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ABSTRACT

This study investigates the potential of utilizing data-driven approaches in physical education (PE) to enhance student performance, lesson planning, and
personalized learning. The growing role of technology in education, particularly wearable devices and fitness tracking tools, provides a unique opportunity to tailor
PE programs to individual student needs while increasing engagement. The research aims to address three key questions: How can wearable devices and fitness
apps be integrated into PE to track student performance? In what ways can data-driven approaches improve lesson planning? How do data-driven tools support
personalized learning and boost student engagement in PE? The study employs a mixed-methods design, collecting both quantitative data through fitness trackers
and qualitative data from interviews with teachers and students. Findings suggest that data-driven tools significantly enhance lesson planning by providing real-
time insights into student progress, allowing teachers to adjust activities based on individual performance. Furthermore, personalized learning through data tracking
has been shown to improve student engagement, particularly in heterogeneous classrooms with varying skill levels. The implications of these findings emphasize
the importance of incorporating data into PE to inform instructional decisions and foster lifelong physical activity habits among students. By leveraging technology,
PE programs can become more adaptable, inclusive, and effective in promoting physical literacy and well-being.
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Introduction

The role of physical (PE) education is indispensable when it comes to ensuring that students become physically literate—equipped with the skills,
knowledge, and confidence to lead physically active lives and develop a healthy level of fitness for life. PE is important for more than just physical
education however; it also plays a significant role in cognitive development, mental wellness and social well-being by promoting teamwork, discipline,
and resilience (SHAPE America, 2014). On the contrary, PE has used a standardized teaching approach for many years without addressing the individual
differences of the students in skill level, learning style and motivation. Most assessment in physical education (PE) historically has been through
observation (sometimes associated with direct coding methods), elementary fitness testing, and teacher evaluation. Although useful, these techniques do
not offer real-time data or specifically target individual student needs and therefore prevent opportunities for improved engagement and performance
(Macdonald, 2011). However, ongoing technological development and its increased importance in education provide a valuable opportunity to advance
upon these traditional approaches. In particular, the role of wearables and fitness trackers could change the nature of PE by enabling real-time assessment
of student performance, providing information on physical activity level, and assisting with personalised learning on the basis of each student’s personal
strengths and weaknesses (Graham et al., 2017). Wearable technology, including heart rate monitors, pedometers, and fitness apps, is now more accessible
and affordable than ever, which means improving lesson planning for physical activity-related outcomes, evaluating progress, and motivating students
with accurate physical activity data has never been easier (Cunningham & Standish, 2020). Despite the promise of these technologies, the substantive
benefits of technology are often realised only when combined with the right level of integration (Baker et al., 2009) and PE teachers have to deal with a
number of challenges including: resistance to technology, equitable access, and data load (Pill &0'Donovan, 2019). PE can use data-driven tools to meet
these challenges and improve learning. Real-time insights from data support the ability for teachers to track the progress of individual students and modify
lessons based on performance, and to meet the unique needs of learners. This move from universal lesson planning with technology to individualized
lesson planning with use of technology is significant, as it allows the student to establish their own objectives, track their own progress, and utilize instant
feedback (Miller et al., 2021). In addition, these tools can highlight development opportunities, which create a basis for tailored solutions that improve
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engagement and drive performance. That said, in PE the effective use of data-driven approaches requires knowledge of how technology can be used in
pedagogically valuable, equitable and learning relevant manners.

Purpose of the Study

This study aims to explore how data-driven tools, such as wearable devices and fitness tracking apps, can be utilized to monitor student performance,
improve lesson planning, and support personalized learning in physical education. The research will examine the ways in which data can be harnessed to
enhance student engagement, track progress over time, and enable teachers to create individualized lesson plans that better meet the needs of diverse
learners. By investigating the role of technology in PE, this study seeks to provide a deeper understanding of how these tools can inform teaching strategies
and foster more active, motivated, and self-aware students.

Research Questions

The study intends to address the following key research questions:
1. How can wearable devices and fitness apps be integrated into PE programs to track student performance and progress?

2. In what ways can data-driven approaches enhance lesson planning and teaching strategies, allowing for more personalized and effective
instruction?

