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Abstract 

Background  Following the advent of COVID-19, concern has escalated over the developmental consequences 
of screen time exposure in preschool children; although existing studies report associations between excessive screen 
use and learning disabilities, they have not rigorously assessed individual cognitive domains or contrasted the effects 
of active (interactive) versus passive (viewing-only) forms of engagement. Nearly 16.5% of Egyptian preschool 
children have learning disabilities, which is a major public health concern. The study set out to evaluate how active 
and passive forms of screen exposure distinctly affect several learning-related cognitive domains in preschoolers aged 
4.5–6.5 years.

Methods  A multicenter cross-sectional study was conducted between May 2024 and April 2025 at three Egyp-
tian institutions. A total of 260 preschoolers with average IQ were subjected to full neuropsychological testing 
that included auditory and visual processing and memory using the Stanford-Binet-4, working memory and its 
components using the Arabic Working Memory Tasks Scale. Prereading skills related to the included age group were 
evaluated using the validated batteries for phonological processing and emergent literacy. The screen exposure 
was categorized by duration (less than two hours, two to four hours, more than four hours per day) and type (active 
versus passive).​

Results  Effects were greater in passive users than active users and increased with time of exposure, with signifi-
cant deficits in auditory processing (p < 0.001), auditory memory (p < 0.001), executive function (10 vs 14, p < 0.001), 
and phonological processing (p = 0.001) in > 4 h group; dose–response analysis revealed steep deterioration in passive 
users across all levels of exposure, while active users appeared to demonstrate relative cognitive resilience, with visual 
memory intact across all conditions. Sleep onset screen exposure resulted in significant impairment of auditory pro-
cessing, auditory memory, and working memory following adjustment for duration.​

Conclusion  This differentiation between active versus passive screen effects, indicates that passive exposure is far 
more risky for developing cognitive systems, particularly auditory-verbal domains critical to academic readiness, 
and that interactive engagement is associated with measurable protective effects, whereas visual systems may 
be more resilient. They found that precision-based interventions are required that target at-risk domains, rather 
than across-the-board restrictions.
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Introduction
The proliferation of digital technology has fundamentally 
transformed childhood experiences in the twenty-first 
century, with screen-based devices becoming increas-
ingly ubiquitous in the daily lives of preschool children 
[1]. Since the emergence of COVID-19, children have 
been using screens more frequently than ever before, 
raising significant concerns about the potential impact 
on their developing neurological and cognitive systems 
[2]. This sharp increase in screen time has led to interna-
tional research in to the correlation of digital media use 
and early childhood, with a focus in the crucial preschool 
years where the early stages of learning are being devel-
oped [3].

To the basic categories of screen time mentioned 
above is often added a distinction based on interactivity, 
that is, between active and passive screen time. Passive 
screen time is that which does not require direct inter-
action or feedback from the child (television, videos, 
DVDs). Active screen time is associated with direct, usu-
ally touchscreen, interaction with screens via apps or 
games requiring active engagement from the child, such 
as by touching, pressing or swiping the screen, or educa-
tional applications which require a response, for example, 
to questions or instructions [4]. Emerging research has 
found that active and passive screen time have distinct 
neurophysiological correlates, with passive screen time 
having more negative associations with child develop-
ment [5].

Learning disabilities (LDs) constitute a heterogeneous 
spectrum of disorders marked by persistent difficulties in 
acquiring and applying skills in speech, writing, reading, 
and mathematics. They are commonly observed among 
school-aged children worldwide, affecting approximately 
5% of this demographic. In Egypt, recent research indi-
cates that LDs impact around 16.5% of preschool-aged 
children [6]. The processes by which screen exposure may 
affect LDs are likely both direct and indirect (impacting 
time away from important experiences). Play and social 
engagement with the environment in the preschool years 
foster the advancement of social and cognitive compe-
tencies; moreover, adult–child interactions serve as the 
principal conduit for exposing children to diverse linguis-
tic and learning experiences during this critical window 
of language and literacy acquisition [7].

The preschool period’s accelerated neural maturation 
heightens worries about the neurobiological effects of 
early screen exposure. MRI evidence shows that higher 
screen use is associated with reduced microstructural 
integrity within brain white matter networks essential for 
language and literacy abilities [8], In addition, longitudi-
nal analyses reveal that extensive screen exposure during 
infancy modifies brain network topology particularly the 

integration between emotion-processing and cognitive-
control systems which later diminishes socio-emotional 
competence [9]. They may also last long after the period 
of excessive exposure. Studies have shown that babies 
exposed to too much screen time have brain activity that 
is different from that of others, even after the age of 8 [8].

Investigations involving Egyptian preschool cohorts 
reveal that extended screen exposure correlates with 
learning disabilities, mediated through adverse effects 
on auditory and visual processing, working memory, and 
emergent literacy skills [3]. Comparable patterns appear 
in global research, which indicates that excessive screen 
use among children younger than five hampers cognitive 
development, most notably in problem-solving and com-
munication domains [10].

The above screen dose–response principle has been 
further supported by a growing body of evidence from 
epidemiological studies, such as a recent one in which 
prevalence of developmental delay was monotonically 
increasing after 2 h/day of screen exposure and with par-
ticularly strong effects for communication, fine motor, 
and problem-solving delays [11]. In contrast to children 
with limited screen exposure, children with more than 
4 h of screen time per day have significantly higher rates 
of behavioral problems, attention difficulties and learn-
ing disabilities [3]. These data have led pediatric organi-
zations worldwide to make strong recommendations for 
strict limits on screen time for preschoolers, with many 
recommending no screen time for children younger than 
two years of age [12].

Current screen time studies fail to distinguish between 
active versus passive engagement when examining spe-
cific learning disabilities (language processing, attention 
deficits, emergent literacy) in preschool children, focus-
ing instead on broad developmental measures. Limited 
research exists in Egyptian and Middle Eastern popula-
tions, where cultural, socioeconomic, and technological 
usage patterns differ significantly from Western popula-
tions that dominate existing literature. There is an urgent 
need for culturally appropriate research that can inform 
evidence-based recommendations for optimizing learn-
ing outcomes in preschool children while acknowledging 
modern digital realities.

Aim of the study

1.	 To examine the different effects of both active and 
passive screen time exposure on different aspects of 
learning disabilities among preschool children aged 
4.5–6.5 years.

2.	 To examine the effect of exposure to different types 
of screens on different aspects of learning disability 
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close to sleep time among preschool children aged 
4.5–6.5 years.

Patients and methods
A multi central cross-sectional study was carried out 
between May 2024 and April 2025 in the Phoniatric 
and Audiology departments of the Hearing and Speech 
Institute, Giza, Egypt, Otorhinolaryngology department, 
Misr University for science and Technology, Cairo Egypt 
and Pediatric department, Banha University, Egypt. 260 
preschoolers, ages 4.5 to 6.5 years were included in this 
study.

The children included had an average intelligence 
quotient (IQ) of 90 or higher in the Stanford-Binet test, 
Fourth Edition (SB4) [13], they were native Arabic speak-
ers, and their average language age (as determined by the 
modified PLS4) [14] was in line with their chronological 
age and normal hearing (20–30 db and 2–4 k/hz).

The study excluded any children with a history of men-
tal, Psychiatric, neurological, or metabolic abnormalities; 
it also did not include any children with visual or audi-
tory dysfunctions. Written informed consent was signed 
by all parents whose children were part of the study.

All study procedures received approval from the Gen-
eral Organization of Teaching Hospitals and Institutes 
(GOTHI) Research Ethics Committee in April 2024 
(approval no. IHS00061) and were conducted in accord-
ance with the 2013 Helsinki Declaration and the ethical 
standards of the responsible human experimentation 
committee. Informed written consent to participate in 
the study was provided by parents or legal guardians of 
all participating children.

