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  ABSTRACT 

Article Info:   

This study aims to analyze the body composition profiles of university 

students using digital technology and examine its implications for 

physical education assessment. In the context of digital transformation 

in higher education, conventional assessment methods based on body 

mass index (BMI) are considered insufficient to comprehensively 

reflect students' physical fitness. This study used a descriptive cross-

sectional design involving 90 university students enrolled in a 

compulsory physical education course. Data were collected using a 

multi-frequency Bioelectrical Impedance Analysis (BIA) device to 

measure body composition parameters, including weight, height, 

skeletal muscle mass, body fat mass, BMI, and body fat percentage. 

Additional data were obtained through a digital platform for self-

reporting and verification. Descriptive statistical analysis was 

performed using IBM SPSS. The results showed that the average BMI 

of participants was within the normal category (22.33 ± 4.60 kg/m²), 

while body fat percentage (22.57 ± 8.11%) and skeletal muscle mass 

(26.60 ± 5.17 kg) showed considerable variation. These findings 

indicate that BMI alone is insufficient to accurately describe students' 

physical condition, particularly in identifying body composition 

imbalances. Therefore, the integration of BMI-based digital 

technology into physical education assessments provides a more 

objective and comprehensive evaluation of students' physical fitness. 
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INTRODUCTION  

Digital transformation in global education has reached a crucial point where the 

integration of information technology is no longer seen as a peripheral tool, but rather as a 

core element in the modern pedagogical structure (Risnawati et al., 2025). Entering the era 

of Society 5.0, higher education institutions are required to produce graduates who are not 

only intellectually superior, but also have health awareness supported by accurate physical 

data literacy (Zhong et al., 2025). In the context of Physical Education (PE), the shift from 

the traditional paradigm focused on athletic performance to an evidence-based holistic 

fitness paradigm requires assessment instruments capable of capturing physiological data in 

real-time and objectively (Chai et al., 2025). 

Globally, the use of artificial intelligence (AI) and wearable technologies in physical 

education assessments has shown a transformative impact. Report of (OECD Digital 

Education Outlook 2026, 2026) notes that the use of AI-based assessment tools can help 

teachers provide more personalized and adaptive feedback, thereby significantly increasing 

students' motivation to learn. In developed countries, more than 67% of educational 

institutions have adopted digital platforms to monitor students' physical activity, which has 

been shown to reduce subjectivity in grading and increase the transparency of the evaluation 

process (Harsanti et al., 2025). However, this transition has not been without obstacles; 

challenges related to data privacy, infrastructure inequalities, and teacher competency 

readiness remain central issues in international academic discussions (Rufi’i et al., 2026). 

In Indonesia, digital transformation policies are strengthened through the launch of the 

National Strategy for Artificial Intelligence 2020-2025 and the implementation of the 

Independent Curriculum which emphasizes flexibility and the use of technology in learning 

(Indarto et al., 2025). The implementation of e-learning technology and internet-based 

applications in the physical education curriculum is considered a subtle improvement that 

provides space for students to explore their physical potential independently (Dameria & 

Yudhistira, 2025). In fact, research in the last five years has shown that the use of digital 

media in physical education learning at universities can increase student engagement by up 

to 70%, especially through interactive discussions and self-monitoring using fitness apps 

(Nurafiati & Angriawan, 2025). However, the effectiveness of this integration is often 

hampered by infrastructure disparities between urban and disadvantaged areas, as well as 

low digital literacy among Physical education educators (Runisah et al., 2026). 

The urgency of using digital technology in physical assessment is becoming increasingly 

evident considering the current lifestyle profile of students who tend to be sedentary, 

especially in study programs with a high cognitive load such as Artificial Intelligence. 

During the pandemic and its transition, students' physical activity decreased drastically due 

to an increase in screen time, which resulted in weight gain and a decrease in core muscle 

strength (Raiyawan et al., 2021). Without an assessment system that is able to detect health 

risk profiles early, fitness interventions in Physical Education and Fitness (Penjasbug) 

courses will not be on target (Cepková et al., 2025). Conventional weight-based assessments 

or BMIs often fail to identify the phenomenon of "normal-weight obesity," in which 
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individuals have a healthy body mass index but have a body fat percentage that is harmful 

to metabolic health (Mudarra-García et al., 2025). 

The current research gap shows that although many studies have evaluated the use of 

technology in primary and secondary schools, there is still limited research that specifically 

analyzes the efficacy of Bioelectrical Impedance Analysis (BIA) technology as an objective 

assessment standard for students in Indonesian universities (Sahbana Ridha, 2025). Most of 

the literature still focuses on the motivation or perception aspects of technology, while 

empirical data on the relationship between digital body composition and student academic 

achievement are still very scarce (Chang, 2025). There is an urgent need to map how 

objective physical data collected through digital technologies can be transformed into 

equitable, science-based learning outcome assessment metrics (Ferawati, 2025). 

