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Abstract. The aim of the study was to reveal the theoretical foundations of integrating electronic educational platforms
and mobile services into school physical education classes in order to outline their potential for increasing the physical
activity of schoolchildren. The methodology was based on a combination of theoretical analysis, a regulatory and legal
approach, and conceptual modelling. It was found that the main tools of digital technologies are exergames, fitness
trackers, online lessons, gamified programmes, social networks, and activity monitoring platforms. Exergames, wearable
trackers, and gamification provide sufficient intensity of exercise, provide objective data for self-monitoring and goal
setting, and stimulate daily physical activity among pupils. Online physical education formats partially compensate for the
reduction in physical activity during distance learning if they have a well-thought-out pedagogical design. Digital media
in the concept of health promotion are used to prevent physical inactivity and bring pupils closer to the recommended
levels of physical activity. Within the framework of technology-enhanced pedagogy, digital tools individualise the load,
improve the assimilation of motor actions and expand the space for activity outside school. It has been established that
the integration of digital technologies results in an increase in moderate/high activity time, improved physical fitness,
motivation, self-regulation, and a positive attitude towards physical culture. Effectiveness and risks depend on teacher
competence, material resources, organisational support, as well as screen time control, digital inequality, and data
confidentiality. A conceptual model of “input — process — outcomes” is proposed, where the “input” consists of types of
digital technologies, regulatory guidelines and conditions for implementation, the “process” consists of motivational,
organisational and monitoring mechanisms of influence, and the “output” is changes in physical activity and attitudes
towards physical culture. The practical significance lies in the fact that the results can be used by physical education
teachers and methodologists to plan lessons aimed at increasing physical activity and motivation among pupils
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Introduction

Physical activity among children and adolescents in the
21% century is considered one of the key determinants of
health, and school as an environment where the basic con-
ditions for the formation of motor behaviour are created.

Despite this, most schoolchildren do not meet the mini-
mum recommendations for daily physical activity, which
is exacerbated by trends in urbanisation, increasing sed-
entary lifestyles and screen time. In such conditions, the
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question arises of how schools, and physical education
classes in particular, can use digital technologies not only as
a means of communication, but also as a tool for increasing
the actual level of physical activity among pupils.

In the scientific field, the digitisation of physical ed-
ucation is considered a separate area of research. In a
study by S. Guijarro-Romero et al. (2023), an intermit-
tent training module based on wearing fitness bracelets
and a set of behavioural strategies (step goals, counsel-
ling, reminders) was tested. The authors found that pu-
pils’ perceived support for autonomy, satisfaction of ba-
sic psychological needs, and autonomous motivation for
physical activity increased, as did their habitual physical
activity. This means that integrating wearable devices
into physical education lessons can not only increase the
amount of movement, but also influence the motivation-
al mechanisms that are essential for long-term activity
maintenance. Similarly, the work of S. Guijarro-Rome-
ro et al. (2025) focused on the same type of intermit-
tent module with bracelets, but assessed its impact on the
weekly number of steps: an eight-week programme with
progressive targets, counselling and daily monitoring led
to a statistically significant increase in steps among ado-
lescents aged 12-16. This work provides direct quantita-
tive evidence that a well-designed programme of wear-
able trackers integrated into physical education lessons
can significantly bring pupils” actual levels of daily activ-
ity closer to the recommended standards.

Virtual physical education during COVID-19, built
within the framework of “diversity-equality-inclusion” in
the study by E.M. D’Agostino et al. (2021), showed that re-
mote physical education formats can either exacerbate or
mitigate existing inequalities in access to physical activity,
depending on how online tools are designed. The authors
highlight key design features of platforms (convenience,
accessibility, monitoring and evaluation capabilities) that
teachers consider crucial for ensuring equitable access to
quality online physical education for pupils, thereby set-
ting benchmarks for the design of future digital solutions.
In their study, O. Osterlie et al. (2022) conceptualised the
field of “digital technology in physical education”, empha-
sising that digital tools (flipped learning, gamification,
exergames) have already demonstrated their ability to en-
hance student motivation, learning outcomes and perfor-
mance. At the same time, the authors point out the lack of
knowledge about how teachers implement these technol-
ogies in different pedagogical approaches and at the level
of specific lesson tasks, calling for more in-depth research
into the didactic component of digital physical education,
rather than just the technical side. Digital tools, as found
in the work of E. Jastrow et al. (2022), mostly enhance
student motivation and improve motor skills, but at the
same time reveal serious barriers — a lack of resources and
insufficient preparation of teachers to work with media.
The authors also emphasised that most studies focus on
“learning with media”, while the aspect of “learning about
media” (data protection, critical attitude to images, etc.)
remains almost unexplored, which creates a gap for fur-
ther pedagogical models of digital physical education.

In a systematic review by D.I. Tohanean et al. (2025)
analysed 13 studies on the integration of artificial intelli-
gence and information and communication technologies

into physical education at different levels of education,
identified the main types of their application and demon-
strated their potential for personalising learning, providing
real-time feedback, and increasing motivation and inclu-
siveness. At the same time, the authors note that the trans-
formative potential of these tools is limited by insufficient
infrastructure, a lack of professional training for teach-
ers, and methodological shortcomings in existing studies,
which requires targeted pedagogical design of digital solu-
tions in school physical education.

In Ukrainian scientific discourse, the use of digital
technologies in physical education explores the possibili-
ties of mobile applications and comprehensive digital solu-
tions for school physical education. Fitness applications
and interactive platforms (Nike Training Club, Google
Fit, Workouts for Kids), as shown by H.M. Alekseeva et
al. (2025), can compensate for the loss of classroom activity
by maintaining motivation, engagement, and the level of
physical activity of middle-aged schoolchildren. Research
by V.V. Geitenko et al. (2025) on the use of digital tech-
nologies in physical education classes shows that mobile
apps for tracking activity, fitness bracelets, video platforms
(YouTube, Nike Training Club), virtual/augmented reality,
and online diaries can significantly increase pupils’ interest
in classes, individualise training tasks, and provide more
accurate monitoring of physical fitness. Both studies show
that mobile applications, fitness devices, and other digital
platforms can increase pupils’ interest in classes and con-
tribute to the individualisation of physical activity. At the
same time, this potential can only be realised if teachers
have the necessary competence in information and com-
munication technologies and schools have the appropriate
technical equipment.

