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ABSTRACT 

Introduction: The use of digital devices has increased across all age groups and 
professional fields, making them inseparable from everyday life. This increase in the 
duration of screen-based activities causes various symptoms of eye health problems. 
This study aimed to determine the prediction of the relationship and influence 
between Screen-Based Activity (SBA) and the incidence of Digital Eye Syndrome 

(DES) in children aged 9-12 years in Peniwen Village, Malang.  

Material and Methods: This study used a cross-sectional analytical observational 
design. There were 62 respondents in the research samples, or the same number as 

the total population. The analysis technique used in this study is the Partial Leas 
Square (PLS) modeling technique with testing using software such as SmartPLS 

(v3.2.9).  

Results: Based on the results of the analysis, obtained t-count (23.821) is greater than 
the t-table (1.96), meaning that there is a relationship and influence between SBA 
variables on DES. The correlation coefficient of SBA to DES is positive 0.818 which 

means the higher the Screen Based Activity, the higher the risk of Digital Eye Strain. 
The use of handphone (X2) is an indicator of SBA with the highest correlation 
strength of 88.1%.  

Conclusion: There is an association between the duration of Screen Based Activity 
and the incidence of Digital Eye Strain in children. The higher the Screen Based 

Activity, the higher the risk of Digital Eye Strain. In addition, the use of handphones 
has the highest correlation in influencing the occurrence of Digital Eye Strain in 
school-age children in Peniwen Village. 

 

Cite this as:  Wartiningsih, M. (2023) Analysis of Screen Based Activity on Digital Eye Strain in School-Age Children in Peniwen 

Village, Malang, East Java. Asian J Heal Res. 2 (1): 5056. doi: https://doi.org/10.55561/ajhr.v2i1.98   

 
INTRODUCTION 

 

In recent years, the use of digital devices has 

increased across all age groups and professional fields as 

an integral part of everyday life [1,2]. In children, screen 

time is considered as the duration of time spent in 

activities with exposure to digital screens (screen-based 

activities) such as gadgets/smartphones, laptops, 

computers, or televisions, either actively (e.g. online 

learning, communication, games) or passively (reading). 

The definition of screen-based activity is any activity 

that children do relate to the use of screen-based media 

(television, computers, video games, and gadgets) [3].  

Previous research states that the time children spend 

watching screen content and playing video games 

increased significantly from 2.6 hours/day in 2018 to 5.9 

hours/day after 2020 [4]. In addition, a study conducted 

in the United States also reported that children's time 

spent both actively and passively using digital screen 

devices (outside of online learning activities) increased 

in 2021, ranging from 0.75 hours to 6.5 hours/day [5]. 

Based on guidelines from the American Academy of 

Pediatrics (AAP), the Canadian Association of 

Optometrists (CAO), and the Australian National 

Physical Activity and Sedentary Guidelines, the safe 

screen-based activity time limit for school-aged children 

(5-18 years) is a maximum of 2 hours/day [5,6]. 

This increased screen-based activity time linearly 

contributes to the appearance of various symptoms of 

eye health problems [710]. High digital usage 
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universally results in digital eye strain [1]. Digital eye 

strain (DES) is a set of symptoms of eye health problems 

resulting from prolonged use of digital devices such as 

televisions, computers, tablets, e-readers, or cell phones 

[7]. Blue light radiation from digital devices can cause 

damage to the retina (phototoxicity). Blue light is the 

emission from the screens of digital devices, such as 

televisions, laptops, handphones, tablets, and other 

gadgets. The human eye is generally sensitive to 1 part 

of the light wave spectrum, namely visible light [10]. 

Previous studies have shown that prolonged exposure to 

blue light from digital devices can cause macular 

degeneration, which is an important part of the eye's 

retina that, if damaged, can lead to visual impairment 

[11]. 

Based on the explanation above, it is known that the 

longer the duration of the activity of using digital screen 

devices (screen-based activity), the higher the risk of 

visual impairment in children. Prolonged exposure to 

blue light radiation in the eyes will be fatal. Therefore, 

the purpose of this study is to determine the prediction 

of the relationship and influence of Screen Based 

Activity (SBA) to the incidence of Digital Eye Syndrome 

(DES), which is an early symptom of eye health 

problems in children aged 9-12 years, in Peniwen 

Village, Malang. 

