theory (Griful-Freixenet et al., 2020) which advocates for educational practices that are responsive to individual learner differences. The moderating role of personal attributes, particularly baseline fitness levels and motivational orientation, provides key insights into how students interact with technology in physical education. Students with higher baseline fitness levels may find technology-enhanced activities more engaging because they are already physically prepared to participate more actively. Their prior experience with physical activity could make them more confident and comfortable using fitness apps and trackers, leading to greater engagement and improved fitness outcomes. On the other hand, students with lower baseline fitness levels may encounter more challenges when engaging with physical tasks, which could lower their overall engagement. However, personalized workout plans and real-time feedback provided by technology could still offer benefits to these students, as they can track their progress and work toward achievable goals. This suggests that tailored interventions might be necessary to maximize the engagement and fitness outcomes for students with lower fitness levels.

Motivational orientation also plays an important role in moderating these relationships. Students with a higher level of intrinsic motivation are likely to engage more deeply with technology-enhanced physical education, as it aligns with their personal goals for self-improvement and health. The autonomy and real-time feedback provided by the technology meet their intrinsic needs for competence and achievement, further enhancing their engagement and fitness outcomes. In contrast, students with lower motivation may require more external encouragement or simplified technological features to stay engaged. These findings emphasize the need for educators to personalize technology-based interventions in physical education, taking into account the unique characteristics of each student, such as their baseline fitness levels and motivational orientation. By doing so, educators can optimize the benefits of technology and create more effective learning experiences for all students.



Practical implications

The practical implications of this study are significant for educators, policymakers, and curriculum designers, particularly in physical education. The findings provide actionable insights into how technology can be strategically utilized to enhance student engagement and improve fitness outcomes, informing several practical applications in educational settings.

The positive impact of technology use on student engagement and fitness outcomes suggests that schools and educational institutions should increase the integration of digital tools, such as fitness trackers, interactive apps, and virtual reality systems. These tools can make physical activities more engaging and measurable. Educators should be trained not only in the technical use of these tools but also in pedagogical strategies that leverage technology to enhance student motivation and participation.

Given the moderating role of personal attributes, it is essential for physical education programs to adopt personalized approaches. Assessing students’ baseline fitness levels, motivational orientations, and other personal characteristics at the beginning of courses can allow educators to tailor the use of technology accordingly. For example, students with lower fitness levels could benefit from technology-enhanced activities designed to gradually build their confidence and fitness.

These findings can also inform curriculum development, ensuring that technology is integrated in ways that align with educational goals. Curriculum designers should focus on structured lesson plans that incorporate technology for both instruction and feedback, providing students with a clear understanding of their progress and areas for improvement. Furthermore, the development of tailored interventions that consider individual student differences can further enhance engagement and outcomes.

In addition, the study suggests incorporating the taxonomy of teacher motivational behaviors (TMBs, Ahmadi et al., 2023). Using this classification of 57 behaviors related to autonomy, competence, and relatedness, educators can better support student motivation. For instance, offering choice in physical activities, providing individualized feedback, and fostering a supportive environment can enhance engagement and fitness outcomes.

At the policy level, the findings support the need for funding and resource allocation to expand technology integration in physical education. Policymakers can use this data to justify budget increases or to pilot programs that explore new forms of technology-enhanced physical education.

Lastly, schools should implement long-term monitoring and assessment strategies to evaluate the ongoing impact of technology on student engagement and fitness outcomes. This could include periodic surveys, fitness assessments, and feedback sessions, which would allow schools to continuously refine their approaches and maximize the benefits of technology in education.

By implementing these practical implications, educational institutions can significantly enhance the effectiveness of their physical education programs, leading to more engaged students and improved health outcomes.




Limitations and directions for future research

While this study provides valuable insights into the use of technology in physical education, it also comes with certain limitations that warrant further reflection. First, the sample was limited to Chinese undergraduate students, which restricts the generalizability of the findings to other cultural or age demographics. Physical education practices, technology adoption, and engagement with fitness tools may vary significantly across different cultural contexts, making it important to replicate this research with more diverse populations in future studies. Furthermore, the age group of undergraduate students might limit the applicability of the findings to other educational levels, such as high school students or adult learners.

A second important limitation lies in the reliance on self-reported measures for technology use, student engagement, and fitness outcomes. Self-reported data may introduce biases, such as social desirability bias, where participants might overstate their engagement or fitness improvements. This method of data collection may also be prone to inaccuracies due to the subjective nature of self-assessment. Future studies could enhance data accuracy by incorporating more objective measures of fitness, such as standardized fitness tests or wearable fitness trackers, which could offer more reliable insights into the actual physical improvements achieved.

Additionally, the relatively short time frame of this study limits the ability to make conclusive statements about the long-term effects of technology use on fitness and engagement. The time-lagged design allowed for observation of short-term changes, but a longer-term longitudinal study would provide more robust evidence of how technology influences physical fitness and student engagement over time. A study with multiple follow-up points could also better assess the sustainability of the benefits associated with technology use in physical education.

The study also did not differentiate between various types of technology, which may have different impacts on student engagement and fitness outcomes. Different digital tools, such as fitness trackers, virtual reality systems, or mobile applications, may influence student engagement and outcomes in unique ways. Future research could explore the comparative effects of different types of technology to better understand which tools are most effective in enhancing student engagement and fitness in physical education settings.

Finally, while personal attributes were considered as moderating factors, other important variables, such as socio-economic status, technological literacy, or institutional support for technology use, were not included in the analysis. These factors could significantly impact the effectiveness of technology-enhanced physical education, and their inclusion in future studies could provide deeper insights into the conditions under which technology enhances educational outcomes.

Future research should address these limitations by expanding the study to include more diverse populations from different regions and educational levels, incorporating objective measures of fitness and engagement, extending the study’s duration, and exploring a wider range of moderating variables. These efforts would not only improve the theoretical frameworks underpinning this field but also refine the practical applications, leading to more personalized and effective educational strategies.



Conclusion

The study highlights the significant positive impact of technology use on student engagement and fitness outcomes in physical education, emphasizing the potential of digital tools to enhance learning experiences and promote physical well-being. The findings reveal that technology’s effectiveness is mediated by student engagement and moderated by individual attributes, suggesting that personalized approaches in educational technology could maximize its benefits. While the study provides a solid foundation for integrating technology in physical education, future research should aim to address its limitations by expanding the participant base, refining measurement methods, and exploring long-term effects. By continuing to explore these areas, educators and policymakers can better harness the transformative potential of technology to enrich physical education programs across diverse educational settings.
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