A summary of foreign studies shows that the use of
digital technologies in physical education contributes to
increased motivation, engagement and physical activity
levels among schoolchildren, while Ukrainian publica-
tions mainly focus on individual tools and approaches
without offering a comprehensive system for their peda-
gogically sound application. There was a lack of compre-
hensive works that would systematise groups of digital
technologies and present a conceptual model for their
integration into lessons and extracurricular physical ed-
ucation activities for pupils in general secondary educa-
tion institutions.

Thus, the aim of the study was to provide a theoreti-
cal justification for the use of electronic tools and online
solutions in the process of physical education of pupils in
general secondary education institutions as a means of in-
creasing their level of physical activity. To achieve this aim,
the following objectives were set: to analyse regulatory doc-
uments that define the requirements for the level of physi-
cal activity of pupils in the process of using digital technol-
ogies in physical education in general secondary education
institutions, to systematise the main groups of digital tools
for school physical education, taking into account empiri-
cal data on their impact on the physical activity of pupils,
and to develop a theoretical conceptual model for the inte-
gration of digital technologies into the process of physical
education and health activities of pupils in general second-
ary education institutions as a means of increasing their
physical involvement.
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Materials and Methods

The study was theoretical and analytical in nature and used
a comprehensive approach combining theoretical, ana-
lytical, comparative-normative and structural-modelling
analysis. This made it possible to systematically study the
possibilities, effectiveness, risks and directions of using
digital technologies in school physical education, taking
into account their impact on pupils’ physical activity. Us-
ing methods of normative-legal and comparative-norma-
tive analysis, a normative act was developed that approves
the State Standard of Ukraine (Resolution of the Cabinet
of Ministers of Ukraine No. 898, 2020) and its official pres-
entation and explanation on the website of the Ministry of
Education and Science of Ukraine (MES) Ministry of Ed-
ucation and Science of Ukraine (n.d.), which regulates the
educational field of “Physical Education” in general second-
ary education institutions in Ukraine. International bench-
marks are presented in official standardised documents of
the World Health Organization (2010; 2020). The choice
of documents is due to the fact that Ukrainian documents
establish mandatory requirements for the content and re-
sults of physical education in schools, while international
recommendations set scientifically based target guidelines
for the level of physical activity, which was necessary for
the formation of a regulatory framework against which the
potential for integrating digital technologies into school
physical education was assessed.

To develop a classification of digital technologies,
methods of classification and systematisation of empirical
research results were used, which describe the use of digital
tools in physical education of pupils in general secondary
education institutions — exergames (active video games)
(Roglin et al., 2024; Zhao et al., 2024; Merino-Campos
& Del-Castillo, 2025), wearable technologies (Creaser et
al., 2022; Chen et al., 2025), online physical education
and mixed formats (Montiel-Ruiz et al., 2022; Knoke et
al., 2024), gamified programmes and social networks
(Montiel-Ruiz et al., 2022), digital platforms for monitor-
ing and analysing physical activity (Creaser et al., 2022;
Knoke et al., 2024; Chen et al., 2025), which are most rep-
resentative of approaches to the digitalisation of physical
education and reflect various mechanisms of influence on
the level of physical activity of pupils. The selection crite-
ria were a focus on school age (pupils in general secondary
education), the presence of a clearly described digital com-
ponent in the physical education programme (exergames,
wearable trackers, online lessons, gamified services, moni-
toring platforms), recording of physical activity indicators
or related behaviour, as well as the possibility of replicating
these solutions in a regular school setting. This was done in
order to create a generalised classification framework that
allows for comparison of the potential of different groups
of digital solutions and serves as a basis for further analysis
of their effectiveness.

To verify the theoretical conclusions about the poten-
tial of digital technologies as a means of increasing the level
of physical activity, physical fitness and motivation of pu-
pils, the types of digital technologies were analysed using
content analysis and analytical generalisation methods:
exergames (ExerCube), exergames (school exergaming
programme), gamified programme + cards/sensors (active
way to school), Edmodo social network + gamification of

physical education courses, wearable activity trackers
(wearables), and exergame-based training. These types
were selected as representative examples of the main groups
of digital technologies identified in the classification, for
which quantitative changes in the level of physical activity,
physical fitness and motivation of pupils have been docu-
mented in school settings. This approach made it possible
to empirically substantiate the theoretical provisions of the
study and to specify which types of digital technologies and
in which formats of class organisation provide the most no-
ticeable positive changes in pupils’ physical activity.

To identify risks and limitations associated with the
use of digital technologies in school physical education,
such as increased screen time, digital inequality, and data
privacy issues, methods of critical analysis and the com-
parative-normative approach were applied. This allowed
the conditions for pedagogically appropriate and safe in-
tegration of digital tools into the educational process to be
outlined. Based on the results of theoretical and empirical
synthesis, methods of structural-logical and conceptual
modelling were used to construct the “input-process-out-
comes” model of digital technology use in the physical edu-
cation of general secondary education pupils. This ensured
the integration of disparate research findings into a coher-
ent conceptual framework suitable for practical application
by physical education teachers and by developers of educa-
tional programmes.

Results and Discussion
Regulatory guidelines and classification
of digital technologies in physical education
The regulatory and legal basis for the physical education
of pupils in institutions of general secondary education in
Ukraine is the State Standard of Basic Secondary Educa-
tion, approved by Resolution of the Cabinet of Ministers of
Ukraine No. 898 (2020). The document defines the aims of
basic education, which include the formation of a culture
of a healthy lifestyle and the creation of conditions for the
harmonious physical and mental development of the pupil.
Within its structure, the educational field “Physical Culture
and Sport” is distinguished, the content of which is aimed
at developing physical qualities, mastering basic motor
skills and abilities, and forming the capacity for independ-
ent physical activity and health-related exercise (Ministry
of Education and Science of Ukraine, n.d.). On the basis
of the Standard, model educational programmes are devel-
oped that determine the content of learning material, the
indicative distribution of hours, and the expected learn-
ing outcomes in the field of “Physical Culture and Sport”
for different age groups. The allocated number of hours
is intended to ensure the minimally necessary conditions
for achieving the school’s health-preserving aims and for
bringing pupils closer to levels of physical activity recom-
mended by international organisations.

