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INTRODUCTION  

The rapid advancement of digital 

technology has led to a substantial increase in 

the use of electronic devices among 

adolescents, including senior high school 

students. Devices such as smartphones, 

tablets, and computers are now widely used 

for educational purposes, entertainment, 

communication, and information access,  

 

resulting in increased screen time. Senior high 

school students represent a population with 

particularly high levels of screen time 

exposure due to academic demands and 

ongoing psychosocial development during this 

stage of life.1 

Screen time offers benefits as a 

supportive tool for learning; however, 

excessive use may lead to adverse health 
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ABSTRACT  

Background: Rapid advancements in digital technology have led to increased 

gadget use among adolescents, resulting in prolonged screen time among 

senior high school students. Although screen time supports learning and 

access to infomation, excessive use may reduce physical activity, impaired 

sleep quality, and limit social interaction, potentially affecting motor strength. 

Methods: This cross-sectional analytic observational study involved 228 

senior high school students aged 15-18 years in Tangerang Regency, selected 

using stratified random sampling. Screen time was assessed using the 

Questionnaire for Screen Time of Adolescents (QueST), while motor strength 

was measured with a Camry handgrip dynamometer. Data were analyzed 

using the Chi-square test with SPSS. 

Results: Most respondents reported high screen time (73.24%) and low motor 

strength (58.77%). Students with high screen time were more likely to have 

low motor strength (70.66%), whereas those with low screen time more 

frequently demonstrated strong motor strength (59.26%). Chi-square analysis 

revealed a significant associations between screen time and motor strength 

(p<0.001).  

Conclusion: High screen time is significantly associated with reduced motor 

strength among senior high schools students. This highlight the importance of 

balanced screen use to support adolescents' physical development and 

promoting healthier daily activity patterns. 
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consequences. Prolonged screen exposure is 

commonly associated with reduced physical 

activity, increased sedentary behavior, sleep 

disturbances, and various physical and mental 

health problems.2 The World Health 

Organization (WHO) emphasizes that 

prolonged sedentary behavior in children and 

adolescents can negatively affect physical 

fitness, musculoskeletal function, and long-

term health outcomes.3 

One important aspect of physical 

health that may be affected by excessive 

screen time is motor strength. Motor strength 

refers to the ability of muscles to generate 

force during functional activities and plays a 

crucial role in supporting daily activities, 

physical fitness, and overall quality of life in 

adolescents.4 Excessive screen time may 

reduce daily physical activity levels, leading to 

declines in basic motor skills and motor 

strength, including muscular agility, 

movement coordination, and balance.5 

Adolescence is a critical period for 

neuromuscular system development, which is 

highly dependent on physical activity as a 

primary stimulus.6 High screen time may limit 

opportunities for adolescents to engage in 

physical activities necessary for optimal 

muscle strength development.7 

Previous studies investigating the 

relationship between screen time and motor 

strength have reported inconsistent findings.8 

Several studies demonstrated that prolonged 

screen time is associated with lower muscle 

strength and poorer motor performance, while 

other studies found weak or non-significant 

associations after controlling for physical 

activity and other confounding variables such 

as nutritional status, and environmental 

conditions.9 These inconsistent findings 

indicate that the relationship between screen 

time and motor strength remains inconclusive 

and may vary depending on demographic, 

behavioral, and socio-environmental 

characteristics. Furthermore, most previous 

studies were conducted in high-income 

countries and primarily focused on general 

physical activity or obesity outcomes rather 

than specific motor strength parameters 

among adolescents. Research specifically 

examining senior high school students in 

developing countries, including Indonesia, 

remains limited. 

Differences in sociocultural 

characteristics, educational demands, and 

patterns of digital device use among 

Indonesian adolescents may influence both 

screen time behavior and physical 

performance outcomes. However, limited 

studies have specifically examined the 

relationship between screen time duration and 

motor strength in Indonesian senior high 

school students. This gap highlights the need 

for context-specific evidence from developing 

countries. Therefore, this study aims to 

determine the relationship between screen 

time duration and motor strength among 

Indonesian senior high school students. 

