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FROM MOVEMENT TO LEARNING: AN INTERDISCIPLINARY MODEL
LINKING PHYSICAL EDUCATION AND STEAM

Limonka Koceva Lazarova' and Nagehan Baykan Afsar

ABSTRACT. This paper presents an interdisciplinary teaching model that links
Physical Education with STEAM disciplines through movement-based learning.
Physical activity is used as a learning context in which students explore con-
cepts from mathematics, physics, biology, and informatics through practical and
experiential activities. Four interdisciplinary modules were implemented, com-
bining physical exercises with data analysis, scientific exploration, and problem-
solving tasks. Learning takes place across classroom, gym, and outdoor envi-
ronments, promoting active participation and collaboration. The model demon-
strates that Physical Education can serve as an effective platform for interdisci-
plinary STEAM learning, supporting both physical development and cognitive
competencies while enhancing student engagement and real-life application of
knowledge.

1. INTRODUCTION

Contemporary education increasingly emphasizes interdisciplinary learning
approaches that connect knowledge across subjects and promote meaningful, au-
thentic application. In parallel, STEAM education has gained momentum as a
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framework for integrating science, technology, engineering, arts, and mathemat-
ics in ways that strengthen problem-solving, creativity, collaboration, and real-
world relevance. Within this landscape, Physical Education (PE) is often treated
as separate from “academic” disciplines, despite its strong potential to serve as
an experiential learning environment where concepts from mathematics, science,
and technology become observable through movement, measurement, and ex-
perimentation.

A growing body of research supports the idea that movement and embod-
ied learning can enhance attention, learning engagement, and conceptual under-
standing. Evidence reports and reviews show consistent links between physi-
cal activity and learning-related outcomes such as concentration and attainment,
[1]. More recently, education research has consolidated “embodied learning”
as a promising approach that intentionally integrates cognition, physical activ-
ity, and interaction with the environment, offering a strong theoretical basis for
movement-based interdisciplinary teaching, [2].

Within STEM/STEAM contexts, physically active learning has been explored
particularly in mathematics. Studies indicate that “active mathematics” lessons-
where learners combine mathematical reasoning with physical tasks-can increase
physical activity during lessons while maintaining or supporting learning out-
comes, [3], [4].

At the broader curriculum level, recent work has also discussed the role of in-
terdisciplinary STEM education and the challenges of implementation, including
the need for clearer models and replicable teaching designs, [5]].

Several recent studies have explored physically active learning in specific
STEAM domains. In mathematics education, movement-based activities involv-
ing measurement, data collection, and spatial reasoning have been shown to sup-
port conceptual understanding and student motivation, and physically active
lessons have been reviewed as interventions that can increase physical activity
while maintaining educational outcomes [9,10], also the embodied-learning syn-
thesis in early mathematics: [11]. Similarly, interdisciplinary links between Phys-
ical Education and biology can be supported through learning designs where
students observe and interpret bodily/physiological responses to exercise (e.g.,



FROM MOVEMENT TO LEARNING: AN INTERDISCIPLINARY MODEL... 3

real-time heart-rate feedback to support understanding of exertion and motiva-
tion: [12]. In physics education, sport and movement contexts provide intuitive
examples of motion, forces, balance, and material properties, enabling learners to
connect theoretical principles with observable phenomena [13]. Taken together,
these findings suggest that Physical Education offers authentic contexts for ap-
plying STEAM concepts in meaningful and interdisciplinary ways.

More specifically, interest is increasing in positioning PE as a contributor to
STEAM learning, rather than merely a parallel subject. Recent publications ar-
gue that PE can support STEAM learning through practical contexts for measure-
ment, experimentation, collaboration, and the application of scientific principles
in movement and sport, [6]. At the same time, digital and game-based learn-
ing environments have shown promise for developing spatial reasoning and cre-
ativity—competencies closely connected to STEM success. For example, studies
using Minecraft Education report improvements in spatial thinking and other
learning outcomes when integrated into curriculum activities, [7,8].

