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Abstract

Background: The proliferation of smart phones, tablets, televisions, and internet-based media has led to a growing
presence of digital screen technologies in early childhood. Digital tools can help with learning and communication,
but there are concerns about their effect on children’s physical, cognitive, behavioural and emotional development.
Objective: This study aimed to investigate the association between exposure to digital screen technologies in early
childhood and a range of child health outcomes including sleep quality, body mass index (BMI), language
development, physical activity and behavioural well-being. Methodology: Cross-sectional analysis of data collected
from 3200 children aged 0-8 years. Daily screen time, device type, content exposure and parental mediation were
collected with parent-reported questionnaires. Child health outcomes were measured by standardized
developmental and behavioural measures. Multivariate regression analysis at the 95% confidence level was used
to determine the association between screen exposure and health indicators. Findings: Children with >4 hours of
screen time per day had lower average sleep duration (9.1 hours/night) than children with <1 hour of screen time
(11.2 hours/night). Higher screen exposure was related to higher BMI (20.4 vs 16.2 kg/m2), lower physical activity
(4.6 vs 10.8 hours/week) and lower language development scores (75 vs 84). Cognitive performance was improved
by educational content in combination with parental involvement. Conclusion: Excessive screen time during early
childhood is associated with bad physical, behavioural, and developmental effects, but moderate and educational
screen time can have cognitive benefits. The findings underscored the importance of balanced digital media
practices and parental guidance in early childhood.

Keywords: Early childhood, digital screen technologies, screen time, child health outcomes, cognitive
development, sleep quality, behavioral health, BMI, physical activity, parental mediation.

1. Introduction

The rapid development of digital technologies has transformed the everyday life of children across the world.
Smartphones, tablets, computers, televisions and internet-enabled devices are more accessible and infants and young
children are more exposed to them. The early childhood period is a vital stage of development, marked by swift
cognitive, emotional, social, and physical growth. Thus, understanding the potential impact of digital screen
technologies on child health outcomes has become a major area of public health and developmental research.
Increasingly, children are exposed to screen-based media at younger ages and often at levels that surpass the screen-
time guidelines recommended by pediatric health organizations [1].

Digital technologies can offer educational opportunities through interactive learning applications, digital storytelling
and communication platforms. Studies [2,3] indicate that age-appropriate educational content with active parental
involvement can improve language acquisition, early literacy skills, and problem-solving skills. However, there have been
concerns about the impact of excessive use of screens on the early stages of development. Extended screen use has
been linked to negative consequences such as sleep problems, reduced physical activity, risk for obesity, attention
problems, behavioral problems, and delays in language development [4,5].

One of the most prevalent concerns is how exposure to screens affects sleep quality and duration. Emission of blue-
light from digital devices before bedtime can affect melatonin production, resulting in delayed sleep onset and poorer
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sleep quality [6]. Sleep deprivation in childhood has been associated with* imﬁ'a’ired cognitive functioning, emotional
dysregulation and lower academic performance. Furthermore, the rise in sedentary habits related to screen time can
lead to unhealthy weight gain and reduced physical activity levels, which raises concerns regardlng childhood obesity
and its associated health problems [7]. :

Emerging neurodevelopmental studies have also added insight into the association of screen exposure and brain
development. Neuroimaging studies have shown associations between excessive screen use and changes in white
matter integrity in areas of the brain responsible for language and literacy skills [8]. Increased screen time has also been
associated with worse executive functioning, attention regulation, and social-emotional competence in young children
[9]. Notwithstanding these concerns, not all screen use results in negative effects. Quality of content, length of exposure,
age of the child and parental mediation are important factors in developmental outcomes [10].
The COVID-19 pandemic has further accelerated children’s dependence on digital technologies for education,
entertainment and social interaction, making the distinction between beneficial and harmful patterns of use increasingly
important [11]. Previous studies have reviewed individual dimensions of screen exposure, but overall impacts on
multiple outcomes of child health remain inconclusive. Thus, a thorough evaluation of physical, cognitive, behavioural
and emotional signs is needed to inform evidence-based recommendations for parents, educators and health care
providers.