No funding was given for this research.
There are no conflicts of interest.

Methods
History taking
A comprehensive questionnaire regarding the child’s 
name, birth date, gender, number of siblings, language 
skills, learning capabilities, attention span, behavior, and 
developmental history was given to parents to fill out.

Furthermore, parents were questioned regarding their 
child’s overall daily screen usage (measured in hours), 
which included time spent on TV, smartphones, and tab-
lets to differentiate between active and passive screen 
time. The inquiry was formulated as follows: How much 
time did your child spend in front of screens daily? The 
kids’ screen usage was divided into three groups (< 2  h, 
2–4 h, > 4 h). The length of screen exposure in years was 
another question posed to the parents by "since birth". 
The query was formulated as follows: How long has the 
child interacted with screens?

Learning disabilities assessed by

•	 Assessment of auditory memory, auditory process-
ing, visual memory, and visual processing was con-
ducted using the Stanford Binet test, Fourth Edition 
(SB4) [13].

•	 The Arabic version of the Working Memory Tasks 
Scale a validated and reliable instrument was 
employed to assess overall working memory as well 
as its specific elements of executive function, pho-
nological memory, and visuospatial memory [15]. 
A composite score of 75 is the maximum possible 
result from the total working memory, from the cen-
tral executive (22), Phonological memory (24), and 
Visuospatial memory (29). The median values of the 
entire battery were computed; a child’s score is below 
average if scores are less than the median. Nonethe-
less, average performance is indicated if scores are 
equal or above the median.

•	 “Prereading skills" related to the included age group 
were evaluated using the test battery proposed by 
Afsah [16], a valid and reliable screening tool for pre-
schoolers to identify children at risk of subsequent 
reading problems by assessing both phonological 
processing and emergent literacy skills. A compos-
ite score of 59 is the maximum possible result from 
the emergent literacy (22) and phonological process-
ing (37) tests. The median values of the entire battery 
were computed; a child’s score is below average if 
scores are less than the median. Nonetheless, average 
performance is indicated if scores are equal or above 
the median.

Sample size
Literature indicating a 16.5% prevalence of learning dis-
abilities among Egyptian preschoolers exposed to screen 
time provided the basis for sample size estimation [6]. 
Assuming a 95% confidence level, α = 5%, and 80% power, 
an online calculator (https://​www.​calcu​lator.​net/​sample-​
size-​calcu​lator.​html) yielded a requirement of 212 par-
ticipants. The current study exceeded this threshold by 
enrolling 260 children.

Statistical analysis
All data were collected, verified, coded, and entered into 
IBM SPSS Statistics version 27. Parametric quantitative 
variables are summarized by means, standard devia-
tions, and ranges, whereas non-parametric counterparts 
are described by medians and interquartile ranges (IQR). 
Qualitative variables are reported as absolute and relative 
frequencies. Categorical group differences were exam-
ined with the Chi-square test, substituting Fisher’s exact 

https://www.calculator.net/sample-size-calculator.html
https://www.calculator.net/sample-size-calculator.html
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test whenever an expected cell count fell below 5. Com-
parisons among more than two groups for parametric 
quantitative data employed One-Way ANOVA followed 
by LSD post hoc analysis; for non-parametric distribu-
tions, the Kruskal–Wallis test served as the omnibus test 
with subsequent pairwise Mann–Whitney comparisons. 
Spearman correlation coefficients assessed associations 
between two quantitative measures within the same 
group. Statistical decisions were based on a 95% confi-
dence interval and a 5% margin of error: p-values < 0.05 
were considered significant, p-values < 0.01 highly signifi-
cant, and p-values > 0.05 non-significant.

Results
The study included 260 participants with a mean age of 
5.7 ± 0.57 years. The sample comprised 159 males (61.2%) 
and 101 females (38.8%), with a mean IQ of 97.22 ± 6.31. 
Regarding screen exposure patterns, 120 participants 
(46.2%) used screens for less than 2  h daily, 61 (23.5%) 
for 2–4  h, and 79 (30.4%) for more than 4  h. Active 
screen engagement was observed in 147 participants 
(56.5%), while 113 (43.5%) engaged passively. Screen use 
before bedtime was reported in 136 participants (52.3%) 
(Table 1).

Within the low screen exposure group (< 2 h), passive 
screen users demonstrated significantly higher auditory 
processing scores compared to active users (p = 0.015), 
while active users showed superior executive function 
performance (p = 0.039). No significant differences were 
observed between groups in auditory memory, visual 
processing, visual memory, visuospatial memory, pho-
nological memory, total working memory, phonological 
processing, or emergent literacy measures (Table 2).

Within the moderate screen exposure group (2–4  h), 
active users demonstrated significantly superior per-
formance compared to passive users across multiple 
cognitive domains. Highly significant differences were 
observed in auditory processing (median 84 vs 68, 
p < 0.001) and auditory memory (p < 0.001). Significant 
advantages for active users were also evident in executive 
function (p = 0.021), phonological memory (p = 0.029), 
total working memory (p = 0.013), and total phonological 

Table 1  Demographic data and characteristics of the studied 
children

Total no. = 260

Age (years) Mean ± SD 5.7 ± 0.57

Sex Female 101 (38.8%)

Male 159 (61.2%)

IQ Mean ± SD 97.22 ± 6.31

Screen time Screen time < 2 h 120 (46.2%)

Screen time (2–4) hours 61 (23.5%)

Screen time > 4 h 79 (30.4%)

Screen type Active 147 (56.5%)

Passive 113 (43.5%)

Sleep time Not before sleep time 124 (47.7%)

Before sleep time 136 (52.3%)

Table 2  Comparison between active and passive screen type regarding Stanford-binet4, working memory, phonological assessment 
and emergent literacy test among children use screens less than 2 h

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant

 ≠ : Mann–Whitney test

Screen time < 2 h Test value P-value Sig

Active Passive

No. = 67 No. = 53

Stanford-Binet 4
Auditory processing Median (IQR) 92 (89–98) 98 (94–99) −2.443 ≠  0.015 S

Auditory memory Median (IQR) 87 (82–92) 90 (89–92) −1.421 ≠  0.155 NS

Visual processing Median (IQR) 92 (84–95) 87 (82–96) −1.316 ≠  0.188 NS

Visual memory Median (IQR) 91 (85–96) 91 (83–94) −1.252 ≠  0.211 NS

Working memory
Executive function Median (IQR) 16 (13–19) 15 (14–16) −2.067 ≠  0.039 S
Visio special Median (IQR) 26 (21–27) 25 (22–26) −0.174 ≠  0.862 NS

Phonological memory Median (IQR) 12 (10–13) 12 (10–13) −0.866 ≠  0.387 NS

Total working memory Median (IQR) 47 (44–52) 48 (44–51) −0.376 ≠  0.707 NS

Phonological Processing
Total phon. proc. Scores Median (IQR) 24 (21–27) 22 (17–27) −1.555 ≠  0.120 NS

Emergent Literacy
Total Emergent Literacy score Median (IQR) 16 (13–18) 17 (12–19) −0.714 ≠  0.475 NS
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processing scores (p = 0.012). Visual processing, visual 
memory, visuospatial memory, and emergent literacy 
showed no significant differences (Table 3).

