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Abstract 

Inappropriate lighting level causes digital eye strain among smartphone users.  This experimental study employed 33 

students aged 12-15 years in 3 lower secondary schools in Pathumthani province, Thailand. Amplitude of accommodation (AA) 

was measured by using the minus lenses method and compared between pre and post experiment under 3 lighting levels (50, 300 

and 600 lux). Data were collected from 15 June to 30 August 2016, and analyzed by repeated measures ANOVA. We found the 

amplitude of accommodation and speed of visual task were significantly different between pre-test and post-test among 3 lighting 

levels (p<.01).  The change of AA was increased most in 50 lux, followed by 600 lux and 300 lux, respectively. The 

environmental lighting condition and prolonged smartphone use in children might cause adverse visual and health effects. Parents 

and teachers should advise their children on proper and limited use for health and safety. 
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1. Introduction

The amplitude of accommodation (AA) is the 

maximum of accommodation exerted to move the focus from 

far to near point and the greatest increase in  ability of the eye 

to change the refractive power of the lens to automatically 

focus on objects at various distances (Chiranjib & Ying, 2015; 

Ikaunieks, Panke, Seglioa, Dvede, & Krumioa, 2017). The 

functions of AA declines with age especially in over 40 year 

olds. (Heron, & Schor, 2001; Ikaunieks, Panke, Seglioa, 

Dvede & Krumioa, 2017). Many studies have shown that 

visual display terminals (VDTs) could induce temporary 

effects in the visual accommodation system such as transient 

myopia (Ciuffreda & Vasudevan, 2008; Sivaraman et al. 

(2015). However, several studies have suggested other causes 

such as vertical viewing angles of 20 degree effect (Chiranjib 

& Ying, 2015) and lighting that induced visual problems 

(Chiranjib & Nur, 2017). At present, visual problem is not 

only limited to computer use but can occur also in smartphone 

and other digital device use. The smartphone use for 
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entertainment, playing games and social media such as 

Facebook and Instagram can cause eye and visual problems. 

Lighting condition had an influence on visual strain and well-

being. Improper lighting could induce digital eye strain (DES) 

such as headaches, back and neck aches, drooping of eyelids, 

blurred vision, and decreased blink (Lavin, Taptagaporn, & 

Kruakorn, 2015; Mashkoori, Asadi, Yari, Allahdadi, 

Gharlipour, & Koohpaei, 2016).  It could also change the 

visual acuity (VA) ( Lin, Feng, Chao, & Tseng, 2008; Wolska, 

1999) and the amplitude of accommodation (Wolska, 1999). 

According to the Occupational Safety and Health 

Administration (OSHA) and many research reported it is 

recommended that the lighting for VDT workstations should 

be between 300 to 700 lux (Bangor, 2000; Health and Safety 

Guildline, 2004; Ministry of Health, Brunei Darussalam, 

2010; Parihar et al., 2016) but for smartphone tasks, there is 

no recommendation. The aim of this study was to investigate 

the effects of lighting levels on the change of AA among 

adolescent. The purpose was to determine the satisfaction and 

prevention of AA change and DES in the lighting each levels. 

 

2. Materials and Methods 
 

2.1 Procedures   
 

All 37 participants were introduced to the 

experiment until they had a clear understanding prior to the 

experimental session. Four participants were excluded 

because they could not complete the procedure. The 

experiment was carried out under the 3 levels of lighting, high 

condition (600 lx), moderate condition (300 lx), and dim 

condition (50 lx). The fluorescent lamps had a color 

temperature about 6500 Kelvin (K). The visual stimuli were 

displayed on a 5.1-inch diagonal screen smartphone. The auto 

brightness function was operated. Their visual acuity (VA) 

was measured at 6 meters by Snellen chart and recorded. All 3 

lighting levels were set up in a random order. The game was 

used as the visual workload set for 15 minutes per section. 

During the 20-minute resting time, all participants were not 

allowed to do any digital work. During the experiment, 

viewing distance of smartphone display was fixed at 40 cm by 

using a headrest and chinrest to fix the head position. The 

angle of eye level was 15 degree (Prattana & Ladavichitkul, 

2016; Saied, Kamel, & Mahfouz, 2013). The table height was 

710 mm (Health and Safety Guildline, 2004; Monash 

University Procedure, 2017). The game was free downloaded 

from a Pet connects animals in Android by Google Play. Both 

eyestrain score and satisfaction were assessed using a 5-point 

Likert scale. The amplitude of accommodation was recorded 

before and after finishing each lighting level. The eyestrain 

score and satisfaction of lighting level were recorded, 

respectively.  

