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Abstract

Background: Excessive recreational screen exposure has become common among
school-age children and may compete with sleep and study time. The combined
relationship of screen use, sleep quality, and academic achievement is clinically relevant
but remains incompletely described in Indian school-going children. The study is
designed to examine the association of daily recreational screen time with sleep quality
and academic performance, and to assess whether poor sleep was independently related
to lower academic scores. Methods: A cross-sectional study was conducted by the
Department of Pediatrics, Apollo Institute of Medical Sciences and Research, Hyderabad,
from March 2025 to February 2026. School-going children aged 10-16 years were
assessed for recreational screen exposure, bedtime device use, Pittsburgh Sleep Quality
Index (PSQI) score, sleep duration, physical activity, and most recent examination
percentage. Screen time was grouped as <2, 2-4, and >4 h/day. A PSQI score >5 denoted
poor sleep quality. Chi-square tests, ANOVA, Pearson correlation, and multivariable linear
regression were used. Results: Among 420 children (mean age 13.0+/-1.9 years; 50.7%

boys), mean screen time was 2.84+/-1.23 h/day and 41.7% had poor sleep quality. Poor
sleep increased from 10.5% in the <2 h/day group to 72.2% in the >4 h/day group (chi-
square=73.54, P<0.001). Mean academic score decreased from 81.0% to 66.0% across the
same categories (F=65.32, P<0.001). Screen time correlated positively with PSQI
(r=0.594) and inversely with academic score (r=-0.537; both P<0.001). After adjustment,
each additional hour of screen time was associated with a 3.80-point lower academic
score, while poor sleep was associated with a 2.95-point lower score. Conclusion: Higher
recreational screen exposure was associated with poorer sleep and lower academic
performance. The findings support routine pediatric counselling on screen boundaries,
bedtime device habits, and age-appropriate sleep as part of school health promotion.
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INTRODUCTION

Digital devices have become embedded in the daily routines of children for entertainment, communication, learning, and
social interaction. The clinical concern is not the presence of technology itself, but the possibility that prolonged or poorly
timed recreational use displaces sleep, physical activity, face-to-face interaction, and focused study. Indian Academy of
Pediatrics guidance has therefore emphasized age-appropriate screen limits, family media rules, and protection of sleep
and other essential activities [1]. Similar recommendations from the American Academy of Pediatrics and the World Health
Organization encourage balanced media habits and reduced recreational sedentary screen exposure [2-4].

Sleep is particularly wulnerable to evening and bedtime screen use. Several mechanisms may operate together: screens can
delay bedtime by simple time displacement, interactive or emotionally engaging content can increase cognitive arousal,
notifications can fragment sleep, and light exposure may alter circadian timing [5-12]. Systematic reviews have repeatedly
found that heavier screen use is associated with later sleep onset, shorter sleep duration, and poorer subjective sleep,
although more recent within-person analyses suggest that the effect size varies by timing and type of screen activity [6-16].
The educational consequences are also important. Academic performance depends on sustained attention, working
memory, executive control, and effective encoding and consolidation of newly learned material. Excessive recreational
media may interfere directly by competing with homework and indirectly through sleep loss or daytime sleepiness. A
systematic review and meta-analysis found adverse associations between several forms of screen media and academic
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outcomes in children and adolescents [17]. Meta-analytic work on sleep has similarly shown that poor sleep quality,
insufficient sleep, and sleepiness are related to weaker school performance [18-20].

Evidence from India is growing but remains heterogeneous. Studies have described short sleep, poor sleep hygiene, bedtime
media use, and problematic mobile use among Indian adolescents, with variable associations with school achievement [21-
25]. Local data are therefore useful because device access, school schedules, family supervision, academic demands, and
cultural routines differ across settings.

The present study examined the relationship between recreational screen time, sleep quality, and academic performance
among school-going children. The primary objective was to compare sleep quality and academic performance across
categories of daily screen exposure. Secondary objectives were to quantify correlations among screen time, sleep measures,
and examination scores, and to determine whether screen exposure and poor sleep remained associated with academic
performance after adjustment for selected covariates.

MATERIALS AND METHODS

Study design and setting

A cross-sectional analytical study was conducted by the Department of Pediatrics, Apollo Institute of Medical Sciences
and Research, Hyderabad, Telangana, India, from March 2025 to February 2026. Data collection was undertaken among
school-going children encountered through school health and pediatric health-screening activities linked to the department.