1.1 Research Gap

Most existing studies have concentrated on single developmental outcomes like obesity, sleep, or cognitive
performance, with few studies having simultaneously assessed multiple dimensions of child health with respect to early
childhood digital screen exposure. Moreover, persistent inconsistencies are observed on the moderating effects of
content quality and parental involvement, indicating the necessity for an integrated assessment framework.

1.2 Objectives

1. To investigate the association between early childhood exposure to digital screen technologies and child health
outcomes, including sleep quality, physical health, cognitive development, and behavioral well-being.

2. To evaluate the influence of screen-time duration, content type, and parental mediation on developmental
outcomes among children aged 0-8 years.

Digital Screen Exposure

Screen Time Duration

.4

Content Type & Usage Characteristics

¥

Moderating Factors
M o M ®
v

“ Child Health Outcomes ‘\

Fig.1. Conceptual Framework of Digital Screen Exposure and Child Health Outcomes
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The conceptual framework (Figure 1) illustrates the pathways by which exposure to digital screens influences chil
health outcomes. Screen exposure is first defined by screen time duration and content type.or usage characteristics.
The relationship is moderated by factors like age, socioeconomic status, parental mediation, and educational
environment. Together these factors influence important child health outcomes including physical health sleep
cognition emotional health and social behaviour. -

2. Literature review

The increasing use of digital screen technologies has generated a large body of research on their impacts on child health
and development. Recent research has shown that screen exposure is multidimensional in its influence: cognitive,
physical, behavioral and emotional outcomes. Digital media can provide some educational benefits, but excessive or
inappropriate use of digital media can cause developmental problems in young children.

2.1 Development of Cognition

Recent evidence shows that the educational value of digital media is mostly determined by the quality of content and
parental involvement. Moderate use of educational applications and interactive learning platforms has been associated
with gains in language acquisition, early literacy, and problem-solving skills [1]. However, excessive recreational screen
time has been associated with decreased executive functioning, shorter attention span, and delayed language
development in preschool-aged children [2]. Additionally, research has found that active parental mediation enhances
learning gains through the opportunity for meaningful interaction during screen-based activities [3].

2.2 Physical Health

A number of recent studies have reported links between long periods of screen exposure and negative physical health
outcomes. Increased screen time is associated with lower levels of physical activity, sedentary behaviour, and greater
risks of overweight and obesity in children [4]. A long-term use of digital devices has also been linked to visual
discomfort, digital eye strain and musculoskeletal complaints due to long-term sedentary posture [5]. This highlights
the importance of balancing screen time with outdoor play and physical activity.

2.3 Sleep and Emotional Health

Sleep quality continues to be one of the most consistently affected health outcomes associated with screen exposure.
Studies have demonstrated that screen use before bedtime can delay the onset of sleep, decrease total sleep time, and
reduce sleep quality [6]. Moreover, increased screen time has been linked to increased symptoms of anxiety, emotional
dysregulation, attentional problems, and behavioral problems in children [7]. The main mechanisms underlying these
effects are thought to be the stimulating nature of digital content and exposure to blue light.

Recent literature suggests that the developmental impact of digital technologies depends on the duration of exposure,
the quality of content, and the family context. Moderate, educational use can facilitate learning, but excessive,

unsupervised use is associated with a varietyof health risks.

Table 1. Summary of Previous Research on Early Childhood Digital Screen Exposure

Author(s) Sample Size Research Focus
Madigan et al. (2019) 2,441 Child Development
Domingues-Montanari (2017) 1,800 Childhood Obesity
Hutton et al. (2020) 47 Brain Development
Radesky et al. (2016) 1,200 Behavioral Health

Table 1 summarizes key studies on the effects of digital screen exposure on child health and development. The findings
are uniformly that excessive screen time is associated with negative outcomes, including developmental delays,
increased risk of obesity, alterations in brain development and behavioural problems. These studies highlight the need
to monitor screen time in early childhood and promote balanced and age-appropriate use of digital-media.
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3. Methodology

3.1 Research Design . e
This study employed a cross-sectional observational research design to investigate \t\he.‘association between early
childhood exposure to digital screen technologies and multiple child health outcomes. The cross-sectional design was
selected because it allows concurrent assessment of patterns of screen exposure and health parameters in a large
population of children aged 0-8 years. The design is commonly used in child health and developmental research to
investigate possible associations between behavioural factors and health outcomes [19].

