
Avicenna Anatolian Journal of Medicine 

6

Screen Time and Visual Outcomes in School-Aged Children: A Cross-Sectional 
Analysis of Visual Acuity and Refractive Errors

Original Article

1İbrahim Edhem Yilmaz, 2Fatih Ali Ceylan, 3Yusuf Tüylü, 1Mehmet GölAuthor(s)

Corresponding  Author: İbrahim Edhem Yilmaz, M.D., Gaziantep İslam Science and Technology University, Gaziantep, 
Türkiye. E-mail: dredhemyilmaz@gmail.com
The journal is licensed under Attribution 4.0 International (CC BY 4.0)

1Gaziantep İslam Science and Technology University, Gaziantep, Türkiye
2Gaziantep City Hospital, Gaziantep, Türkiye 
3İstanbul Aydın University, İstanbul, Türkiye

Affiliations

ABSTRACT
Objective: To examine associations between temporal screen time patterns, outdoor activity duration, and visual health 
outcomes in school-aged children.
Methods: Cross-sectional study of 160 children aged 6–12 years attending ophthalmological assessments. Screen time data 
were collected via validated questionnaires assessing weekday and weekend usage patterns. Visual assessments included 
cycloplegic refraction and Snellen visual acuity testing. The examining ophthalmologist remained masked to screen time 
data during clinical assessments. Statistical analyses employed t-tests, chi-square tests, and Pearson correlation analyses with 
Bonferroni correction.
Results: Among 160 children (mean age 9.31±1.16 years), mean screen time was 3.95±0.76 hours daily with 22.5% myopia 
prevalence. Myopic children showed significantly higher weekday screen time (3.81±1.02 vs. 3.45±0.89 hours, p=0.039, 
Cohen’s d=0.37) but no difference in overall daily screen time (p=0.374). Screen time showed no correlation with visual 
acuity (r=−0.08, p=0.334). Outdoor activity >2 hours daily was associated with the absence of eye strain symptoms (0% vs. 
60.0% in <30 minutes group, χ²=21.43, p<0.001, Cramér’s V=0.34).
Conclusions: Weekday screen time, rather than overall duration, was associated with myopia status. Outdoor activity >2 hours 
daily was associated with the absence of eye strain symptoms. Cross-sectional design and pronounced female predominance 
in the myopic group (80.6% vs. 37.9%, OR=6.89) limit causal inference. Longitudinal studies with objective monitoring are 
needed.
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INTRODUCTION
Contemporary children engage with digital media far 
more than previous generations, representing a major 
environmental change that affects visual development 
(1,2). Although digital technology provides many 
advantages as an educational tool, recent research 
indicates that its use may have several implications for 
the developing eye and visual system (3,4).
The association between near-work activities and 
the development of myopia has been recognized for 
decades (5). Digital screens place unique demands on 
the visual system through blue light, varying distances, 
and extended periods of near focus. The near-work 
hypothesis proposes that the repeated performance 
of tasks requiring focus at a near distance results in 
adaptive ocular changes, which may contribute to the 
development of refractive errors (6).

Recent meta-analyses suggest that associations exist 
between screen time and myopia progression; however, 
the diversity of methods used across studies makes it 
difficult to establish causality (7-10).
Several physiological mechanisms may link screen time 
to the development of myopia: accommodative stress 
resulting from prolonged near viewing, reduced ambient 
light exposure during periods of increased screen time, 
alterations in retinal dopamine signaling and disruption 
of circadian rhythms (11-14).
Prior studies have produced conflicting results, with 
some reporting statistically significant associations and 
others finding little to no impact after accounting for 
confounding variables (15,16).
Although considerable research interest exists regarding 
the effects of screen time on children’s vision and the 
development of myopia, significant methodological 
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issues remain. Most studies assessed total hours of screen 
time without evaluating specific temporal patterns of 
use. Weekday screen exposure typically occurs during 
periods of structured education that involve sustained 
near work and may create more accommodative stress 
than weekend activities. Understanding these temporal 
patterns may allow more precise assessment of risk 
factors for myopia and more effective interventions.
This study evaluates the associations of temporal 
patterns of screen time with visual health in school-aged 
children. The study objectives were to: (1) assess the 
associations between weekday versus weekend screen 
time patterns and myopia prevalence; (2) investigate 
the associations between screen time and visual acuity; 
(3) examine the association between outdoor activity 
duration and visual health outcomes; and (4) assess the 
associations between screen time, outdoor activity, and 
digital eye strain symptoms.