In this context, digital technologies are viewed not as
an end in themselves but as tools for implementing the
requirements of the State Standard: they increase the at-
tractiveness of physical education lessons, expand oppor-
tunities for individualising physical load and monitoring
physical activity, and facilitate the organisation of feedback.
The integration of digital tools into the content and teach-
ing methods of lessons may be considered one of the ways
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to develop pupils’ health-preserving and digital competenc-
es in line with the priorities of the New Ukrainian School.
However, the State Standard of Basic Secondary Education
of Ukraine focuses primarily on describing the content of
the field “Physical Culture and Sport” and the expected
learning outcomes, rather than on clearly quantified indi-
cators of pupils’ daily volumes of physical activity (Resolu-
tion of the Cabinet of Ministers of Ukraine No. 898, 2020;
Ministry of Education and Science of Ukraine, n.d.). On
the basis of the Standard and the model educational pro-
grammes, school timetables and the minimum required
number of physical education hours are established, creat-
ing basic conditions for achieving the school’s health-pre-
serving goals, but this alone does not guarantee attainment
of the recommended daily level of physical activity.
International benchmarks for planning and assess-
ing the physical activity of children and adolescents are
provided by the recommendations of the World Health
Organization (2010): children and adolescents aged 5-17
years should engage daily in at least 60 minutes of mod-
erate-to-vigorous physical activity, predominantly aerobic
in nature, including vigorous-intensity activities and exer-
cises to strengthen muscles and bones at least three times
per week, as well as limiting sedentary behaviour (World
Health Organization, 2010; 2020). A substantial proportion
of children and adolescents in different countries, includ-
ing during the Coronavirus Disease (COVID)-19 pandem-
ic and periods of distance learning, do not reach the levels
of physical activity recommended by the WHO (Knoke et
al., 2024; Martin-Rodriguez et al., 2025). For institutions of
general secondary education, this implies the need to or-
ganise physical education lessons and extracurricular phys-
ical and sports activities in ways that support the attainment

of these standards, in particular through the purposeful
use of modern digital technologies of the twenty-first cen-
tury (mobile applications, wearable trackers, exergames,
online platforms), which can increase the overall volume
and intensity of pupils’ physical activity and reduce the gap
between actual indicators and international recommenda-
tions. A comparison of Ukrainian requirements with inter-
national benchmarks shows that the Ukrainian Standard
defines the content-related and organisational framework
of physical education, whereas WHO documents establish
quantitative target benchmarks for physical activity; taken
together, these can be regarded as complementary regu-
latory bases for evaluating and improving school practice
through the use of digital technologies.

Contemporary approaches to the physical education
of pupils increasingly emphasise that digital solutions
should be considered not as an “addition” to the tradition-
al lesson but as an integral part of the teacher’s pedagog-
ical toolkit, capable of supporting both educational and
health-preserving aims. In the scientific literature, there is
no single established definition of this concept, and dif-
ferent authors include within it both basic information
and communication technology (ICT) tools (video ma-
terials, multimedia presentations, online platforms) and
specialised interactive systems with elements of gamifi-
cation and monitoring. The term “digital technologies” in
physical education is used broadly and encompasses tools
ranging from simple video resources to complex interac-
tive systems with motion sensors, elements of artificial
intelligence, and augmented reality (Martin-Rodriguez et
al., 2025; Ketelhut et al., 2025). The groups of digital tools
relevant for pupils in general secondary education institu-
tions were summarised in Table 1.

Table 1. Classification of digital technologies in the physical education of general secondary education pupils

Group of digital technologies Characteristics

Implementation

Exergames
(active video games)

Interactive gaming systems in which successful task performance
directly depends on the user’s motor activity. They provide a game-
based format with a sufficient intensity of physical load.

Specialised solutions (ExerCube) and commercial
active video games used in school-based
interventions.

Wearable technologies
(wearable devices)

Sensor-based devices for measuring indicators of physical activity
(steps, duration and intensity of exercise, heart rate), used for
monitoring and self-control.

Fitness bands, smartwatches, and chest-strap heart
rate monitors integrated into school programmes
aimed at increasing physical activity.

Online physical education
and blended formats

The use of video lessons, streamed workouts, virtual classes, and
educational platforms to organise physical education lessons in
distance and blended formats, as well as to support traditional lessons.

Distance and blended physical education
programmes developed during the COVID-19
pandemic, as well as platforms supporting physical
education lessons.

Gamified applications
and social networks

Digital services in which physical activity is integrated into a system of
game mechanics (points, levels, leaderboards, badges) and supported
through social interaction (chats, online communities, challenges).

Gamified interventions to stimulate active travel
and participation in physical activity, and gamified
physical education courses based on social networks.

Digital platforms
for monitoring and analysing
physical activity

Web-based and mobile applications for recording the volume and
structure of physical activity, analysing its dynamics, setting goals, and
generating reports for pupils, parents, and school administration; they

are integrated with wearable devices.

School-based and commercial platforms that collect
data from trackers and visualise physical activity
indicators for the purposes of the educational
process and health promotion.

Source: compiled by the authors based on EJ. Montiel-Ruiz et al. (2022), S. Ketelhut et al. (2022), A.V. Creaser et al. (2022), C. Knoke et
al. (2024), L. Roglin et al. (2024), M. Zhao et al. (2024), X. Chen et al. (2025), C. Merino-Campos & H. Del-Castillo (2025)