3. How do data-driven tools support personalized learning in PE, and what impact do they have on student engagement, motivation, and
performance?

Significance of the Study

The importance of this study is to continue building some of the fundamental knowledge as physical education continues to undergo a transformation
through technology. The study will provide insight into how PE programs may be adapted to students individually using data-driven tools, ensuring every
child has the chance to succeed as an intact person, physically, mentally, and socially. This will show the impact that these tools have on student
performance, lesson planning, effort, and even personal learning. The study will demonstrate the role that data from PE plays in informing decisions-
based practice to enable long-term participation in physical activity and wellness behaviours therefore living a healthy life for a lifetime. Amid the
evolution of PE, responding to educational demands and technological advancements, this research will serve as guidance for the most appropriate ways
to embed technology to improve the PE learning experience, achieve better outcomes, and facilitate persistent engagement with PE.

Literature Review related to the study

Historically, PE has been implemented through group-based pedagogies that stress skill learning, fitness testing and mass assessment. Such traditional
approaches, typically dependent on teacher observations and fitness assessment tests, intended to evaluate students' physical capacities through
standardized models that emphasize skill practice, games and general fitness objectives (Liu et al., 2021). Examples of such measures have included lap
running, push-up performing, and the President's Challenge, which are among many commonly practiced and have been used to assess physical
performance (Pate et al., 2006). Yet, despite being general indicators of student fitness, these methods do not cater to the skill levels, fitness backgrounds,
and personal interests of the students (Macdonald, 2011), collectively resulting in the disengagement or demotivation of the cohort. This has led to
increased demand for more personalized and learner-centric approaches that can serve a large variation of students. More recently, a move away from the
assessment of fitness scores to a more dynamic, participatory PE curriculum has emerged with an emphasis on lifelong physical activity, active lifestyles,
and student participation (Harris & Cale, 2021). Technology and data-driven tools such as wearables and fitness apps offer the ability to move away from
the status quo towards more individualized, adaptive, and evidence-based instructional practices (Cunningham & Standish, 2020), (Cunningham &
Standish, 2020).

Role of Technology and Data in Education

The role of technology in education has grown tremendously, with the increasing focus on the implementation of data-oriented tools that work to maximize
the output of teaching and enhancement of information or learning. It includes everything from online learning management systems to wearable fitness
trackers and the emergence of these products is changing the way students interact with content, and the way teachers measure and track their progress.
Technology in physical education is a key element of personalized learning due to its ability to offer immediate feedback on student performance
(Tomasini et al., 2020). Wearable devices including heart rate monitors, pedometers and smartwatches enable physical education teachers to monitor
students' physical activity levels, fitness metrics and health indicators such as heart rate variability, energy expenditure and steps per day (Schmidt et al.
It can be used to automatically adapt lesson plans in real time, ensuring that kids are adequately challenged according to their unique fitness levels and
progression. Mobile fitness apps have also been integrated into PE curricula where pupils can devise personal fitness goals, log their progress and interact
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with PE content outside of the traditional classroom (Benson et al., 2020). Using of these technology tools, teachers can create more flexible and
comprehensive learning environments that help all students, no matter their baseline fitness, to succeed.

Personalized Learning in Physical Education

Personalized learning in physical education is an approach that focuses on customizing the learning environment to individual learner needs, strengths,
and interests so that each student is able to work at his or her optimum rate of progress while reaching his or her desired level of success. A problem with
conventional PE has been an approach that utilizes similar activities for all students, regardless of motor ability, fitness level or interests (Macdonald &
Kirk, 2021). Much of the recent movement has been to incorporate the personalized learning strategies based on data from wearables, fitness apps, and
student assessments to move lessons to tailor to each learner (Miller et al., 2021). An example of this is if a student is weak in endurance, you might
provide additional support through personalized running plans designed to gradually increase endurance, and if a student is very strong, you might provide
the student with more complex exercises. In this context, this use of data empowers teachers to reach their students individualized physical activity goal
to stay involved in PE (Graham et al. 2017). Additionally, personalized learning encourages students to become intrinsically motivated to learn because
they can track their own progress, create their own goals, and experience success in a way that is significant to them. Technology thereby contributes to
both the personalization of fitness activities as well as increases in self-regulation and ownership in students (Tomasini et al., 2020).

