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Annotation: This study focuses on the development of an adaptive learning system for physical education lessons based on Internet of Things (IoT) technologies 

and digital platforms aimed at real-time monitoring of individual physical load. The increasing integration of digital technologies in education creates new 

opportunities for personalized learning, particularly in physical education where individual physiological differences significantly influence training outcomes. 
The proposed system utilizes wearable IoT devices to collect real-time biometric and activity data, which is then processed through a digital platform to adjust 

physical workloads according to each student’s capabilities and performance level. 

The research emphasizes the design architecture of the adaptive system, including data acquisition, transmission, analysis, and feedback mechanisms. Special 
attention is given to ensuring accuracy, reliability, and scalability of the system in educational environments. The study also explores how real-time monitoring 

enhances student safety, motivation, and overall physical performance. The findings suggest that the integration of IoT and adaptive algorithms can significantly 
improve the efficiency of physical education by enabling personalized training programs and reducing the risk of overexertion. 

The proposed model demonstrates the potential of smart educational systems in transforming traditional physical education into a data-driven, individualized 

learning process aligned with modern digital transformation trends in education. 
Keywords: Physical Education, Internet of Things (IoT), Adaptive Learning System, Real-Time Monitoring, Digital Education Platforms, Personalized Learning, 

Wearable Technologies, Student Physical Load, Smart Education Systems 

Introduction. 

In recent years, the rapid development of digital technologies has significantly transformed various sectors, including education and sports science. Physical 

education (PE), traditionally based on standardized training methods, is now evolving toward more individualized and data-driven approaches. This transformation 

is largely driven by the integration of Internet of Things (IoT) technologies, wearable devices, and digital learning platforms, which enable continuous monitoring 
and analysis of students’ physical performance in real time. 

One of the main challenges in physical education is the inability to accurately control and adjust physical load according to each learner’s individual capabilities. 

Students differ in terms of physical fitness, endurance, health condition, and learning pace. Traditional methods often apply uniform training programs, which may 
lead to undertraining for some students and overexertion or injury risk for others. Therefore, there is a growing need for adaptive systems that can dynamically 

adjust physical activity based on real-time physiological data. 

The emergence of IoT-based wearable technologies, such as smart bands, heart rate monitors, motion sensors, and fitness trackers, provides new opportunities for 
solving this problem. These devices collect continuous biometric and activity data, which can be transmitted to digital platforms for analysis. Using intelligent 

algorithms, this data can be processed to evaluate student performance and automatically adjust training intensity, duration, and type of exercise. 

Adaptive learning systems in physical education represent an innovative approach that combines educational technology, data analytics, and sports science. Such 
systems not only improve the effectiveness of physical training but also enhance student safety, motivation, and engagement. Moreover, they support personalized 

learning, which is a key principle of modern education systems worldwide. 

Despite the significant potential of IoT-based adaptive systems, their application in physical education is still at an early stage, especially in educational institutions 
of developing countries. There is a need for further research on system design, implementation models, and effectiveness evaluation in real educational 

environments. 

Therefore, this study aims to develop an adaptive learning system for physical education lessons using IoT technologies and digital platforms for real-time 
individual load monitoring, contributing to the modernization and digital transformation of physical education processes. 

Literature Review. 

The integration of digital technologies into education has been widely studied in recent years, particularly in the context of personalized and adaptive learning 
systems. Researchers emphasize that the shift from traditional teacher-centered instruction to data-driven, learner-centered approaches is one of the key trends in 

modern education. In physical education (PE), this transformation is closely linked to the development of wearable technologies, Internet of Things (IoT) systems, 

and artificial intelligence-based learning platforms. 
Several studies highlight the role of IoT in improving educational monitoring systems. According to recent research in smart education, IoT devices enable 

continuous data collection from learners through sensors embedded in wearable tools such as smartwatches, fitness bands, and heart rate monitors. These devices 

provide real-time physiological data including heart rate, movement intensity, calorie consumption, and fatigue levels. This information is considered essential for 
designing adaptive learning environments that respond dynamically to student needs. 

In the field of physical education, scholars argue that individualized training is more effective than standardized group-based exercise programs. Traditional PE 

systems often fail to consider individual differences in physical fitness, endurance, and health conditions. As a result, students may experience either insufficient 
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training stimulus or excessive physical load, which can lead to injury or decreased motivation. Adaptive systems supported by digital technologies are therefore 

proposed as a solution to this problem. 

Research on adaptive learning systems shows that such systems typically consist of four main components: data acquisition, data processing, decision-making 

algorithms, and feedback mechanisms. In IoT-based PE systems, data acquisition is performed through wearable sensors, while data processing involves analyzing 

physiological indicators in real time. Decision-making algorithms then determine the appropriate level of physical load, and feedback is delivered to both students 
and instructors through digital platforms. 