Digital technologies in the physical education of pu-
pils in general secondary education institutions encom-
pass both tools for the direct organisation of motor ac-
tivity (exergames, wearable devices, online lessons) and
means of motivation, social interaction and monitoring of
its outcomes (gamified applications, digital platforms for

analysing physical activity). This makes it possible to use
them both during physical education lessons and in extra-
curricular sport and health-related activities, thereby ex-
panding the space for pupils’ physical activity. The impact
of digital technologies on the physical activity of pupils in
general secondary education institutions is appropriately
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explained within several interrelated theoretical approach-
es. Within the health-preserving and health promotion ap-
proach, digital media in physical education are viewed as
tools for health promotion that should contribute to bring-
ing pupils closer to recommended levels of physical activ-
ity, improving indicators of physical fitness and fostering
awareness of the relationship between motor activity and
health (Mackenbrock & Kleinert, 2023; Martin-Rodriguez
& Madrigal-Cerezo, 2025). In this context, digital interven-
tions are integrated into school programmes for the pre-
vention of hypodynamia. Within the technology-enhanced
pedagogy approach, digital technologies are interpreted as
an element of a holistic pedagogical system that changes
the structure and logic of the teaching and learning process
in physical education. Digital tools are used to increase pu-
pils’ engagement, improve the acquisition of motor skills,
individualise loads and provide differentiated feedback,
which in the long term contributes to the formation of sus-
tainable habits of physical activity (Ketelhut et al., 2025).
The motivational perspective, primarily within the
framework of self-determination theory, emphasises that
digital media can satisfy pupils’ basic psychological needs
for autonomy, competence and social relatedness, thereby
strengthening intrinsic motivation for motor activity (Lam-
be et al., 2022). Tracking one’s own progress through track-
ers and mobile applications enhances the sense of compe-
tence; gamified tasks and challenges create situations of
success; online communities, rankings and team competi-
tions support a sense of belonging to a group (Mackenbrock
& Kleinert, 2023). The alignment of the health promotion,
technology-enhanced and motivational approaches makes
it possible to view digital technologies in physical education
as a multi-level influencing factor: from directly increasing
the volume and intensity of motor activity to transform-
ing the structure of the lesson and strengthening intrinsic
motivation for engaging in physical education (Lambe et
al., 2022; Martin-Rodriguez & Madrigal-Cerezo, 2025).
The results of the study revealed that exergames, as a
digital tool, provide a sufficient intensity of physical load,
improve endurance, strength and coordination, and also
create a positive emotional gaming experience that changes
attitudes towards motor activity. This is consistent with the
work of Y.Z. Birinci et al. (2023), in which exergames are
considered an educational tool in physical education capa-
ble of influencing not only physical but also cognitive, social
and affective domains of pupils’ development. The authors
demonstrated that active video games can support the learn-
ing of motor skills, promote cooperation and social interac-
tion, and increase motivation and satisfaction with lessons.
Exergames thus represent a comprehensive pedagogical re-
source that simultaneously addresses physical, motivational
and socio-affective outcomes in school physical education.
The study by E.A. Talero-Jaramillo et al. (2024) shows
that ICT in school physical education is used in several
functional areas: as a means of presenting content, organ-
ising and assessing pupils’ activities, as well as a tool for
shaping motivation and engagement in lessons. The re-
sults obtained in the present study are consistent with this
multidimensional view: the term “digital technologies”
encompasses a spectrum of tools ranging from basic ICT
(videos, presentations, online platforms) to specialised in-
teractive systems (exergames, wearable devices, monitoring

platforms), and the identified groups of digital tools per-
form different but interrelated functions -direct organi-
sation of motor activity, monitoring and self-control, and
support for motivation and social interaction. The classifi-
cation of digital technologies proposed in our study reflects
this multifunctionality of ICT and specifies it in the context
of school physical education.

The results of the study showed that the combination of
the State Standard and the WHO’s quantitative recommen-
dations forms a regulatory framework for the target level
of physical activity for pupils. In these conditions, digital
technologies are seen as a means of compensating for the
limited number of hours formally allocated to physical ed-
ucation and bringing actual physical activity closer to in-
ternational benchmarks. A similar logic is demonstrated
in a systematic review by N. Mulato et al. (2024), which
emphasises that optimising physical education in the dig-
ital age requires the targeted integration of technologies
into the learning process to increase pupil motivation and
participation, rather than simply their formal presence. The
authors stress that digital tools must be linked to curricu-
lum updates, the introduction of blended learning and the
management of the educational process in order to have a
real impact on outcomes, including levels of physical activ-
ity. Digital technologies should be designed as a means of
achieving regulatory goals, rather than as a self-sufficient
“digital” component of the lesson.

A review by J. Sargent & A. Calderén (2022) showed
that digital technologies in physical education are analysed
through the prism of teaching and learning. The authors
emphasised that most studies describe an increase in mo-
tivation or engagement, but rarely link technological in-
terventions to clearly defined programmatic or regulatory
goals. The current results partly correspond to and at the
same time specify this conclusion: digital solutions are not
considered as an “addition” to the lesson, but as part of the
pedagogical toolkit designed to implement the require-
ments of the State Standard and WHO recommendations.
The classification of tools is linked to their potential to
provide sufficient volume and intensity of physical activity,
support health-saving goals, and develop pupils’ digital and
information literacy.

The results of the study indicated that digital technolo-
gies (wearable trackers, gamified programmes, online com-
munities) are considered tools for satisfying pupils’ basic
psychological needs and forming a sustainable motivation
for physical activity, which is consistent with the provisions
of self-determination theory. M. Standage et al. (2025)
demonstrate that the gap between the WHO-recom-
mended levels of physical activity and actual indicators is
largely related to the quality of pupils’ motivation in phys-
ical education, and not only to the formal parameters of
educational programmes. Educational environments that
support autonomy, competence and relatedness promote
high-quality intrinsic motivation, greater engagement and
better well-being among pupils, which is consistent with
the results of the present study. The mere existence of reg-
ulatory requirements (State Standard, WHO recommen-
dations) and digital tools does not guarantee an increase
in physical activity if the technologies are not used in a
way that supports self-regulation, a sense of competence
and social inclusion among pupils. In this sense, digital
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technologies are not only a tool for implementing formal
standards, but also a component of a motivational environ-
ment capable of ensuring real progress towards physical
activity targets. Thus, the combination of the State Stand-
ard and WHO recommendations sets a framework within
which digital technologies can be used in a targeted man-
ner to increase the actual level of physical activity among
pupils. At the same time, their effectiveness depends on
the extent to which these solutions are integrated into the
pedagogical model of the lesson and support motivation,
self-regulation, health-saving and digital competence, rath-
er than being implemented formally.