METHODS
This cross-sectional observational study was conducted 
at an ophthalmology clinic from May through June 2025. 
The study protocol was approved by an institutional 
review board (IRB) (Protocol #2025/616) and adhered 
to the Declaration of Helsinki. Informed consent was 
obtained from the parents or guardians of all participants, 
with verbal assent from participating minors.
Sample Size and Subjects
The required sample size was determined using a 
Pearson correlation power analysis to detect a moderate 
effect (r=0.30) with 80% power at alpha=0.05. Based 
on this calculation, the minimum required sample size 
was 84. To ensure adequate statistical power, the target 
sample size was set at 160 participants.
Selection Criteria
Inclusion criteria: children aged 6 through 12 years with 
normal cognitive function who were able to participate 
in the clinical examination, and whose parents were 
available to complete the questionnaires. This age range 
was selected because it overlaps with the common 
school-age period during which incident myopia 
frequently emerges in longitudinal cohort studies (17).
Exclusion criteria: children with pre-existing ocular 
pathology (with the exception of refractive errors); 
systemic disease that could affect ocular development; a 
history of ocular surgery or trauma; contraindications to 
cycloplegic examination; and significant developmental 
delays.
Data Collection
Questionnaire content validity was established by six 
specialist raters (pediatric nurses and ophthalmologists), 
who demonstrated acceptable content validity (content 
validity index=0.83–1.00). Test–retest reliability was 
demonstrated in a pilot sample (n=20), with intraclass 
correlation coefficients of 0.85 for weekday and 0.82 
for weekend screen time. Demographic information 
collected included age, gender, height, weight, grade 
level, and whether one or both parents or siblings had a 

diagnosis of myopia.
Screen Time Assessment
Parent–child questionnaires were developed to assess 
each participant’s typical weekly screen time usage 
pattern. Screen time was assessed before the clinical 
examination. Each participant’s screen time was divided 
into three tertile categories: low (≤3.5 hours), medium 
(3.6–4.5 hours), and high (>4.5 hours). Weekday and 
weekend usage were assessed separately.
Device Usage
Each device type used by each participant (smartphones, 
tablets, televisions, computers) was documented, 
together with its average daily usage.
Outdoor Activity
Daily outdoor activity duration was categorized into 
four groups: less than 30 minutes, 30–60 minutes, 1–2 
hours, and greater than 2 hours. This categorization is 
based on previously established protective thresholds for 
myopia development.18,19
Eye Strain Symptoms
Self-reported eye strain symptomatology was assessed 
using a validated pediatric questionnaire querying 
fatigue, headache, squinting, redness, blurred vision, 
photophobia, and difficulty seeing distant objects. 
Eye strain was defined as the presence of two or 
more symptoms occurring 2–3 times a week or more 
frequently.20,21
Clinical Examinations
All clinical examinations were conducted by a single 
masked ophthalmologist who did not have access 
to the participant’s screen time, outdoor activity, 
or eye strain data at the time of examination. The 
ophthalmologist had access to age and gender but not 
to exposure data until the examination was complete. 
A subset of thirty participants (approximately 18.75%) 
underwent duplicate refraction by a second masked 
ophthalmologist, with strong inter-examiner agreement 
(intraclass correlation coefficient=0.94, 95% CI [0.88–
0.97]).
Visual Acuity
Participants read letters from Snellen charts at a distance 
of 6 meters under standardized photopic lighting (85 
cd/m²). Best-corrected visual acuity was recorded as 
decimal values.
Cycloplegic Refraction
Cyclopentolate hydrochloride (1%) was administered as 
two drops five minutes apart. Cycloplegia was confirmed 
by pupil dilation to a diameter of 6 mm or greater before 
automated refraction (Topcon KR-800), followed by 
manual refinement.22 The spherical equivalent was 
calculated as sphere + (cylinder/2).
Ocular Examination
Each participant underwent a comprehensive ocular 
examination, including slit-lamp biomicroscopy and 
dilated fundoscopy, to exclude ocular pathology.
Definitions of Outcomes
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Myopia: spherical equivalent ≤ −0.50 diopters in either 
eye under cycloplegia, consistent with the International 
Myopia Institute definition.23
Eye strain: the presence of two or more validated 
symptoms occurring 2–3 times a week or more frequently 
while engaging in screen-time activities.