 

2.2 Minus lens methods 
 

All subjects were fixed at 40 cm viewing distance 

on chin rest during experiment. Before testing all participants 

were measured the amplitude of accommodation and after 

visual workload finished, all participants were immediately 

measured the amplitude of accommodation by the minus 

lenses method. The minus lenses were added, -0.25 diopter at 

a time until the subjects reported the first blur of the letter. 

The eyestrain score and satisfaction of lighting level were 

recorded, respectively. The researcher was trained on the 

minus lens method by the ophthalmologist and tried out with a 

similar group of 30 students who were not included in the 

target groups. The reliability was 0.8.  

 

2.3 Data collection     
 

This experimental study was to determine the 

amplitude of accommodation under different lighting levels 

among 33 students (11 males and 22 females) in lower 

secondary schools. They were 13 to 15 years old with mean 

age of 14.09 (± SD 0.67) years. Data were collected from 20 

March to 31 July 2016 in 3 secondary schools in Pathumthani 

province, Thailand. The inclusion criteria were visual acuity 

not less than 1.0 or corrected-to-normal vision, use of 

smartphone at least 2 hours per day in 1 year. Participants had 

normal height and weight. They had no more than 3 

symptoms of digital eye strain (DES) which consisted of; eye 

strain, irritate eye, photophobia, dry eyes, watery eye, blurred 

vision, red eye, headache, neck and shoulder pain (Lavin, 

Taptagaporn, Khruakhorn, & Kanchanaranya, 2018). The 

smartphone was selected from the most popular brand and 

model a previous study (Lavin et al., 2018). The exclusion 

criteria were those with strabismus, ocular or systemic 

diseases affecting binocular vision and those who were using 

any medication that would have an impact on accommodation 

or convergence.  

 

2.4 Statistical analysis 
 

The sample size was calculated using a formula 

proposed by G-power (version 3.1.9.4, available at:https://g-

power.apponic.com/). Data were analyzed by using SPSS 

version 20 software. ANOVA test and the Wilcoxon signed-

rank test were used to show the difference of amplitude of 

accommodation after visual task under 3 lighting levels 

among all participants. All variables, consisting of AA, eye 

strain symptom and light satisfaction, were estimated from 

previous studies. The significance level was less than 0.05.      

 

2.5 Ethical issues 
 

This study was approved by Thammasart University 

Human Research Ethics committee No 3, and all participants 

and parents signed the informed “consent” and “assent” forms 

(COA NO. 104/2559).  

 

3. Results and Discussion 
 

3.1 Results   
 

The highest-level digital eye strain symptom was 

found at 50 lux in 22 out of 33 students (66.7%). At 300 lux, 

17 students had DES (51.5%) and at 600 lux, 20 students 

complained of DES (60.6%).  

Table 2 shows the amplitude of accommodation 

change (Δ AA) between pre and post experiment in 3 lighting 

levels. The AA was found most increased in 50 lux (Δ AA 

=0.7 D), followed by 600 lux (Δ AA=0.6D) and 300 lux (Δ 

AA=0.49D), respectively.   
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Table 1. Participant characteristics factor (N = 33) 
 

Personnel factor N (%) 

  

Gender  
Male 11 (33.3) 

Female 22 (67.3) 

Age (year) Mean ± SD 14.09.± 0.67 
Body weight (Kg) Mean ± SD 51.1 ±  9.4 

Height (Cm) Mean ± SD 158.2± 6.3 

Visual acuity  
< 1 9 (27.3) 

≥1 24 (72.7) 

Allergy  
No 33 (100) 

Yes 0 (0) 

Exercises  

No/Irregular 3 (9.1) 

Regular 30 (90.9) 
  

 

Table 2. The Amplitude of accommodation (AA) change in 3 

lighting levels (N=33) 
 

Amplitude of 
accommodation (Diopter; D) 

Lighting level 

50 lux 300 lux 600 lux 

    

Mean pretest (D) 3.88 2.53 3.20 

Mean post-test (D) 4.58 3.02 3.80 

Δ AA 0.7 0.49 0.6 
    

 

3.2 Amplitude of accommodation (AA) pre-post test   
 

Amplitude of accommodation measured by the 

minus lenses method differed between pre and post tests in all 

3 lighting levels (F= 28.73, p< .01). This variable was 

analyzed with the Wilcoxon Signed - Rank test in each 

lighting levels. The result was shown that the pre and post 

tests were not significantly different (p>0.05).    

 

3.3 Eye strain symptom    
 

The lowest lighting level (50 Lux) caused the worst 

pain symptom with 2.15 score (SD = 0.79), followed by the 

highest level (600 Lux) with 1.97 score (SD = 0.79). The 

lowest symptom was at 300 lux with 1.88 score (SD = 0.61). 

Lighting level was insignificantly associated with eye strain 

symptoms (p=0.363).    