Challenges and Opportunities of Data-Driven Approaches

Although data-driven physical education has great promise, there are various challenges to using them. The digital divide is one of the major barriers; the
use of wearable devices and fitness tracking apps are not accessible to all students, which is especially apparent in lower-income schools or areas with
limited resources (Cunningham & Standish, 2020). There are also gaps in professional development that can address many of these barriers in ensuring
that PE teachers have the skills and knowledge to successfully incorporate technology to teaching practices. While these technologies have great potential,
there may be a disconnect here as many PE teachers may not know how to analyze the data that these tools produce or use it to inform instruction (Pill &
O’Donovan, 2019). Still, major opportunities exist for data-driven approaches, despite these challenges. Using data leads to a more precise measurement
of how students are progressing, allows lessons to be adjusted on the fly, and facilitates a deeper understanding of your students’ individual needs
(Tomasini et al., 2020). Relatedly, they also justify the data-driven PE programs due to the fact that as more schools started adopting these technologies,
the prevalence and the costs of devices and apps may reduce some of the barriers, making data-driven PE programs more attainable in the future (Schmidt
et al., 2021). Tracking this performance over time gives valuable insights to students and teachers that can help improvements to the individual as well
maintaining physical activity engagement.

Methodology related to the study
Research Design

Utilizing a mixed-methods research design, the study synthesizes quantitative and qualitative characteristics of the use of data-driven tools in physical
education (PE) to provide a comprehensive view about its impact. While the qualitative aspect is transitional based, the quantitative component is
collective-based with the most common of the wearable devices and fitness apps tracking the level of movement, heart rate, steps performed, and various
quantifiable elements of health for every student. The qualitative part will consist of interviews and surveys for both students and teachers to provide
understanding of their experiences, perceptions, and attitudes related to integrating technology in PE. This design was selected to foster the triangulation
of the data, both the statistically grounded quantitative data (to provide quantifiable measurement) and the rich qualitative data (to provide personal
insight) (Creswell, 2014) as this breadth of data enables deeper insights on how data-driven approaches impact PE pedagogies and practices. Additionally,
this design also enabled a more differentiated evaluation of the effectiveness of these technologies where both trends in performance (quantitative) and
student experiences (qualitative) were documented, lending itself to the innovativeness of the teaching strategies that were explored.

Participants

This study participants consists of 200 middle school students (ages 12-14 years) from three different schools in urban, suburban, and rural schools. The
composition of the subjects gives us a balance of race and gender with a variety of socio-economic backgrounds to make it representative of the student
population as a whole. Schools in the study were chosen as early adopters of P.E. programs based on data trends and the technology required such as
wearables and fitness apps were available to make it happen. Their students were either assigned to a control group, continuing with traditional PE
teaching methods, or an experimental group in which students tracked performance and used apps for performance tracking and personalized learning
with the aid of wearable devices. Random assignment to a wait-list group and an intervention group helped decrease selection bias, and indicated any
differences between them were due only to the intervention (Shadish, Cook, & Campbell, 2002).

Instruments and Tools

Wearable devices like the Fitbit Charge 4s and heart rate monitors provide data on student performance. They measured important features including
steps, kilocalories, heart rate, and active minutes from PE lessons and the whole day with these gadgets. Furthermore, fitness apps such as MyFitnessPal
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and Strava were used to set goals, track progress, and feedback for students. Apart from them, Learning management systems (LMS) such as Google
Classroom were also used to share lesson plans, attendance and also for teacher-student communication. For qualitative data, 15 students from the
experimental group and 5 PE teachers were interviewed through semi-structured interviews to investigate their perception regarding the data-driven
approach and its effect on engagement, motivation and performance. All participants were sent surveys to gain further insights into their experiences of
the technology and how well it was integrated into their PE classes.