STATISTICAL ANALYSIS
Statistical analyses were performed using SPSS version 
27.0 and GraphPad Prism version 9.0. No data were 
missing. Normality was tested using the Shapiro–
Wilk test. Continuous variables were compared using 
independent t-tests; categorical associations were 
evaluated using chi-square tests; and the relationship 
between screen time and visual acuity was evaluated 
using Pearson correlations. Effect sizes were calculated 
as Cohen’s d for continuous variables and Cramér’s V for 
categorical associations, with 95% confidence intervals 
estimated via bootstrap methods (n=1000). Two-tailed 
tests with alpha=0.05 were used. Because multiple 
comparisons were made (n=3), Bonferroni correction 
was applied to the correlation analyses (adjusted 
alpha=0.017). Unadjusted p-values were reported for 
the prespecified primary outcome (weekday screen time 
vs. myopia) and secondary outcome (outdoor activity vs. 
eye strain).
Because of the small number of myopic individuals 
(n=36) and the large number of possible confounders, 
multivariable regression was not performed. According 
to the ten-events-per-variable rule, the sample would 
allow a maximum of 3–4 variables for adequate 
confounder adjustment. The results should therefore be 
interpreted within the context of an observational design.

RESULTS
A total of 160 children completed the study with 100% 
retention (84 males [52.5%], 76 females [47.5%]; mean 
age 9.31±1.16 years). Overall myopia prevalence was 
22.5% (n=36) and eye strain prevalence was 25.0% 
(n=40).
Myopic children were significantly older (9.78±1.15 vs. 
9.16±1.16 years, p=0.005, Cohen’s d=0.53), attended 
higher grades (3.72±1.06 vs. 3.18±1.12, p=0.010), had 
lower body weight (32.17±6.86 vs. 35.90±6.50 kg, 

p=0.003), and showed a higher family-history prevalence 
(66.7% vs. 35.5%, p=0.001, OR=3.64).
A notable finding was pronounced female predominance 
in the myopic group: 29 females (80.6%) among myopic 
children versus 47 females (37.9%) in the non-myopic 
group (p<0.001, OR=6.89, 95% CI [2.89, 16.41]) (Table 
1). Height differences were not significant (p=0.259). 
Best-corrected visual acuity showed no difference 
between groups (1.0±0.1 vs. 1.0±0.1, p=0.99) (Table 1).
Gender-stratified analyses were not performed because 
of the small male myopic sample (n=7), which limited 
statistical power and produced unreliable estimates.
Screen Time and Visual Acuity
Correlation analyses revealed no significant associations 
between screen time variables and visual acuity. Overall 
daily screen time showed a weak correlation (r=−0.08, 
95% CI [−0.23, 0.08], p=0.334), as did weekday (r=−0.06, 
95% CI [−0.22, 0.09], p=0.461) and weekend screen 
time (r=−0.09, 95% CI [−0.24, 0.07], p=0.252). None 
reached Bonferroni-corrected significance (α=0.017). 
Narrow confidence intervals indicate adequate precision 
to exclude clinically meaningful correlations (r≥0.30).
Temporal Screen Time Patterns and Myopia
Mean daily screen time was 3.95±0.76 hours (median 
4.0, IQR 3.5–4.5 hours). Myopic children demonstrated 
significantly higher weekday screen time (3.81±1.02 
vs. 3.45±0.89 hours, difference=0.36 hours, p=0.039, 
Cohen’s d=0.37, 95% CI [0.02, 0.72]) (Table 2). This 
36-minute daily difference accumulates to 3 hours of 
additional weekly exposure during school periods.
Weekend screen time showed a non-significant trend 
toward lower usage in myopic children (4.62±1.65 vs. 
5.09±1.19 hours, p=0.062, Cohen’s d=−0.33). Overall 
daily screen time showed no association with myopia 
(4.04±0.82 vs. 3.92±0.74 hours, p=0.374, Cohen’s 
d=0.16).
Categorical analysis revealed 18 low users (11.3%), 
128 medium users (80.0%), and 14 high users (8.8%). 
Despite numerical differences, no significant association 
was found (χ²=3.67, p=0.159, Cramér’s V=0.15).
Eye Strain and Device Type
Eye strain symptoms were reported by 40 children 

Table 1. Demographic and Clinical Characteristics by Myopia Status

Characteristic Overall 
(n=160)

Non-myopic 
(n=124) Myopic (n=36) p-value Effect Size (95% CI)

Age, years (mean±SD) 9.31±1.16 9.16±1.16 9.78±1.15 0.005ᵃ d=0.53 (0.17, 0.90)

Female gender, n (%) 76 (47.5) 47 (37.9) 29 (80.6) <0.001ᵇ OR=6.89 (2.89, 
16.41)

Grade level (mean±SD) 3.34±1.12 3.18±1.12 3.72±1.06 0.010ᵃ d=0.49 (0.13, 0.86)
Height, cm (mean±SD) 135.82±9.73 136.37±9.85 134.28±9.41 0.259ᵃ d=0.21 (−0.15, 0.58)
Weight, kg (mean±SD) 34.93±6.67 35.90±6.50 32.17±6.86 0.003ᵃ d=0.56 (0.20, 0.93)
Visual acuity (mean±SD) 1.0±0.1 1.0±0.1 1.0±0.1 0.99ᵃ
Family history myopia, 
n (%) 68 (42.5) 44 (35.5) 24 (66.7) 0.001ᵇ OR=3.64 (1.67, 7.94)
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(25.0%), with numerically higher prevalence in myopic 
children (33.3% vs. 22.6%, p=0.274, Cramér’s V=0.09). 
The most common symptoms were ocular fatigue 
(85.0%), headache (67.5%), and blurred vision (55.0%).
Device-type analysis revealed a significant association 
with eye strain (χ²=9.23, p=0.024, Cramér’s V=0.24) 
but not with myopia (p=0.111). Computers showed 
the highest eye strain prevalence (31.2%), followed by 
smartphones (28.7%), tablets (24.1%), and televisions 
(18.3%).
Outdoor Activity and Protective Effects
Outdoor activity distribution was: <30 minutes (6.3%, 
n=10), 30–60 minutes (33.8%, n=54), 1–2 hours (45.0%, 
n=72), and >2 hours (15.0%, n=24).
Outdoor activity showed a strong inverse association 
with eye strain (χ²=21.43, p<0.001, Cramér’s V=0.34, 
95% CI [0.24, 0.48]). Clear threshold effects emerged: 
children with <30 minutes of exposure showed 60.0% 
eye strain prevalence (95% CI [26.2%, 87.8%]), whereas 
no child with >2 hours of daily outdoor activity reported 
symptoms (0%, 95% CI [0.0%, 14.2%], p<0.001 vs. the 
<30 minutes group). Intermediate groups showed 18.5% 
(95% CI [9.3%, 31.4%]) prevalence for 30–60 minutes 
and 33.3% (95% CI [22.7%, 45.4%]) for 1–2 hours of 
outdoor activity (Table 3).
For myopia, outdoor activity showed a moderate effect 
size (Cramér’s V=0.17) that did not reach significance 

(χ²=4.70, p=0.201). Myopia prevalence across categories 
was: <30 minutes (0%), 30–60 minutes (18.5%), 1–2 
hours (27.8%), and >2 hours (25.0%).

DISCUSSION
Temporal screen exposure patterns were associated with 
myopia status more strongly than the overall duration 
of screen exposure in school-aged children. Myopic 
children had an additional 21.6 minutes of weekday 
screen time compared with their non-myopic peers, 
whereas there was no statistically significant difference 
in overall daily screen exposure. That weekday screen 
exposure demonstrated a significant association, but 
overall daily exposure did not, implies that both the 
duration and the context of screen exposure are relevant 
to the development of myopia. This pattern supports 
the accommodative stress hypothesis, which posits 
that sustained, structured near-work during educational 
periods produces more accommodative stress than 
weekend or free-time activities. The hypothesis further 
proposes that prolonged near-work, through sustained 
accommodative demand, may generate emmetropization 
signals that promote axial elongation (11,25). School 
periods include concentrated blocks of near-work with 
established time structures and occur at times of day when 
axial growth may be most responsive to environmental 
stimuli. Other explanations are possible: the association 
could represent reverse causation, whereby children who 
are already myopic engage in screen-based activities 

Table 2. Temporal Screen Time Patterns by Myopia Status

Variable Non-myopic 
(n=124) Myopic (n=36) Difference 

(95% CI) p-value Effect Size (95% CI)

Weekday screen time, 
hours 3.45±0.89 3.81±1.02 0.36 (0.02, 

0.71) 0.039ᵃ d=0.37 (0.02, 0.72)

Weekend screen time, 
hours 5.09±1.19 4.62±1.65 −0.47 (−0.95, 

0.02) 0.062ᵃ d=−0.33 (−0.68, 
0.02)

Average daily screen 
time, hours 3.92±0.74 4.04±0.82 0.12 (−0.14, 

0.39) 0.374ᵃ d=0.16 (−0.19, 0.51)

Screen time categories, 
n (%) 0.159ᵇ V=0.15 (0.04, 0.34)

Low (≤3.5 hours) 14 (11.3) 4 (11.1)
Medium (3.6–4.5 
hours) 102 (82.3) 26 (72.2)

High (>4.5 hours) 8 (6.5) 6 (16.7)
ᵃIndependent t-test; ᵇchi-square test. Bold indicates p<0.05. CI, confidence interval; d, Cohen’s d; V, Cramér’s V.

Outdoor Duration n Myopia n (%) Eye Strain n (%, 95% CI) p-value
<30 minutes 10 0 (0.0) 6 (60.0, 26.2–87.8)ᵃ Eye strain: <0.001ᵇ
30–60 minutes 54 10 (18.5) 10 (18.5, 9.3–31.4)
1–2 hours 72 20 (27.8) 24 (33.3, 22.7–45.4)
>2 hours 24 6 (25.0) 0 (0.0, 0.0–14.2)ᵃᶜ Myopia: 0.201ᵇ
Total 160 36 (22.5) 40 (25.0, 18.6–32.4) (χ²=4.70, V=0.17)

Table 3. Visual Health Outcomes by Daily Outdoor Activity Duration

ᵃSignificantly different from the >2 hours group (p<0.001, Fisher’s exact test); ᵇχ²=21.43, Cramér’s 
V=0.34 (95% CI 0.24–0.48); ᶜsignificantly different from the 1–2 hours group (p=0.002, Fisher’s 
exact test). CI, confidence interval; V, Cramér’s V. 95% CIs for proportions calculated using the 
Wilson score method
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because visual limitations make them less able to 
participate in outdoor activities; alternatively, weekday 
screen usage may serve as a proxy for overall academic 
engagement and other forms of near-work (beyond 
digital screens).
No correlation was found between screen time and 
best-corrected visual acuity. Thus, screen exposure 
appears not to affect corrected visual performance, 
indicating that the screen exposure–myopia relationship 
relates to long-term refractive development pathways 
rather than to acute functional deficits. This distinction 
between refractive and functional measures further 
supports theories that emphasize structural adaptation 
over immediate impairment. A major challenge to 
interpreting prevalence rates, however, is the significant 
skew toward female gender distribution among myopes 
(girls comprised approximately 81% [29 of 36] of 
myopic children); this excess is much larger than that 
seen in the general population. Several factors may 
contribute, including selection bias through differing 
healthcare-seeking behaviors, the timing of the study 
during the end-of-semester examination period, and 
possibly sex-related differences in healthcare-seeking 
behavior and social screen use patterns (26). The large 
gender imbalance limits the ability to perform gender-
stratified analyses and emphasizes the importance of 
future population-based sampling.
While this study identifies several factors associated 
with myopia, it also highlights the protective role of 
outdoor activity, with clear threshold effects for digital 
eye strain. Whereas 60% of children with less than 30 
minutes of daily outdoor activity reported eye strain, no 
child with more than 2 hours of daily outdoor activity 
reported symptoms. Several mechanisms may explain 
the protective effect of outdoor activity: high-intensity 
outdoor lighting stimulates retinal dopamine release; 
outdoor activity provides accommodative rest through 
distance fixation; and it may limit screen use during 
daytime hours that are relevant to circadian-mediated 
ocular growth regulation. (27-29). Although the effect 
size for the association between outdoor activity and 
myopia prevalence was modest and not statistically 
significant, this likely reflects the cross-sectional design, 
since myopia typically develops over months to years.
These findings have direct clinical implications for 
pediatricians assessing school-aged children. Rather 
than assessing only total screen time, clinicians should 
examine temporal patterns, particularly weekday 
use. Children reporting high weekday screen time 
together with low outdoor activity may benefit from 
closer surveillance. In addition, encouraging more 
than 2 hours of daily outdoor activity may provide 
a practical counseling target for reducing digital eye 
strain symptoms, while broader longitudinal evidence 
supports outdoor exposure as part of myopia-prevention 
strategies (30,31).
Several limitations affect the interpretation of these 
findings. First, the cross-sectional design precludes 
causal inference. Second, clinic-based recruitment 

introduces selection bias, favoring children with 
previous vision problems. Third, self-reported screen 
time is susceptible to recall bias. Fourth, the lack of axial 
length measurements limits mechanistic understanding 
of the refractive changes observed. Fifth, the small 
number of children in extreme categories and the 
limited number of myopic children reduced the ability 
to perform multivariable adjustment for confounders. 
Future studies would therefore benefit from prospective 
cohort designs, objective measures of screen exposure, 
and comprehensive biometric data to provide definitive 
evidence for the temporal relationships identified here 
and to determine whether they are causal. Nonetheless, 
this study indicates that the temporal context of screen 
use is more important than the total duration, and 
that outdoor activity of more than 2 hours per day 
was associated with the absence of digital eye strain 
symptoms.
CONCLUSION
Weekday screen time patterns were more strongly 
associated with myopia than the total duration of screen 
time. Outdoor activity patterns were strongly associated 
with the absence of digital eye strain symptoms. 
However, the cross-sectional design and the large 
gender imbalance in the sample limit causal inference 
and generalizability. Nonetheless, these findings 
contribute to evidence-based approaches for promoting 
healthy visual development and highlight the need for 
longitudinal validation through prospective studies 
that collect objective measures of screen exposure and 
balance gender representation.
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