In response to this gap, the present study introduces an interdisciplinary teach-
ing model that connects Physical Education with mathematics, physics, biology,
and informatics through movement-based learning activities. The model pro-
vides a structured yet flexible framework that supports real-life problem solving,
experiential learning, and interdisciplinary connections. By presenting concrete
examples of activities across different learning environments, this paper con-
tributes to ongoing discussions on interdisciplinary education and offers prac-
tical insights for educators seeking to implement STEAM-oriented approaches
through Physical Education.

2. CONCEPT OF THE INTERDISCIPLINARY MODEL

This interdisciplinary model is based on the idea that Physical Education can
function as a learning laboratory where concepts from science, mathematics, tech-
nology, and informatics are experienced through movement, measurement, ex-
perimentation, and reflection. Rather than positioning PE as a separate or auxil-
iary subject, the model treats it as an active context for knowledge construction,
aligned with contemporary interdisciplinary and embodied learning principles.
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The model responds to the need for meaningful learning experiences that con-
nect abstract concepts with real-world situations. By integrating STEAM-related
content into PE activities, students engage cognitively and physically, allowing
theoretical knowledge to be explored through observable and measurable phe-
nomena such as motion, force, angles, timing, biological responses, and data pat-
terns. To operationalize this approach, the interdisciplinary model is structured
around clearly defined thematic links between Physical Education and selected
STEAM disciplines. Each link is designed to highlight natural conceptual over-
laps, where physical movement and sport-related activities provide authentic
contexts for exploring scientific, mathematical, technological, and computational
concepts. In this way, disciplinary boundaries are preserved while meaningful
connections between subjects are intentionally emphasized.

The model follows a coherent instructional sequence that begins with the in-
troduction of a key STEAM concept and continues with its exploration through
physically active tasks. During these tasks, students collect data, observe out-
comes, or interact with digital tools, enabling them to connect theoretical knowl-
edge with tangible experience. Reflection and discussion are then used to support
conceptual understanding and transfer of learning to other academic or real-life
contexts.

Importantly, Physical Education serves not merely as a setting for interdisci-
plinary activities but as an equal partner in the learning process. Movement,
performance, and bodily experience are treated as sources of information that
support reasoning, analysis, and problem-solving. Through this integration, stu-
dents are encouraged to perceive learning as an interconnected process, where
physical and cognitive dimensions reinforce one another. Building on this con-
ceptual framework, the interdisciplinary model is implemented through four
types of activities, each connecting Physical Education with a specific STEAM
discipline: mathematics, physics, biology, and informatics. These activities are
designed to reflect authentic links between movement-based experiences and dis-
ciplinary concepts, ensuring that learning remains contextualized, experiential,
and meaningful.

Each type of activity follows a common pedagogical logic—combining physical
engagement, conceptual exploration, and technology-supported analysis—while
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addressing discipline-specific learning objectives. Together, they form a coher-
ent model that enables students to experience STEAM concepts through bodily

action, observation, and reflection.

2.1. Physical Education and Mathematics. The interdisciplinary activities inte-
grating Physical Education and Mathematics are designed to demonstrate how
mathematical concepts are embedded in sport-related contexts and everyday phys-
ical activities. The focus is placed on helping students recognize mathematics as
a practical tool for understanding movement, space, performance, and decision-
making in sports.

Key mathematical topics addressed within these activities include ratio and
proportion and basic geometry, with particular emphasis on angles. These con-
cepts are introduced through real-life examples drawn from sports environments,
such as stadium design, audience capacity, scoring systems, and movement tra-
jectories. In addition to ratio, proportion, and basic geometry, the activities in-
corporate a range of mathematical concepts naturally arising from Physical Edu-
cation contexts. These include measurement of time, distance, and speed during
running and jumping tasks; data collection and basic statistical analysis of per-
formance results such as averages, comparisons, and progress over time; and the
representation of movement-related variables using simple tables and graphs. In
game-based activities, probability concepts may also be introduced through the
analysis of scoring success, decision-making strategies, or outcome frequencies.
Through these examples, students experience mathematics as a practical tool for
describing, analyzing, and improving physical performance. By working with
authentic data and familiar contexts, students are encouraged to perceive mathe-
matics as relevant and meaningful within Physical Education.