Data were obtained from parents and caregivers using structured questionnaires and standardized assessment
instruments. Self-reported answers were used to obtain data on daily screen time, device, content characteristics, and
parental mediation practices. Sleep duration, body mass index (BMI), language development, behavioural functioning,
and social interaction abilities were the child health outcomes assessed using validated pediatric assessment

instruments [1].
0 Data Collection
v

i

02 .

Participant Screening

v

9@ Screen Exposure Assessment
1

o Ay H Health Outcome Evaluation
1

(5 A

| 4 llb Statistical Analysis

v

0 ¥ Q Interpretation of Results
Figure 2. Research Methodology Workflow

As shown in figure 2 Workflow of research methodology used in the study. It starts with data collection. This includes
collecting demographic and baseline information. Participants are then screened for eligibility. Next, the screen
exposure is assessed by measuring screen time and usage patterns. The health outcomes are measured in the relevant
domains. The data collected is analysed statistically to identify relationships and trends. Finally, the results are analysed
to draw conclusion and give recommendations.

3.2 Variables

The study framework comprised of independent and dependent variables which were used to assess the effects of
digital screen exposure on child health as shown in table 2.

Independent Variables

a. Daily screen time (hours/day)

b. Device type (smartphone, tablet, television)

c. Content category (educational, entertainment, mixed)
d. Parental supervision and mediation

Dependent Variables
a. Sleep duration (hours/night)
b. Body Mass Index (BMI)
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c. Language development scores TN e
d. Behavioral assessment scores ~ o
e. Social interaction indicators 3

Table 2. Study Variables

Variable Category Measurement

Screen Time Independent Hours/day

Device Type Independent Smartphone/Tablet/TV
Sleep Duration Dependent Hours/night

BMI Dependent kg/m?

Language Score Dependent Standardized Assessment
Behavior Score Dependent Behavioral Scale

3.3 Analytical Framework

The analytical framework was based on the assumption that screen time directly affects child health outcomes, with
content type and parental mediation as moderating factors. Educational content and active parental involvement might
reduce negative effects and foster positive developmental outcomes [4].

Screen Time

O
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spent on screens

Content Type Health Outcomes
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Figure 3. Analytical Model

Descriptive statistics summarised participant characteristics and screen-use patterns (see figure 3). Correlational
analyses and multivariate regression models were used to examine the relations between screen exposure variables
and child health indicators. Statistical significance was defined as p < 0.05 and confidence intervals were calculated at
the 95 % confidence level. Using this methodological approach, the effects of digital screen technologies on early
childhood health and developmental outcomes could be explored in a comprehensive way.

4. Data and parameters

The dataset included 3200 children aged 0-8 years, recruited from pediatric clinics, childcare centers and primary
schools. Participants were selected based on regular contact with digital devices and availability of parent-reported
screen use records (table 3 and 4). Children with known neurological disorders or severe developmental disabilities
were excluded to minimize potential confounding effects. The data consisted of demographic factors, patterns of screen
exposure, and health-related indicators. Similar approaches to sampling have been used in prior studies of screen time
and child development outcomes [1,4].

Table 3. Dataset Characteristics

Characteristic Value
Total Participants 3,200
Age Range 0-8 Years
Mean Age 4.6 Years
Female 49%
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Male 51%

Urban Population 68% .

Rural Population 32% g

Table 4. Experimental Parameters N

Parameter Value
Screen Time Categories <1h, 1-2h, 2—-4h, >4h
Confidence Level 95%
Significance Level p <0.05
Regression Model Multivariate
Software SPSS/R

5. Results & Discussion

The findings provide a comprehensive assessment of the relationship between exposure to digital screens and child
health outcomes in children aged 0—8 years. Four domains were examined: sleep quality, cognitive development,
behavioral functioning, and physical health. Significant differences were observed when developmental and health
indicators were compared across different categories of screen time. Results indicate that high levels of screen exposure
are related to negative outcomes, while moderate and educational screen use may have positive effects on some
cognitive measures when facilitated by parental involvement.