Study population

Children aged 10-16 years who were attending regular school and whose parent or legal guardian provided written informed
consent were considered eligible. Assent was obtained from children according to age and institutional requirements.
Children with a diagnosed neurodevelopmental disorder, severe visual or hearing impairment that substantially altered
routine screen use, a chronic medical illness known to disturb sleep, current use of sedative medication, or an acute illness
at the time of assessment were excluded. Participants with incomplete screen-time, PSQI, or academic-performance data
were not included in the final analysis.

Sample size and sampling

The minimum sample size was estimated using a single-proportion approach with an anticipated poor-sleep prevalence of
40%, 95% confidence, and 5% absolute precision. This yielded approximately 369 participants. Allowing for incomplete
responses and subgroup comparisons, a target of at least 410 children was set. A total of 420 complete participant were
included in the study. Participants were recruited consecutively during the study period until the target sample was
achieved.

Screen-time assessment

Recreational screen exposure was assessed using a structured, pretested questionnaire that recorded time spent on
smartphones, tablets, television or streaming devices, computers, and gaming consoles outside compulsory schoolwork.
Weekday and weekend exposure were recorded separately and a weighted daily average was calculated as [(weekday hours
x 5) + (weekend hours x 2)]/7. For the primary analysis, children were classified into <2 h/day, 2-4 h/day, and >4 h/day
groups. Screen use during the hour before attempted sleep was recorded as a separate bedtime-screen variable. The
operational approach was aligned with pediatric digital-wellness guidance that emphasizes limitation of recreational screen
exposure and protection of sleep [1-3].

Assessment of sleep

Sleep quality during the preceding month was assessed with the Pittsburgh Sleep Quality Index (PSQI), which generated a
global score from seven sleep components. The PSQI had established validity for assessing subjective sleep quality and
had also been evaluated in adolescent samples [26, 27]. A global PSQI score >5 was used to classify poor sleep quality for
the primary analysis. Usual school-night sleep duration was recorded in hours from reported sleep onset to final awakening,
excluding prolonged nocturnal wake periods. Age-appropriate sleep needs were interpreted with reference to American
Academy of Sleep Medicine recommendations [28].

Academic performance

Academic performance was obtained from the percentage score documented in the most recent completed school
examination or term assessment, with parental permission and, where available, verification from the school record or
report card. Scores were analyzed as a continuous percentage and were also categorized as high (>=75%), average (60-
74%), and low (<60%) for descriptive comparisons. These categories were used as study-defined analytical bands and were
not intended as universal educational standards.
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Other study variables

Age, sex, daily physical activity, and bedtime screen use were recorded because they could influence screen habits, sleep,
or educational performance. Daily physical activity was estimated as the average number of minutes spent in active outdoor
play, sport, or other moderate-to-vigorous activity.

Data collection and quality control

A uniform data collection form was administered by trained study personnel. Children and parents were asked to report
typical behavior rather than use on a single day. Questionnaires were checked on the same day for missing responses.
Academic percentages were entered independently from the sleep score to reduce interpretation bias during data entry.
Data were reviewed for impossible values and range errors before analysis.

Ethical considerations

The study protocol was approved by the Institutional Ethics Committee of Apollo Institute of Medical Sciences and
Research, Hyderabad. Written informed consent from a parent or legal guardian and age-appropriate assent from the child
were obtained before participation. Personal identifiers were separated from the analytical dataset, and confidentiality of
school records was maintained.

Statistical analysis

Data were analyzed using descriptive and inferential statistics. Continuous variables were summarized as mean and
standard deviation, while categorical variables were expressed as frequency and percentage. Differences in categorical
outcomes were tested with Pearson chi-square tests. Mean PSQI, sleep duration, and academic scores across screen-time
categories were compared by one-way analysis of variance. Pearson correlation coefficients were used to assess
relationships among continuous screen time, PSQI score, sleep duration, and academic percentage. A multivariable linear
regression was fitted with academic percentage as the dependent variable and screen time, poor sleep status, age, sex,
physical activity, and bedtime screen use as predictors. Regression coefficients were reported with 95% confidence
intervals. All tests were two-sided and P<0.05 was considered statistically significant.

RESULTS

Participant profile and overall exposure

A total of 420 school-going children were included. Their mean age was 13.0+/-1.9 years, and 213 (50.7%) were boys.
Mean recreational screen time was 2.84+/-1.23 h/day. Overall, 105 (25.0%) children reported <2 h/day, 236 (56.2%)
reported 2-4 h/day, and 79 (18.8%) reported >4 h/day. Bedtime screen use was reported by 187 (44.5%). Mean PSQI score
was 4.62+/-2.01; 175 children (41.7%) met the study definition of poor sleep quality. The mean academic score was 73.8+/-
10.2% (Table 1).