The activities are organized through a sequence of collaborative and gamified
learning experiences. Students work in mixed teams and participate in work-
shops, discussions, and problem-solving tasks that combine physical engagement
with mathematical reasoning. For example, ratio and proportion are explored
through comparative analyses of sports venues, where students calculate capaci-
ties, proportions, and simple odds related to sporting events. Geometry concepts
are addressed through practical movement tasks, where students examine how
angles influence accuracy, efficiency, and strategy in different sports.
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Physical activity sessions are complemented by reflective components, includ-
ing presentations, posters, and group discussions, allowing students to articulate
the connections between mathematical theory and physical performance. Gam-
ification elements, such as team challenges and city-based exploration tasks, are
incorporated to enhance motivation and engagement while reinforcing learning
objectives.

Overall, these activities support the development of mathematical literacy
within Physical Education by linking abstract concepts to observable and measur-
able phenomena in sports. At the same time, they foster collaboration, communi-
cation, and critical thinking, contributing to a holistic interdisciplinary learning
experience.

Examples of these mathematical applications within Physical Education con-
texts are illustrated in Figure 1, Figure 2 and Figure 3.

120,00 Experience

H Low (1-6 games)

M Average (7-12 games)

M High (13-18 games)

W Vary high (19 games and above)

80.00

60,00

Estimated Marginal Means

10-14 years 15-19 years 20 years+

Age

FIGURE 1. Performance data analysis

2.2. Physical Education and Physics. The interdisciplinary activities integrating
Physical Education and Physics focus on exploring fundamental physical prin-
ciples through movement and sport-related situations. Physical Education pro-
vides an authentic and dynamic environment in which abstract physics concepts
become observable, measurable, and directly experienced by students through
bodily action. Through physical activities, learners are able to connect theoretical
knowledge with real-world movement, supporting meaningful and embodied
learning.
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Diagram 12.1 Sightlines for seated spectators

Key to diagram:

C = the 'C' value

D = the horizontal distance from the eye to the point of focus
N = the riser height

R = the vertical height to the point of focus

T = the seating row depth

To calculate the appropriate 'C' value for
the sport to be viewed, the following
typically the nearest touchiine formula applies:
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FIGURE 2. Illustration of ratio and proportion concepts in Physical
Education through stadium seating capacity and section distribu-
tion
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FIGURE 3. Illustration of angle concepts applied in Physical Educa-
tion through sport-related movement and shooting trajectories..

Key physics concepts addressed within these activities include motion, speed,
acceleration, force, balance, energy transfer, and friction. These concepts are in-
troduced through familiar physical activities such as running, jumping, throw-
ing, changes in direction, and interaction with different surfaces. For exam-
ple, projectile motion is explored through ball trajectories, acceleration and force
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through sprint starts, and balance through controlled movement tasks. Particu-
lar emphasis is placed on frictional force, as it plays a critical role in many sports,
influencing speed, control, safety, and performance. In some sport disciplines, re-
ducing friction is essential for increasing speed, while in others, sufficient friction
is necessary to ensure stability and effective movement. Example of how mate-
rial design and tread patterns in sports footwear influence friction and movement
control is illustrated in Figure 4 and Figure 5 shows visualization of static, sliding,
and rolling friction and their effects on motion and acceleration.

Tread Pattern

Tread Element

Tennis Shoe Outsole

FIGURE 4. Tennis shoe outsole (tread pattern)
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Gravity Gravity

FIGURE 5. Static, sliding, and rolling friction diagram

The activities are structured to combine physical engagement with observa-
tion, measurement, and analysis. Students participate in movement-based tasks
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during which they record data related to time, distance, velocity, or surface inter-
action, and then interpret these results using basic physics principles. Through
guided discussion and simple modeling, learners identify cause-and-effect rela-
tionships between applied forces, frictional conditions, and resulting motion.