 

METHODS 

Study Design and Setting 

  This study employed an analytical 

observational design with a cross-sectional 

survey approach to examine the relationship 

between screen time duration and motor 

strength among adolescents. The study was 

conducted in September 2025 in senior high 

schools in Tangerang Regency, Indonesia. 

 

Participants and Sampling 

  Participants were selected using 

stratified random sampling and consisted of 

228 senior high school students aged 15–18 

years. The inclusion criteria were students 

who were actively enrolled in school, resided 

in the study area, and provided informed 

consent to participate. Exclusion criteria 

included students who did not provide written 

informed consent, those with physical or 

musculoskeletal disorders that could affect 

motor strength measurements, and students 

who were ill or unable to undergo examination 

at the time of data collection. 

 

Ethical Considerations 

  This study was approved by the 

Health Research Ethics Committee of the 

Faculty of Medicine with ethical approval 
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number 011/KER/FK/07/2025. Written 

informed consent was obtained from all 

participants prior to data collection, and 

participant confidentiality was maintained 

throughout the study. 

 

Data Collection 

  The data analyzed were primary data 

obtained directly through structured 

questionnaires and objective measurements, 

reflecting the respondents’ actual conditions at 

the time of data collection. Screen time was 

assessed using the Questionnaire for Screen 

Time of Adolescents (QueST),10 which has 

demonstrated satisfactory content validity and 

test–retest reliability. Content validity was 

established through expert and adolescent 

evaluations, yielding a Content Validity Index 

(CVI) of 94% for clarity and 98% for 

representativeness. Test–retest reliability 

analysis demonstrated intraclass correlation 

coefficient (ICC) values ranging from 0.41 to 

0.76 across different screen time constructs, 

indicating acceptable measurement stability. 

  Motor strength was measured using a 

Camry handgrip dynamometer11,12 following 

standardized procedures. Participants were 

instructed to grip the dynamometer as 

forcefully as possible, and measurements 

were performed three times. Handgrip 

strength measurement has demonstrated 

excellent test–retest reliability in adolescents, 

with ICC values ranging from 0.95 to 0.98.11 

 

Data Analysis 

  Data were subjected to editing, 

coding, and data entry prior to analysis. 

Statistical analysis was conducted using 

statistical software and included descriptive 

analysis and bivariate analysis using the chi-

square test to examine the association 

between screen time duration and motor 

strength. Statistical significance was set at p < 

0.05.  

 

RESULTS AND DISCUSSION 

This study provides empirical 

evidence on screen time patterns and their 

association with motor strength among senior 

high school students in Tangerang Regency. 

The findings reflect current behavioral trends 

in Indonesian adolescents and contribute to 

the growing literature on sedentary behavior 

and musculoskeletal health.

 

Table 1. Univariate analysis 

Variable Respondents (n) Percentage (%) 

Screen Time   

Low 27 11.84% 

Moderate 34 14.91% 

High 167 73.25% 

Motor Strength   

Low 134 58.77% 

Moderate 50 21.93% 

High 44 19.30% 

Distribution of Screen Time and Motor 

Strength 

 The univariate analysis presented in 

Table 1 shows that the majority of 

respondents (73.25%) were classified as 

having high screen time, while only 11.84% 

had low screen time. This finding is consistent 

with national data reported by the Indonesian 

Central Bureau of Statistics, which indicate a 

high proportion of adolescents possessing 

and using mobile phones on a daily basis.1 

The widespread ownership and accessibility 

of digital devices have substantially increased 

adolescents’ exposure to screen-based 

activities for educational, recreational, and 

social purposes. 

 Motor strength assessment revealed 

that more than half of the respondents 

(58.77%) were categorized as having low 

motor strength. Similar patterns have been 

reported in previous studies, suggesting a 

decline in physical fitness and motor 
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performance in parallel with increased 

sedentary behavior among children and 

adolescents.5 Adolescence is a critical period 

for motor and neuromuscular development, 

during which regular physical activity plays an 

essential role in achieving optimal muscular 

strength.6 

 The coexistence of high screen time 

and low motor strength observed in this study 

raises concerns regarding adolescents’ 

physical development, particularly in the 

context of increasing reliance on digital 

technology.