 

 

MATERIAL AND METHODS 

 

This study was an analytic observational study with 

a cross-sectional design conducted from November 2022 

to January 2023. The research location is Peniwen 

Village, Malang Regency. The population of this study 

was school-age children aged 9-12 years. The sample of 

this study was all members of the population or 

saturated samples, namely 62 respondents.  

Statistical analysis using Partial Least Square (PLS) 

modelling with testing using software such as SmartPLS 

(v3.2.9). SEM PLS aims to predict the relationship 

between latent variables SBA and DES. Before testing 

the hypothesis that SBA affects DES, two evaluation 

stages were carried out, the measurement model (outer 

model) and the structural model (inner model). The 

measurement model is conducted to verify that the 

indicators of watching television, using computers and 

using cell phones have a significant correlation with 

Screen-Based Activity as the latent variable. And testing 

the significance of 9 (nine) symptoms as indicators of the 

Digital Eye Strain variable. 

The requirement that must be met so that an 

indicator can be analyzed further is if the loading factor 

(λ) value of the indicator is greater than 0.5. The 

indicator is considered to be uncorrelated with the latent 

variable if it is less than 0.5, therefore it cannot be 

included in the second stage of analysis, namely the 

structural model [12]. The following are the results of the 

loading value (λ) obtained. 
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RESULTS 

 

In Table 1, the number of male and female 

respondents was equal, namely 31 respondents each. 

The age of respondents was dominated by 11 years old, 

as many as 20 respondents (32.3%) and the least was 9 

years old, as many as 12 respondents (19.4%). Child 

respondents who used glasses were 54.8% and most 

(59.7%) have had an eye examination in the past year. 

 

Based on Table 2, respondents spent more time 

using handphones than watching television or using 

computers. 51.6% of the respondents used handphone for  

2-4 hours per day, and 11.3% for >4 hours. Most 

respondents watched television for <2 hours/day and 

used computers for 2-4 hours/day.  

According to Table 3, 75.8% of respondents reported 

having headaches frequently, and 77.4% reported that 

they were tired in the neck. Compared to other 

symptoms, these were occurred the most frequently. 

Additionally, 56.5% of respondents reported they 

occasionally experienced watery eyes. Some of the other 

symptoms included dry eyes, eye strain, burning eyes, 

red eyes, blurred vision, a feeling of foreign objects in the 

eyes, and double vision.  

Based on Fig. 1, it shows that all indicators that 

measure each latent variable have a loading factor value 

above 0.5. The loading factor value of each indicator 

shows that more than 68.9% has a correlation strength 

with the latent variable (Screen Based Activity).  The 

Table 1. Distribution of Children based on Characteristics 

Characteristics Frequency 

(n) 

Percentage 

(%) 

Gender   
Male 31 50,0 
Female 31 50,0 

Age   
9 Years 12 19,4 

10 Years 17 27,4 
11 Years 20 32,3 
12 Years 13 21,0 

Using Glasses    
Yes 34 54,8 

No  28 45,2 
Eye Examination in the Last Year 

Yes 37 59,7 
No 25 40,3 
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indicator watching television (X1) has the lowest 

correlation strength of 60.3%, and using a handphone 

(X2) has the highest correlation of 88.1%. 

The indicator with the highest correlation to Digital 

Eye Strain is Y4 (red eyes) at 85.9% and Y7 (watery 

eyes) and Y8 (headache) at 68.9% have the lowest 

correlation to DES. The next criteria are composite 

reliability and convergent validity (measured by the 

average variance extracted (AVE) value) which are 

presented in Table 4. 

The composite reliability of SBA and DES in this 

analysis shows sufficient reliability because the value is 

above 0.6. This means that the indicators that have been 

determined have been able to measure each latent 

variable (construct) well. The AVE value on SBA and 

DES >= 0.5 indicates that the AVE value is above the 

minimum criteria, which is 0.5. Thus it can be explained 

that the DES variable can explain an average of 59.6% of 

the variance of its nine constituent indicators as well as 

the SBA variable can explain an average of 59.5% of the 

variance of its three constituent indicators. This Outer 

Model analysis shows that all measurement models for 

each latent variable obtained are significant. 