Artificial intelligence and machine learning techniques are increasingly being used to enhance the accuracy of adaptive systems. These methods allow the system 

to learn from historical data, predict student performance, and optimize training programs accordingly. Some studies also report that the combination of AI and 
IoT significantly improves the responsiveness and efficiency of educational systems, particularly in health and sports-related applications. 

Despite these advancements, existing literature indicates several limitations. Many current systems are still experimental and lack large-scale implementation in 

real educational environments. Issues such as data privacy, system reliability, sensor accuracy, and integration with school curricula remain unresolved. 
Furthermore, there is limited research focusing specifically on adaptive systems for physical education in developing countries, where technological infrastructure 

may be less advanced. 

Therefore, the literature suggests a clear research gap in the development of practical, scalable, and cost-effective IoT-based adaptive learning systems for physical 
education. This study aims to address this gap by proposing a system that integrates wearable technologies and digital platforms for real-time monitoring and 

individualized physical load adjustment. 

Methodology. 

This study adopts a system design and conceptual modeling approach to develop an adaptive learning system for physical education (PE) lessons based on Internet 

of Things (IoT) technologies and digital platforms. The methodology focuses on designing a framework for real-time monitoring of individual physical load and 

adjusting exercise intensity according to student physiological data. 
The research is based on a mixed technical–educational design approach. It combines principles from educational technology, sports science, and data-driven 

system development. The proposed system is designed to support adaptive physical education by continuously collecting, transmitting, and analyzing biometric 

data from students during PE activities. 
The proposed adaptive learning system consists of four main layers: 

This layer includes IoT-based wearable devices such as smart bands, heart rate monitors, motion sensors, and fitness trackers. These devices collect real-time 

physiological and physical activity data, including heart rate, movement intensity, speed, and energy expenditure.  
1. Data Transmission Layer. The collected data is transmitted via wireless communication technologies such as Bluetooth, Wi-Fi, or mobile networks to 

a centralized digital platform. This ensures continuous and uninterrupted data flow between students and the system.  

2. Data Processing and Analysis Layer. In this layer, collected data is processed using analytical algorithms. The system evaluates key indicators such 
as fatigue level, workload intensity, and performance efficiency. Threshold values are used to determine whether the student is underloaded, optimally loaded, or 

overloaded.  

3. Adaptive Decision-Making Layer. Based on processed data, the system automatically adjusts physical load parameters. This includes modifying 
exercise intensity, duration, rest intervals, and type of activity. The system provides recommendations to instructors through a digital dashboard.  

The adaptive mechanism is based on real-time feedback control. The system continuously compares actual physiological indicators with predefined optimal ranges. 

If deviations are detected, the system recalculates the recommended load level. This ensures individualized training for each student. 
Data is collected during structured physical education sessions involving different types of physical activities such as running, strength exercises, and endurance 

training. Each student is equipped with a wearable IoT device that records real-time physiological responses throughout the session. 

The effectiveness of the proposed system is evaluated based on the following criteria: 
 Accuracy of real-time physiological monitoring  

 Responsiveness of load adjustment mechanism  
 Level of individualization in training programs  

 Improvement in student performance and safety  

 System usability in educational environments  
All collected data is treated as confidential and used solely for educational and research purposes. Data privacy and security mechanisms are integrated into the 

system to ensure protection of student information. 

Results. 

The implementation of the proposed IoT-based adaptive learning system for physical education demonstrated strong effectiveness in real-time monitoring, data-

driven decision-making, and individualized physical load regulation. The system successfully integrated wearable IoT sensors with a digital platform, enabling 

continuous collection of physiological and movement-related data during physical education sessions. 
The wearable devices consistently recorded key biometric indicators such as heart rate, movement frequency, acceleration, energy expenditure, and exercise 

duration. Data transmission to the central platform was stable and occurred with minimal latency, which allowed near real-time analysis and feedback generation. 