 

Table 2. Relationship between Screen Time and Motor Strength 

Variable 

Motor Strength 

p-value Low Moderate High 

n (%) n (%) n (%) 

Screen Time        

Low 5 18.52% 6 22.22% 16 59.26% 0.000 

Moderate 11 32.35% 14 41.18% 9 26.47%  

High 118 70.66% 30 17.96% 19 11.38%  

Relationship Between Screen Time and 

Motor Strength 

The association between screen time 

duration and motor strength is summarized in 

Table 2. Among students with low screen 

time, the largest proportion demonstrated high 

motor strength (59.26%), followed by 

moderate (22.22%) and low motor strength 

(18.52%). In contrast, students with high 

screen time were predominantly categorized 

as having low motor strength (70.66%), with 

smaller proportions demonstrating moderate 

(17.96%) and high motor strength (11.38%). 

The chi-square analysis revealed a 

statistically significant association between 

screen time and motor strength (p < 0.001).  

 These findings indicate that increased 

screen time is associated with a higher 

likelihood of reduced motor strength, whereas 

lower screen time is associated with better 

muscular strength outcomes. This result is 

consistent with previous population-based 

studies demonstrating inverse relationships 

between screen time and physical fitness 

components, including muscular strength and 

fundamental motor skills.5 Zablotsky et al. also 

reported that adolescents with prolonged 

screen time (≥4 hours/day) were less likely to 

engage in physical activity and strength-

training behaviors, contributing to poorer 

musculoskeletal health outcomes.13 

 

 

Behavioral and Public Health Context 

 Screen time refers to the duration 

spent interacting with electronic devices such 

as smartphones, tablets, computers, and 

televisions for both academic and recreational 

purposes.14 In recent years, increased screen 

time among adolescents has become a major 

public health concern due to its association 

with sedentary lifestyles, reduced physical 

activity, and disrupted sleep patterns.2,3,15 

 The World Health Organization 

emphasizes that prolonged sedentary 

behavior in children and adolescents is 

associated with adverse health outcomes, 

including reduced physical fitness and 

impaired musculoskeletal function.3 Studies 

have shown that increased screen time often 

competes directly with time allocated for 

physical activity and sleep. Sanz-Martín et al. 

demonstrated that higher screen time was 

associated with lower physical activity levels 

and altered sleep duration among 

adolescents, highlighting the complex 

interaction between daily behaviors and 

health outcomes.2 

 

 

Physiological Mechanisms Underlying 

Reduced Motor Strength 

 From a physiological perspective, 

prolonged sedentary behavior may lead to 

decreased neuromuscular stimulation and 

reduced muscle activation. Motor strength 
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depends on muscle mass, neuromuscular 

coordination, and effective recruitment of 

motor units.4 Voluntary muscle contraction 

originates from cortical motor commands 

transmitted through corticospinal pathways to 

alpha motor neurons, which subsequently 

activate skeletal muscle fibers.16 Regular 

physical activity provides essential 

mechanical loading and neural stimulation 

required to maintain and enhance muscle 

strength, particularly during adolescence, 

which is a critical period for neuromuscular 

development.6  

 Excessive screen time may reduce 

opportunities for movement-based activities 

and physical exercise, thereby decreasing 

neuromuscular activation and muscular 

adaptation. At the cellular level, prolonged 

sedentary behavior may impair muscle protein 

synthesis and reduce neuromuscular 

adaptation, potentially contributing to declines 

in muscular fitness over time. Muscle 

contraction involves acetylcholine release, 

membrane depolarization, calcium ion 

mobilization, and actin–myosin cross-bridge 

cycling, resulting in force generation.4 

Reduced frequency of muscle contraction 

during prolonged screen-based sedentary 

activities may limit these physiological stimuli. 

 Moreover, insufficient mechanical 

loading reduces activation of the mechanistic 

target of rapamycin (mTOR) pathway, a key 

regulator of muscle protein synthesis. 