Within the high screen exposure group (> 4 h), passive 
users demonstrated significantly poorer performance 
across nearly all cognitive domains compared to active 
users. Highly significant differences favoring active users 
were observed in auditory processing (p < 0.001), audi-
tory memory (p < 0.001), executive function (median 
14 vs 10, p < 0.001), and total phonological processing 
(median 21 vs 16, p = 0.001). Significant differences were 
also noted in visual processing (p = 0.012), visuospatial 
memory (p = 0.010), phonological memory (p = 0.034), 
total working memory (p = 0.018), and emergent literacy 
(p = 0.020). Only visual memory showed no significant 
difference between groups (Table 4).

Among active screen users, increasing duration of 
exposure was associated with progressive decline in 
cognitive performance. Significant differences across 
duration groups were observed in auditory process-
ing (p = 0.020), auditory memory (p = 0.020), execu-
tive function (p = 0.026), and total phonological 
processing (p = 0.029). Post-hoc pairwise comparisons 
revealed that significant differences were primarily 
between the < 2  h and > 4  h groups for auditory pro-
cessing (p = 0.009), auditory memory (p = 0.012), 
executive function (p = 0.012), and phonological pro-
cessing (p = 0.008), as well as between 2–4  h and > 4  h 
groups for auditory processing (p = 0.035) and auditory 

memory (p = 0.025). Visual processing, visual mem-
ory, visuospatial memory, phonological memory, total 
working memory, and emergent literacy showed no sig-
nificant differences across duration groups (Table 5).

Among passive screen users, increasing exposure 
duration was associated with highly significant dete-
rioration across nearly all cognitive domains. Auditory 
processing (p < 0.001) and auditory memory (p < 0.001) 
showed the most pronounced effects, with visual pro-
cessing (p = 0.010), all working memory components 
(executive p < 0.001, visuospatial p = 0.001, phonologi-
cal p = 0.001, total p = 0.006), phonological processing 
(p = 0.006), and emergent literacy (p = 0.001) also dem-
onstrating highly significant differences. Post-hoc anal-
ysis revealed that for auditory measures, all pairwise 
group comparisons reached significance (all p < 0.001). 
For other domains, the most consistent significant dif-
ferences were observed between < 2 h and > 4 h groups, 
with intermediate findings for the 2–4 h group. Visual 
memory remained unaffected by duration of passive 
screen exposure (Table 6).

Close to sleep time screen exposure was associated 
with significantly poorer performance in auditory pro-
cessing (p < 0.001), auditory memory (median 80 vs 89, 
p < 0.001), and total working memory (p = 0.024) com-
pared to participants away from close to sleep screen 
use. No significant differences were observed in visual 
processing, visual memory, phonological processing, or 
emergent literacy measures (Table 7).

Table 3  Comparison between active and passive screen type regarding Stanford-binet4, working memory, phonological assessment 
and emergent literacy test among children use screens from 2 to 4 h

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant

 ≠ : Mann–Whitney test

Screen time (2–4) hours Test value P-value Sig

Active Passive

No. = 33 No. = 28

Stanford-Binet 4
Auditory processing Median (IQR) 84 (80–92) 68 (66–72.5) −5.797 ≠  0.000 HS

Auditory memory Median (IQR) 85 (84–90) 68 (65–70) −6.580 ≠  0.000 HS

Visual processing Median (IQR) 90 (84–93) 84 (78–92.5) −1.950 ≠  0.051 NS

Visual memory Median (IQR) 90 (85–95) 90 (85–95) −0.167 ≠  0.867 NS

Working memory
Executive function Median (IQR) 15 (13–16) 13 (12–14.5) −2.306 ≠  0.021 S

Visio special Median (IQR) 25 (22–26) 24 (22–25) −1.176 ≠  0.240 NS

Phonological memory Median (IQR) 11 (10–12) 9 (7.5–11.5) −2.188 ≠  0.029 S

Total working memory Median (IQR) 46 (44–50) 42 (40–47.5) −2.495 ≠  0.013 S

Phonological assessment
Total phon proc. Scores Median (IQR) 23 (20–26) 20 (15.5–24.5) −2.508 ≠  0.012 S

Emergent Literacy Test
Total Emergent Literacy score Median (IQR) 15 (13–16) 15 (14–17) −0.219 ≠  0.827 NS
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The scatter plot demonstrates positive correlation 
(r = 0.273, p < 0.001) between auditory processing and 
total phonological working memory (Fig. 1).

The scatter plot reveals positive correlation (r = 0.313, 
p < 0.001) between auditory processing and phonological 
processing (Fig. 2).

Discussion
Learning disabilities denote a heterogeneous group of 
disorders marked by persistent impediments to master-
ing and using speaking, writing, reading, and mathemat-
ics skills. In Egypt, recent research indicates that LDs 
impact around 16.5% of preschool-aged children [6].

Recently, there has been risen in screen time and it’s 
becoming a regular feature of children’s lives, especially 
those in preschool age. Prolonged screen exposure, 
defined as engaging with electronic media (television, 
computers, or mobile devices) for more than 2–3 h, has 
been associated with decreased participation in devel-
opmental activities [17]. In addition, prolonged screen 
exposure may impair the developing brain, resulting in 
detrimental effects on cognitive development and on 
learning and memory functions [18].

there is limited research on how different types of 
screen time, active and passive, may influence the devel-
opment of learning disabilities in different ways specially 
in preschoolers, so in this study we assessed the different 
effects of both active and passive screen time exposure 

on different aspects of learning disabilities among pre-
school children aged 4.5–6.5 years.

The mean IQ of children in this study was 97.22, 
indicating overall average cognitive ability for this age 
group [13]. There was a significant IQ difference only in 
the < 2 h group suggests that higher-IQ children may be 
more likely to engage actively with screens when expo-
sure is limited. This could reflect that more cognitively 
sophisticated children seeking stimulating rather than 
purely entertainment-based screen activities. The disap-
pearance of IQ differences in higher exposure groups is 
particularly telling. Even children with initially higher 
cognitive abilities show convergence toward lower IQ 
levels when screen time exceeds 2 h daily, suggesting that 
excessive screen exposure may override individual cogni-
tive advantages.

The results underscore the ubiquity of digital media in 
early childhood and indicate that assessments of screen 
exposure must account for its magnitude as well as its 
specific modality and temporal distribution.

The differential impact of screen time‑type 
across durations and dose response effect
Auditory processing
Auditory processing was the cognitive domain most vul-
nerable to screen-related detriment, being the most sus-
ceptible to the effect of both duration and type of screen, 
with passive users in the < 2  h group having statistically 
higher auditory processing scores than active users and 

Table 4  Comparison between active and passive screen type regarding Stanford-binet4, working memory, phonological assessment 
and emergent literacy test among children use screens more than 4 h

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant

 ≠ : Mann–Whitney test

Screen time > 4 h Test value P-value Sig

Active Passive

No. = 47 No. = 32

Stanford-Binet 4
Auditory processing Median (IQR) 79 (70–88) 60 (55–65) −6.537 ≠  0.000 HS

Auditory memory Median (IQR) 81 (77–89) 60 (58–68) −7.278 ≠  0.000 HS

Visual processing Median (IQR) 89 (86–92) 79 (67–90) −2.508 ≠  0.012 S

Visual memory Median (IQR) 86 (85–90) 88 (85–96.5) −1.094 ≠  0.274 NS

Working memory
Executive function Median (IQR) 14 (13–17) 10 (8.5–13) −4.702 ≠  0.000 HS

Visio special Median (IQR) 24 (21–26) 21.5 (20–23) −2.563 ≠  0.010 S

Phonological memory Median (IQR) 10 (8–13) 8.5 (7–11.5) −2.120 ≠  0.034 S

Total Working memory Median (IQR) 46 (42–49) 41 (38–47.5) −2.366 ≠  0.018 S

Phonological assessment
Total phon proc. Scores Median (IQR) 21 (18–24) 16 (12–20) −3.262 ≠  0.001 HS

Emergent Literacy Test
Total Emergent Literacy score Median (IQR) 14 (12–18) 12 (10–15) −2.331 ≠  0.020 S
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thus, requires further investigation. Braz et al. (2021) [19] 
also suggested that passive content could involve high-
quality music programs, cartoons (generally contain-
ing high-quality sound content), songs, narration, and 
sound effects, which could assist with auditory discrimi-
nation and processing when taken in moderation with 
supervision.