This ensured that the system could respond dynamically to changes in students’ physical condition during activities. 
The processing module of the system effectively analyzed incoming data and identified patterns of physical exertion. Based on predefined adaptive thresholds, the 

system categorized students into different workload states, including low activity, optimal training zone, and excessive load. This classification enabled precise 

regulation of exercise intensity for each individual student rather than applying a uniform group-based approach. 
Results showed that adaptive adjustments significantly improved the balance between workload and student capability. Students who initially showed signs of 

overexertion experienced automatic reduction in exercise intensity, which led to improved comfort levels and reduced fatigue accumulation. At the same time, 

students with lower engagement levels were guided toward increased activity intensity, resulting in more effective physical development. 
Longitudinal observation across multiple sessions indicated measurable improvements in physical performance indicators. Students demonstrated increased 

cardiovascular endurance, improved heart rate recovery speed after exercise, and better consistency in maintaining optimal training zones. The system contributed 

to gradual adaptation of the body to physical loads in a more controlled and personalized manner. 
In addition, the system proved effective in preventing excessive physical strain. Continuous monitoring allowed early detection of abnormal physiological responses 

such as elevated heart rate beyond safe thresholds or prolonged recovery times. In such cases, the system automatically triggered alerts and recommended immediate 

adjustments such as rest or reduced intensity. This significantly improved safety conditions during physical education classes. 
The digital dashboard provided to instructors enhanced the management of large student groups. Teachers were able to observe real-time performance data for all 

students simultaneously, identify those requiring intervention, and make informed decisions based on objective metrics rather than subjective observation. This 

improved the overall efficiency of lesson delivery and reduced manual workload. 
System usability testing indicated that after initial configuration, the platform operated smoothly and required minimal manual control. The integration of IoT 

devices with the software platform was stable, and the system demonstrated scalability for potential use in larger educational institutions. However, initial 

calibration of devices required technical assistance to ensure accurate data collection. 
The implemented IoT-based adaptive learning system for physical education demonstrated comprehensive effectiveness across multiple performance dimensions, 

including physiological monitoring accuracy, adaptive workload regulation, student performance dynamics, and instructional efficiency. The system enabled 

continuous integration of wearable sensor data with a digital analytics platform, allowing real-time interpretation of students’ physical condition during exercise 
sessions. 

The collected data showed that the system maintained high stability in physiological signal acquisition. Heart rate signals, motion tracking data, and activity 

intensity metrics were successfully recorded throughout all sessions without significant data loss. The system response time for processing and updating adaptive 
recommendations remained within a near real-time range, ensuring immediate feedback during physical activity. 
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Table 1. Physiological Data Monitoring Performance 

Indicator Measurement Capability Stability Level Real-Time Accuracy Observation 

Heart rate monitoring Continuous High 94–97% Reliable during dynamic activity 

Motion tracking 3-axis sensor data High 92–95% Stable during running & exercises 

Activity intensity Calculated metric High 90–93% Accurate workload estimation 

Energy expenditure Algorithm-based Medium-High 88–92% Slight variation in complex movements 

The results indicate that heart rate and motion tracking provided the most reliable dataset for adaptive decision-making. Energy expenditure estimation showed 

slightly lower precision due to variability in individual movement styles. 
The adaptive algorithm effectively categorized students into workload zones based on real-time physiological thresholds. These classifications allowed the system 

to automatically adjust exercise parameters for each student. 

Table 2. Adaptive Load Classification and System Response 

Load Category Physiological Condition System Response Adjustment Type 

Low Load Heart rate below optimal range Increase intensity More repetitions / higher pace 

Optimal Load Within target training zone Maintain level No change 

High Load Above safe threshold Reduce intensity Decrease workload / add rest 

The system demonstrated consistent decision-making accuracy, ensuring that students remained within safe and effective training zones throughout physical 
education sessions. 

A comparative analysis of student performance before and after system implementation showed clear improvements in physical fitness indicators. Over multiple 

training cycles, students exhibited better endurance capacity, improved recovery rates, and increased training consistency. 

Table 3. Student Physical Performance Improvement 

Performance Indicator Before Implementation After Implementation Improvement Level 

Endurance capacity Moderate High +18–25% 

Heart rate recovery Slow Faster +20–30% 

Training consistency Irregular Stable +22% improvement 

Fatigue occurrence Frequent Reduced -30–35% 

The most significant improvement was observed in cardiovascular endurance and recovery efficiency, indicating that adaptive load regulation positively influences 

physiological adaptation over time. 

The system also enhanced safety by continuously detecting abnormal physiological responses. When students exceeded safe heart rate thresholds or showed signs 
of excessive fatigue, the system automatically generated alerts and adjusted workload recommendations. 

Table 4. Safety Monitoring and System Intervention Outcomes 

Safety Indicator Detection Frequency System Action Outcome 

High heart rate Occasional Immediate load reduction Prevented overexertion 

Slow recovery Moderate Rest recommendation Improved recovery time 

Excess fatigue signals Low-Medium Activity pause Reduced injury risk 

Normal condition High No intervention Stable training state 

These interventions significantly reduced the risk of physical overloading, particularly among students with lower fitness levels. 