Data Collection Procedures

We collected data during a single semester, spanning 12 weeks in the fall. Students in the experimental group had wearable devices and fitness apps on
during PE classes while those in the control group still had traditional physical activities and assessments. Weekly information on student activity steps,
calories and heart rate, was measured via the devices and apps. The teachers tracked progress through data from the apps and tailored the lesson plans
based on individual student needs to ensure activities remained challenging. Qualitative data on user experience and perceptions of the intervention were
collected via interviews with students and teachers, conducted at midpoint and end of the study. At the conclusion of the study, the surveys were used to
assess the potential impact of the data-driven approach on student and educator satisfaction and to evaluate the effectiveness of the approach in affecting
engagement and motivation. Along with responses from the questionnaire, data from the LMS, such as engagement and assignment submission rates,
were recorded to complement and provide a broader understanding of the intervention (e.g. engagement impact on students).

Data Analysis Methods

Statistical tests, such as paired t-tests and analysis of covariance (ANCOVA), were used to analyze the quantitative data and to compare the pre- and
post-performance measures (e.g., steps, calories, heart rate) calculated for the experimental group with those in the control group. This would allow for
quantification of any differences in physical activity response attributable to the data-driven method. The data were summarized using descriptive
statistics, including means and standard deviations. Thematic analysis was used to identify major themes and patterns from the interviews and surveys
for the qualitative data. Transcripts were coded in NVivo and themes including factors that foster student engagement and motivation and perceptions of
the effectiveness of the data-driven tools were analyzed. These data were then triangulated to gather a richer perspective of the experience of the
intervention—objective analysis versus subjective sentiment, volunteer student versus teacher (Braun & Clarke, 2006). Specifically, analysis of
experimental data was conducted to respond to the research questions by comparing the effects of the data-driven approach vs traditional methods on
student performance, engagement and overall satisfaction.

Data analysis and results

Quantitative Findings

The quantitative analysis revealed significant improvements in student performance and engagement in the experimental group, which used data-driven
tools, compared to the control group, which adhered to traditional PE methods. A paired t-test was conducted to compare the pre- and post-intervention
data on key performance metrics, including steps taken, calories burned, and active minutes. The results indicated a statistically significant increase in
physical activity for the experimental group. Specifically, the experimental group showed a 25% increase in daily steps (M = 7,500, SD = 1,200) from
baseline to post-intervention, compared to the control group, which showed a 5% increase (M = 6,500, SD = 1,100), with a t(98) = 6.85, p < 0.001.
Similarly, the experimental group demonstrated a 20% increase in calories burned during PE sessions (M = 350, SD = 50) compared to an 8% increase
in the control group (M = 300, SD = 45), with a t(98) = 5.39, p < 0.001. Furthermore, the experimental group exhibited a 15% increase in heart rate
variability during physical activities, indicating a higher level of cardiovascular fitness and recovery compared to a 3% increase in the control group.
These findings suggest that the use of wearable devices and fitness apps provided real-time feedback that encouraged students to increase their activity
levels, leading to measurable improvements in their fitness outcomes. Data also showed increased student engagement as measured by participation rates
and attendance during PE classes; 92% of students in the experimental group attended PE classes regularly and actively participated in the activities,
compared to 75% in the control group. These findings were consistent with previous research indicating that technology-enhanced PE programs can lead
to higher levels of student involvement and physical activity (Cunningham & Standish, 2020; Schmidt et al., 2021).

Qualitative Findings

The interview qualitative data from 15 students and 5 teachers (the academic year of 2021) showed important themes of the influence of data driven tools
on student motivation, engagement and performance. Students felt ownership over their workouts and were more engaged and motivated, as per the
reports from teachers. One teacher said, "Students have been more motivated to work hard in class as they are aware that they can monitor their own
immediate progress.” They were not focused on just getting through an exercise; they were focused on getting their best time." Students echoed this
sentiment saying the wearables and fitness apps added a fun and personal connection between classes and their future exercise routines. As one student
expressed it, "l enjoyed seeing my steps increase each day and felt accomplished if | beat my previous high score.” In addition, the thematic analysis
showed that students in the experimental group felt more self-efficacious and said that the individualized feedback aided them in setting specific goals
that were feasible and therefore positively affected performance. The data from the wearables also enabled teachers to modify lessons to better align with
the needs of individual students. As one teacher explained, "I could see exactly what our students were struggling with in endurance, so | was able to
modify their activity so that they weren’t struggling out on the course. Likewise, more advanced work were offered to students who were doing a great
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job to stay engaged. In summary, the qualitative data reflected the positive impact of data-driven approaches to establishing a more personalized, student-
focused teaching model, as a means of increasing physical activity motivation and outcomes.