 

3.4 Satisfaction  
 

In the three lighting level, most participants were in 

300 lux (42.4%), followed by 600 lux (36.4%), and the lowest 

level at 50 lux was 21.2%.  

 

3.5 Discussion   
 

Lighting had influences on smartphone users such 

as visual strain and well-being. Inadequate lighting level can 

cause digital eye strain consisting of; headaches, back and 

neck aches, drooping of eyelids, blurred vision, decreased 

blink (Mashkoori et al., 2016; Lavin et al., 2015) and changes 

in visual acuity (VA) ( Lin et al., 2008; Wolska, 1999) and the 

amplitude of accommodation (Wolska, 1999).       

Table 3. The independent variable in 3 lighting levels (N=33)  

  

Independent 

Variable 
Lighting level F p-value 

 50 lux 300 lux 600 lux   
      

Amplitude of 

accommodation 

before/after 
(Mean Rank) 

3.88/

4.58 

2.53/

3.02 

3.20/

3.80 

28.73 <.01* 

Eye strain  2.15 1.88 1.97 - 0.36 
      

 

*Bonferroni Post-hoc Tests  

  Friedman Test  

  p-value < .05  
 

 
a. Friedman Test 
b. Wilcoxon Signed Ranks Test 

 

Figure1. Amplitude of accommodation (AA) pre-post test in 3 

lighting level, p-value < .05 
 

The amplitude of accommodation changes between 

pre- post-test by minus lenses methods in 3 lighting levels 

were significantly reduced (p<.01). The Wilcoxon matched-

pairs signed rank tests computing the difference between each 

lighting level were insignificantly association (p>.05). The 

present study was different from that of Wolska (1999), who 

found that surrounding luminance is associated significant 

reduction of the AA and visual fatigue in a 2 hour procedure 

(Wolska, 1999). In the present study we chose 15 minute that 

was a quite short period of visual task because the participants 

were adolescent. From the literature review, minimum 

duration of eye stimulation that may result in visual function 

changes was 15 minutes (Parihar, 2016). The researcher 

selected this group because we would like to be protected in 

the primary group. In the present study, there were two factors 

that affected the outcomes. Firstly is the individual factor. All 

subjects were asked to report the first perception of blurring. 

They were children who were easily affected with the 

interpretation of the result or fear about the wrong answer, 

sometime this would cause the AA to be overestimated 

(Benzoni & Rosenfield, 2012). 

Lastly, the depth of field factor such as ocular 

aberration and pupil size (Urvoy, Barkowsky & Callet, 2013). 

This would require the depth of field factors such as ocular 

aberration and pupil size would also be the factors that 

affected the results (Urvoy, Barkowsky & Callet, 2013; Yekta 

et al., 2013).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
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The most complaints of eye strain were at 50 lux 

(66.7 %), followed by 600 lux (60.6 %) and 300 lux (51.6 %), 

respectively. Three levels of eyestrain intensity were 

insignificantly different (p=.36). This study was consistent 

with the study of Richter et al. (2007) which studied in young 

and healthy groups. They found fewer report about the eye 

symptoms and discomfort after inducing the eye muscles with 

low load  (Richter et al., 2007).   

The participants were most satisfied with the 300 

lux (42.4%) followed by the highest lighting level 36.4%, and 

the lowest levels at 50 lux was 21.2%. This study agreed with 

Rempel (2012) and the NEC Display Solutions (2015),  which 

recommended the level of light in classroom should be set 

between 150 – 500 lux but not specified for age groups of user 

and the kind of digital device. In our study, the game used in 

the experiment was negative polarity, it was more suitable in 

dark than bright environment (Bhagat, 2015). At lower 

lighting level (50 lux), the eye might have higher 

accommodation than of higher level (600 Lux) thus the 

amplitude of accommodation was higher. This study was 

similar with the study of Chiranjib (2017)ม which showed 

difference of amplitude of accommodation at 23 Lux to room 

illumination at 4 Lux (10.22 Diopter and 10.64 Diopter, 

respectively). However, it was studied in low levels. 

Unfortunately, there is no previous study to support our results 

to prove a significant interaction between three lighting levels 

and amplitude of accommodation.  

 

4. Conclusions 
 

The present study shows the most visual comfort 

and the most satisfaction of lighting level was at 300 lux. It is 

recommended to avoid playing game or using smartphone in 

lower light level (50 lux) because we found the eyestrain in 

the most participants, 22 from 33 (66.67%) and the amplitude 

of accommodation was the highest change in 50 lux (Δ AA 

=0.7 D). Although, in the present study, the sample size and 

the statistical power is too low to justify this recommendation, 

we recommend the level between 300 to 600 lux for 

adolescent in order to prevent digital eye strain. All parents 

and teachers should know and be aware of how to take care of 

their children. 
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