Collaborative and gamified learning approaches are used to enhance engage-
ment and creativity. Students work in mixed teams to investigate the role of fric-
tion and materials in different sports branches, supported by discussions, practi-
cal demonstrations, and visual representations such as infographics or short pre-
sentations. As part of the learning process, students may design simple physical
or digital games illustrating physics concepts, encouraging originality and deeper
conceptual understanding.

The activities also include reflective components that connect physics concepts
to real-world applications and future opportunities. Students analyze how sports
equipment, footwear, and playing surfaces are designed to optimize friction and
performance, and they explore potential STEM-related careers in areas such as
sports science, materials engineering, and technology development. Overall, the
integration of Physical Education and Physics enhances students” understanding
of physical laws by situating learning within meaningful physical experiences,
while simultaneously promoting scientific reasoning, problem-solving, collabo-
ration, and innovation.

The interdisciplinary activities are designed to support the embodiment of sci-
entific concepts through physically active and gamified learning experiences.
Gamification, defined as the use of game elements in non-game educational con-
texts, is increasingly recognized as an effective pedagogical approach for en-
hancing student motivation, engagement, and participation in learning. Com-
monly used game elements include points, badges, levels, leaderboards, chal-
lenges, progress indicators, and avatars, which are strategically embedded within
the learning activities.

Within this framework, students explore different sports branches and inves-
tigate scientific principles—particularly friction—through interactive, collabora-
tive, and game-based tasks. Gamified learning environments allow learners to
engage with complex physics concepts in an accessible and enjoyable manner,
promoting experimentation, creativity, and discovery. By examining friction as
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both an advantage and a limitation in sports performance, students develop a
deeper understanding of how physics knowledge applies to real-world contexts
such as sports technology, materials design, and performance optimization.

In addition to supporting conceptual learning, gamified activities encourage
students to adopt active roles in problem-solving and design. Learners are
prompted to consider how scientific knowledge can inform innovation and prac-
tical solutions, fostering awareness of potential STEM-related and entrepreneurial
pathways connected to sports science and engineering.

2.3. Physical Education and Biology. On Figure 6 is given integration of biologi-
cal concepts in Physical Education through body systems exploration, physiolog-
ical responses to exercise, and digital visualization tools. The figure presents key
human body systems and an augmented reality—based anatomical visualization,
supporting the understanding of biological structures and their role in movement
and physical activity. The interdisciplinary activities integrating

BODY SHIFTS

® Study.com’

FIGURE 6. Visualization of Human Body Systems through Digital
and Augmented Reality Tools.

Physical Education and Biology focus on understanding the human body in move-
ment, emphasizing the relationship between physical activity, physiological pro-
cesses, and healthy lifestyle habits. Physical Education provides an experiential
context in which biological concepts related to anatomy, physiology, and nutri-
tion become observable and meaningful through direct bodily engagement.
Central biological topics addressed within these activities include the struc-
ture and function of the human body, cardiovascular and respiratory responses
to physical activity, and the role of nutrition in health and performance. Through



FROM MOVEMENT TO LEARNING: AN INTERDISCIPLINARY MODEL... 11

movement-based tasks, students explore how the body reacts to exercise by mea-
suring indicators such as heart rate and pulse before, during, and after physical
activity. These experiences support students” understanding of why movement
is essential for bodily function and overall well-being.

The activities combine physical practice with digital and interactive learning
tools. Students work in mixed teams to create physical activity diaries, body
atlases using interactive applications, and visual representations of body sys-
tems. Augmented reality applications are introduced to support the exploration
of anatomical structures, allowing learners to visualize organs and systems in
three-dimensional and interactive ways. This approach bridges students” famil-
iarity with digital environments and the study of biological processes, enhancing
motivation and engagement.

In addition, the interdisciplinary design incorporates creative and gamified ele-
ments, such as quizzes, cartoons, and collaborative challenges related to nutrition
and healthy lifestyles. By designing visual materials and presenting their work
to peers, students develop communication skills while reinforcing their biologi-
cal knowledge. Nutrition-related activities encourage learners to reflect on daily
habits, energy balance, and the long-term effects of dietary choices on health and
physical performance.