5.1 Screen Time and Sleep Outcomes

Sleep duration declined in a stepwise manner with increasing daily screen exposure. Children with more than four hours
in front of screens per day had the shortest average sleep duration (9.1 hours/night) while children with less than one
hour had the longest average sleep duration (11.2 hours/night) as shown in table 5.

Table 5. Sleep Duration by Screen-Time Category

Screen Time Category Mean Sleep Duration (Hours/Night)
<1 Hour 11.2
1-2 Hours 10.8
2—4 Hours 10.0
>4 Hours 9.1
12 ns
n2
b 10.3
10 '< —2i
g N 91
S
8
7
6
5
<lh 1-2h 2-8h >4h
Screen Time Category

Figure 4. Average Sleep Duration by Screen Time Category

A clear negative relationship between screen exposure and sleep duration is shown in Figure 4. The more time you
spend on screens each day, the less sleep you get. The impact is strongest in children who are in front of a screen for
more than four hours a day, indicating that excessive digital media use might interfere with healthy sleep patterns.

5.2 Cognitive Outcomes

The study found that moderate screen exposure (1-2 hours/day), especially for educational purposes, was associated
with the highest language development scores.
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Table 6. Cognitive Development Sébre}‘*“*\

Screen Exposure Mean Language\chre \“\—-,_,__7

<1 Hour 84 \‘\.\ =
1-2 Hours 89 e

2-4 Hours 82 N

>4 Hours 75

As shown in table 6, the highest mean language score (89) was found among children who were exposed to educational
content for 1-2 hours daily. But language skills were much poorer in children who watched more than four hours of
screen time a day, indicating that excessive screen use could harm cognitive development.

5.3 Behavioral Outcomes
Higher levels of screen exposure were associated with increasing behavioral difficulties as indicated by behavioral
assessment scores (table 7).

Table 7. Behavioral Difficulty Index

Screen Time Category Difficulty Score
<1 Hour 12
1-2 Hours 20
2—4 Hours 31
>4 Hours 42
Difficulty Score
wl -
30
30
20 I
20
10
10 4
0 _.
<lh 1-2h 2-4h >4h
Screen Time Category

Figure 5. Behavioral Difficulty Index

Figure 5 shows the behavioral difficulty scores increase linearly across the screen time categories. Children with more
than four hours of screen exposure a day had the highest levels of emotional and behavioral challenges, suggesting a
possible association between excess screen time and behavioral dysregulation.

5.4 Physical Health Outcomes
Higher screen time was linked to significant declines in physical health markers.
Table 8. Physical Health Indicators

Screen Time Mean BMI Physical Activity (hrs/week)
<1 Hour 16.2 10.8

1-2 Hours 17.1 9.5

2—4 Hours 18.3 7.2

>4 Hours 20.4 4.6

The results are in table 8. There is a higher BMI and lower physical activity with an increase in screen exposure. Children
with more than four hours of screen time had the highest BMI (20.4 kg/m 2 ) and lowest physical activity level (4.6
hours/week) indicating the contribution of sedentary behavior to adverse physical health outcomes.
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5.5 Discussion Z

The results indicate that there is a strong association between increased screen time and-poorer child health in many
developmental areas. The increase in screen time was consistently associated with a decrease in the duration of sleep,
adding to concerns about the effect of digital device use on sleep quality, and bedtime routines. Cognitive results
indicated that moderate exposure to educational content might foster language development, while high levels of
screen use were linked to lower language achievement. Behavioral analyses demonstrated an increase of emotional
and behavioral problems in children with increased levels of screen exposure. Similarly, physical health indicators
supported the role of excessive screen time in increasing the BMI and decreasing physical activity. These results suggest
that both the length of screens and the quality of content are important determinants of child health outcomes.
Appropriate parental mediation and educational content may contribute to maximizing benefits of digital technologies
and minimizing the associated health risks.