The second stage of analysis is carried out through a 

bootstrapping process to produce a structural model, 

called the inner model. Aims to describe whether there 

is a relationship between latent variables, which is 

evaluated using the path coefficient and R-Square. The 

results of the path coefficients and t-statistic values 

obtained through the bootstrapping process are shown in 

Table 5. 

After bootstrapping, Table 5 shows that the t-count 

of 23.821 is greater than the t-table = 1.96. This indicates 

the validation of the relationship between SBA and DES 

variables, thus concluding that: SBA is predicted to 

affect the occurrence of DES. The correlation coefficient 

between SBA and DES is positive 0.818, which means 

that the higher the Screen Based Activity, the higher the 

risk of Digital Eye Strain. 

According to Henseler et al. (2009) if the R^2 value 

> 0.67 it is said that the contribution of exogenous 

variables to endogenous are strong, but if the R-Square 

is 0.33 - 0.67, it is considered a sufficient or moderate 

contribution, while if the R-Square is 0.19-0.33 it is 

Table 2. Frequency Distribution of Screen-Based Activity 

Duration 

SBA Duration Frequency 

(n) 

Percentage 

(%) 

Watching Television (X1) 
< 1 hour 12 19,4 

< 2 hours 28 45,2 
2- 4 Hours 17 27,4 
> 4 hours 5 8,1 

Using a handphone (X2) 

< 1 hour 0 0 
< 2 hours 23 37,1 
2 - 4 Hours  32 51,6 

 > 4 hours 7 11,3 
Using a Computer (X3) 

< 1 hour 9 14,5 
< 2 hours 20 32,3 
2 - 4 Hours 27 43,5 
 > 4 hours 6 9,7 

 

Table 3. Distribution of Digital Eye Strain Symptoms 

Symptoms of DES Frequency 

(n) 

Percentage 

(%) 

Dry Eye (Y1) 

Never 
Sometimes  
Often  

 

14 
28 
20 

 

22,6 
45,2 
32,3 

Eye pain or strain (Y2) 
Never 
Sometimes  

Often 

 
21 
23 

18 

 
33,9 
37,1 

29,0 

Burning or hot eyes (Y3) 
Never 
Sometimes  
Often 

 
31 
14 
17 

 
50,0 
22,6 
27,4 

Red eyes (Y4) 

Never 
Sometimes  
Often 

 

29 
12 
21 

 

46,8 
19,4 
33,9 

Blurred vision (Y5) 
Never 
Sometimes  

Often 

 
18 
34 

10 

 
29,0 
54,8 

16,1 
Feeling a foreign object in 
the eye (Y6) 

Never 
Sometimes  
Often 

 
 

34 
16 
12 

 
 

54,8 
25,8 
19,4 

Watery eyes (Y7) 
Never 
Sometimes  
Often 

 
15 
35 
12 

 
24,2 
56,5 
19,4 

Headache (Y8) 
Never 

Sometimes  

Often 

 
15 

24 

23 

 
24,2 

38,7 

37,1 
Neck fatigue (Y9) 

Never 
Sometimes  
Often 

 
14 
23 
25 

 
22,6 
37,1 
40,3 

 

Table 4. Composite Reliability and AVE Value of 
Measurement Model 

  
Composite 

Reliability 

Average Variance 

Extracted (AVE) 

DES 0.930 0.596 

SBA 0.812 0.595 

 
Table 5. Relationship between Variables 

 
Correlation 

Coefficient 
T count 

SBA -> DES 0.818 23.821 

 

Table 6. R Square Value of Latent Variables 

  R Square R Square Adjusted 

DES 0.669 0.664 
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considered a weak contribution [13]. The R-Square value 

of this study is 0.669, so SBA as an exogenous variable 

has a fairly strong contribution to DES. This means that 

Screen-Based Activity has a fairly strong contribution to 

the incidence of digital eye strain.  