Based on this background, through the use of data from BIA-based body composition 

measurements, this study aims to provide a comprehensive overview of the physical profile 

of students in the digital era and the challenges that arise in the process of independent 

assessment data input. The novelty of this study lies in the use of AI specialist student 

population data as a representation of groups with high sedentary risk in the digitized 

physical education assessment framework. 

 

METHODS  

This study uses a descriptive survey design with a cross-sectional approach to analyze the 

data of students' physical assessment results through digital technology devices. This study 

focuses on the evaluation of body composition parameters as the main indicator in the 

learning outcome assessment process in the Physical Education and Health course at the 

university level. 

 

Participants and Sampling  

The population of this study included a sample of 90 students of the mechanical 

engineering study program who took the university's compulsory course "Physical 

Education and Fitness" at the State University of Surabaya. Students were selected through 

purposive sampling techniques. The demographic characteristics of the sample showed the 

gender dominance of males as much as 87.8% (n=79) and females as much as 12.2% (n=11), 

which reflects the typical gender distribution in the study program. The average age was 18 

– 22 years. 

 

Instruments  

The main data were collected using the multifrequency Bioelectrical Impedance Analysis 

(BIA) device of the in-body model. The device uses 8-point tactile electrode technology to 

measure resistance and reactance in five body segments (right arm, left arm, torso, right leg, 

and left leg) with current flow at various frequencies (minimum 50 kHz). The physical 

parameters measured include: Weight (kg), Height (cm), Selective Muscle Mass (kg), Body 

Fat Mass (kg), Body Mass Index (kg/m2), and Percent Body Fat (%).  
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The validity of this BIA device has been verified in various clinical and sports studies, 

showing a very strong correlation (r > 0.90) with the gold standard Dual-energy X-ray 

Absorptiometry (DXA) for the measurement of lean free mass and fat mass. In addition to 

physical data, this study uses the Google Forms platform for synchronization of personal 

identity data and uploading photo evidence of measurement as a form of data verification. 

The final assessment of learning outcomes (Evaluation Points) is calculated through the 

university's LMS based on an algorithm that combines attendance, assignments, and test 

performance. 

 

Procedures  

The data collection procedure is carried out systematically in a controlled campus fitness 

laboratory environment to minimize disruptive variables. The stages of the procedure are as 

follows: 

1. Pre-Measurement Preparation: participants were instructed not to eat or drink at least 2 

hours before the test, empty the bladder, and not to engage in strenuous physical activity 

in the last 24 hours to maintain the stability of the body's hydration status. 

2. Anthropometric Verification: height was measured using a manual stadiometer with a 

precision of 0.1 cm. Students were then asked to remove metal objects and footwear to 

ensure direct contact with the electrodes of the BIA device. 

3. BIA Measurement Protocol: Participants stand upright on the leg electrodes of the BIA 

device. Holding the electrode in the hand with the arm forms a 30-degree angle to the 

body to ensure an even flow of current. The measurement process takes place 

automatically for approximately 60 seconds. 

4. Digital Data Entry: Printed results from the BIA device are photographed and the 

numerical data is independently input by the student into a digital form as part of an 

individual report assignment. 

5. Learning Outcome Synchronization: At the end of the semester, student evaluation points 

are pulled from the academic database to be linked to the initial physical profile data. 

 

Data Analysis  

Data analysis was carried out using IBM SPSS Statistics software version 26.0 to ensure 

the accuracy of statistical calculations. Before the main analysis, an intensive data cleaning 

procedure was carried out to handle student input anomalies. After that, descriptive statistics 

were run. 
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RESULTS  

Descriptive statistical analysis was performed to describe the characteristics of the study 

participants. A total of 90 participants were analyzed in this study. The average age of the 

participants was 19.21 ± 0.79 years with a range of 18 to 22 years. The average height and 

weight were 167.4 ± 6.50 cm, and 62.98 ± 14.82 kg, respectively. 

The average skeletal muscle mass was 26.60 ± 5.17 kg, while the body fat mass was 15.10 

± 8.34 kg. The average Body Mass Index (BMI) value was 22.33 ± 4.60 kg/m2 indicating a 

normal weight category. The average body fat percentage was 22.57 ± 8.11%. 

The average performance score of the participants was 68.46 ± 6.14 with a score range 

between 54 to 87. These results showed a moderate variation in the physical characteristics 

and performance of the participants. 