Overall, these interdisciplinary activities support a holistic approach to learn-
ing, addressing cognitive, affective, and psychomotor development simultane-
ously. By linking biological concepts to physical experience and real-life contexts,
the integration of Physical Education and Biology promotes health literacy, active
participation, and lifelong awareness of the importance of movement and healthy
living.

2.4. Physical Education and ICT. The interdisciplinary activities integrating Phys-
ical Education and Information and Communication Technologies (ICT) focus on
developing computational thinking, digital literacy, and problem-solving skills
through physically active and game-based learning environments. By combining
movement with coding-related tasks, these activities aim to make abstract ICT
concepts accessible, engaging, and meaningful for students.

A central component of this integration is the use of coding through games and
movement, including both digital and unplugged approaches. Coding without a
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computer allows students to understand fundamental concepts such as sequenc-
ing, algorithms, instructions, and logical thinking through physical activity sta-
tions and team-based challenges. At Figure 7 are presented unplugged coding
activities in Physical Education, illustrating algorithmic thinking through move-
ment and sequencing tasks.

FIGURE 7. Unplugged Coding Activities.

These activities support embodied learning by enabling students to experience
computational logic through action, collaboration, and decision-making.

Digital environments, particularly Minecraft Education, are used to extend
learning by connecting virtual design with physical activity. Students work in
mixed teams to design scenarios, movement tracks, and game-based challenges
that combine physical tasks with digital planning and execution. Through this
process, learners develop creativity, spatial reasoning, and teamwork skills while
gaining experience in basic coding and game design principles. At Figure 8 is
shown use of Minecraft Education to design and plan movement-based activi-
ties, integrating digital creativity with Physical Education.

The interdisciplinary model also emphasizes digital safety and responsible tech-
nology use. Workshops on e-safety, information security, and the evaluation of
online content are integrated into the activities, helping students develop criti-
cal awareness of digital environments. Teachers and students engage in parallel
learning sessions, ensuring that safe and effective ICT practices are applied both
in the classroom and in daily life.
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MINECRAFY
EDUCATIVN

FIGURE 8. Minecraft Education.

Overall, the integration of Physical Education and ICT promotes 21st-century
competencies by linking physical activity with digital skills development.
Through gamification, collaborative design, and active participation, students ex-
perience learning as an interactive and meaningful process, while teachers gain
practical strategies for implementing interdisciplinary, technology-enhanced Phys-
ical Education.

CONCLUSION

This paper presented an interdisciplinary model that positions Physical Edu-
cation as an active and meaningful context for integrating STEAM disciplines,
including mathematics, physics, biology, and information and communication
technologies. By treating movement as a source of data, experience, and reflec-
tion, the model demonstrates how abstract academic concepts can be transformed
into observable and engaging learning experiences.

Across the four interdisciplinary domains, the proposed approach emphasizes
embodied learning, gamification, and technology-enhanced instruction. Mathe-
matical reasoning is grounded in measurement, ratios, and data analysis; physics
concepts are explored through motion, force, and friction; biological knowledge
is developed through the study of body systems, physiological responses, and
nutrition; and ICT competencies are fostered through coding, digital design, and
safe technology use. In all cases, Physical Education functions not as a supple-
mentary subject but as an equal partner that supports cognitive, affective, and
psychomotor development.

The model also highlights the value of student-centered and collaborative learn-
ing environments. Through problem-based tasks, creative design activities, and
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reflective practices, students are encouraged to connect learning with real-life
contexts, develop transversal competencies, and increase motivation and engage-
ment. At the same time, the approach provides teachers with practical strategies
for interdisciplinary planning and the meaningful use of digital tools in contem-
porary education.

Overall, the proposed interdisciplinary model contributes to ongoing discus-
sions on STEAM education by illustrating how Physical Education can serve as a
powerful platform for holistic and inclusive learning. Future research may focus
on systematic evaluation of learning outcomes, long-term impact on students’
attitudes toward STEAM subjects, and the adaptability of the model across dif-
ferent educational levels and contexts.
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