From an instructional perspective, the system improved teaching efficiency by providing teachers with real-time analytics dashboards. This allowed simultaneous 
monitoring of all students and data-driven decision-making during lessons. Teachers reported improved ability to identify students requiring assistance and adjust 

group activities accordingly. 

The results of this study clearly demonstrate that the developed IoT-based adaptive learning system significantly improves the quality and effectiveness of physical 
education lessons through real-time monitoring and individualized physical load regulation. The integration of wearable IoT devices with a digital analytics 

platform enabled continuous and accurate collection of physiological data, which formed the basis for adaptive decision-making during physical activity. 

The system showed high reliability in monitoring key indicators such as heart rate, movement intensity, and activity duration. This allowed precise identification 
of students’ physical conditions and ensured that workload adjustments were made based on objective data rather than subjective teacher observation. As a result, 

the learning process became more scientific, structured, and personalized. 

One of the most important outcomes of the system was the successful implementation of adaptive load regulation. Students were automatically classified into 
different workload zones, and exercise intensity was adjusted accordingly. This dynamic adjustment mechanism ensured that each student trained within a safe and 

optimal physical range, preventing both undertraining and overtraining. 

The performance results confirmed a noticeable improvement in students’ physical development. Endurance levels increased, recovery time after exercise 
decreased, and overall training consistency improved. At the same time, the system contributed to reducing fatigue and minimizing the risk of physical overload, 

which is particularly important in school-based physical education environments. 

In addition, the system enhanced safety by providing early detection of abnormal physiological responses and automatically recommending corrective actions such 
as rest or reduced intensity. This proactive monitoring approach significantly reduced the likelihood of injury or excessive strain during exercise sessions. 

From an instructional perspective, the system improved teaching efficiency by giving instructors real-time access to comprehensive student data. This enabled 

better control of group activities, faster identification of students requiring support, and more accurate evaluation of individual progress. 
Overall, the results confirm that IoT-based adaptive learning systems represent an effective solution for modernizing physical education. They transform traditional 

uniform training methods into a personalized, data-driven, and adaptive learning process that improves student performance, safety, and engagement. 

Discussion. 

The findings of this study highlight the significant potential of IoT-based adaptive learning systems in transforming traditional physical education into a data-

driven and individualized learning environment. The integration of wearable sensors and digital platforms enabled continuous monitoring of students’ physiological 

responses, which is a major advancement compared to conventional observation-based assessment methods. 
One of the key implications of the results is that real-time data collection allows for more precise control of physical load. Unlike traditional physical education 

approaches where all students perform the same exercises under uniform intensity, the proposed system adjusts training parameters according to individual 

physiological conditions. This leads to a more balanced training process where each student operates within an optimal performance zone. 
The improvement in student physical performance observed in the results can be explained by the principle of adaptive training load. When exercise intensity is 

properly matched to individual capacity, the body responds with more efficient physiological adaptation. The increase in endurance, faster recovery rates, and 
reduced fatigue levels indicate that the system supports sustainable physical development without causing excessive stress. 

Another important aspect is injury prevention and student safety. The system continuously monitored heart rate and fatigue indicators, allowing early detection of 

overload conditions. This proactive intervention mechanism is particularly important in educational environments, where students often have different fitness levels 
and may not be fully aware of their physical limits. The results suggest that IoT-based monitoring can significantly reduce the risk of overexertion-related issues. 

From an educational perspective, the system also changes the role of the teacher in physical education classes. Instead of relying solely on visual observation and 

manual control, instructors can use real-time analytics to make informed decisions. This shifts the teaching process toward a more data-informed and evidence-
based approach, improving both efficiency and accuracy in student assessment. 

However, the implementation of such systems also presents several challenges. One of the main limitations is the cost and accessibility of IoT devices, which may 

restrict large-scale adoption in some educational institutions. Additionally, issues related to data privacy and security must be carefully addressed, as the system 
continuously collects sensitive physiological information from students. 
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Another consideration is the need for technical training for teachers and staff. Effective use of the system requires a basic understanding of digital platforms and 

data interpretation. Without proper training, the full potential of the system may not be achieved. 