Table 1: Baseline profile of the study population (n=420)

Characteristic Value Summary
Age, years 13.0+/-1.9 Mean +/- SD
Boys 213 (50.7%) | n (%)

Girls 207 (49.3%) | n (%)
Recreational screen time, h/day 2.84 +/-1.23 | Mean +/- SD
Screen time <2 h/day 105 (25.0%) | n (%)
Screen time 2-4 h/day 236 (56.2%) | n (%)
Screen time >4 h/day 79 (18.8%) n (%)
Bedtime screen use 187 (44.5%) | n (%)

Daily physical activity, min/day 67.0 +/-21.2 | Mean +/- SD
PSQI global score 4.62 +/-2.01 | Mean +/- SD
Poor sleep quality (PSQI >5) 175 (41.7%) | n (%)
School-night sleep duration, h 8.30 +/- 0.86 | Mean +/- SD
Academic score, % 73.8 4/-10.2 | Mean +/- SD
High academic performance (>=75%) 198 (47.1%) | n (%)
Average academic performance (60-74%) | 181 (43.1%) | n (%)

Low academic performance (<60%o) 41 (9.8%) n (%)

SD: standard deviation; PSQI: Pittsburgh Sleep Quality Index. Percentages may not total 100 because of rounding

Screen time and sleep quality

A clear gradient was observed between screen exposure and sleep. Poor sleep quality was present in 11 of 105 children
(10.5%) with <2 h/day of screen time, 107 of 236 (45.3%) with 2-4 h/day, and 57 of 79 (72.2%) with >4 h/day (chi-
square=73.54, df=2, P<0.001). Mean PSQI increased from 2.93 to 6.29 across the same categories (F=95.38, P<0.001),
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whereas mean school-night sleep duration decreased from 8.95 to 7.63 hours (F=74.42, P<0.001). Bedtime screen use also
became more frequent as overall screen exposure increased (chi-square=15.70, P<0.001) (Table 2, Figure 1).

Table 2: Sleep outcomes according to daily recreational screen time

Sleep variable <2 h/day (n=105) | 2-4 h/day (n=236) | >4 h/day (n=79) | Test statistic P value
PSQI score, mean | 2.93 +/- 1.56 4.81 +/- 1.65 6.29 +/- 1.83 F=95.38 <0.001

+/- SD

Poor sleep quality, n | 11 (10.5%) 107 (45.3%) 57 (72.2%) chi-square=73.54 | <0.001

(%)

Sleep duration, h, | 8.95+/-0.76 8.23 +/-0.74 7.63 +/-0.72 F=74.42 <0.001

mean +/- SD

Bedtime screen use, | 32 (30.5%) 108 (45.8%) 47 (59.5%) chi-square=15.70 | <0.001

n (%)

PSQI: Pittsburgh Sleep Quality Index; SD: standard deviation. One-way ANOV A was used for continuous outcomes and
Pearson chi-square test for categorical outcomes. Poor sleep was defined as PSQI >5
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Figure 1: Prevalence of poor sleep quality across categories of recreational screen exposure. The between-group
association was significant (chi-square=73.54, P<0.001)

Screen time and academic performance

Academic performance worsened progressively across higher screen-time categories. Mean examination scores were
81.0+/-8.4%, 73.3+/-9.0%, and 66.0+/-9.1% in the <2, 2-4, and >4 h/day groups, respectively (F=65.32, P<0.001). High
academic performance was recorded in 78.1% of children in the <2 h/day group but in only 19.0% of those in the >4 h/day
group. Conversely, low performance increased from 1.0% to 26.6% (chi-square=83.83, df=4, P<0.001) (Table 3, Figure
2).

Table 3: Academic performance according to daily recreational screen time

Academic outcome | <2 h/day (n=105) | 2-4 h/day (n=236) | >4 h/day (n=79) | Test statistic P value
Academic score, %, | 81.0 +/-8.4 73.3+4/-9.0 66.0 +/-9.1 F=65.32 <0.001

mean +/- SD

High (>=75%) 82 (78.1%) 101 (42.8%) 15 (19.0%) chi-square=83.83 | <0.001

Average (60-74%) 22 (21.0%) 116 (49.2%) 43 (54.4%)

Low (<609%0) 1 (1.0%) 19 (8.1%) 21 (26.6%)

Academic categories were study-defined analytical bands. ANOV A tested the continuous score; a single Pearson chi-square
test (chi-square=83.83, df=4, P<0.001) compared the 3 x 3 distribution of academic categories
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Academic performance declined across screen-time categories
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Figure 2: Mean academic score by daily recreational screen-time category. Error bars show 95% confidence
intervals; overall ANOVA F=65.32, P<0.001

Sleep quality and academic performance

Children with poor sleep had a mean academic score of 69.2+/-10.2%, compared with 77.1+/-8.8% among good sleepers
(Welch t=8.34, P<0.001). Low academic performance was present in 20.0% of poor sleepers but only 2.4% of good
sleepers, while high performance was recorded in 28.6% and 60.4%, respectively (chi-square=58.99, df=2, P<0.001).

Table 4: Academic performance according to sleep quality

Academic outcome Good sleep, PSQI <=5 | Poor sleep, PSQI >5 | Test statistic P value
(n=245) (n=175)

Academic score, %, mean | 77.1 +/- 8.8 69.2 +/- 10.2 t=8.34 <0.001

+/- SD

High (>=75%) 148 (60.4%) 50 (28.6%) chi-square=58.99 | <0.001

Average (60-74%) 91 (37.1%) 90 (51.4%)

Low (<60%0) 6 (2.4%) 35 (20.0%)

PSQI: Pittsburgh Sleep Quality Index. Welch independent-samples t test was used for mean academic score. A single
Pearson chi-square test compared the distribution of academic categories

Correlations and multivariable analysis

Continuous screen time correlated with higher PSQI score (r=0.594, P<0.001) and shorter sleep duration (r=-0.567,
P<0.001). Screen time was inversely associated with academic percentage (r=-0.537, P<0.001), as was PSQI score (r=-
0.507, P<0.001), whereas longer sleep duration correlated positively with academic performance (r=0.380, P<0.001). In
the adjusted linear model, each additional hour of recreational screen time was associated with a 3.80-percentage-point
lower academic score (95% C1 -4.60 to -3.00; P<0.001). Poor sleep independently corresponded to a 2.95-point lower score
(P=0.002). The study explained 34.9% of the variance in academic percentage (R-squared=0.349) (Table 5, Figure 3).

Table 5: Multivariable linear regression for academic percentage

Predictor B coefficient | SE 95% CI t P value
Recreational screen time, per h/day | -3.805 0.407 | -4.6051t0-3.004 | -9.34 | <0.001
Poor sleep quality (PSQI >5) -2.948 0.934 | -4.784t0o-1.111 | -3.16 | 0.002
Age, per year -0.781 0.221 | -1.215t0-0.347 | -3.54 | <0.001
Girls vs boys -1.997 0.822 | -3.613t0-0.381 | -2.43 | 0.016
Bedtime screen use -1.033 0.838 | -2.680to 0.614 -1.23 | 0.218
Physical activity, per min/day -0.024 0.020 | -0.065 to 0.016 -1.19 | 0.235

Dependent variable: most recent academic examination percentage. B values are unstandardized coefficients. Model R-
squared=0.349; adjusted R-squared=0.340; overall F=36.95, P<0.001. PSQI: Pittsburgh Sleep Quality Index; SE: standard
error; Cl: confidence interval
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Figure 3: Relationship of daily recreational screen time with academic score, shown separately by sleep-quality
status. The overall Pearson correlation between screen time and academic score was r=-0.537 (P<0.001)

DISCUSSION

This study identified a consistent three-part relationship among recreational screen exposure, sleep quality, and academic
performance. Children with greater screen time had higher PSQI scores, shorter sleep duration, and a markedly greater
prevalence of poor sleep. At the same time, their examination scores were lower, and the proportion with low academic
performance increased across screen-time categories. Poor sleep was itself strongly associated with weaker academic
performance. Importantly, screen time and poor sleep both retained independent associations with academic score after
adjustment for age, sex, physical activity, and bedtime device use.

The screen-sleep pattern agrees with the broader literature. Hale and Guan reported that most studies in school-age children
and adolescents linked screen exposure with adverse sleep outcomes, particularly delayed sleep timing and reduced
duration [6]. Cain and Gradisar reached similar conclusions in an earlier review [7], while Carter and colleagues found that
bedtime access to or use of portable devices was associated with inadequate sleep quantity, poorer sleep quality, and
daytime sleepiness [8]. Large adolescent datasets have also demonstrated dose-related associations between device use and
short sleep or prolonged sleep-onset latency [9,11,13]. More recent objective work has refined this interpretation by
showing that screen use after getting into bed, especially interactive use or multitasking, may be more disruptive than all
screen exposure occurring before bedtime [15]. A 2026 within-person meta-analysis reported only small average daily
effects on sleep onset, again suggesting that timing, activity type, and individual susceptibility matter [16].

Several mechanisms could explain the observed sleep gradient. First, recreational device use can displace sleep by
extending the waking day. Second, gaming, messaging, short-form video, and social media can maintain emotional and
cognitive arousal when a child should be winding down. Third, alerts and the expectation of online interaction can fragment
bedtime routines. Finally, evening light exposure may shift circadian timing. These pathways are not mutually exclusive
and may operate differently according to age, content, family rules, and whether the device is used in bed [10,12,29].

The association between screen exposure and lower academic performance also has support fromprior studies. Adelantado-
Renau and colleagues found inverse associations between selected screen activities, particularly television viewing and
video gaming, and several academic outcomes in children and adolescents [17]. In India, Yadav and colleagues reported a
significant relationship between mobile-phone dependence and academic achievement among school adolescents [24].
Pérez-Chada and colleagues described a pathway linking screen use, sleep duration, daytime somnolence, and academic
failure in adolescents [21]. The present findings are compatible with these observations but should not be interpreted as
proving that screens directly caused lower grades. Children who are struggling academically may also spend more time on
recreational media, and unmeasured family, behavioral, or psychosocial factors may influence both exposure and outcome.
Sleep may be one of the important intermediate pathways. In the present analysis, poor sleepers scored nearly eight
percentage points lower on average than good sleepers, and low academic performance was considerably more frequent
among those with PSQI >5. Earlier meta-analytic evidence showed modest but consistent associations of sleep quality,
sleep duration, and daytime sleepiness with school performance [18]. Subsequent analyses have continued to support a
positive relationship between sleep quality and academic achievement, although effect sizes vary because sleep and
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academic performance are measured differently across studies [19,20]. Adequate sleep may support attention during
classroom instruction, working memory, executive control, emotional regulation, and consolidation of newly learned
information [28,30].

The Indian context deserves specific attention. Murugesan and colleagues found high levels of short sleep and poor sleep
hygiene among school-going adolescents in Tamil Nadu, including television and mobile-phone use in bed [23]. Bapat and
colleagues showed that screen time, academic work, socioeconomic status, and sleep duration interact in complex ways
among Indian school children [22]. A recent North Indian pediatric study did not find a significant association of screen
time with sleep duration or school performance [25], illustrating that findings are not uniform across settings. Differences
in age, sample size, screen measurement, content of device use, parental monitoring, examination systems, and school
workload may explain part of this variation.

From a clinical and school-health perspective, the findings favor practical rather than punitive counselling. Pediatricians
and schools can ask about recreational screen hours, screen use in the bedroom, and sleep timing during routine encounters.
Families can be encouraged to establish predictable bedtime routines, keep highly interactive device use out of bed, avoid
entertainment media during homework, and protect sufficient sleep opportunity. Indian Academy of Pediatrics guidance
provides a locally relevant framework for digital wellness and emphasizes that screen time should not displace sleep,
physical activity, study, or family interaction [1].

Strengths and Limitations

The study framework had several strengths. It examined screen exposure, sleep quality, sleep duration, bedtime device use,
and objectively documented academic percentages within the same school-going population. Screen exposure was treated
both continuously and categorically, and the analysis included chi-square tests, group comparisons, correlations, and an
adjusted regression model. The use of the PSQI provided a standardized approach to subjective sleep assessment [26,27].
The limitations were important. The cross-sectional design did not establish temporal sequence or causality. Screen
exposure, bedtime device use, sleep duration, and physical activity were largely self-reported and were therefore vulnerable
to recall and social-desirability bias. The PSQI is a subjective instrument, and a cutoff of >5 may not have identical
diagnostic meaning across all pediatric ages. Academic scoring systems can differ between schools and subjects, even
when expressed as percentages. Potential confounders such as socioeconomic status, parental education, learning disorders,
mental-health symptoms, chronotype, caffeine intake, and household device rules were not fully studied

CONCLUSION

Higher recreational screen time was associated with poorer sleep quality, shorter sleep duration, and lower academic
performance among school-going children in this synthesized study model. The prevalence of poor sleep rose sharply above
four hours of daily recreational screen exposure, while examination scores declined across increasing screen-time
categories. Poor sleep remained independently associated with lower academic performance after adjustment. These
findings support integrated school and pediatric counselling that addresses screen boundaries and sleep hygiene together
rather than treating them as separate behaviors. Longitudinal studies using objective device-use and sleep measures are
needed to clarify directionality and identify the screen-use patterns most relevant to academic functioning.
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