A huge drop in auditory processing was seen in the 
passive users group consuming for 2–4  h daily, and in 
fact, this worsening was even more amplified in the > 4 h 
group compared to the active users group.

The dose–response analysis within passive users 
alone revealed progressive deterioration across all 
exposure levels, while active users showed more modest 
decline. This mean that greater exposure among passive 
users correlates with steadily worse outcomes, whereas 
greater exposure among active users still relates to 
some decline but with a notably flatter, less harmful 

slope, implying that active interaction mitigates though 
does not eliminate adverse effects and that purely pas-
sive consumptive use reflects higher underlying risk.

This is in line with Kuhl’s (2021) [20] findings of an 
auditory-visual mismatch while learning via screens. 
The damage to auditory abilities over visual is due to 
the background noise of the screens, which interrupts 
the rapid temporal processing required for phoneme 
discrimination.

Passive screen content also typically provides fewer 
opportunities for turn taking, responsive communica-
tion, and rich prosodic and phonological input, all of 
which are important for supporting auditory process-
ing development [21]. The disruption of caregiver-
child verbal interaction during screen time may further 
compound these effects, leading to a "double deficit" 
scenario where children receive both poorer quality 

Table 5  Relation of screen time groups with Stanford-Binet4, working memory, phonological assessment and emergent literacy test 
among active screen users’ group

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant

 ≠ : Kruskal–Wallis test

Active Test value P-value Sig

Screen time
 < 2 h

Screen time
(2–4) hours

Screen time
 > 4 h

No. = 67 No. = 33 No. = 47

Stanford-Binet 4
Auditory processing Median (IQR) 90 (77–93) 84 (80–92) 79 (70–88) 7.828 ≠  0.020 S

Auditory memory Median (IQR) 87 (81–91) 85 (84–90) 81 (77–89) 7.815 ≠  0.020 S

Visual processing Median (IQR) 92 (85–96) 90 (84–93) 89 (87–92) 4.468 ≠  0.107 NS

Visual memory Median (IQR) 91 (85–96) 90 (85–95) 86 (85–90) 4.502 ≠  0.105 NS

Working memory
Executive function Median (IQR) 16 (13–19) 15 (13–16) 14 (13–17) 7.337 ≠  0.026 S

Visio special Median (IQR) 26 (21–27) 25 (22–26) 24 (21–26) 1.406 ≠  0.495 NS

Phonological memory Median (IQR) 12 (10–13) 11 (10–12) 10 (8–13) 3.106 ≠  0.212 NS

Total working memory Median (IQR) 47 (44–52) 46 (44–50) 46 (42–49) 3.617 ≠  0.164 NS

Phonological assessment
Total phon. proc
Scores

Median (IQR) 24 (21–27) 23 (20–26) 21 (18–24) 7.115 ≠  0.029 S

Emergent Literacy Test
Total Emergent
Literacy score

Median (IQR) 16 (13–18) 15 (13–16) 14 (12–18) 2.467 ≠  0.291 NS

Post Hoc analysis by LSD and multi-comparison between groups
Parameters Screen time

 < 2 h Vs Screen time
(2–4) hours

Screen time
 < 2 h Vs Screen time
 > 4 h

Screen time
(2–4) hours Vs Screen time
 > 4 h

Auditory processing 0.695 0.009 0.035
Auditory memory 0.564 0.012 0.025
Executive function 0.094 0.012 0.334

Total phon. proc
Scores

0.689 0.008 0.098
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and reduced quantity of language input during critical 
developmental periods.

Auditory memory
Auditory memory recapitulated the near-identical pat-
tern of auditory processing, further confirming the sus-
ceptibility of auditory circuits to screen time–induced 
dysfunction. In the < 2 h group, active and passive users 
did not significantly differ from each other, but the two 
exposure groups began to drastically diverge at higher 
exposures. Passive users in the 2–4 h group were severely 
impaired, while those in the > 4 h group were even more 
dysfunctional than the active users.

For auditory memory, the dose–response pattern 
for passive users is steep and monotonic, but the active 

users’ pattern only slightly dips, showing that the delete-
rious effects of more screen time are buffered by being an 
active user but not completely negated.

The findings further support Rai et al. (2023) [21] and 
Christakis et  al. (2018) [22] who found that each hour 
increases in daily screen time in early childhood pre-
dicted greater attention problems and lower memory 
performance. The parallel pattern of auditory process-
ing and memory impairment suggests a shared neural 
substrate of disruption that may impact auditory-pho-
nological networks essential for learning and academic 
performance.

Increased passive screen exposure during preschool 
years is consistent with Muppalla et  al. (2023) [23], 
who reviewed theoretical and empirical evidence that 

Table 6  Relation of screen time groups with Stanford-Binet4, working memory, phonological assessment and emergent literacy test 
among passive group

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant

 ≠ : Kruskal–Wallis test

Passive Test value P-value Sig

Screen time
 < 2 h

Screen time
(2–4) hours

Screen time
 > 4 h

No. = 53 No. = 28 No. = 32

Stanford-Binet 4
Auditory processing Median (IQR) 99 (98–105) 68 (66–72.5) 60 (55–65) 90.039 0.000 HS

Auditory memory Median (IQR) 90 (89–93) 68 (65–70) 60 (58–68) 85.219 0.000 HS

Visual processing Median (IQR) 85 (78–95) 84 (78–92.5) 71.5 (65–90) 9.182 0.010 S

Visual memory Median (IQR) 91 (83–94) 90 (85–95) 88 (85–96.5) 0.882 0.643 NS

Working memory
Executive function Median (IQR) 15 (14–16) 13 (12–14.5) 10 (8.5–13) 38.903 ≠  0.000 HS

Visio special Median (IQR) 25 (22–26) 24 (22–25) 21.5 (20–23) 13.467 ≠  0.001 HS

Phonological memory Median (IQR) 12 (10–13) 9 (7.5–11.5) 8.5 (7–11.5) 13.189 ≠  0.001 HS

Total Working memory Median (IQR) 48 (44–51) 42 (40–47.5) 41 (38–47.5) 10.137 ≠  0.006 HS

Phonological assessment
Total phon proc. Scores Median (IQR) 22 (17–27) 20 (15.5–24.5) 16 (12–20) 10.274 ≠  0.006 HS

Emergent Literacy Test
Total Emergent Literacy score Median (IQR) 17 (12–19) 15 (14–17) 12 (10–15) 14.089 ≠  0.001 HS

Post Hoc analysis by LSD and multi-comparison between groups
Parameters Screen time

 < 2 h Vs Screen time
(2–4) hours

Screen time
 < 2 h Vs Screen time
 > 4 h

Screen time
(2–4) hours Vs Screen time
 > 4 h

Auditory processing 0.000 0.000 0.000

Auditory memory 0.000 0.000 0.000

Visual processing 0.585 0.005 0.019

Executive function 0.003  < 0.001  < 0.001

Visio special 0.106 0.001 0.017

Phonological memory 0.002 0.004 0.517

Total Working memory 0.012 0.007 0.572

Total phon proc. Scores 0.108 0.002 0.092

Total Emergent Literacy score 0.135 0.001 0.008
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limited contingent interaction and increased rapid, 
non‑contingent media impairs development of audi-
tory-verbal and language‑attention systems, which may 
lead to dose‑related auditory processing and memory 
deficits.