Empirical interventions, risks of digitalisation

and a conceptual model of use in physical education
Modern digital technologies of the 21 century in the
physical education of secondary school pupils appear as a

multidimensional phenomenon that combines various
types of tools (exergames, wearable devices, online plat-
forms, gamified services, monitoring systems) and per-
forms a wide range of pedagogical functions, from in-
forming and demonstrating to motivating, monitoring
and supporting independent physical education and health
activities. At the same time, the mere presence of a digi-
tal tool does not automatically increase physical activity:
the didactic scenario for its use, the degree of integration
of the goal, the content and methods of physical education
lessons, compliance with regulatory requirements, and the
ability to support pupils’ motivational needs are of decisive
importance. Moving from theoretical considerations to
specific examples allows to see more clearly the real impact
of digital technologies on the physical activity of school-
children. Table 2 shows the use of digital technologies and
their impact on the level of physical activity of pupils.

Table 2. Examples of school interventions using digital technologies in physical education

Type of digital technology Characteristics

Main effects

Randomised controlled study (primary school,

Exergames (ExerCube] pupils aged approximately 10 years): 58 pupils,

plus 20 minutes of exergaming twice a week.

three months, standard physical education lessons

Asignificant improvement in physical fitness indicators (endurance,
strength, coordination) was observed in the intervention group compared
with the control group - exergames can provide sufficient exercise
intensity and increase the level of physical activity during lessons.

Exergames (school-based Randomised controlled study (Years 5-6):

exergaming programme ) .
g g prog ) intervention.

58 pupils, three months, school-based exergaming

Anincrease in physical self-concept (self-assessment of strength,
endurance, and agility); the positive emotional experience of gaming
improves attitudes towards movement - indirectly supports higher levels
of physical activity.

Seven-week intervention (16 schools —

Gamified programme with exergaming intervention; 2 schools — control

cards/sensors (active travel

to school) awarded for sensor check-ins).

group), “outdoor game"” (walking/cycling, points

Anincrease in the proportion of children achieving the recommended level
of physical activity and a higher frequency of active travel to school -
digital activity tracking combined with game mechanics changes daily

behaviour, not only participation in physical education lessons.

Edmodo social network +
gamification of the physical
education course

Ten teachers and 56 pupils (secondary school),

via Edmodo.

gamified Physical Education (PE) course delivered

Pupils received points/badges for physical activity and took part in
challenges; both pupils and teachers positively evaluated the platform,
and a high impact on the promoation of physical activity outside lessons was
noted > demonstrates how a social network can support home-based
and extracurricular physical activity.

Wearable activity trackers
(wearables)

Cross-sectional survey of 1,087 school staff,
describing practices of using activity trackers.

Used during physical education lessons, throughout the school day,
in “movement breaks”, for step challenges, and for teaching children how
tointerpret their own data. The majority of staff were willing to continue
using trackers to increase physical activity.

Exergame-based training
sessions exergame-based training three times a week,

control group — usual physical activity.

Randomised controlled study (primary school):
68 children, eight weeks; experimental group —

After eight weeks in the experimental group, there was a significant
improvement in 800 m running time (cardiorespiratory endurance)
and in muscular endurance indicators (sit-ups) compared
with the control group.

Source: compiled by the authors based on EJ. Montiel-Ruiz et al. (2022), S. Ketelhut et al. (2022), A.V. Creaser et al. (2022), B. Lambi et

al. (2022), L. Roglin et al. (2024), C.E. Lin et al. (2025)

Online physical education highlights the dual nature of
the digital educational environment’s impact on pupils’ lev-
els of physical activity. A summary of the results obtained
in the context of the COVID-19 pandemic shows that the
transition to remote formats was accompanied by a de-
crease in the overall level of physical activity and a deterio-
ration in the physical fitness of schoolchildren, particularly
when theoretical or formal online classes predominated
(Knoke et al., 2024). Structured online physical education
programmes using video lessons, interactive tasks and ac-
tivity monitoring tools have been shown to reduce the neg-
ative effects of lockdowns and partially preserve or improve
certain components of physical fitness (Merino-Campos &
Del-Castillo, 2025). The potential of such platforms (such as

Edmodo, Zoom, Google Meet) is realised under conditions
of adequate technical support, a clear pedagogical lesson
plan, and consideration of the ethical aspects of online inter-
action, while common limitations remain unequal access to
the internet and devices for pupils, difficulties in monitoring
actual levels of physical activity in the home environment,
and additional workload for teachers (Gao et al., 2025).

In the context of Ukrainian physical education for
pupils in general secondary education, the issue of dig-
italisation is considered primarily in the broader context
of educational innovation and the use of information and
communication technologies. Multimedia tools, interac-
tive forms of work, online resources, and electronic educa-
tional platforms can increase pupils’ motivation to engage
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in physical education, promote the individualisation of
learning, and expand opportunities for independent physi-
cal activity (Yazlovetska, 2022; Kuzmenko, 2022). However,
specific models of online physical education, with a struc-
tured description of the use of platforms such as Zoom,
Google Meet or Edmodo in the context of systematic
school physical education programmes, are generally not
detailed. This indicates a gap between the general recogni-
tion of the usefulness of digital tools in physical culture and
the lack of theoretically described and empirically verified
Ukrainian practices of online physical education. This pro-
vides grounds for viewing online formats in school physical
education as a promising yet still insufficiently conceptual-
ised area. On the one hand, the digital environment creates
additional opportunities to support continuity in physical
education and to extend the space of physical activity be-
yond the sports hall; on the other hand, the effectiveness
of such solutions directly depends on how clearly they are
embedded in the pedagogical model of the lesson, aligned
with normative requirements and oriented towards achiev-
ing target levels of pupils’ physical activity.

A key condition for the effective use of digital tech-
nologies in physical education is the appropriate level of
digital and methodological competence of the teacher. The
introduction of innovative tools requires the teacher to be
ready to design digital lessons, select adequate resources,
differentiate the workload and ensure safe work in online
and offline environments (Martin-Rodriguez & Madri-
gal-Cerezo, 2025). A significant methodological require-
ment is to maintain a sufficient motor component of the
lesson: digital tools should stimulate and organise physical
activity, not replace it. This is advisable for online phys-
ical education and mixed formats, where there is a risk
of reducing the lesson to watching videos or taking tests
(Merino-Campos & Del-Castillo, 2025; Gao et al., 2025).
Exergames, wearable trackers, and gamified platforms are
effective when their use is linked to clear targets for the
volume and intensity of physical activity and integrated
into the structure of the lesson or extracurricular activities
as a systematic rather than episodic element (Creaser et
al., 2022; Roglin et al., 2024). Accordingly, digital tech-
nologies should be designed as a tool for achieving these
goals, rather than as a distraction from them.

Alongside the advantages of using digital technologies
in physical education, a number of risks and limitations also
emerge. One of the most obvious is the threat of increased
screen time, which runs counter to the objective of reduc-
ing sedentary behaviour: without a carefully designed bal-
ance between “screen-based” and movement components,
a lesson may turn into yet another seated activity (Lambe et
al., 2022; Knoke et al., 2024). A significant problem is un-
equal access to devices and high-quality internet connec-
tivity, particularly in the context of distance learning and
the use of online physical education. Digital inequality can
exacerbate educational disparities by limiting participation
in programmes based on exergames, trackers or gamified
platforms (Lambe et al., 2022; Knoke et al., 2024). A sepa-
rate group of risks relates to the reliability and interpreta-
tion of data from wearable devices: formal task completion,
manipulation of trackers or misinterpretation of indicators
may occur, which reduces the educational potential of such
tools (Creaser et al., 2022; Montiel-Ruiz et al., 2022). In

addition, issues of privacy and the protection of pupils per-
sonal data arise, especially when commercial platforms and
cloud services are used. Finally, there is a risk of formalism,
whereby a digital tool is introduced primarily to demon-
strate “innovation” without any real change in lesson con-
tent or teaching methods. In such cases, the impact on
actual levels of physical activity remains minimal, and dig-
italisation takes the form of superficial modernisation not
supported by deeper didactic change (Martin-Rodriguez &
Madrigal-Cerezo, 2025).

On the basis of synthesising research findings, digital
technologies in the physical education of pupils in gener-
al secondary education institutions can appropriately be
considered within a conceptual “input-process-outcomes”
model, which integrates the approaches of health promo-
tion (orientation towards creating a supportive education-
al environment, expanding learners’ opportunities and
involving them in decision-making) and technology-en-
hanced pedagogy (the use of digital tools for personalised
learning, active participation, feedback and monitoring).
Within this model, digital tools are not an end in them-
selves but are viewed as resources that activate specific
mechanisms for changing pupils' movement behaviour.
The “input” block comprises three interrelated groups of
components: the main groups of digital tools (exergames,
wearable trackers, gamified platforms, online physical ed-
ucation and blended formats), regulatory and normative
reference points (the State Standard and WHO recommen-
dations on physical activity for children and adolescents),
and pedagogical conditions of implementation (teach-
ers digital and methodological competence, material and
technical resources, and organisational support from the
educational institution). In the logic of health promotion,
this combination forms a “physical-activity-supportive
environment’, while in the logic of technology-enhanced
pedagogy it constitutes the infrastructure for implement-
ing active, personalised and data-informed learning. It is
precisely the configuration of these “input” elements that
determines which “process” mechanisms can be activated
and how effectively they operate: for example, the availa-
bility of wearable trackers without an analytical platform
and pedagogical support limits opportunities for self-mon-
itoring and reflection, while access to exergames without
school support and appropriate spatial organisation does
not ensure a systematic increase in physical activity.

The “process” of integration reflects the mechanisms
through which “input” resources are transformed into
behavioural changes. Exergames and gamified platforms,
drawing on the principles of technology-enhanced ped-
agogy, increase both intrinsic and extrinsic motivation
through game mechanics (levels, points, badges, leader-
boards, challenges) and social comparison. This aligns
with health promotion ideas regarding active participation
and peer support among pupils. Wearable trackers and
analytical platforms facilitate self-monitoring, the setting
of individual goals, and immediate feedback, creating the
conditions for developing self-regulation skills in physical
activity. Online PE, digital media, and social networks ex-
pand the space for physical activity beyond the lesson: they
support the regularity of exercise in remote and blended
formats, structure extracurricular challenges, and fos-
ter networked communities oriented towards an active
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lifestyle. Furthermore, video and interactive content sup-
port the teaching of movement techniques and the acquisi-
tion of theoretical knowledge, which enhances the quality
of exercise execution and the mindfulness of motor behav-
iour. The effectiveness of these mechanisms depends on
the degree of their organic integration into the structure of
lessons and extracurricular activities, their alignment with
educational programmes, and the teacher’s ability to imple-
ment technology-supported pedagogical design.

At the “outcome” level, the model distinguishes be-
tween direct, indirect, and long-term effects. The activation
of the described “process” mechanisms leads directly to an
increase in time spent in moderate-to-vigorous physical ac-
tivity, improved physical fitness indicators, and increased
participation in physical and sporting events. Indirectly,
through the experience of success, social support, the abil-
ity to track one’s own progress, and the receipt of positive
reinforcement, a positive attitude towards physical educa-
tion is formed, physical self-concept is enhanced, self-reg-
ulation skills for physical activity are developed, and pupils’
health-preserving competence is strengthened. In the long
term, in line with the logic of health promotion, such inte-
gration of digital technologies contributes to a more stable
alignment with international recommendations regarding
physical activity levels and the formation of the founda-
tions for an active lifestyle throughout the life cycle (Fig. 1).

Input
(digital tools, regulatory and legal guidelines, pedagogical conditions for
implementation)

Process
(increasing motivation, self-monitoring and real-time feedback,
expanding the space for activity beyond the lesson, learning movement
techniques and theoretical knowledge)
L 2
Outcomes
(direct, indirect, long-term effects)

Figure 1. Conceptual model of the integration of
digital technologies into the physical education of
general secondary education pupils (“input — process —
outcomes”) within the framework of the health promotion
and technology-enhanced pedagogy approaches
Source: compiled by the authors based on World Health
Organization (2020), EJ. Montiel-Ruiz et al. (2022), C. Knoke et
al. (2024), C. Merino-Campos & H. Del-Castillo (2025),

A. Martin-Rodriguez & R. Madrigal-Cerezo (2025)

The proposed model can be applied not only to physi-
cal education lessons but also to the school sport system as
a whole, including the work of sports clubs, the preparation
of teams for competitions, and the organisation of school
and interschool tournaments. Thus, digital technologies in
the physical education of general secondary education pu-
pils demonstrate a significant but heterogeneous potential
to influence levels of physical activity. Exergames combine
a high level of physical load with an engaging game-based
format, positively affecting physical fitness and self-per-
ception; wearable trackers and related platforms provide
monitoring, self-control, and goal setting; and gamified
programmes and social services help shift the focus from

the lesson itself to everyday movement behaviour. Online
formats of physical education support continuity of learn-
ing in conditions of distance education; however, their
effectiveness in maintaining adequate levels of physical
activity depends on the quality of pedagogical design. Of
decisive importance is the alignment of digital solutions
with the aims of the field of Physical Culture and Sport,
their consistency with the recommendations of the WHO,
teacher competence, and the resources of the educational
institution. Thus, digital technologies should be regarded
as tools for the purposeful enhancement of pupils’ physical
activity both during lessons and in extracurricular sports
and health-related activities.