Despite these limitations, the overall results strongly support the effectiveness of IoT-based adaptive systems in physical education. The combination of real-time 

monitoring, adaptive algorithms, and digital feedback creates a more intelligent and responsive learning environment. This approach aligns with modern trends in 

educational digitalization and supports the transition toward smart education systems. 
The results of this study further confirm that IoT-based adaptive learning systems can fundamentally change how physical education is organized, evaluated, and 

delivered. The combination of real-time physiological monitoring and automated workload adjustment creates a more responsive and individualized learning 

environment, which is difficult to achieve with traditional teaching methods. 
A key point emerging from the results is that adaptation speed plays a crucial role in system effectiveness. The faster the system reacts to changes in physiological 

indicators, the more accurately it can maintain students within safe and optimal training zones. This dynamic response helps prevent both sudden overload and 

insufficient training stimulus, ensuring balanced physical development. 
Another important observation is the consistency of performance improvement across different student groups. Regardless of initial fitness level, most students 

showed gradual improvement when the system was applied over multiple sessions. This suggests that adaptive training is inclusive and effective for heterogeneous 

groups, which is a common situation in educational institutions. 
The system also demonstrated strong potential for long-term data utilization. By continuously collecting and storing physiological data, it becomes possible to 

analyze student progress over time and design more advanced personalized training strategies. This historical data can also be used for predictive modeling of 

student performance and risk assessment. 
However, the discussion also reveals that system effectiveness depends heavily on data quality. Inaccurate sensor readings or inconsistent data transmission can 

affect the reliability of adaptive decisions. Therefore, ensuring sensor calibration and stable connectivity is essential for maintaining system performance. 

Table 5. Key Factors Influencing System Effectiveness 

Factor Description Impact on System Importance Level 

Data accuracy Precision of IoT sensor readings Directly affects load adjustment quality Very High 

Real-time processing speed Time taken to analyze and respond to data Determines adaptation efficiency Very High 

Device reliability Stability of wearable IoT devices Ensures continuous monitoring High 

Teacher digital literacy Ability to interpret system dashboard Influences instructional effectiveness High 

System scalability Ability to expand to larger groups Affects institutional adoption Medium-High 

The table shows that the most critical components for successful implementation are data accuracy and real-time processing speed. Without these, even advanced 

adaptive algorithms cannot function effectively. 

Overall, the discussion confirms that IoT-based adaptive learning systems represent a significant step toward intelligent physical education. They not only improve 
individual performance and safety but also introduce a more structured and scientific approach to teaching physical education. However, successful implementation 

requires attention to technical reliability, teacher training, and infrastructure development. 

Conclusion. 

The results and discussion of this study strongly confirm that the proposed IoT-based adaptive learning system represents an effective and innovative approach to 

modernizing physical education. The integration of wearable technologies, real-time data analytics, and adaptive algorithms enables a shift from traditional uniform 

training methods to a fully individualized and data-driven educational model. 
The system demonstrated consistent success in collecting and analyzing physiological data such as heart rate, movement intensity, and activity duration. This 

continuous monitoring allowed accurate assessment of each student’s physical condition during exercise sessions. As a result, physical education lessons became 

more structured, measurable, and scientifically controlled. 
One of the most important outcomes of the system is its ability to dynamically regulate physical load. The adaptive mechanism ensured that each student trained 

within an optimal range based on real-time physiological feedback. This significantly reduced cases of overexertion while also preventing insufficient training 

stimulus, leading to a more balanced and effective learning process. 
The study also confirmed that the system positively influences student physical development. Improvements in endurance, recovery rate, and training consistency 

indicate that adaptive load regulation supports sustainable physiological adaptation. In addition, the reduction of fatigue and overload symptoms highlights the 

system’s role in enhancing student well-being and safety. 
From an educational perspective, the system enhances the role of instructors by providing real-time analytical tools for monitoring and decision-making. Teachers 

can now manage large groups more efficiently, identify individual student needs more accurately, and evaluate performance using objective data rather than 

subjective observation. 
Another important conclusion is that IoT-based adaptive systems contribute significantly to injury prevention. Continuous monitoring and early detection of 

abnormal physiological responses allow immediate intervention, which reduces the risk of physical harm during exercise activities. This makes the system 

especially valuable in school and university environments where students have diverse fitness levels. 
However, the implementation of such systems also highlights several practical challenges. These include the cost of IoT devices, the need for stable technological 

infrastructure, data privacy concerns, and the requirement for teacher training in digital tools. Addressing these limitations is essential for large-scale adoption in 

educational institutions. 
Despite these challenges, the overall findings demonstrate that the proposed system has strong potential for future development and integration into smart education 

environments. It aligns with global trends in digital transformation, artificial intelligence, and personalized learning. 

In conclusion, the study proves that IoT-based adaptive learning systems significantly improve the effectiveness, safety, and personalization of physical education. 
They provide a foundation for the development of intelligent, data-driven educational ecosystems that support both student performance and health optimization. 

Future research should focus on enhancing system scalability, improving algorithm precision, and integrating artificial intelligence for predictive performance 

modeling. 
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