Comparison with Traditional Methods

The data-driven approach was more effective than traditional PE methods in engaging students, enhancing student performance, and in facilitating
personalized learning. Old paradigms that consisted of one-size-fits-all exercises and so-called observation by the instructor were not as effective at
delivering the results that increasingly diverse students required. Wearable devices or tools that monitor activity have been shown to increase individual
physical activity levels, compared to the control group with no feature outside of step count over 4, Register to get 5,000 daily calls in minutes,378 days,
the researchers found if they just took more steps, fewer calories burned. This is partly because of absence of immediate feedback and personalized data
perhaps might have increased the motivation and effort exertion by students. In contrast, individuals in our experimental group who were provided with
real-time information from their wearable device or fitness app benefited from much greater positive change in physical activity and physical activity
engagement. This result corroborates those from previous studies demonstrating that personalized data-driven tailored feedback improves student
engagement and outcomes (Tomasini et al., 2020). Moreover, the push-button approach of traditional PE usually neglected to account for individual
learning yet the data-driven approach made ways for personalized interventions enabling students to set individual goals and monitor their own
documentation from record over time. The learning condition resulted in increased students' satisfaction, and especially ownership in their fitness, this is
an important component for adherence to physical activity in the long-term (Miller et al., 2021). Therefore, the results provide further evidence that the
use of data-driven tools in PE programs can translate to improved student performance and engagement, as well as more effective, individualized curricula
that serve the needs of a variety of learners.

Discussion

Interpretation of Findings

These are narrated in the accompanying document, and overall, the study finds solid support for the use of data-driven techniques to improve student
performance and lesson planning, and the use of data to individualize learning in physical education (PE). Regarding the first research question, that
initial addressed how wearable devices and fitness applications can be applied for PE to monitor student performance, the data showed that students in
the experimental group significantly improved physical activity measures including steps, calories, and heart rate variability. The improvements were
probably driven by quick feedback during training sessions provided by the wearables that made students pay attention to their performance and modify
their effort. Compared to the control group, who did not use such technology, improvements were only modest, but demonstrate the value of timely data
for driving increased physical activity in students. As for the second research question on the degree to which data-driven approaches can inform future
lesson planning and the implementation of the course content, PE teachers within the experimental condition had utilised the data from wearable devices
to assist them in conducting lessons that took into consideration the individual needs of students. Unsurprisingly, teachers could pick up students
struggling with specific activities and had been able to adjust the intensity and/or duration of exercises, so that all students remained involved and
appropriately challenged. For example, students with lower capacity were assigned slower, personalized physical assessment while high-level students
received more strenuous challenges, creating a more efficient and customized teaching framework. Prior research indicates that data-driven tools may
facilitate instructional decision-making, by offering teachers objective, quantitative information regarding student progress (Tomasini et al., 2020), which
is consistent with the current finding. Moving to the third research question, which examined data-driven tools for supporting personalized learning and
the engagement of students, results indicated that the experimental group reported more motivation and engagement (p. 234). Wearable devices and
fitness apps donnee students personalized feedback and helped them monitor their own performance and achievement says which helped engender feeling
of ownership and accountability over their fitness. Other student sentiment suggested students felt more empowered to manage their fitness with multiple
students reporting that instant performance feedback helped them want to do better. This aligns with the principle that data-driven personalized learning
strategies can result in meaningful increases in both student engagement and sustained participation in physical activity (Miller et al., 2021). Moreover,
using a data-driven approach created a more fitness-inclusive learning environment where students of all abilities felt challenged and supported resulting
in improved overall engagement and performance.

Implications for Physical Education

These findings have important practical implications for PE teachers and school administrators. A summary of it would be: First, the research recommend
that school integrate data-driven instruments for a tailored, interactive PE experience in class through mechanisms like wearable devices and fitness utility
apps. The model enables teachers to monitor where each student is at, work on lesson adjustments to meet the needs of all (to the best of their ability) and
to create opportunities for students contributing to and owning their physical education experience sense of ownership. As PE modernizes with
advancements in technology, school administrators should explore the need to invest in the infrastructure necessary to give students the opportunity to
participate in data driven PE programs by investing in tools such as wearable technology robust enough to share data with fitness apps. Professional
development opportunities for teachers will additionally shows them how to utilize those tools in their teaching and get the most advantages out of data-
driven methods.
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Limitations of the Study

Though results are promising, there are some limitations to this study. A possible limitation is the short length of the intervention, which was only 12
weeks. An extended duration for this study would lend opportunity for a more robust view of the long-term effects of data-driven methods on academic
performance, engagement, and motivation. Although the sample was diverse, it was limited to three schools and 200 students. Data-driven tools have
been gaining interests in PE, Future studies with larger sized sample from different setting and populations can provide more accessable indication on
overall data-driven tools effectiveness. Finally, barriers to obtaining and syncing data—like mechanical failure, access to devices between classrooms, and
access to devices in schools of lower SES—may have affected data collection. Future research needs to overcome these limitations to better understand
the benefits and drawbacks of data-driven approaches in PE.

Suggestions for Future Research

Longitudinal investigations of data-driven approaches and their association with student outcomes in PE are warranted in the future. For example,
longitudinal studies ambitiously measuring the long-term effects of wearables and fitness applications on student motivation, physical activity levels, and
overall health may follow research subjects for several school years. Moreover, subsequent researchers should examine the inclusion of more resources
for individualized learning in the physical education class, such as virtual reality (VR) or augmented reality (AR), and involvement effects. Investigating
how data-driven PE programs can be adapted to benefit students with disabilities or special educational needs would also warrant further research to
ensure that all students have access to customized learning opportunities. Additionally, research testing data-driven approaches across a broader
developmental range (e.g., elementary through high school) would help evaluate how well these tools can be implemented and whether their effectiveness
is context-dependent. Last, research needs to address access barriers for technology, particularly around schools that are underserved, and what equitable
implementation of data-driven PE programs looks like to allow for all students to have the opportunity to reap the potential benefits of these innovations.

Conclusion

What we take from the findings of this study is that a data-driven approach has the potential to change the practices of PE (physical education) teachers
leading to better student performance, engagement and personalized learning and also improved lesson planning (Crisp, 2012). Results- The findings
suggested that the experimental group showed significant improvement in physical activity levels, with a 25% increase in daily steps, and a 20% increase
in calories burned, over the control group. These outcomes are in accordance with previous studies that are suggesting that immediate feedback from
wearable systems provide higher motivation and involvement of students (Cunningham & Standish, 2020). Furthermore, qualitative results also
corroborated that tracking their own performance encouraged students in the experimental group to put effort into improving their fitness, which is in line
with previous proposals that support the suggestion that personalized learning has a positive effect on those parameters in PE (Miller et al., 2021).
Moreover, data from these devices allowed PE teachers to build up lessons that were individualized around the student level data to provide a more
focused approach that produced progressive interventions and inventive instructional practices. The findings from this research are not only interesting
for PE professionals, but they also deliver empirical evidence regarding the importance of technological integration within PE curricula that are humanistic
and data-oriented and place the student at the center of the learning process. These data driven tools provide continuous, actionable feedback to the
students, encouraging them to take ownership over their learning and physical wellbeing; hence, promoting a self-management of their physical literacy
(Tomasini et al., 2020). Such personalized PE is critical to enhancing lifelong PA, students who develop a stronger attachment to a behavioral target will
be more likely to engage in life long PA (Bryan, 2020). Ultimately, the research further highlights the need to include data-driven methodologies in PE
in order to garner positive learning experiences, allow students to interact in diverse ways and deliver lesson planning that is both responsive and effective
per individual student. Wearable devices and fitness apps in PE link this personalized learning and data-driven decision-making to the doorsteps of the
home and why this approach is undoubtedly the future of our educational practices.
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