The results of the study indicate that the proposed
classification of digital technologies (exergames, wearable
trackers, digital monitoring platforms) and the “input-pro-
cess-outcomes” model, in which monitoring mechanisms,
individualisation of load, and feedback play a key role, re-
flect the logic of their practical application in physical ed-
ucation. In the study by Q. Zhong et al. (2025), it is shown
that “digital-intelligent technologies” form a closed cycle in
physical education: intelligent lesson design, real-time vis-
ualisation of the process, and data-driven assessment and
adjustment. This correlates with the findings of the pres-
ent study, which demonstrate that digital monitoring plat-
forms and wearable devices that collect activity data enable
the tracking of dynamics, goal setting, and adjustment of
physical load. In both cases, digital tools are viewed not as
an “addition to the lesson” but as the core of a new, more
controllable and personalised model of physical education.
This confirms the appropriateness of the systematic use of
digital technologies as a structure-forming element of mod-
ern school physical education in the twenty-first century.

In the study by V. Tagimaucia et al. (2024), online phys-
ical education is examined through the lens of teachers’
experiences who were forced to switch to online formats
during COVID-19 lockdowns. The authors showed that in-
sufficient teacher preparation, a lack of online pedagogical
skills, and limited infrastructure constitute key barriers to
high-quality distance teaching of physical education. With-
out targeted development of teachers’ digital and meth-
odological competence, as well as adequate material and
technical support, the potential of online formats is only
partially realised. The results obtained in the present study
are consistent with these conclusions: digital solutions in
physical education prove effective only when the teacher
designs the lesson in such a way that screen-based com-
ponents organise real motor activity rather than replace it,
and when the risks of increased screen time, digital ine-
quality, and the formal use of platforms as a mere “demon-
stration of innovativeness” are addressed. The transition to
online formats in itself does not guarantee the achievement
of target levels of pupils” physical activity unless it is accom-
panied by systematic teacher support and well-considered
pedagogical design of lessons.

The results of the study established that gamified pro-
grammes and social networks (challenges, points, leader-
boards, badges, online communities) stimulate everyday
movement behaviour (travel to school, extracurricular ac-
tivity) and support motivation, which is consistent with the
work of V. Arufe-Giraldez et al. (2022). The authors sum-
marised the experience of gamification in school physical
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education, showing that the use of game elements (narra-
tive, levels, rewards) enhances pupils’ engagement, interest,
and satisfaction with physical education lessons, while the
effect of gamification depends on the quality of pedagogical
design. Both studies indicate that gamification is not “auto-
matically” effective; however, when competently embedded
into the structure of lessons and extracurricular activities,
it significantly strengthens the motivational component
and pupils’ readiness to be physically active.

In the systematic review by C. Wang et al. (2023), blend-
ed learning in physical education is analysed as a promis-
ing but methodologically complex approach. The authors
synthesise tools, theoretical frameworks, and assessment
methods and show that combining online and offline com-
ponents can increase pupil engagement, flexibility, and con-
tinuity of learning, but is not automatically effective. Key
conditions for the effectiveness of blended formats include
clear instructional design, a sufficient level of teachers’ dig-
ital skills, and support for pupils’ self-regulation. The find-
ings of the present study resonate with these conclusions:
online and blended formats in Ukrainian school physical
education are viewed as a promising yet still insufficient-
ly conceptualised direction, the effectiveness of which de-
pends on the quality of integration into the pedagogical
model of the lesson and alignment with the requirements
of the State Standard and the recommendations of the
WHO regarding 60 minutes of moderate-to-vigorous phys-
ical activity per day. Blended learning in physical education
is effective only when supported by thoughtful pedagogical
design and orientation towards the goals of the State Stand-
ard and WHO recommendations. Thus, digital technolo-
gies in the physical education of general secondary educa-
tion pupils have a substantial but heterogeneous potential
to increase levels of physical activity and motivation - from
exergames and wearable trackers to gamified programmes
and online formats. Their real effect is determined not so
much by the fact of digitalisation itself as by the quality of
pedagogical design, compliance with regulatory documents
in the field of physical education, their use as tools for the
purposeful enhancement of pupils’ motor engagement,
teacher competence, and the mitigation of risks related to
excessive screen time, digital inequality, and formalism.

Conclusions
The results of the study revealed that formally allocated
physical education hours create only minimal conditions
for health preservation and, without additional tools, par-
ticularly digital ones, do not provide the recommended 60
minutes of activity per day. A classification of digital tools
for school physical education has been developed, cover-
ing active video games, wearable devices, online platforms,
gamified services, and systems for collecting and analysing

data on physical activity. Exergames in the form of educa-
tional interventions provide sufficient intensity of exercise
and contribute to the growth of endurance, strength and
coordination indicators in younger schoolchildren. Regu-
lar use of active video games is associated with improved
physical self-concept and a more positive attitude towards
physical education among pupils. Gamified programmes
and social networks stimulate not only activity in the class-
room, but also daily physical behaviour, including active
commuting to school and extracurricular activities. Online
and blended formats of physical education can prevent a
sharp decline in physical activity during distance learning,
but only if they are well designed pedagogically and ade-
quately supported by technology. In Ukraine, online physi-
cal education is still largely fragmented and requires further
theoretical justification and standardisation of practices.

The effectiveness and safety of using digital technol-
ogies in physical education depend on the teacher’s high
digital and methodological competence and avoiding the
risks of excessive screen time, digital inequality and data
privacy violations. A conceptual model of “input-pro-
cess-outcomes” has been proposed, in which the “input”
stage combines a reasoned choice of digital tools, com-
pliance with national and international regulatory docu-
ments, and resource support for the educational institu-
tion, while the “process” of integration is implemented
through gamification, self-control, operational feedback,
social interaction, and individualisation of workload. The
systematic use of such technologies increases the propor-
tion of pupils who achieve target levels of physical activity
and better physical fitness results, so digital tools should
be seen as a means of purposefully shaping an active life-
style rather than a formal marker of innovation. The lim-
itations of the study are its theoretical and review nature
and the lack of empirical data, which complicates the di-
rect extrapolation of conclusions to the Ukrainian context.
Prospects for further research should be directed towards
conducting an empirical assessment of the effectiveness of
digital solutions in the physical education of the general
secondary school pupils, developing methodological rec-
ommendations and programmes for teacher training, as
well as analysing the ethical and legal aspects of the use of
digital data, particularly in Ukraine.
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The impact of modern digital technologies...

Bnaus 3acTocyBaHHA cy4acHUX uMPpoBUX TeXHonorin y pismyHomy
BMXOBaHHI Ha piBeHb Pi3NYHOI aKTUBHOCTI YUYHIB cepegHboi LUKOAU
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AHoTauif. Metowo RoCIipKeHHs Oy/I0 POSKPUTI TEOPETHUHI 3acafiy iHTerparil eIeKTPOHHMX OCBIiTHIX mmardopm i
MOOITPHIX CepBICiB y UIKibHI 3aHATTs 3 (QiSUIHOI KYIBTYPM AJIsI OKPECTIEHHSI IX MOX/IMBOCTI 110710 IOCHIEHHSI PYXOBOI
3aJTy4eHOCTi IKO/LIpiB. MeTomonoris 6asyBanach Ha IOETHAHHI TEOPETUYHOTO aHaIi3y, HOPMAaTUBHO-IIPaBOBOTO MiIXONY
Ta KOHLIENTYaJTbHOTO MOJIeMIOBaHHA. BUABIIEHO, 1110 OCHOBHMMM IHCTPyMeHTaMM IM(POBUX TEXHONOTINI € exergames,
¢iTHec-Tpekepy, OHIANH-YPOKY, reiiMidikoBaHi Iporpamm, couMepexi Ta IIaTGOpPMU MOHITOPUHIY aKTMBHOCTI.
Exergames, HocuMmi Tpekepu Ta reiimidikartis 3abe3mnedyoThb JOCTaTHIO iIHTEHCHBHICTD HABaHTaXXeHHS, JAIOTh 00 €KTUBHI
TaHi /711 CAMOKOHTPOJIO i1 TIOCTAHOBKIY IIifell Ta CTUMYIIOIOTD IOA€HHY PYXOBY aKTMBHICTD yuHiB. OHmaiH-popmaTn
(isMIHOTrO BUXOBAaHHS YaCTKOBO KOMIIEHCYIOTb 3HVDKEHHS PYX/IMBOCTI Mifl Yac AUCTAHIITHOTO HAaBYaHHs, SKIIIO MAIOTh
npoayMaHuii megaroriuumit gusaiiu. [ludposi menia B konuenuiihealth promotion BUKOpucTOBYIOTHCS 151 TpOdiTak TUKM
rimopguHaMii Ta HaOMVDKeHH:A YYHIB O peKOMEHJOBAHUX PiBHIB pyXoBoi akTMBHOCTL. ¥ Mexax technology-enhanced
pedagogy 1udposi 3acobu iHmUBiAyanisyIOTh HaBaHTA)XXEHHSA, IOKPAIIYIOTb 3aCBOEHHA PYXOBUX [ill i pO3IIMPIOIOTH
IIPOCTip aKTUMBHOCTI 1032 IIKO/IOI0. BcTaHOBIIEHO, 110 pe3ynbTaTaMy iHTerpanii ¢ poBUX TEXHOJIOTIN € 3pOCTaHHA Yacy
NOMipHOI/BICOKOI aKTMBHOCTI, IIOKpaljeHHA (Pi3n4yHOI MiATOTOBIEHOCTI, MOTMBALl, caMOpery/LAnii Ta O3UTUBHOIO
cTaB/IeHHs 70 (isnaHOl KynbTypu. EQeKTUBHICTD i pU3MKU 3a/IeXaTh Bifi KOMIIETEHTHOCTI BUMTe/s, MaTepianbHOI 6asi,
OpraHi3alifHol MATPUMKHY, @ TAKOXK Bifi KOHTPOJII0 €KPAHHOTO Yacy, 1ndpoBoi HepiBHOCTI it KOHPIZEHLINTHOCTI TaHNUX.
3aIpOIIOHOBAHO KOHLIENTYaIbHY MOJIeNb «BXiJj — IIPOILIeC — Pe3y/IbTaTu», e Ha «BXOAi» — TMIM IU(POBUX TEXHOIOTIN,
HOPMATUBHI OPi€HTUPM 11 YMOBMU peajisaliil, y «IIpoleci» — MOTUBAlLliliHi, OpraHisaljiiiHi Ta MOHITOPMHIOBI MeXaHi3MNI
BIUIMBY, & B «PE€3y/IbTaTaX» — 3MiHU (l)ismqﬂo'i AKTUMBHOCTI Ta CTaBJIEHHA 10 (1)131/1‘{1-[0'1' KynbTypu. [IpakTidna sHauymicTh
OJIATAE B TOMY, IIJO Pe3y/IbTaTH JOL/IbHO 3aCTOCOBYBATY BUMTE/IAM (Pi3MYHOI KY/ILTYPU Ta METOIMCTAM UL IVIaHYBaHHA
3aHSATD, CIPSIMOBAHNX HA MiABUIeHHs (isMIHOI aKTMBHOCTI I MOTUBALi YUHIB

Kntouosi cnoBa: exergames; Hocumi Tpekepy; reiimipikoBani Imargopmy; OHIAiH-HaBYaHHS CIOPTY; MOTMBALIis
LIKOJIAPiB; PyXOBa aKTUBHICTh
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