Suppression of this pathway may lead to 

reduced anabolic processes and increased 

protein degradation, potentially resulting in 

muscle atrophy and decreased motor strength 

over time.4 These mechanisms provide a 

biological basis for the observed association 

between excessive screen time and reduced 

motor strength in this study.4 

 

Role of Behavioral and Biological Factors 

 The relationship between screen time 

and motor strength may also be influenced by 

several behavioral and biological factors. 

Adolescents with prolonged screen exposure 

are generally more likely to engage in 

sedentary behaviors and less likely to 

participate in regular physical activity.2,3  

 Genetic and environmental influences 

may further affect motor development and 

physical performance among adolescents.17 

Nutritional status and adequate intake of 

protein and carbohydrates are important for 

supporting muscle strength, motor 

development, and muscle performance.18 

 Previous studies have shown that 

males generally demonstrate greater 

muscular strength than females due to 

differences in body composition and muscle 

mass.19 Age-related neuromuscular 

maturation during adolescence also 

contributes to improvements in speed–

strength performance.20 Furthermore, 

hormonal factors such as testosterone are 

positively associated with muscle mass and 

strength development in adolescent males.21 

 In addition, inadequate sleep may 

negatively affect muscle recovery and 

physical performance. Sleep is essential for 

muscle regeneration and hormonal regulation 

related to muscle recovery.22 Adequate intake 

of protein and carbohydrates is important for 

supporting muscle strength and exercise 

performance.23,24 However, these biological 

and behavioral factors were not specifically 

analyzed in the present study and should 

therefore be interpreted cautiously. 

 

Comparison With Previous Studies  

 The findings of this study are 

consistent with previous studies reporting 

inverse associations between screen time and 

physical fitness components, including 

muscular strength and motor performance.5,13 

Studies among children and adolescents have 

shown that excessive screen exposure may 

reduce opportunities for active play and 

structured physical activity, thereby negatively 

affecting musculoskeletal development.7–9 

However, not all studies have reported similar 

findings. Koyuncu and Kepenek Varol found 

no significant association between screen 

time and muscle strength in children.25 

Differences in study populations, 

measurement methods, physical activity 
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habits, and sociocultural contexts may explain 

these inconsistencies. These variations 

indicate that the relationship between screen 

time and motor strength is multifactorial and 

may be modified by behavioral and 

environmental conditions. 

 

Study Limitations 

This study has several limitations. 

First, the cross-sectional design limits the 

ability to establish causal relationships 

between screen time and motor strength. 

Second, screen time data were obtained using 

self-reported questionnaires, which may be 

subject to recall bias and reporting 

inaccuracies. Third, several potential 

confounding variables, including physical 

activity level, nutritional status, sleep quality, 

hormonal status, and socioeconomic 

background, were not comprehensively 

controlled in this study. Finally, the study was 

conducted in a specific geographic area, 

which may limit the generalizability of the 

findings to adolescents in other regions. 

 

Implications for Adolescent Health 

Overall, the findings of this study 

strengthen the evidence that excessive 

screen time is associated with lower motor 

strength among adolescents. Given the high 

prevalence of screen exposure observed in 

this population, promotive and preventive 

strategies are needed to encourage balanced 

screen use and regular physical activity. 

Schools and public health programs should 

prioritize interventions aimed at reducing 

sedentary behavior and promoting muscle-

strengthening activities among adolescents. 

Such efforts may contribute to improved 

physical fitness and long-term 

musculoskeletal health. 

 

CONCLUSION  

  This study demonstrates that higher 

screen time is associated with lower motor 

strength among senior high school students. 

Excessive screen exposure may contribute to 

reduced physical fitness and neuromuscular 

development during adolescence, particularly 

when accompanied by sedentary behavior 

and limited physical activity. 

These findings highlight the importance of 

promoting balanced screen use and 

encouraging regular physical activity among 

adolescents. Schools, families, and public 

health programs should support strategies 

aimed at reducing sedentary behavior and 

fostering active lifestyles to maintain 

adolescent musculoskeletal health. 
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