 

 

DISCUSSION 

 

Based on the results of this study, screen-based 

activity is dominated by cellphone use with a duration 

of more than 4 hours. Research from Wulandari (2016) 

shows that active smartphone users in Indonesia are 

around 47 million, and 79.5% are children and 

adolescents [14]. Even the number of mobile subscribers 

has exceeded the world's population, so it can be 

concluded that a person can use more than one 

connection phone [15].  

Long-term use of mobile devices can have a negative 

impact on health, especially the visual system of the eye. 

Even the worst cases of exposure to electromagnetic 

radiation from a phone can result in eye tumors [17,18]. 

Parents need to monitor how much time their children 

spend watching television in addition to how much time 

they spend on handphones. One of the losses that have 

a negative impact due to television visibility is less than 

3 times the inch diameter of the television size. 

Regrettably, some parents neglect to consider the 

recommended safe viewing distance for their children in 

regards to television watching [17]. In previous studies, 

eyestrain began to occur within 5 minutes of watching 

television and was quickly followed by a large increase 

in blink rate and a decrease in fixation. [18].  

 

Fig.1. Path Diagram with Loading Factor Value 

 

Fig.2. Structural Model (Inner Model) Relationship of Screen Based Activity with Digital Eye Strain 
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Prolonged utilization of computers at a close 

distance may lead to ocular fatigue and headaches, as 

the ciliary muscle within the eyes must exert more effort 

to adjust. This can cause undue strain on the eyes and 

result in discomfort [19]. 

The increase in screen-based activity in the age of 

technology continues to grow for the benefit of social 

interaction and the educational process. One health 

problem that arises is digital eye strain or a collection of 

symptoms of eye disorders due to the use of digital-based 

electronic devices. Eye health and prolonged screen-

based activity can also affect children's mental health 

[20].  

In this study, there are 9 (nine) symptoms related to 

eye disorders or digital eye strain, including dry eyes, 

eye pain or strain, burning eyes, red eyes, blurred vision, 

double vision, and feeling that there is a foreign object 

in the eye, watery eyes, headaches, and neck fatigue. 

This condition can cause discomfort and hinder daily 

work. Dry eye is one of the digital eye strains caused by 

a reduction in the number of blinks when staring at the 

digital monitor layer and incomplete blinking, causing 

tear evaporation, resulting  dry eyes [21]. Some dry eye 

symptoms are a dry sensation, a foreign body in the eye 

or a gritty feeling, and a burning sensation [22]. Based 

on prior research, it has been suggested that reducing the 

duration of digital device use or taking periodic breaks 

can effectively mitigate symptoms of dry eye in children.  

This can give children the opportunity to learn and 

socialize without the use of digital devices [23].  

Eye strain or eye fatigue is a set of symptoms of eye 

discomfort arising from prolonged eye use without rest. 

This can be caused by several factors, such as reduced 

contrast levels of letters compared to the background of 

the digital screen, glare and screen reflections, incorrect 

distance and angle in viewing the digital screen, poor 

lighting conditions, improper posture during use, and 

eyes that rarely blink this cause the eyes to become tense 

or tired [24]. In addition, the display screens of 

computers, electronic notebooks, smartphones and 

other digital devices emit significant amounts of blue 

light. The amount of HEV light these devices emits is 

only a fraction of that the sun emits. However, the time 

and distance the eyes are exposed to digital monitors 

result in adverse effects [25]. Continued exposure to blue 

light and glare emitted by electronic devices, along with 

concentrated use, can cause various symptoms of eye 

disorders. 

Long-term use of digital devices causes symptoms of 

burning and sore eyes. In a survey conducted by the 

American Optometric Association, 80% of 200 children 

who used digital devices felt their eyes burning after 

more than 2 hours of using digital electronic devices 

[28]. A previous study also stated that when using digital 

devices, the blink rate decreased significantly. As a 

result, the meibomian glands are not mechanically 

stimulated as frequently to release the appropriate lipid 

layer, and the filling rate of the tear film decreases. The 

palpebral opening is vertically larger and the gaze angle 

tends to be higher when using a computer, both of which 

lead to rapid evaporation and inadequate blinking. 