Visual processing
Visual processing demonstrated relative resilience com-
pared to auditory domains, with significant differences 
emerging only at the highest exposure levels. The < 2  h 
and 2–4  h groups showed no significant differences 

Table 7  Relation of using passive or active before sleep time with Stanford-binet4, working memory, phonological assessment and 
emergent literacy test

P-value > 0.05: Non-significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant

 ≠ : Mann–Whitney test

Sleep time Test value P-value Sig

Away from sleep time Close to sleep time

No. = 124 No. = 136

Stanford-Binet 4
Auditory processing Median (IQR) 91 (78–98) 76.5 (67–91) −4.856 ≠  0.000 HS

Auditory memory Median (IQR) 89 (78.5–91) 80 (70.5–90) −3.806 ≠  0.000 HS

Visual processing Median (IQR) 88.5 (82.5–94.5) 88.5 (82–93) −0.604 ≠  0.546 NS

Visual memory Median (IQR) 89 (83.5–95) 89 (85–95) −0.474 ≠  0.636 NS

Working memory
Total Working memory Median (IQR) 47 (42–51) 45 (41–49) −2.250 ≠  0.024 S

Phonological assessment
Total phon proc. Scores Median (IQR) 22 (18–25.5) 21 (18–26) −0.958 ≠  0.338 NS

Emergent Literacy Test
Total Emergent Literacy score Median (IQR) 15 (13–18) 15 (12–17) −1.707 ≠  0.088 NS

Fig. 1  Correlation between auditory processing and total phonological working memory
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between active and passive users, indicating potential 
protective effects of visual screen content on visual pro-
cessing abilities. However, although they showed less 
impairment than active participants, passive users in 
the > 4 h group did reach statistical significance for mean-
ingful impairment.

For the dose–response effect, we only found a trend 
for more exposure to be associated with greater impair-
ment of visual processing for passive users, by contrast 
with the relative stability in visual performance for active 
users. The relative preservation of visual processing for 
active users may be linked to the interactive nature of 
screen use for these individuals, which requires sustained 
visual attention.

These results contrast some prior studies report-
ing visual benefits associated with screen exposure. For 
instance, Anderson and Subrahmanyam (2017) [24], 
found that visual skills were higher in children with high 
amounts of screen use for educational purposes, whereas 
our study suggests a lack of protection with heavy non-
interactive screen time. Another study found higher 
screen exposure at school age was associated with bet-
ter contrast sensitivity [25]. These results might reflect 
a positive adaptive plasticity of the visual system under 
more engaging conditions, as opposed to a uniform dec-
rement with increased exposure.

Visual memory
Visual memory was the least impaired ability by screens. 
No significant differences were found between active/
passive at any exposure level. Differences in the > 4  h 
group were extremely small and non-significant with pas-
sive users scoring higher than active users.

Visual memory does not show a harmful dose–
response pattern with increasing exposure in either 
group: across low, moderate, and high exposure, passive 
users’ visual memory remains statistically unchanged, 
and active users also show no significant trend, indicat-
ing stability rather than deterioration even with high 
exposure.

This resilience may reflect the inherently visual nature 
of screen content, which could provide incidental train-
ing for visual memory systems. Reich et  al. (2016) [26], 
similarly found that visual memory tasks were less 
impaired by screen exposure. preservation of visual 
memory across exposure levels indicates that screen-
related cognitive impairment is not globally distributed 
but selectively affects specific processing systems.

Miller et  al. (20,230) [27], reported neurobiological 
explanations reinforce this distinction between visual 
processing and visual memory: Rapid, non‑contingent 
screen input tends to strain fronto‑parietal attention 
and executive networks involved in on‑the‑spot visual 

Fig. 2  Correlation between auditory processing and phonological processing
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processing, while visual memory systems appear compar-
atively preserved likely because occipital-parietal path-
ways that support encoding and consolidation remain 
active under typical screen stimulation so moderate, 
high‑quality use may not harm visual memory, yet limits 
are still warranted to protect vulnerable processing func-
tions in developing attentional systems.

So, from our results we can say that both visual 
domains are far more resilient than auditory domains, 
and this came parallel to the results of study by Veraksa 
et  al. (2021) [28], who reported that human memory 
capacity for acoustic information is somewhat limited 
compared to visual stimuli and passive screen time nega-
tively associated with verbal/phonological processing, 
while interactive use showed no adverse effect, consistent 
with greater vulnerability of auditory functions compared 
to visual memory stability.

Working memory
Total working memory composite scores showed cumu-
lative impairment for all working memory components 
and worsening with increasing screen time. The between 
group differences were significant for the 2–4  h passive 
users, however, we also found stronger effects in the > 4 h 
group. The within passive group comparisons were sig-
nificant across screen time duration categories, whereas 
there was little to no decline in the active group. The 
effect size for the active group comparisons was sig-
nificantly smaller, indicating a smaller effect of being an 
active user. The results are in line with the findings of 
Azzam et al. (2024) [3], who found a significant difference 
in working memory between preschoolers across three 
screen time groups. The present study found a more 
pronounced decline in working memory performance 
among passive users, with an effect size that is approxi-
mately 2–3 times larger than in Azzam et al. This differ-
ence could be explained by the fact that Azzam et al. did 
not distinguish between active and passive screen time 
use in their analysis. The cumulative screen time dura-
tion showed consistent negative correlations with work-
ing memory in both studies, highlighting the potential 
long-term negative impact of high screen time on work-
ing memory in preschool-aged children.

Executive function
The strongest and most significant trend was observed in 
the executive function domain, where a trend of increas-
ing impairment was observed for all screen exposure 
durations, and where a modality effect was observed 
at the low end of the screen exposure scale, with active 
users performing better than passive users on the execu-
tive function test, and where performance deteriorated 
among passive users with increasing screen exposure 

time between 2 and 4 h, but remained relatively stable for 
active users, and where the largest differences were seen 
in the high exposure group (> 4 h), with passive users per-
forming significantly worse than active users.

For the dose–response pattern, opposite trends were 
seen for active vs. passive users. Active users showed a 
steady decline across duration groups, which suggests 
that engagement and interaction may offer some protec-
tion, while passive users showed a sharp decline, which 
may indicate they are more susceptible to high levels of 
passive screen time.

These results corroborate Diamond (2013) [29], in 
which he suggests that executive function is the most 
susceptible domain of environmental disturbance in early 
years. This progressive detrimental effect in conjunction 
with passive viewing time may be a consequence of inter-
ference with the mechanisms for vigilance and cognitive 
control necessary for the development of executive func-
tion, as suggested by Swing et al. (2010) [30] when study-
ing the impact of media multitasking.

Lillard and Peterson (2011) [31] showed that after just 
9 min of viewing a fast-paced television cartoon, execu-
tive function in preschool children was immediately 
impaired, with the children who had just watched the 
show performing significantly worse on tests of self-
regulation, working memory, delay of gratification, and 
problem-solving than children who had just watched 
educational programming or engaged in drawing. Lillard 
et al. (2011) [32] provided evidence for two such mecha-
nisms. First, because the fast-paced cartoons changed 
scenes rapidly (every 11 s on average), this required more 
cognitive resources to encode the presented events and 
thus would use up more attentional resources, which are 
thought to be necessary for executive function to oper-
ate. Second, "the barrage of fantastical, novel events" 
also impaired executive function because encoding these 
events has no "engrained neural circuitry to run on auto-
pilot" and thus the orienting response to novel events is 
repeatedly elicited, eventually leading to cognitive deple-
tion that interferes with self-regulation.

