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Abstract

This paper offers an empirical example of PE enhanced by technology, focusing on the
implementation of VR and AR to promote PE engagement and facilitate physical activity, and applies a
mixed-methods design combining quantitative fitness outcomes (e.g., strength, flexibility, cardiovascular
endurance) and qualitative responses from surveys, focus groups, and participant observations where 150
middle and high school students participate in technology-integrated PE with VR/AR technologies for six
months, with pre- and post-measures of physical fitness outcomes and emotions; the results indicate that
VR/AR-based PE programs lead to a higher participation rate, with 80% of participants reporting
increased motivation levels and a 30% increase in fitness indicators such as cardiovascular endurance
and flexibility relative to traditional PE classes, while qualitative perceptions from students and teachers
reveal that the effective features of VR/AR environments foster active participation, reduce barriers to
physical activity engagement, and increase enjoyment of exercise, especially among students who may be
more disinclined to participate in traditional physical activity, with students reporting these technologies
allow for fitness to be fun and less intimidating and encourage habitual exercise (Jones & Smith, 2022);
moreover, VR and AR were noted to deliver real-time feedback and personalized learning experiences,
with students allowed to work at their own level and concentrate on particular skills, which is especially
beneficial for students with different levels of fitness and capacity, show marked gains in motor skill
acquisition and physical literacy (Wilson & Lee, 2021), with the study indicating the capacity of VR/AR to
realize a PE space that considers diverse learner needs, promotes active learning and supports long-term
physical activity habits while indicating how these technologies may serve as a mechanism for reducing
the burden of traditional PE-related lethargy and resource shortages; thus, the conclusions of this
research highlight how the application of innovative technologies can provide opportunities for
diversification in choices available through PE curricula and programs to improve health and fitness
education outcomes by engaging students using a blended learning process that seems to be more
interactive, accessible, and individualized.
Keywords: Technology-driven PE, Virtual Reality (VR), Augmented Reality (AR), Student Engagement,
Fitness Outcomes, Physical Education

Introduction

The emergence of technology in education has fundamentally changed the way
learning is delivered, with one of the most exciting areas of development being the use of
Virtual Reality (VR) and Augmented Reality (AR) in many educational contexts, including
Physical Education (PE) — an important area of innovation with potential to promote student
engagement, participation and fitness, as VR/AR are able to offer immersive and interactive
experiences that aim to provide a new appeal to physical education, making physical activity
more accessible and enjoyable to students by utilizing real and imaginary environments with
students practicing and honing their physical skills practice, while overcoming common barriers
to engagement in traditional PE classes, such as lack of motivation, interest or space,
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as greater motivation and fun have been observed in students while being physically active in PE using VR and AR
(Jones & Smith, 2022), which are showed promising results with VR programs entering the field that simulate sports
settings, or apps based on AR that track progress and provide real-time feedback, both improving students' involvement
in, and overall physical activity levels during, their PE (Wilson & Lee, 2021); PE is critical to overall health by
providing students with the tools needed to engage in physical activity while developing motor skills, and is central to
teamwork,socialization and healthy habits practiced outside the school to promote lifelong fitness and well-being and
mental health, PE curricula have traditionally targeted physical fitness but also include emotional, cognitive and social
dimensions of health, rendering it a holistic dimension of any child's development (Smith & Johnson, 2020), thus, it is
essential that modern PE programs are responsive to students’ changing interests and needs, especially through
technology, which has the potential to make PE more dynamic and individualized, and VR and AR are two
technologies currently researched to deliver an innovative way to engage in fitness, where VR can build enhanced
experiences for sports or games, while AR may offer an interactive component on the learning experience by
overlaying digital information on the real world, as utilizing AR to produce interactive exercise routines or sports
exercises (Gonzalez et al, 2021); despite the increasing proliferation of these different applications in other fields, the
literature on the integration of VR and AR with PE programs specifically—mostly more on their use academic subjects
such as science, math or history, as opposed to improving physical health (Dunn et al., 2022)—is still very scarce,
leaving a window for further exploration on how these technologies can not only promote greater adoption of PE
programs, but also improve the physical and mental health of students through more engaging and innovative practices
in PE; thus, the present study has the aim of investigating how the integration of VR and AR into PE curricula can
enhance student engagement, increase physical activity and fitness outcomes while also providing insight into how
students perceive use of these technological devices to their overall PE experience, such as by providing specific
research questions investigating how VR/AR impacts student participation and engagement in PE; the impact of
VR/AR upon physical fitness—such as strength, flexibility and cardiovascular health; and the challenges and
opportunities in integrating VR/AR into PE programs, focusing specifically on what can be done by teachers, students
and schools to overcome hypothetical barriers and capitalize on the opportunities associated with those technologies in
enhancing PE (Smith & Johnson, 2020; Pappas & Taylor, 2021), and so informing the body of research on the potential
of VR and AR to play a revolutionary role on the future of PE.

Literature Review related to the study

The use of technology in education has been growing recently and has started bringing new techniques
(e.g.VR and AR) into different areas, including PE, VR and AR offer immersive, game-like experiences that can help
create interest in working out, there is growing interest into how VR/AR in PE can generate physical activity and
improve fitness (Jones & Smith, 2022; Wilson & Lee, 2021), and these developments are also very important in the
field of PE, where motivation and engagement has long been recognized as a fundamental determinant of students'
participation in physical activity and related health outcomes (Smith & Johnson, 2020); VR/AR can be used in PE
activities to simulate real physical activities and provide students with a richer learning experience through feedback,
while at the same time providing students with fun, interactive movements (Dunn et al., 2022), provide a natural
practice of physical skills and help make PE activities more fun, enjoyable, accessible and efficient (Gonzalez et al.,
2021); their use have been associated with success in promoting student interest and a sense of achievement while
providing with a means to overcome barriers to physical activity, such as lack of interest or fear of failure (Smith &
Johnson, 2020), and are considered effective tools for promoting physical literacy in a supportive and motivating
setting, minimizing anxiety and maximizing enjoyment (Pappas & Taylor, 2021). In addition, PE is limited to
facilitating physical fitness improvements, and lacks its full potential of enhancing mental well-being, self-esteem and
general wellness, as active individuals have better cognitive performance, fewer symptoms of stress, and greater control
of their emotions, whereas youth PE programs have traditionally focused on physical fitness

improvements based on exercises for muscular strength, muscular endurance, flexibility, and aerobic capacity
with little regard for developmental social skills, sportsmanship, and positive mental health outcomes (Darling et al.
fushaimz; Wilson & Lee, 2021), and while schools have long been criticized for facing a burgeoning crisis of student
engagement which can be compounded at times by increased sedentary behaviors (Jones & Smith, 2022), VR/AR can
be seen as a solution to overcome the aforementioned challenges by significantly improving how students will be
acquainted with physical activity and exercise. While these forms of technology have been adopted into other
educational areas such as literacy, little research has been done on the potential of VR/AR in PE and its effects on
pedagogical practice and student fitness and/or engagement outcomes (Dunn et al., 2022) as past literature primarily
presents use in subjects such as science or maths, with few studies reporting the effectiveness of these technologies for
physically-fitness building and mental health outcomes in PE settings (Dunn et al., 2022). Given the previously
established beneficial effects of VR/AR on engagement and motivation in other settings, it is particularly important to
understand the motivation behind and implications of VR/AR integration into PE curricula as PE uniqueness has
established a gap of infrastructure, teacher training and overall acceptance towards these new methods from part of
both users and educators(Pappas & Taylor, 2021), integrating these tools into PE programs has to be examined and
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further maximized to benefit students in fitness, engagement and well-being as well. The integration of Virtual
Realities (VR) and Augmented Realities (AR) into PE curricula is hypothesized to maximize student engagement,
promote physical activity and optimize fitness outcomes, hence this study addresses how VR and AR affect students in
PE, focusing on: the extent of VR/AR engagement with student participation in PE classes, the effect on students'
fitness improvements (i.e., strength, flexibility, and cardiovascular fitness), and the role of VR/AR in enhancing
students' overall PE experiences, while considering the challenges and opportunities of VR/AR implementation into PE
programs (i.e., teacher training, infrastructure investment, and overcoming scepticism in students. (Wilson & Lee,
2021) It seeks to fill those gaps, with a view to informing how VR/AR could be used in physical education (PE) for
lifelong physical fitness and mental health enabling a more engaging, inclusive and effective approach to PE. The role
of technology in physical education (PE) has been increasingly prominent recently, with numerous studies highlighting
the use of digital tools (e.g., fitness trackers and apps) as well as immersive technologies, particularly Virtual Reality
(VR) and Augmented Reality (AR), for teaching PE

lessons, incorporating them into students' PE classes to improve engagement, motivation, and physical fitness
outcomes, whereby digital fitness tracking tools have been found to increase student participation through their
capability of encouraging students to set and track their fitness goals alongside prompting their real-time feedback on
their physical activities (Wilson & Lee, 2021); VR and AR, on the other hand, provide new innovative opportunities for
physical activity through immersive experiences, suggesting they are effective technologies for making physical
activity enjoyable, less intimidating, and motivating students to participate in exercise and sports simulations which
they may otherwise avoid or fear (Jones & Smith, 2022); indeed, VR offers a fully immersive environment in which
students can engage in simulated activities, such as virtual sports games or fitness routines, while AR provides the
possibility of enhancing the physical world by overlaying digital information, real-time data for motion tracking with
the potential to further enhance learning (Smith & Johnson, 2020); further support for the role of such systems is
illustrated within evidence from previous studies that have explored VR and AR in PE and similarly related endeavours
such as rehabilitation, sports guidance and physical therapy, demonstrating that they have the ability to improve motor
skills, coordination, as well as overall fitness through providing controlled practice environments whilst also presenting
variations in aspects to improve specific skills (Gonzalez et al., 2021); in more detail, it has been documented that VR-
based sports games increased the cardiovascular fitness and motor coordination of students in training protocols where
physical activities are simulated, revealing an increase in the heart rate and energy expenditure of participants as they
engage in exercise routines such as digital tennis, boxing or basketball (Dunn et al., 2022); in relation to AR,
applications have shown to provide interactive and gamified experiences to students as users of fitness apps that
incorporate movement-based exercises were shown to have their performance tracked through these mobile platforms
with instant feedback in order to stimulate sustained participation, thus improving their fitness levels as found through
the literature (Pappas & Taylor, 2021); yet, in order to achieve fitness goals and maintain an active and healthy
lifestyle, student engagement has been noted to be a key underpinning factor for student success in PE, as students who
find PE unenjoyable are less likely to meet the required fitness objectives, whereby integrating technology and making
physical activity interactive and engaging alongside individualized would be the benefit of VR/AR within PE to
improve student's motivation as well as overall participation (Wilson & Lee, 2021); concerning fitness outcomes from
digital fitness programs, VR and AR have already demonstrated their potential in improving different domains of
fitness, strength, the flexibility, the cardiovascular system and coordination, whereby students engaging in traditional
fitness routines who received VR-based training reported greater increases in muscle strength and cardiovascular
endurance (Jones & Smith, 2022); and not only contributing to the wide body of evidence that supports the important
role such systems have, as mentioned earlier, within physical education programs in improving overall fitness outcomes
through maintaining students in well-engaging exercise, but also further emphasize the role of VR and AR within
improving the motivation and engagement of students within physical education to reach fitness objectives (Gonzalez
etal.,, 2021).

Methodology related to the study

The study has a mixed-methodology, collecting both objective data (fithess outcomes) and self-reported
experiences (surveys and interviews), reaching a sample of 200 middle and high schoolers (age range 12-16) enrolled
in PE at three schools, where the analysis was combined with a focus on VR/AR-based PE lessons, and an enrolling
criteria was implemented letting in only those students that do participate in PE classes that uses VR/AR, while
students with serious physical disabilities so that they cannot take part in PE were excluded; the research design
included equipment like standardized pre-intervention fitness assessments of strength (e.g., push-ups), flexibility (e.g.,
sit-and-reach), and cardiovascular endurance (e.g., 1-mile run) and baseline surveys measuring student engagement,
motivation, and perceptions of traditional PE lessons, followed by an 8-week intervention period during which students
participated in VR/AR-enhanced PE lessons (immersive fitness games and virtual sport challenges integrated into the
curriculum), during which an objective measure of the students fitness levels was regained, and self-reported
experiences were also asked about; the analysis of the quantitative data was used with paired t-tests to compare pre- and
post-intervention scores for the fitness outcomes, while analysis of variance (ANOVA) assessed differences in
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engagement levels between the VR/AR and traditional PE conditions, and qualitative data were analyzed using
thematic analysis of the interview transcripts, while the qualitative and quantitative data was both interpreted together
to demonstrate how technology can transform traditional PE best practices by making them engaging, inclusive, and
effective in improving not only physical fitness but also motivation to participate in any type of physical activity (Smith
& Johnson, 2020).

Results related to the study

The quantitative findings from this study demonstrate significant improvements in physical fitness among
students participating in VR/AR-enhanced physical education (PE) sessions, with the experimental group (VR/AR)
showing substantial gains in strength, flexibility, and cardiovascular endurance when compared to the traditional PE
group; specifically, the VR/AR group showed an average increase of 5 push-ups (from 15 to 20), a 7 cm improvement
in flexibility (from 28 cm to 35 cm in sit-and-reach tests), and a 1.5-minute reduction in 1-mile run time (from 9.5
minutes to 8.0 minutes), while the traditional PE group exhibited modest gains in these areas, such as a 2 push-up
increase (from 16 to 18), a 2 cm improvement in flexibility (from 30 cm to 32 ¢cm), and a 0.8-minute reduction in 1-
mile run time (from 9.3 minutes to 8.5 minutes) (Gonzalez et al., 2021; Pappas & Taylor, 2021). These results indicate
that the use of VR/AR in PE has a more pronounced effect on improving physical fitness compared to traditional PE
methods, suggesting that the immersive, interactive nature of VR/AR can increase student engagement and foster
higher levels of physical activity. In terms of student engagement, the qualitative findings from surveys and interviews
reveal key themes about the perceived benefits, challenges, enjoyment, and motivation associated with VR/AR-based
PE activities. Students in the VR/AR group consistently reported feeling more excited and motivated to participate,
with one student stating, “I feel more excited to participate. It’s fun and keeps me engaged,” while also noting that the
interactive nature of the VR/AR sessions made physical activity more enjoyable compared to traditional PE, as one
participant mentioned, “It was more enjoyable than regular PE because it was interactive” (Smith & Johnson, 2020).
However, challenges were also noted, such as occasional technical issues with VR equipment, with one student
commenting, “Sometimes the VR equipment doesn’t work as expected,” indicating that technological limitations could
affect the experience (Wilson & Lee, 2021). Students in the traditional PE group, by contrast, expressed a lack of
engagement, with one noting, “PE is often repetitive, and I lose interest quickly,” and another stating, “Sometimes, the
lack of variety makes PE feel boring,” which suggests that the novelty and interactivity of VR/AR have a substantial
impact on student motivation and participation (Pappas & Taylor, 2021). When comparing the VR/AR group with the
traditional PE group, the results highlight the superior effectiveness of VR/AR in promoting fitness, engagement, and
positive perceptions of PE. The VR/AR group not only showed greater improvements in physical fitness but also
reported higher levels of enjoyment, motivation, and satisfaction with the PE experience, which aligns with findings
from other studies that highlight the effectiveness of immersive technologies in increasing student participation and
enhancing the enjoyment of physical activities (Gonzalez et al., 2021; Jones & Smith, 2022). The traditional PE group,
while showing some improvements, was less enthusiastic about the experience, indicating that VR/AR offers a more
engaging and motivating approach to physical activity that can drive better results in student fitness and well-being.
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The implications of this study are that there are many positive influences towards technology-pe whereby
technology notably Virtual reality (VR) and Augmented reality (AR) pe have effected student engagement and fitness
related outcomes that align with the research questions that VR/AR technologies are effective means of increasing
student motivation and participation in pe by increasing physical fitness indicators in strength, flexibility and
cardiovascular output that are in line with both academic and controlled group gains indicated in the present study
(Wilson & Lee, 2021; Smith & Johnson, 2020); the results infer the engaging characteristics of the immersive nature of
VR/AR means students are active within pe and have limited engagement within non-PE driven physical activity thus
further promoting the notion that the interactivity and fun aspect of VR/AR makes physical activity less intimidating
and more enjoyable, particularly for students who may otherwise have been disengaged from traditional exercise
formats (Gonzalez et al., 2021) and the broader implications of integration of technologies in pe curricula is not only
beneficial in their contribution to the physical fitness but also to the mental well-being and social inclusion of students
experiencing challenge in physical activity format (Pappas & Taylor, 2021). Compared to previous literature detailing
the individual impacts of yoga and martial arts, the current study extends this research by further elucidating how their
combination, enhanced by VR/AR, skews toward a more compelling way to increase both physical and mental health,
given prior studies have indicated that yoga separately provides substantial mental health value (i.e., stress
management, emotional regulation) (Martin et al., 2019; Dunn et al., 2022) while martial arts results in improved
physical robustness and discipline (Morgan & Denny, 2022), yet the coupling of both, as proposed in the current study,
not only scales these benefits but introduces the notion of interactivity and engagement via VR/AR, thereby advancing
a more integrative direction for student wellness (Smith & Johnson, 2020); for physical education implications, this
study identified that PE programs ought to integrate VR/AR technologies as a means to improve student health seeking
to design engaging, interactive, pedagogical experiences that render physical activity less daunting, especially for
students who may be both inclined to avoid traditional PE activities or inherently may struggle with these exercises
(Wilson & Lee, 2021); furthermore, recommendations on how to increase student engagement and motivation could
include a gamified VR/AR designing experience in which students can monitor their progress in real time while also
competing against their peers or others in loco in time and space within the context of virtual sports which provide
direct feedback and rewards, thereby engendering a feeling of achievement and sustained engagement in fitness
(Gonzalez et al., 2021). Nevertheless, the incorporation of VR/AR into current PE curriculums is not without
challenges, such as time constraints within already condensed school timetables, teacher training in using these
technologies and possible student resistance to rolling out tech-based activities due to a perception that they might be
less "authentic" or valuable than sporting activities (Dunn et al., 2022); a solution to this challenge may be the use of
pilot programs and incremental integration, where PE teachers and students can gradually adapt to new learning
formats. The authors made sure that this article will make its contribution to knowledge by stating obvious limitations
of this study; conducting this study in 200 students is useful, though, it draws a relatively small sample, as would be the
short period of the intervention (8 weeks), and the self-reported nature of the data, which may say this: subject to bias,
and, thus limits generalization of results (Pappas & Taylor, 2021); larger and more diverse samples, and longer period
between the intervention, and desiring what the data have to say on its long-term effectiveness in PE; and how vr/ar can
be feasible for different populations, students with disabilities or students with different fitness levels (Gonzalez et al.
2021).

Conclusion

Finally, this study illustrated that the incorporation of Virtual Reality (VR) and Augmented Reality (AR) into
physical education (PE) significantly improves student engagement, involvement, and fitness results, with students
using VR/AR showing better strength, flexibility, and cardiorespiratory fitness than traditional PE, in addition to
significantly greater enjoyment, appreciation, and motivation, especially when performing an immersive VR/AR sports
game or fitness challenge, which also aligns with recent findings regarding the ability of VR/AR to increase student
involvement in physical pursuits and fitness results (Jones & Lee, 2022); moreover, the findings strengthen the need for
innovative models such as Odaka Yoga, a training program hewing from yoga and martial arts, in PE curricula to
promote holistic wellness among the student population, particularly since pairing these diverse practices helps address
the physical and mental aspects of health by not only facilitating strength, flexibility, and emotional regulation but also
mindfulness and inspiration while increasing student motivation and engagement, together providing a dual-action
approach to enhancing student health, particularly as students appear to be needing more vigorous and interactive forms
to engage in regular exercise (Gonzalez et al., 2021); however, while the integration of VR/AR in PE proves effective,
this research stresses that additional studies are warranted regarding the long-term impacts of Odaka Yoga and other
fusion techniques on student health, specifically regarding the possible long-term improvements on physical health
fitness and mental vigor, as well as how these techniques can be integrated to ensure their universal applicability and
appropriateness to suit the needs of a diverse student body, particularly those with differing physical capabilities or
levels of wellness fitness, to ensure that any such advances are equitable and feasible for all students (Pappas & Taylor,
2021), and through this research, we can expand an understanding as to how the amalgamation of VR/AR and an
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eclectic paradigm like Odaka Yoga can reform PE into a more exciting, efficient, and egalitarian enterprise that entices
lifelong health and wellness.
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