 

Table 1. Results of statistical tests 

 N Min Max Mean SD 

Age 90 18 22 19.21 .786 

Height (Cm) 90 149.0 182.0 167.456 6.5040 

Weight (Kg) 90 39 103 62.98 14.815 

Skeletal Muscle Mass (Kg) 90 14 37 26.60 5.165 

body fat mass (Kg) 90 4 41 15.10 8.338 

Body Mass Index (Kg/m²) 90 15 37 22.33 4.599 

Percent Body Fat (%) 90 8 43 22.57 8.111 

Performance Score 90 54.0 87.0 68.456 6.1446 

 

DISCUSSION  

This study aims to analyze the body composition profile of students using Bioelectrical 

Impedance Analysis (BIA) technology in the context of digital-based physical education 

assessment (Samouda & Langlet, 2022). The main findings showed that in general, students 

were in the category of normal body mass index (BMI) (22.33 ± 4.60 kg/m²), but had 

considerable variations in body fat percentage (22.57 ± 8.11%) and skeletal muscle mass 

(26.60 ± 5.17 kg). This indicates that BMI-based assessments alone are not representative 

enough to comprehensively describe students' physical fitness conditions (Setiawan & 

Lontoh, 2023). 

Interpretively, the fairly high variation in body composition even though BMI is classified 

as normal can be explained through the concept of normal-weight obesity, where individuals 

have a normal weight but a relatively high percentage of body fat (Yogesh et al., 2024). This 

phenomenon is common in populations with sedentary lifestyles, such as students of 

technology-based study programs, who tend to have low physical activity (Indah et al., 

2026). Additionally, low daily physical activity can affect the balance between muscle mass 

and body fat, impacting overall fitness quality (Utomo et al., 2025). 
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When compared to previous research, these results are in line with studies that show that 

the use of digital technologies such as BIA is able to provide a more accurate picture of body 

composition compared to conventional methods based on simple anthropometry (Lee et al., 

2023; Parker et al., 2022). These findings also reinforce previous research that stated that the 

integration of technology in physical education can improve the objectivity of assessments 

and provide more detailed data for individual fitness analysis. However, the study also 

expands the literature by highlighting the importance of the implementation of such 

technology in the context of higher education, which has been relatively limited compared 

to the school level (Granić, 2022). 

In terms of mechanism, the use of BIA devices allows for measurements based on the 

body's electrical resistance to distinguish fat mass and fat-free mass more precisely (Toselli 

et al., 2021). This provides an advantage in the evaluation process because it is able to 

identify body components that contribute to students' physical performance. In addition, the 

integration of digital systems through independent data input also reflects a technology-

based learning approach that encourages active student involvement in the self-evaluation 

process (self-monitoring) (Ali et al., 2021; Hernani et al., 2025). 

The practical implications of this research are quite significant. In the context of physical 

education in college, the use of BIA technology can be an alternative to a more objective, 

transparent, and data-based assessment system (Branco et al., 2023). For lecturers or 

teachers, these results can be used as a basis for designing more personalized and targeted 

fitness interventions (Fadillah & Indahwati, 2026). In addition, for educational institutions, 

the integration of digital technology in assessments can support the transformation towards 

an adaptive and evidence-based learning system (Hamdi et al., 2022). 

However, this study has several limitations. First, the cross-sectional research design does 

not allow the analysis of the causal relationship between body composition and students' 

academic performance. Second, the sample size that is limited to one study program can 

reduce the generalization of research results. Third, the process of independent data input by 

students has the potential to cause bias or reporting errors, even though verification has been 

carried out through photo documentation. 

Based on these limitations, further research is recommended to use longitudinal design to 

see changes in body composition over time and their relationship with academic 

performance. In addition, it is necessary to expand the sample across study programs or 

universities to increase external validity. The development of an automated data input system 

is also an important recommendation to minimize errors and improve data accuracy in a 

digital-based assessment system. 
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CONCLUSION  

This study shows that the use of Bioelectrical Impedance Analysis (BIA) technology in 

physical education assessment is able to provide a more comprehensive picture of student 

body composition compared to conventional approaches based on body mass index (BMI). 

Although the majority of students are in the normal BMI category, significant variations 

were found in body fat percentage and skeletal muscle mass, which indicates a potential 

body composition imbalance that is not detected through a simple assessment method. 

These findings confirm that the integration of digital technology in the physical education 

learning evaluation process can increase the objectivity, accuracy, and depth of analysis of 

students' physical conditions. Practically, this approach allows teachers to design more 

targeted and data-driven fitness interventions, as well as encourage students to be more 

active in monitoring their physical condition. 

For further research, it is recommended to develop a longitudinal design to evaluate 

changes in body composition over time, as well as the integration of an automated data input 

system to improve the validity and reliability of data in digital technology-based 

assessments. 
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