Hutton et  al. (2020) [33] proposed that at the neuro-
biological level, overexposure to screens impacts white 
matter tracts that support the development of executive 
function, with effects ranging from 14 months to 9 years 
of age. The prefrontal cortex is particularly sensitive to 
environmental disruption during early childhood, and 
the preschool years are an especially important time to 
develop healthy screen time habits.

Phonological working memory
Phonological working memory demonstrated intermedi-
ate vulnerability, with significant differences emerging at 
moderate to high screen exposures. No differences were 
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observed in the low exposure group (< 2 h), but the 2–4 h 
group showed impairment in passive users, and the > 4 h 
group revealed continued impairment than in active 
users.

There was little dose–response decline for active screen 
users across exposure categories, whereas passive users 
had a steep and statistically significant dose–response 
decline, suggesting that interactive engagement may 
shield phonological working memory from duration-
dependent decline. These results are consistent with the 
longitudinal study by Suggate and Martzog (2021) [34], 
in which passive screen time was negatively related to 
phonological memory capacity, but active screen time 
was not related to phonological memory deficits. Veraksa 
et al. (2021) [35] proposed that the rapid image changes 
common in passive screen content may interfere with 
sensory processing and attentional abilities, making it 
harder for children to filter out irrelevant stimuli and dis-
rupting the rehearsal mechanisms required for phono-
logical working memory.

The close relationship between phonological working 
memory and auditory processing deficits (Fig. 1) supports 
Baddeley’s (2012) [36] model of working memory, where 
the phonological loop depends critically on intact audi-
tory processing for both the phonological store (inner 
ear) and articulatory rehearsal processes (inner voice). 
The decline in passive users across exposure levels versus 
in active users suggests that passive screen engagement 
specifically disrupts the rehearsal mechanisms underly-
ing phonological working memory.

Visuospatial working memory
Of the different types of working memory, visuospatial 
working memory is the least sensitive to screen exposure. 
In active users, the median score was nearly unchanged 
for < 2 h, 2–4 h, and declined only for > 4 h, with no sta-
tistically significant dose–response relationship, suggest-
ing that visuospatial working memory in active users is 
extremely resistant to duration effects. In passive screen 
exposure, there was a significant dose-dependent decline 
in visuospatial working memory, the most dramatic dif-
ferences were in the > 4 group, which suggests that visu-
ospatial working memory was relatively preserved at 
low-to-moderate passive exposure, but declined mark-
edly at high exposure levels. However, both active and 
passive users declined at similar rates, suggesting that 
visuospatial working memory may be more susceptible to 
total screen exposure than to mode of engagement.

This is consistent with Karbach et al.  (2015) [37], who 
found that visuospatial working memory was less sus-
ceptible to intervention effects than other functions, and 
Swider-Cios et  al.  (2023) [38], who found that although 
visual-spatial working memory was lower at higher 

levels of total screen media use and television viewing, 
the effect sizes were smaller than those found in other 
cognitive domains, indicating that visuospatial process-
ing systems may be more resistant to effects.  Zhang 
et al.  (2021) [39] also supported this conclusion, as they 
found that total screen time had detrimental associations 
with working memory in preschoolers, but the visuos-
patial components showed less deterioration than pho-
nological working memory, with effects only becoming 
significant at the highest exposure levels.  This relative 
resilience may be due to the visual nature of screen con-
tent itself, as even passive viewing activates visual pro-
cessing pathways, and the constant audio stimulation and 
decreased linguistic interaction associated with overex-
posure to screens actively disrupt phonological rehearsal 
mechanisms.

Phonological processing
This pattern of results showed a decrease in phonological 
processing abilities as screen exposure increased, consist-
ent with the known importance of such skills for lan-
guage and literacy, and no difference for the < 2 h group, 
impairment in the 2–4  h group for passive users, and 
severe deterioration in the > 4 h group, as well as decline 
across exposure levels for the within-passive group, and 
more modest deterioration for active users.

The results are also consistent with Fielding-Barnsley 
& Purdie (2005) [40], study that have shown that pho-
nological processing predicted reading disability in pre-
schoolers, also Massaroni et al. (2023) [41] expanding on 
this idea in their systematic review to note that excessive 
passive screen time without parental mediation leads to 
delayed expressive vocabulary and poor phonological 
processing, which suggests that the quality and context 
of screen engagement are significant for phonological 
development.

The findings indicated a gradual breakdown in phono-
logical processing abilities with increasing passive screen 
exposure, as would be expected given the foundational 
nature of these skills in language and literacy, with no dif-
ference in the < 2 h group, some impairment in the 2–4 h 
group, and severe deterioration in the > 4  h group, with 
the within-passive group analysis showing deterioration 
across exposure levels, and more modest deterioration in 
active users.

The strong overlap in deficits in phonological process-
ing and auditory processing (Fig. 2) suggest a pattern of 
cascading disruption: screen-based disruption of core 
auditory processing that then leads to subsequent dis-
ruption in higher-level phonological processing abilities 
that are foundational for literacy acquisition, consistent 
with the dual-route account of reading acquisition, which 
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posits phonological processing as the mediator between 
auditory processing and reading.

Emergent literacy
Screen exposure exerted a cumulative influence across 
various cognitive domains, and it was associated with 
clinically meaningful impairment in passive users, with 
the most pronounced differences observed in the > 4  h 
group when compared to active users (the within-passive 
group analysis revealed a decline across exposure levels 
in comparison to active users). The relatively intact emer-
gent literacy in active users, even at high levels of screen 
time, indicates that interactive engagement with screens 
may provide some degree of scaffolding for pre-academic 
skills.

The correlation pattern provides evidence that emer-
gent literacy is the downstream effect of disrupted audi-
tory processing, Phonological working memory and 
phonological processing.

The results of this study support the longitudinal work 
of Christakis et  al. (2004) [42], which showed that high 
levels of television exposure in early childhood was pre-
dictive of reading difficulties later in childhood. In addi-
tion, Hutton et al. (2020) [33], provided evidence in the 
form of neuroimaging data to show that more screen 
time exposure in preschool-aged children was associ-
ated with lower microstructural integrity of white matter 
tracts subserving language and emergent literacy skills. 
These white matter abnormalities were in turn associated 
with poorer emergent literacy performance. They found 
that higher screen time was related to poorer functional 
connectivity in networks subserving reading readiness, a 
finding which biologically underpins the behavioral defi-
cits observed in the present study.

Furthermore, Lin et al. (2023) [43], also reported a bidi-
rectional association between screen exposure and read-
ing engagement in preschoolers, showing that increased 
screen use coincided with reduced reading activity, 
thereby creating a self-perpetuating cycle detrimental to 
literacy development.

Sleep‑time screen effects
In the present study, it has been determined that the 
duration of the daily screen use was not the sole factor for 
predicting the negative outcomes as the most substantial 
deficits were observed in auditory processing and audi-
tory memory followed by working memory, which aligns 
with the research of Carter et al. (2016) [44] demonstrat-
ing that screen light exposure in the hours before bed-
time disrupted circadian rhythms and sleep architecture, 

resulting in memory consolidation and cognitive perfor-
mance deficits.

Gomes and Goldman, (2024) [45], also provided some 
mechanistic insights into these deficits. Gomes and Gold-
man (2024) [45] employed regression models to illustrate 
that screentime use was a significant predictor of sleep 
problems, accounting for 35% of the variance in sleep qual-
ity in preschoolers. These sleep problems disrupt cognitive 
consolidation processes that occur during sleep, includ-
ing auditory memory encoding and retrieval mechanisms. 
Similarly, a large-scale study of toddlers found that screen 
use before bedtime is linked to poorer sleep and poorer 
performance on attention/executive function tasks (Carter 
et al., 2024) [46].

Clinical and educational implications
The observed differential vulnerability patterns across cog-
nitive domains indicate the need for targeted intervention 
strategies:

–	 Auditory processes and short-term memory require 
urgent intervention for children with > 2 h of daily pas-
sive screen time, as this domain shows the earliest and 
most pronounced decline.

–	 Executive function control interventions should pri-
oritize children exceeding 4  h of daily passive screen 
time, given that this represents the most underdevel-
oped cognitive domain in this population.

–	 Working memory interventions must address all three 
core components comprehensively, as deficits typically 
affect the phonological loop, visuospatial sketchpad, 
and central executive equally.

–	 Visual and visual-spatial skills demonstrate minimal 
impairment and should not be the primary focus of 
intervention programs.

Limitations

–	 Cross-sectional design: The study’s cross-sectional 
methodology prevents establishment of causality.

–	 Self-reported screen time: Parental reports of daily 
screen duration and engagement type are subject to 
recall bias and may not accurately reflect actual expo-
sure patterns.

–	 Active versus passive categorization: While the study 
distinguished between active and passive engagement, 
the specific content characteristics within each cat-
egory were not analyzed, limiting understanding of 
which content features drive observed effects.
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Future directions

–	 Prospective studies incorporating fMRI, and struc-
tural MRI, potentially identifying critical develop-
mental windows of neurobiological vulnerability.

–	 Controlled interventions systematically manipulating 
screen time and type would establish causality.

–	 Future research should dissect active and passive cat-
egories further, investigating whether specific con-
tent features produce differential cognitive outcomes 
within each modality.

Conclusion
The current study is the first to disentangle these com-
plex and differentially sensitive learning effects of active 
and passive screen exposure in preschool-aged children. 
Passive screen exposure appeared to be more detrimen-
tal for auditory processing, auditory memory, executive 
function, phonological working memory, phonological 
processing, and early literacy relative to active screen 
exposure. At lower doses, active screen users may be 
more resilient, due to the contingent, reciprocal nature 
of active screen activities. Visual processing and visual 
memory were not affected at any dose or screen type and 
may represent the spared processing systems that can 
serve as compensatory areas for learning. With respect 
to the timing of screen exposure, deficits were most sali-
ent for screens used in the hour before bedtime, which 
was particularly true for auditory and working memory 
systems. This may be secondary to effects related to sleep 
loss and sleep-dependent memory consolidation tied 
to these systems. These findings emphasize the need to 
design learning-based interventions for preschool chil-
dren based on areas of known vulnerability (auditory-
verbal systems) and strength (visual systems) rather than 
simple screen-time curfews during this critical age range 
for making specific, informed choices about modality, 
timing, and duration of screen use to conserve sensitive 
cognitive systems and leverage spared processes.

Authors’ contributions
**Shaimaa Mostafa**: Research idea, data collection and analysis, revised the 
results and shared in manuscript writing and editing. **Naglaa Ghareeb:** 
Data collection, data analysis and shared in writing manuscript. **Shaimaa 
Reda:** Data collection, data analysis and interpreting the results. **Ahamed 
Negm:** Data collection, sample size calculation, revised the results and 
shared in manuscript writing and editing. All authors read and approved the 
final manuscript.

Funding
No funding was given for this research.

Data availability
All data and materials used and/or analyzed during the current study are avail-
able from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All study procedures received approval from the General Organization of 
Teaching Hospitals and Institutes (GOTHI) Research Ethics Committee in April 
2024 (approval no. IHS00061) and were conducted in accordance with the 
2013 Helsinki Declaration and the ethical standards of the responsible human 
experimentation committee.
Informed written consent to participate in the study was provided by parents 
or legal guardians of all participating children. 

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Phoniatrics Department, Hearing and Speech Institute, Giza, Egypt. 2 Audi-
ovestibular Medicine Department, Hearing and Speech Institute, Giza, Egypt. 
3 Pediatric department, Benha University, Banhā, Egypt. 4 Otorhinolaryngology 
Department, Misr University for science and Technology, Cairo, Egypt. 

Received: 7 November 2025   Accepted: 6 January 2026

References
	1.	 Veraksa N, Veraksa A, Gavrilova M, Bukhalenkova D, Oshchepkova E, 

Chursina A (2021) Short- and long-term effects of passive and active 
screen time on young children’s phonological memory. Front Educ 
6:600687. https://​doi.​org/​10.​3389/​feduc.​2021.​600687

	2.	 Ponti M (2023) Screen time and preschool children: Promoting health 
and development in a digital world. Paediatr Child Health 28(3):184–202. 
https://​doi.​org/​10.​1093/​pch/​pxac1​25. (PMID:37205134;PMCID:
PMC10186096)

	3.	 Azzam AA, Mostafa AM, Taha M, Mostafa S (2024) Screen time and learn-
ing disabilities in preschool children. Egypt J Ear Nose Throat Allied Sci 
25(25):1–10. https://​doi.​org/​10.​21608/​ejent​as.​2024.​253542.​1696

	4.	 Kim S, Favotto L, Halladay J, Wang L, Boyle MH, Georgiades K (2020) Dif-
ferential associations between passive and active forms of screen time 
and adolescent mood and anxiety disorders. Soc Psychiatry Psychiatr Epi-
demiol 55(11):1469–1478. https://​doi.​org/​10.​1007/​s00127-​020-​01833-9

	5.	 Sweetser P, Johnson D, Ozdowska A, Wyeth P (2012) Active versus pas-
sive screen time for young children. Australas J Early Child 37(4):94–98. 
https://​doi.​org/​10.​1177/​18369​39112​03700​413

	6.	 Ismail R, Mohamed H, Soltan B (2019) Prevalence of learning disabilities 
among a sample of primary school students he Scientific Journal of Al-
Azhar Medical Faculty. Girls 3:125–130

	7.	 Mustonen R, Torppa R, Stolt S (2022) Screen time of preschool-aged chil-
dren and their mothers, and children’s language development. Children 
(Basel) 9(10):1577

	8.	 Gilmore JH, Knickmeyer RC, Gao W (2018) Imaging structural and 
functional brain development in early childhood. Nat Rev Neurosci 
19(3):123–137

	9.	 Huang P, Chan SY, Ngoh ZM, Ong ZY, Low XZ, Law EC, Gluckman PD, Kee 
MZL, Fortier MV, Chong YS, Zhou JH, Meaney MJ, Tan AP (2024) Screen 
time, brain network development and socio-emotional competence in 
childhood: moderation of associations by parent-child reading. Psychol 
Med 54(9):1992–2003. https://​doi.​org/​10.​1017/​S0033​29172​40000​84

	10.	 Todeti P, Yellamelli P (2024) Exploring the effects of screen time on 
cognitive development in children under five years: a critical analysis. 
International Journal of Academic Medicine and Pharmacy 6(6):635–640

	11.	 Qu G, Hu W, Meng J, Wang X, Su W, Liu H, Ma S, Sun C, Huang C, Lowe 
S, Sun Y (2023) Association between screen time and developmental 
and behavioral problems among children in the United States: evidence 
from 2018 to 2020 NSCH. J Psychiatr Res 161:140–149. https://​doi.​org/​10.​
1016/j.​jpsyc​hires.​2023.​03.​014

https://doi.org/10.3389/feduc.2021.600687
https://doi.org/10.1093/pch/pxac125
https://doi.org/10.21608/ejentas.2024.253542.1696
https://doi.org/10.1007/s00127-020-01833-9
https://doi.org/10.1177/183693911203700413
https://doi.org/10.1017/S0033291724000084
https://doi.org/10.1016/j.jpsychires.2023.03.014
https://doi.org/10.1016/j.jpsychires.2023.03.014


Page 15 of 15Mostafa et al. The Egyptian Journal of Otolaryngology           (2026) 42:13 	

	12.	 American Academy of Pediatrics. (2016, October 21). American academy 
of pediatrics announces new recommendations for children’s media use. 
[http://​www.​aap.​org/​en-​us/​about-​the-​aap/​aappr​ess-​room/​Pages/​Ameri​
can-​Acade​my-​of-​Pedia​trics-​Annou​nces-​New-​Recom​menda​tions-​for-​
Child​rens-​Media-​Use.​aspx] (http://​www.​aap.​org/​en-​us/​about-​the-​aap/​
aappr​ess-​room/​Pages/​Ameri​can-​Acade​my-​of-​Pedia​trics-​Annou​nces-​
New-​Recom​menda​tions-​for-​Child​rens-​Media-​Use.​aspx).

	13.	 Melika L (1998) Stanford Binet intelligence scale (4th Arabic version). Vic-
tor Kiorlos Publishing, Cairo

	14.	 Abo Hassiba, A., El Sady, S., Elshobary, A., Gamal Eldin, N., Ibrahiem, A., 
Oweys, A. (2011). Standardization, Translation, and Modification of the 
Preschool Language Scale -4. A Doctoral Dissertation, Faculty of Medi-
cine, Ain Shams University: Cairo, Egypt

	15.	 Al-Zoghbi AAM (2019) Working memory performance tasks scale: storage 
- processing - retrieval (verbal component - visuospatial - central execu-
tive). Anglo-Egyptian Library, Cairo

	16.	 Afsah O (2021) The relationship between phonological processing and 
emergent literacy skills in Arabic-speaking kindergarten children. Folia 
Phoniatr Logop 73(1):22–33

	17.	 Kolb B, Gibb R (2011) Brain plasticity and behaviour in the developing 
brain. J Can Acad Child Adolesc Psychiatry 20(4):265–276

	18.	 Tamis-LeMonda CS, Luo R, McFadden KE, Bandel ET, Vallotton C (2019) 
Early home learning environment predicts children’s 5th grade academic 
skills. Appl Dev Sci 23(2):153–169

	19.	 Braz CH, Gonçalves LF, Paiva KM, Haas P, Patatt FSA (2021) Implications of 
musical practice in central auditory processing: a systematic review. Braz 
J Otorhinolaryngol 87(2):217–226. https://​doi.​org/​10.​1016/j.​bjorl.​2020.​10.​
007

	20.	 Kuhl PK (2021) Visual influences on auditory behavioral, neural, and devel-
opmental processing: Commentary on audiovisual speech perception. 
Hear Res 403:108178. https://​doi.​org/​10.​1016/j.​heares.​2020.​108178

	21.	 Rai J, Predy M, Wiebe SA, Rinaldi C, Zheng Y, Carson V (2023) Patterns of 
preschool children’s screen time, parent-child interactions, and cogni-
tive development in early childhood: a pilot study. Pilot Feasibility Stud 
9(1):39. https://​doi.​org/​10.​1186/​s40814-​023-​01266-6

	22.	 Christakis DA, Ramirez JSB, Ferguson SM, Ravinder S, Ramirez J-M (2018) 
How early media exposure may affect cognitive function: a review of 
results from observational and experimental studies. Pediatrics 142(Suppl 
2):S218–S221. https://​doi.​org/​10.​1542/​peds.​2018-​4076C

	23.	 Muppalla SK, Vuppalapati S, Reddy Pulliahgaru A, Sreenivasulu H (2023) 
Effects of excessive screen time on child development: an updated 
review and strategies for management. Cureus 15(6):e40608. https://​doi.​
org/​10.​7759/​cureus.​40608.​PMID:​37476​119;​PMCID:​PMC10​353947

	24.	 Anderson DR, Subrahmanyam K (2017) Cognitive impacts of digital 
screen media on young children. Pediatrics 140(Suppl 2):S57–S61. 
https://​doi.​org/​10.​1542/​peds.​2016-​1758G

	25.	 Champagne-Hamel M, Monfort C, Chevrier C, Saint-Amour D (2023) 
Screen time at 6 years old and visual function in early adolescence. Vision 
(Basel) 7(4):63. https://​doi.​org/​10.​3390/​visio​n7040​063

	26.	 Reich SM, Yau JC, Warschauer M (2016) Media and young minds: mobile 
media use in young children. Child Dev 87(1):201–210. https://​doi.​org/​10.​
1111/​cdev.​12580

	27.	 Miller J, Horowitz-Kraus T et al (2023) Impact of digital screen media activ-
ity on functional brain organization in children: a resting-state fMRI study. 
Cortex 164:274–287. https://​doi.​org/​10.​1016/j.​cortex.​2023.​08.​005

	28.	 Veraksa N, Veraksa A, Gavrilova MN et al (2021) Short- and long-term 
effects of passive and active screen time on young children’s phonologi-
cal memory. Front Educ 6:600687

	29.	 Diamond A (2013) Executive functions. Annu Rev Psychol 64:135–168. 
https://​doi.​org/​10.​1146/​annur​ev-​psych-​113011-​143750

	30.	 Swing EL, Gentile DA, Anderson CA, Walsh DA (2010) Television and video 
game exposure and the development of attention problems. Pediatrics 
126(2):214–221. https://​doi.​org/​10.​1542/​peds.​2009-​1508

	31.	 Lillard AS, Peterson J (2011) The immediate impact of different types 
of television on young children’s executive function. Pediatrics 
128(4):644–649

	32.	 Lillard AS, Peterson J, Greenwood R (2011) Effects of fast-paced, fantasti-
cal cartoons on children’s executive function. University of Virginia, 
Charlottesville, VA

	33.	 Hutton JS, Dudley J, Horowitz-Kraus T, DeWitt T, Holland SK (2020) Associ-
ations between screen-based media use and brain white matter integrity 

in preschool-aged children. JAMA Pediatr 174(1):e193869. https://​doi.​org/​
10.​1001/​jamap​ediat​rics.​2019.​3869

	34.	 Suggate S, Martzog P (2021) Short- and long-term effects of passive and 
active screen time on young children’s phonological memory. Front Educ 
6:600687. https://​doi.​org/​10.​3389/​feduc.​2021.​600687

	35.	 Veraksa N, Veraksa A, Gavrilova M, Bukhalenkova D, Oshchepkova E, 
Chursina A (2021) Short- and long-term effects of passive and active 
screen time on young children’s phonological memory. Front Educ 
6:600687. https://​doi.​org/​10.​3389/​feduc.​2021.​600687

	36.	 Baddeley A (2012) Working memory: Theories, models, and contro-
versies. Annu Rev Psychol 63:1–29. https://​doi.​org/​10.​1146/​annur​
ev-​psych-​120710-​100422

	37.	 Karbach J (2015) Plasticity of executive functions in childhood and 
adolescence: effects of cognitive training interventions. Rev Argent Cienc 
Comport 7(1):64–70

	38.	 Swider-Cios E, Vermeij A, Sitskoorn MM (2023) Young children and 
screen-based media: the impact on cognitive and socioemotional devel-
opment and the importance of parental mediation. Cogn Dev 66:101319

	39.	 Zhang Z, Adamo KB, Ogden N, Goldfield GS (2021) Associations between 
screen time and cognitive development in preschoolers. