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Abstract  This systematic review synthesizes digital-

age instructional strategies in physical education (PE). A 

protocol following PRISMA 2020 guided a May 2025 

search with predefined keywords, inclusion/exclusion 

criteria, and multi-stage screening. Thirty studies met 

eligibility and were analyzed thematically. Flipped and 

blended models consistently improved engagement and 

concept mastery; AR/VR, wearables, and gamification 

enhanced interactivity and feedback, with effects 

moderated by teacher readiness and infrastructure. 

Common barriers included limited connectivity, uneven 

device access, and gaps in digital pedagogy. The review 

integrates TPACK and SAMR to explain why particular 

strategies succeed or stall, and organizes evidence into four 

actionable themes: student participation, teacher 

competence, infrastructure, and motivation. We conclude 

that effective digital PE requires purposeful technology–

pedagogy fit, targeted professional development, and 

enabling school/policy support. Implications are offered 

for teachers, schools, and policymakers. 

Keywords Flipped Classroom, Blended Learning, 

Gamification in PE, Virtual/Augmented Reality, Teacher 

Readiness, Systematic Literature Review 

1. Introduction

The development of digital technology has transformed

many aspects of education, including physical education. 

This transformation allows learning experiences to be more 

interactive and effective, while demanding a more complex 

role for teachers. Teachers not only function as learning 

facilitators, but also as technology managers in physical [1]. 

Digital-based physical education demands additional skills 

from teachers in order to integrate technology into the 

delivery of materials effectively. This has become 

increasingly relevant since the COVID-19 pandemic, 

which has forced teaching methods to shift to online 

learning and encouraged the development of digital 
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learning media as a primary need [2]. Therefore, the use of 

technology in physical education is no longer just an option, 

but a necessity to improve learning effectiveness and 

teacher readiness in facing the digital era. 

Conceptually, technology integration in PE can be 

framed through TPACK, which emphasizes the interplay 

among technological, pedagogical, and content knowledge, 

and the SAMR model, which positions technology use 

across substitution, augmentation, modification, and 

redefinition [3], [4]. Within PE, TPACK clarifies how 

digital tools (e.g., video analysis, wearables) align with 

motor skill content and pedagogies (e.g., TGfU, flipped), 

while SAMR helps evaluate whether tools merely digitize 

tasks or transform learning (e.g., AR-assisted skill 

acquisition). These frameworks justify our focus on 

strategy–technology fit and inform the thematic synthesis 

reported in the Results and Discussion. 

Various digital-based innovations have been introduced 

in physical education to increase student engagement. 

Digital-based physical fitness measurement applications 

allow students to monitor and evaluate their physical 

condition in real time, creating a more personalized and 

data-driven learning experience [5]. Correspondingly, the 

appropriate application of technology in physical education 

can enhance creativity and innovation in teaching, with the 

teacher serving as the main director in the utilization of 

digital media [6]. Fun and interactive technology-based 

learning models also contribute to improving students' 

physical fitness, encouraging them to more actively 

participate in technology-based physical activities [7]. 

Other research shows that technology can improve learning 

effectiveness and student academic outcomes, as well as 

expand the scope of physical education in a more 

innovative direction [8]. 

The application of virtual reality (VR), augmented 

reality (AR), and game-based applications in physical 

education has been shown to improve learning 

effectiveness. These technologies not only increase student 

engagement but also facilitate personalization of learning 

by providing immediate feedback on individual motor skill 

development [9], [10]. VR and AR are able to overcome 

the limitations of traditional methods by presenting 

simulated physical activities in a safe and controlled 

environment, allowing students to learn sports techniques 

without the risk of injury [11]. This technology-based 

approach also enhances students' understanding of 

movement concepts through immersive and interactive 

experiences that cannot be obtained through conventional 

methods [12]. Therefore, the integration of VR and AR in 

physical education learning provides students with 

opportunities to develop their motor skills more effectively 

and adaptively to individual needs. 

Besides VR and AR, wearable devices have an important 

role in supporting physical education learning. These 

devices not only help track students' physical activities but 

also allow teachers to obtain comprehensive data on 

students' fitness and performance levels [13]. With the 

support of artificial intelligence-based analysis, teachers 

can identify student progress patterns and design more 

adaptive learning strategies [14]. This innovation enables a 

personalized approach in physical education learning, 

where teaching methods can be tailored to individual needs 

and abilities [15]. The integration of technology in physical 

education also provides benefits to mental aspects, such as 

increased concentration and reduced student stress levels 

[2]. 

Furthermore, the use of interactive technology in 

physical education has a positive impact on students' 

motivation and social engagement. Technology-integrated 

learning has been shown to increase students' active 

participation and create a more enjoyable learning 

experience [16], [17]. This high motivation contributes to 

the sustainability of physical activity habits, which is one 

of the main goals of physical education [10]. Furthermore, 

the improvement of motor skills through interactive 

technology also impacts the development of students' 

socio-emotional aspects, as they can directly monitor their 

progress and receive constructive feedback [13]. In a 

broader context, increased access to digital devices in 

modern education drives the need for adaptation of more 

innovative learning methods, so that educators can 

maximize the potential of these technologies [12], [14]. 

Therefore, the integration of technology in physical 

education not only improves motor skills but also shapes a 

more holistic learning experience, covering cognitive, 

affective, and social aspects in a balanced manner. 

However, the implementation of technology in physical 

education faces various challenges. Teachers' readiness to 

adopt technology is a crucial factor in the successful 

integration of technology in learning [18]. Many teachers 

still feel unsure about integrating technology into their 

teaching practices, potentially hindering learning 

effectiveness. This is reinforced by findings showing that 

training and support for educators are essential for them to 

develop effective strategies in utilizing technology in 

physical education [19]. In addition to teacher readiness, 

the limited technology infrastructure in schools is also a 

significant challenge. Many schools still lack the necessary 

facilities to optimally implement hybrid or digital learning 

models [20]. In addition, students' acceptance of digital-

based learning methods is uneven, with some students 

adapting well, while others show low interest in digital 

learning [21]. Therefore, a more adaptive approach is 

needed, combining traditional and digital learning methods 

so that all students can participate optimally. 

While previous research has focused on the benefits of 

technology in physical education, studies that 

comprehensively address implementation barriers are 

limited. While the study [22] found that technology 

contributes to improving students' physical skills, there is 

insufficient research highlighting the structural and 

pedagogical challenges in its implementation. In addition, 

the role of teachers in customizing digital learning 



  International Journal of Human Movement and Sports Sciences 14(3): 835-848, 2026 837 

 

strategies as a key factor in successful technology 

integration has also not received enough attention [19]. 

Therefore, this study aims to examine innovative digital 

learning models, explore the use of interactive technologies 

in supporting more effective learning experiences, identify 

the main barriers in the implementation of physical 

education technology, and analyze the role of teachers in 

supporting the success of digital-based physical education. 

2. Materials and Methods 

We used a predefined query and filters (Table 1) to 

ensure replicability. Databases included Scopus (primary) 

with Google Scholar and Elicit used to surface records for 

initial screening; final inclusion was verified via Scopus. 

Title/abstract/full-text screening followed PRISMA 2020 

with the inclusion/exclusion criteria in Table 1. 

Based on searches in the 2019-2025 timeframe, 17,200 

articles were found from various international journal 

indexing databases, including Scopus and other database 

sources. Furthermore, after undertaking several stages of 

the screening process, 30 articles that fit the theme and met 

the inclusion requirements were selected. As shown in 

Figure 1, the article selection was done under the PRISMA 

method. 

Table 1.  Inclusion and Exclusion Criteria 

Criterion Inclusion Exclusion 

Period Journals published in 2019 - 2025 Journals published outside 2019-2025 

Indexed Scopus-indexed international journal Non-Scopus-indexed international journal 

Access Open access Close access (Subscription) 

Language English language journal Non-English language journal 

Article Type Original research article & Review article Conference proceedings, book, book chapter, book series, editorial, etc. 

Full Text  Articles fulfill the scope/topic of research Articles do not fit the scope/topic of the research 

Focus Physical Education context Non-PE domain 

 

Figure 1.  PRISMA Flowchart of the Article Selection Process 
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3. Results 

We synthesized the 30 included studies into four cross-

cutting themes to foreground recurring patterns and make 

the findings actionable: (T1) student participation and 

engagement; (T2) teacher competence and readiness; (T3) 

technology infrastructure and access; and (T4) 

motivational and psychosocial factors. These themes 

provide a concise map of strategies/tools, typical outcomes, 

and constraints that reappear across contexts (Table 2) and 

guide the detailed narrative that follows. 

Table 2.  Literature Review Results 

Author Study objectives Main Findings 

[23] 

This study aimed to explore how digital tools 

might boost motivation and engagement in 

physical education settings. 

Findings revealed that applying various digital strategies, such as blended 

learning and virtual platforms, can enhance student participation but require 

attention to technological limitations and less direct interaction to maintain 

learning quality. 

[24] 

The research evaluated the impact of flipped 

classrooms on student learning and motivation 

in volleyball classes. 

The study showed that students in flipped classroom environments improved 

their understanding and motivation, especially in self-management, though 

differences in technology proficiency created challenges for some learners. 

[25] 

The objective was to assess the effectiveness 

of blended learning in training future physical 

education teachers. 

Results suggested blended approaches increased engagement and flexibility for 

teachers and students, but highlighted the importance of technology training 

and the need to address gaps in digital infrastructure. 

[26] 

The study reviewed intervention programs 

supporting motivation and emotional learning 

in physical education environments. 

It was concluded that encouraging student choice, collaboration, and reflective 

tasks boosts motivation, though effective practice depends on continuous 

professional development for teachers to address current challenges. 

[27] 

This research analyzed how agile management 

and digital tools, like VR, impact student 

learning in PE and sports. 

The study found that agile strategies and tech tools increase flexibility and 

motivation, but are hindered by uneven access to technology and insufficient 

teacher training in digital methods. 

[28] 

The aim was to examine how PE adapted to 

pandemic restrictions, especially for pre-

service teachers using digital instruction. 

The findings indicated pre-service teachers struggled with digital delivery, 

experiencing uncertainty and difficulty maintaining engagement, with digital 

tools offering both new learning opportunities and unique barriers. 

[29] 

This study investigated global adoption of 

digital tools in physical education, highlighting 

opportunities and educator challenges. 

Findings indicated digital platforms, like motion analysis and online coaching, 

boosted assessment and engagement, but many educators faced implementation 

barriers, such as limited training, support, and loss of physical interaction. 

[30] 

The research aimed to design online models 

for enhancing student involvement in remote 

learning during the COVID-19 pandemic. 

Results demonstrated that mixing real-time and flexible digital activities with 

collaborative tools promoted participation and motivation, yet virtual settings 

still posed limits for interaction and engagement. 

[31] 

The study compared the effects of different 

digital classroom activities on student learning 

and engagement in higher education. 

Research indicated collaborative and problem-solving activities using 

technology led to deeper engagement, while passive use of digital content 

failed to foster active learning, emphasizing the need for purposeful tech 

integration. 

[32] 

This paper aimed to give recommendations for 

boosting active learning through digital 

methods in higher education contexts. 

The study highlighted that aligning digital tools with student-centered and 

cooperative teaching methods improved engagement, but traditional 

approaches persisted, showing a need for more training and institutional 

support for digital innovation. 

[33] 

The purpose was to explore transformative, 

reflective teaching for meaningful learning in 

physical education settings. 

The research emphasized the importance of critical thinking and ongoing 

reflection in PE, supporting openness, student agency, and innovative teaching 

to foster holistic development. 

[34] 

This paper examined service-learning as an 

activist pedagogical model in PE, linking 

curriculum with real community service. 

Results showed that service-learning enhanced both academic and civic 

learning, deepened awareness, and promoted student engagement, supported by 

a practical framework for educators. 

[35] 

The objective was to compare blended and 

online-only learning models in physical 

education for performance and engagement. 

The study found that blended approaches increased skill development and 

motivation compared to single-mode formats, but barriers such as space and 

reduced interaction limited overall effectiveness. 

[36] 

The study compared flipped and traditional PE 

instruction to see how they affect student 

autonomy and motivation. 

Results suggested that flipped learning improved students’ independence, 

motivation, and performance, especially among those adapting well to self-

directed study, leading to better academic results. 

[37] 

The research explored challenges for students 

participating in online PE, focusing on health, 

performance, and mental well-being. 

The study highlighted major obstacles such as reduced activity, mental health 

issues, and a lack of equipment, recommending hybrid models to better support 

student motivation and development. 
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Table 2 continued 

[38] 

This study focused on how flipped learning 

and digital systems support student 

engagement and thinking in education. 

The results showed that combining flipped learning with interactive 

technologies significantly boosted student participation and higher-order skills, 

although some students still faced difficulties with preparation and consistent 

monitoring. 

[39] 

The research aimed to understand how the 

integration of technology and pedagogy, 

including ICT, shapes educational outcomes. 

The findings indicated that digital and pedagogical synergy improved both 

teaching and learning, though lack of confidence, resistance to change, and 

limited infrastructure continued to hinder optimal integration in schools. 

[40] 

This study sought to identify pedagogies most 

effective for 21st-century education and digital 

skill development. 

Findings outlined six innovative teaching methods, such as robotics and 

formative analytics, which personalize learning, but institutional barriers and 

insufficient teacher training limited widespread adoption. 

[41] 

The objective was to analyze how digital 

transformation changes higher education 

operations, teaching, and student experiences. 

Results showed online learning and data-driven strategies accelerated 

transformation, but effective adoption requires solid planning and skills, with 

challenges including infrastructure and cybersecurity risks. 

[42] 

This research examined psychosocial 

influences on student motivation and active 

lifestyle participation in physical education. 

The study revealed that approaches fostering intrinsic motivation and 

teamwork, like TGfU, supported lasting student engagement, whereas 

traditional drills did not maintain enthusiasm over time. 

[43] 

The study aimed to evaluate artificial 

intelligence’s role in customizing learning and 

assessment in physical education. 

Results indicated that AI can provide tailored feedback and support, but 

successful use depends on teacher training and addressing issues like privacy 

and technology access in educational settings. 

[44] 

The objective was to review how embodiment 

concepts are incorporated into PE teaching for 

reflection and movement diversity. 

Findings highlighted that centering pedagogy on embodiment supports 

inclusive learning and critical reflection, encouraging students to explore 

diverse movements and body awareness. 

[45] 

This study assessed online PE classes during 

the pandemic using ADDIE, focusing on their 

structure and improvement needs. 

Results showed low engagement and teamwork in online PE, with real-time 

interaction and institutional preparation recommended to boost skill 

development and student motivation. 

[46] 

The study investigated how the pandemic 

affected PE teacher education across Europe, 

emphasizing shifts to online formats. 

Findings revealed that while digital learning sparked innovation, the lack of 

hands-on practice limited teacher readiness, underscoring the importance of 

blending digital and practical experiences. 

[47] 

The research explored Education 4.0’s 

influence on higher education through digital 

and AI-based learning advancements. 

The study found digital and AI methods are increasingly personalizing 

education, but traditional teaching remains common, suggesting that future 

models will blend both while addressing equity and access concerns. 

[48] 

The objective was to analyze service-learning 

implementation in PE teacher education for its 

impact on students and communities. 

Findings indicated service-learning developed students’ professional and social 

skills, but identified a need for a more comprehensive evaluation of community 

benefits and longer, mixed-method interventions. 

[49] 

This paper reviewed the integration of VR, 

AR, and AI in chemical education to identify 

adoption trends and barriers. 

The study concluded VR and AR improved lab experiences and visualization, 

and AI enhanced personalization, but high costs and limited faculty training 

remained significant obstacles. 

[50] 

The research mapped the use of digital tools in 

higher education from 2012–2017, examining 

their effects on learning. 

Results showed that learning platforms and ICTs improved sharing and 

blended learning, though interactive and collaborative uses were underutilized, 

calling for better integration into teaching practice. 

[51] 

The aim was to evaluate Project-Based 

Learning in STEAM classes for its impact on 

engagement and problem-solving skills. 

Findings showed that project-based approaches encouraged teamwork and 

creativity, outperforming traditional methods, despite challenges with project 

selection and assessment. 

[52] 

This study investigated students’ experiences 

with online learning during the pandemic, 

highlighting effectiveness and key challenges. 

The research found live sessions were more engaging than recorded materials, 

but peer interaction was lacking, supporting the adoption of blended models 

combining online and in-person elements for future education. 

Description: As for tracking the author's name, article title, journal ISSN, journal indexation, abstract content, and the substance of the article 
content can be seen or tracked through the Doi link listed in the reference at the end of this article. 

4. Discussion 

The landscape of physical education pedagogy is being 

reshaped in the digital era, with technology integration 

becoming pivotal in boosting both the efficiency and 

interactivity of student learning. Contemporary 

instructional frameworks such as the flipped classroom and 

blended learning models have demonstrated positive 

impacts on students’ grasp of concepts and their 

engagement in physical activities [24], [25]. In these 

models, students are encouraged to independently explore 

theoretical content before coming to practical classes, 
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thereby enabling class meetings to focus more on 

practicing physical skills. Moreover, this digital-oriented 

approach promotes adaptable and individualized learning 

pathways, empowering learners to progress according to 

their unique pace and preferences. Consequently, 

technology-driven instructional strategies have the 

potential to greatly enrich physical education by making it 

more responsive and centered on student needs. 

Unlike prior reviews that broadly map digital PE or focus 

on single modalities, our synthesis integrates TPACK and 

SAMR to explain why flipped/blended approaches and 

interactive tools (AR/VR, wearables) succeed or stall—

highlighting the moderating roles of teacher readiness and 

infrastructure. By organizing evidence into four actionable 

themes (participation, teacher competence, infrastructure, 

motivation), the review offers a practical blueprint for 

course and policy design in PE. 

In addition, emerging digital tools such as artificial 

intelligence (AI) and virtual reality (VR) are 

revolutionizing how physical education is conducted [43]. 

AI applications enable real-time analysis of students’ 

activities, offering immediate and precise feedback based 

on performance data, while VR technology provides 

immersive sports simulations that transcend limitations of 

time and location. The incorporation of these technologies 

not only boosts learners’ enthusiasm and participation but 

also helps overcome barriers for students facing physical or 

geographic constraints [23]. Furthermore, interactive 

online platforms contribute to a more dynamic learning 

environment by integrating game-like activities that are 

both stimulating and demanding [27]. Collectively, the 

adoption of AI, VR, and digital resources in physical 

education elevates instructional quality and also enhances 

inclusion and accessibility. 

Despite the clear advantages of technological integration 

within physical education, several challenges still impede 

its broad implementation. Key obstacles include educator 

resistance to adopting new methods, insufficient access to 

resources, and generally low levels of digital literacy 

among teaching staff [23], [27]. Additionally, inadequate 

technological infrastructure and the significant financial 

investment required for VR and AI equipment further 

restrict their widespread adoption [29]. As a result, it is 

crucial to develop blended approaches that merge 

traditional teaching practices with digital innovation, 

allowing for a smoother and more sustainable transition. 

Employing effective strategies can ensure that physical 

education becomes increasingly interactive, impactful, and 

well-suited to contemporary educational demands. 

4.1. Digital Learning Model Innovation in Physical 

Education 

The implementation of digital-based instructional 

methods in physical education marks a deliberate strategy 

to improve learning quality amid contemporary 

technological progress. The adoption of blended learning 

has received significant attention because it seamlessly 

combines flexible theoretical content with hands-on 

practice, resulting in an adaptive and responsive learning 

atmosphere [35]. Studies have demonstrated that this 

approach can notably elevate both student engagement and 

educational attainment, especially when synchronous and 

asynchronous elements are integrated [38], [53]. Similarly, 

utilizing the flipped classroom method within sports 

instruction, such as in volleyball, allows learners to first 

understand theoretical foundations before participating in 

physical practice, thus enhancing their skills more 

efficiently during training [36], [54]. Moreover, this 

pedagogical structure empowers students to take greater 

control over their own learning, promoting self-

directedness and autonomy [30]. Nevertheless, some 

challenges persist—particularly for students with limited 

digital literacy, who may find it difficult to adapt to the self-

managed nature of such learning environments [8], [45]. 

Thus, the effective implementation of digital pedagogical 

innovations in physical education requires a thorough 

evaluation of student readiness to ensure instructional 

methods are suitably tailored. 

Digital tools are increasingly integrated into physical 

education, with a range of applications enhancing the 

teaching and learning process. The introduction of 

platforms like "Sriwijaya Bugar" and "Vidtorga" has been 

shown to improve the measurement of physical fitness and 

promote higher student involvement [5], [55]. Furthermore, 

the use of audio-visual resources and animated content has 

been found to improve comprehension of physical 

education topics and boost learners’ motivation [56], [57]. 

Digital advancements also facilitate personalized learning, 

allowing students to progress at a pace and in ways that best 

suit their individual needs [58]. This digital shift in physical 

education offers not only a more engaging and interactive 

experience, but also extends access to education for 

students across different regions and backgrounds. 

Therefore, continuous development of digital media 

utilization is necessary to fulfill the growing and varied 

demands in physical education. 

The effectiveness of digital innovations in physical 

education is closely linked to teachers’ abilities to utilize 

technology effectively. Comprehensive professional 

development for educators in digital pedagogy and 

innovative teaching strategies is essential for implementing 

successful technology-based learning [59]. Research has 

also highlighted that advancing teachers’ skills in digital 

management contributes to more dynamic and meaningful 

educational experiences [60], [61]. Collaborative learning 

frameworks supported by technology, such as the Student 

Teams Achievement Divisions (STAD) model, have been 

used in physical education to foster greater interaction and 

engagement among students [62]. In addition, digital 

learning strategies must be designed to instill important 

values in students, such as discipline and responsibility 
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throughout the learning journey [63]. Consequently, 

empowering educators with enhanced technological 

competencies is considered fundamental for maximizing 

the potential of digital innovation within physical 

education. 

Beyond technological infrastructure and teacher 

expertise, advancements in digital physical education 

should prioritize approaches that are inclusive and 

adaptable. Scholars have emphasized the vital role of 

teachers in creating learning environments where all 

students, including those with varied abilities and special 

needs, are encouraged to participate actively [64]. Flexible 

instructional models allow for the use of diverse teaching 

methods, which can be tailored to address individual 

student needs [65]. At the same time, digital platforms 

enable the introduction of a wider variety of educational 

activities, such as interactive simulations or game-based 

lessons, which can raise students’ motivation and 

participation [66]. Applying technology with flexibility can 

help eliminate constraints of time and location, ensuring 

fairer opportunities for all learners. Hence, digital 

instructional models must continue evolving with a focus 

on inclusivity to best meet the needs of diverse student 

populations. 

Strengthening digital learning innovation in physical 

education necessitates active involvement from multiple 

stakeholders. Governments, academic institutions, and 

educational communities are expected to collaborate in 

formulating policies that facilitate digital transformation in 

this domain [57]. Evidence suggests that ongoing 

partnerships between educational entities and industry can 

contribute to curriculum development that aligns with 

technological advancements [54]. Ongoing teacher training 

in digital technology application must also be prioritized to 

support sustained instructional innovation [67]. By 

fostering synergy among supportive policies, educator 

development, and technological upgrades, the evolution of 

digital learning models in physical education can 

significantly enhance instructional quality and nurture a 

generation that is well-prepared for the challenges of the 

digital era. 

4.2. Utilization of Interactive Technology in Physical 

Education 

The adoption of interactive technologies within physical 

education has advanced rapidly, marked by the integration 

of tools like Augmented Reality (AR), Virtual Reality (VR), 

and game-based learning strategies that make students’ 

educational experiences more engaging and immersive 

[49]. Through these digital-based simulations, learners can 

deepen their understanding of sports techniques by 

interacting with lifelike scenarios that mimic real 

environments [27]. Furthermore, applying embodied 

pedagogy as a teaching approach has proven valuable in 

promoting active participation, as it connects tangible 

physical activities with educational content [44]. Modern 

digital resources, including motion tracking applications 

and specialized coaching platforms, empower educators to 

deliver detailed, data-driven feedback tailored to each 

learner, thus promoting a learning environment that is both 

responsive and personalized [31]. Yet, the effectiveness of 

such technological interventions remains closely linked to 

educators’ digital readiness, which continues to pose a 

considerable obstacle for many institutions [28]. For this 

reason, it becomes essential to prioritize teacher training 

and digital literacy development to ensure the optimal use 

of interactive technology in physical education settings. 

Beyond AR and VR, interactive multimedia solutions 

play an increasingly prominent role in physical education 

instruction. As noted by N. A. Mukhlis et al., [68], 

leveraging multimedia tools in teaching has been found to 

significantly enhance learners’ grasp of fitness and health 

concepts. Interactive content—such as videos, animations, 

and visually appealing graphics—enables students to 

transition from passive receivers to active participants in 

the learning process, allowing for deeper engagement and 

better comprehension [69], [70]. Additionally, fitness 

applications designed to monitor students’ strength and 

endurance deliver immediate performance feedback, assist 

in setting personal goals, and facilitate the ongoing tracking 

of physical progress, thereby increasing motivation for 

physical participation [71]. However, as Z. E. Pudyastuti et 

al. [72] highlights, the successful application of these 

digital solutions hinges on teachers’ capacity to adapt and 

utilize technology effectively, underlining the necessity for 

continuous professional development programs focused on 

interactive media. Investing in such capacity building is 

critical for maximizing the benefits that digital technology 

can bring to physical education. 

Given that today’s students are increasingly comfortable 

with digital platforms and prefer learning methods rooted 

in technology, educators are compelled to align their 

strategies with these evolving preferences [73]. 

Incorporating game elements into physical education, 

known as gamification, has emerged as a particularly 

effective way to promote student involvement in physical 

activities. Educational technologies, including learning 

games, have demonstrated success in boosting motivation 

and fostering more dynamic learning environments [74]. 

AR applications can also transform physical education by 

introducing enjoyable and interactive learning experiences 

[5]. Nevertheless, such progress demands that schools 

provide sufficient resources and infrastructure. As revealed 

by Tuvia et al. and corroborated by H. Setyawan et al. [14], 

the impact of technology on educational practices is 

heavily determined by the availability of appropriate 

facilities and support systems. Thus, regularly assessing 

institutional readiness and ensuring access to necessary 

technological resources are vital steps for long-term 

success [75], [76]. Institutional commitment to 

infrastructure development is, therefore, a fundamental 

aspect of integrating technology in physical education. 

In addition to hardware and software infrastructure, the 
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introduction of Learning Management Systems (LMS) in 

physical education brings new opportunities for enhancing 

teacher-student interaction. LMS platforms facilitate not 

only the organization and delivery of instructional content, 

but also the monitoring of student achievement and the 

sharing of exercise resources and forums for discussing 

physical activity [77]. Engaging with interactive 

technology in the classroom has also been linked to 

increased student motivation and improved academic 

outcomes. Research from F. Haris et al. [64] demonstrates 

that students exposed to interactive media show higher 

levels of enthusiasm and better results than those taught 

using more conventional approaches [78]. Nonetheless, the 

challenge of equipping teachers with the skills to create 

innovative and appealing digital content remains [79]. 

Ongoing professional development and teacher education 

are necessary to support educators in effectively leveraging 

technology for physical education [16]. As a result, besides 

robust infrastructure, teacher capability is a crucial 

determinant for the effective deployment of interactive 

technologies in this field. 

The successful implementation of interactive technology 

in physical education does not solely depend on advanced 

tools or applications, but is greatly influenced by 

thoughtful instructional design. When interactive 

technologies are integrated with effective pedagogical 

strategies, the quality of the learning environment can be 

significantly improved [70], [80]. The ongoing pursuit of 

technological innovation in physical education should 

include efforts to develop more adaptive software tailored 

to both student and teacher needs [81]. Artificial 

intelligence, in particular, offers promising opportunities to 

enhance engagement and tailor educational 

recommendations to individual learners [77]. However, it 

is equally important to investigate the long-term 

implications of technology in education to secure its 

sustainability and lasting benefits. In summary, while 

interactive technologies provide vast potential for 

enriching physical education experiences, their successful 

integration necessitates readiness and adaptability from all 

stakeholders involved. 

4.3. Barriers to the Implementation of Physical 

Education Technology 

Despite the many advantages technology brings to 

physical education, numerous obstacles continue to impede 

its optimal use, especially regarding infrastructure, teacher 

preparedness, student enthusiasm, and curriculum 

adaptability. Research indicates that deficiencies in 

infrastructure and restricted availability of digital 

equipment represent primary hindrances to digital 

transformation efforts within physical education [26], [76]. 

Moreover, the shift to online-based physical education 

during the COVID-19 pandemic has been associated with 

reduced physical activity among students, as well as a rise 

in mental health concerns, such as stress and anxiety [37]. 

Furthermore, studies have found that virtual physical 

education frequently fails to match the effectiveness of in-

person instruction, particularly due to limitations in 

opportunities for direct social interaction and immediate 

feedback [52], [82]. Therefore, although digital platforms 

can enhance access to education, the insufficient readiness 

of infrastructure and suboptimal instructional design 

remain significant barriers to fully leveraging technology 

within physical education. 

Among the most pressing issues is the inadequate 

provision of technology resources, which directly affects 

the integration of technology into physical education 

settings. Many educational institutions struggle to supply 

necessary devices such as computers, projectors, or reliable 

internet access [83]. Furthermore, disparities persist in 

access to digital applications and wearable technology for 

physical education across various schools [26]. In 

situations where technological resources are lacking, 

educators encounter difficulties embedding digital tools 

into practical lessons [76], [84]. While the adoption of 

technology could substantially enhance the physical 

learning process, these persistent infrastructure challenges 

necessitate comprehensive and strategic interventions to 

enable effective implementation. 

Beyond infrastructure, the capability and willingness of 

teachers to integrate technology are fundamental to its 

success in physical education. Many instructors remain 

insufficiently trained to employ digital tools, which leads 

to a disconnect between theoretical aspirations and actual 

classroom practices [13], [14]. According to W. O’Brien et 

al. [46], the transition to digital instruction is often 

hampered by difficulties in maintaining student 

participation, partly due to a lack of innovative pedagogical 

methods. The absence of sustained institutional support and 

ongoing professional development further hinders the 

assimilation of technological advancements in teaching 

[42], [52]. Addressing these shortcomings by investing in 

targeted training and fostering a supportive educational 

environment is essential for teachers to fully utilize digital 

solutions within physical education. 

Student motivation also poses a considerable obstacle to 

the adoption of technology-assisted physical education. 

Several studies point out that student involvement in 

physical activity can decline in online learning formats, 

primarily due to a lack of real-world physical engagement 

[82], [85]. This trend has reinforced the perception that 

technology-driven physical education is less impactful than 

traditional classroom experiences [37], [46]. Furthermore, 

H. Setyawan et al. [14] found that students unfamiliar with 

using technology during physical activities may show 

reluctance toward new digital instructional models. To 

address this, creative solutions such as gamification and the 

use of engaging, interactive applications are needed to 

boost student motivation and participation in tech-

supported physical education. 

Another persistent challenge concerns the rigidity of 

existing curricula, which frequently inhibits the effective 
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integration of technology into physical education. 

Traditional curricular structures often limit teachers' 

opportunities to implement digital teaching strategies [16], 

[86]. Simultaneously, the pressure on educators to achieve 

specified learning standards may compel them to prioritize 

formal objectives over experimenting with technological 

innovations [87], [88]. Unless curricula evolve to 

accommodate technological advancements, optimal 

implementation of tech-enabled physical education 

remains difficult. Consequently, an adaptive curriculum 

reform is necessary to enable the meaningful and sustained 

integration of digital resources in physical education 

classes. 

In summary, while the integration of technology holds 

substantial promise for enhancing physical education, 

multiple barriers must be addressed to realize its potential. 

Major constraints include insufficient infrastructure, 

inadequate teacher development, low student motivation, 

and restrictive curricular frameworks [46], [83], [84]. 

Overcoming these issues will require a coordinated, 

holistic approach, encompassing infrastructure upgrades, 

comprehensive professional development for educators, 

and curriculum innovation. Should these obstacles be 

effectively managed, technology-assisted physical 

education could deliver significant advantages for students, 

thereby elevating the overall quality of the educational 

experience. 

4.4. The Teacher's Role in the Success of Digital-Based 

Physical Education 

The effectiveness of implementing digital initiatives 

within physical education hinges not merely on 

technological availability, but significantly on the 

preparedness and proficiency of educators in integrating 

these tools into teaching. C. Herodotou et al. [40] have 

underscored the necessity of prioritizing teacher training to 

fully capitalize on digital resources in PE settings. 

Educators who exhibit robust technological literacy are 

generally more capable of cultivating learning spaces that 

are both interactive and adaptable to students’ needs [32]. 

Furthermore, the adoption of project-based learning (PBL) 

methods in PE has been shown to foster greater 

collaboration and problem-solving abilities among students 

in digital environments [51]. In addition, research by R. 

Pérez-Ordás et al. [48] stresses the value of service-

learning models in physical education teacher training, 

integrating meaningful community involvement to enrich 

pre-service teachers’ professional growth. M. Alenezi [41] 

further points out that successful digital transformation in 

higher education is dependent upon strong institutional 

frameworks, including sufficient infrastructure and the 

continual upskilling of faculty. Consequently, the lasting 

advancement of digital physical education can only be 

achieved by harmonizing the efforts of educators, 

institutional support, and technology itself [47]. 

Within the context of digital learning, teachers’ roles 

transcend the mere transmission of content; they are 

responsible for shaping learning atmospheres that drive 

students’ active engagement. According to A. T. Daga [89], 

in the framework of "independent learning," instructors are 

expected to modify pedagogical strategies to better address 

learner diversity and enhance participation rates. F. Haris 

et al. [64] documented that technologically proficient 

teachers can utilize digital media, including interactive 

video content and fitness applications, to help learners 

develop their motor abilities more effectively. The 

importance of ongoing professional development to keep 

teachers’ skills up to date with evolving tech-based 

curricula is also highlighted by R. Ahmad et al. [90]. 

Moreover, research by N. M. Jalal et al. [91] finds that 

effective interpersonal communication remains a critical 

element for online instruction. Thus, the capacity and 

readiness of teachers to employ educational technology are 

pivotal determinants in the achievement of digital PE 

objectives. 

Beyond digital fluency, teachers must provide emotional 

encouragement and motivation for students to thrive in 

online and technology-supported physical education. A 

positive educator attitude towards technology can directly 

uplift student motivation, as discussed by I. Gani et al. [13], 

who found that supportive teacher behaviors bolster 

learners’ confidence to take part in digital PE activities. 

Expressive and clear communication techniques allow 

teachers to deliver instructions and expectations more 

effectively, reducing confusion and streamlining the 

learning process [92]. Employing PBL strategies has also 

been correlated with greater learner engagement in virtual 

PE contexts, as evidenced by L. Khan et al. [8]. Y. Zhang 

et al. [93] observed that personalized learning interventions 

can enhance both motivation and involvement, promoting 

more meaningful and enduring comprehension. Therefore, 

a teacher’s contribution extends far beyond technological 

facilitation, encompassing the nurturing of supportive 

relationships essential to student achievement. 

An additional determinant of successful digital PE 

integration is the availability of suitable electronic 

instructional resources. Teachers must curate and utilize a 

variety of materials—including instructional videos, 

interactive platforms, and digital assessment tools—to 

optimize learning outcomes. The work of W. I. Bayu et al. 

[5] notes that platforms like "Sriwijaya Bugar" enable more 

precise and efficient measurement of student fitness levels. 

Nevertheless, insufficient infrastructure and limited 

technological access remain significant barriers for many 

educational institutions, as revealed by A. Nuarilenzy et al. 

[76]. The active participation of parents is also necessary to 

bridge technology gaps and foster accessibility for learners 

at home, as highlighted by D. M. Lestari et al. [81]. 

Therefore, comprehensive collaboration among educators, 

administrative staff, families, and community partners is 

essential to overcome obstacles and expand educational 

technology’s reach. 

In summary, teachers’ contributions are fundamental to 
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the advancement of digital-based physical education. By 

persistently developing their technology skills, adopting 

inventive teaching methodologies, and forming robust 

partnerships, educators can integrate digital PE into 

mainstream educational practice. It is vital that awareness 

of the benefits and importance of digital PE is consistently 

reinforced among all stakeholders through sustained 

outreach and capacity-building initiatives. C. A. Bonfield 

et al. [47] emphasize that lasting success in digital learning 

requires an accompanying shift in educational culture, 

paving the way for sustained technology adoption. 

Accordingly, integrating technology into physical 

education should be seen not as a supplementary measure, 

but as a critical component of holistic educational reform 

designed to elevate overall instructional quality. 

5. Conclusions and Implications 

5.1. Conclusions 

The advancement of digital technology within the realm 

of physical education offers considerable opportunities to 

improve learning achievements. Innovative teaching 

models, including the use of blended learning and flipped 

classroom strategies, have demonstrated success in 

increasing student participation and understanding. 

Additionally, the application of digital resources such as 

VR, AR, and interactive gamification platforms has helped 

establish a more engaging and inspiring atmosphere for 

learners. Nonetheless, several obstacles—such as 

inadequate facilities, insufficient teacher preparedness, and 

hesitancy toward change—remain persistent barriers. 

Consequently, the advancement of digital physical 

education demands the formulation of supportive policy 

frameworks, continual development of educators’ digital 

literacy, and selection of technological solutions that are 

closely aligned with instructional objectives. By addressing 

these factors, the evolution of physical education in this era 

can ultimately deliver learning experiences that are more 

impactful, accessible, and enduring. 

5.2. Practical Implications 

(1) Teachers: adopt flipped/blended sequences using 

short pre-class micro-videos and in-class skill practice; pair 

with low-barrier tools (LMS checklists, basic video 

analysis) and plan PD aligned to TPACK. (2) Schools: 

prioritize connectivity and device-sharing policies; 

establish minimum digital kits for PE (projection, camera, 

basic wearables) and allocate time for lesson co-design. (3) 

Policymakers: embed digital pedagogy competencies in PE 

standards; fund scalable PD and infrastructure grants; 

evaluate programs using engagement and skill proficiency 

metrics. 
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