Inadequate blinking makes it difficult for the tear film to 

spread sufficiently, leading to an unstable tear film when 

combined with an inadequate lipid layer, resulting in 

dry, gritty eyes or a foreign body feeling in the eye, 

burning and itching [27]. 

Blurred vision is also a symptom of screen-based 

time. Several other studies attribute this blurred vision to 

the use of digital devices. The Online Medical 

Dictionary defines blurred vision as unclear and blurred 

visual images or a lack of visual acuity resulting in an 

inability to see fine details. Blurred vision can result 

from disorders such as farsightedness or nearsightedness 

that require corrective lenses (glasses) or may indicate 

eye disease caused by fatigue of the eye muscles that are 

used continuously without adequate rest [28].   

Another digital eye strain is watery eyes. The use of 

digital devices is associated with dry eyes. The dryness 

of the ocular surface stimulates the reflex arch of the 5th 

and 7th cranial nerves to produce excess tears. Reflex 

tears have a different composition to normal tears. These 

reflex tears are needed to lubricate the ocular surface. In 

this case, the eye cannot control the dryness that occurs 

in the eye, so the eye can react to produce more reflex 

tears. In addition, other ocular disorders may also cause 

watery eyes [28].  

Headache is also one of the symptoms of digital eye 

strain. Previous studies mentioned that the frequency of 

screen band light could directly cause migraine attacks; 

secondly, exposure to the layer for a long time can lower 

the threshold of the migraine cascade. In addition, the 

process of constant accommodation during digital 

screen exposure causes the extraocular muscles to 

contract for a long time, resulting in stress on the head 

muscles and manifesting as pain or headache [29].  

Another consequence of prolonged screen-based 

activity is neck pain. Intensive use of digital devices 

tends to make a person stand still in one particular 

position. This causes fatigue in certain muscles, 

especially in the muscles that support the head in the 

neck. This position requires repetitive movements of the 

upper limbs, such as typing on the keyboard and moving 

the mouse, but also requires static muscle activity to 

keep the arms in a stable position. This strain the neck, 

shoulder and upper limb muscles and joints. Muscles 

and joints will become stressed when their supporting 

structures are weakened. As the tissues become 

overloaded, ischemic cumulative injury sets in due to the 

conversion of endothelial xanthine dehydrogenase to 

xanthine oxidase. Thus, due to excessive tissue 

inflammation with swelling, nerve compression (i.e. 

median and ulnar nerve compression) and tendon and 
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ligament damage will give rise to adequate pain 

stimulation. In addition, incorrect sitting gestures will 

result in the overloading of the neck and shoulder 

muscles. The cranial nerves that exit the spinal cord 

through the grooves between the vertebrae can be 

compressed by stressed or cramped muscles. This may 

develop into paresthesia [30].  

Digital eye strain is a common condition, especially 

in the digital era with the increasing use of digital devices 

such as computers, smartphones, and tablets. Based on 

previous research, digital eye strain can lead to 

decreased vision in children, thus disrupting the process 

of cognitive and mental development [24] . In this case, 

the parents' important role is supervising children's 

activities not to worsen their health conditions. [32]. 

Annual eye examinations are necessary to rule out 

refractive errors, as today's children are born into a 

world that has become 'closer' in the digital age [20]. 

Researchers suggest the need to socialize on 

recognising the symptoms of Digital Eye Strain and 

other impacts that can occur due to exposure to blue 

light in digital devices. The damage that occurs can be 

permanent to the retinal layer or eye nerves. Therefore, 

cooperation with Village Officials, Primary Health Care 

Facilities, Schools, and Religious Communities is 

needed, as well as approaches to parents regarding 

supervising children's activities, especially those related 

to digital devices.  

 

CONCLUSION 

 

There is a relationship between the duration of 

Screen Based Activity and the incidence of Digital Eye 

Strain in children. The higher the Screen Based Activity, 

the higher the risk of Digital Eye Strain. In addition, the 

use of cell phones has the highest correlation in 

influencing the occurrence of Digital Eye Strain in 

school-age children in Peniwen Village. 
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