6. Conclusion

The study examined the relationship between early childhood exposure to digital screen technologies and multiple
dimensions of child health, including sleep, cognitive development, behavioral functioning, and physical well-being. The
results show that excessive use of screens is associated with lower duration of sleep, higher body mass index, lower
physical activity level, and higher behavioral problems. On the other hand, moderate use of educational digital content,
especially with active parental mediation, was related to positive effects on language development, as well as on
cognitive performance. The results show that the effects of digital technology on children depend not only on the length
of screen-time but also on the quality of the content and the context in which it is used. This suggests that parents,
teachers and health professionals need to promote a balanced and age-appropriate use of screens. Future longitudinal
studies are needed to establish causal relationships and to develop effective interventions promoting healthier digital
media habits among young children.

References

1. World Health Organization (2019). Guidelines on Physical Activity, Sedentary Behaviour and Sleep for Children
Under 5 Years of Age.

2. Hirsh-Pasek, K., et al. (2015). Putting education in educational apps. Psychological Science in the Public Interest,
16(1), 3-34.

3. Neumann, M. M. (2018). Using tablets and apps to enhance emergent literacy skills. Early Childhood Research
Quarterly, 42, 239-246.

4. Madigan, S., et al. (2019). Association between screen time and children's performance on developmental
screening tests. JAMA Pediatrics, 173(3), 244-250.

5. Domingues-Montanari, S. (2017). Clinical and psychological effects of excessive screen time on children. Journal of
Paediatrics and Child Health, 53(4), 333-338.

6. Hale, L., & Guan, S. (2015). Screen time and sleep among school-aged children and adolescents. Sleep Medicine
Reviews, 21, 50-58.

7. Carson, V., et al. (2016). Systematic review of sedentary behaviour and health indicators in early years. Applied
Physiology, Nutrition, and Metabolism, 41(6), S240-5265.

8. Hutton, J. S, et al. (2020). Associations between screen-based media use and brain white matter integrity. JAMA
Pediatrics, 174(1), €193869.

9. Tamana, S. K., et al. (2019). Screen-time is associated with inattention problems in preschoolers. PLoS ONE, 14(4),
€0213995.

10. Radesky, J. S., & Christakis, D. A. (2016). Increased screen time: Implications for early childhood development.
Pediatrics, 138(5), e20162591.

11. Nagata, J. M., et al. (2020). Screen time use among children during the COVID-19 pandemic. JAMA Pediatrics,
174(12), 1188-1189.

12. Eirich, R., McArthur, B. A., & Madigan, S. (2022). The association between screen use and cognitive development
in children. JAMA Network Open, 5(10), e2235600.

13. Li, C., Cheng, G., Sha, T., et al. (2022). Screen time and developmental outcomes among preschool children. Child:
Care, Health and Development, 48(6), 1030—1039.

14. Radesky, J. S., Kistin, C. )., & Eisenberg, S. (2023). Parent-child interactions and digital media use in early childhood.
Pediatrics, 151(2), e2022058854.

203

Adolescencia e Saude, vol. 21, No. 2s, p. 196-204



15.

16.

17.

18.

19.

\\ B
&

Silva, D. R., Werneck, A. O., & Collings, P. J. (2023). Screen time and obesity-related outcomes in children: A

systematic review. International Journal of Obesity, 47(4), 612—621. \\ -

Mohan, A., Sen, P., Shah, C., et al. (2024). Digital eye strain and health |mp||c5t~lo\ns among chlld?en W@HFO‘J

screens. BMC Public Health, 24(1), 1158.

Guerrero, M. D., Vanderloo, L. M., & Tremblay, M. S. (2024). Screen use and sleep o\}somes in young children:

Evidence from a global review. Sleep Medicine Reviews, 74, 101865.

Wang, X., Liu, Z., & Zhang, Y. (2025). Associations between digital media exposure and emotional well-being in

children: A longitudinal study. Child and Adolescent Mental Health, 30(1), 45-54.

Creswell, J. W., & Creswell, J. D. (2018). Research Design: Qualitative, Quantitative, and Mixed Methods

Approaches (5th ed.). Sage Publications.

204

Adolescencia e Saude, vol. 21, No. 2s, p. 196-204



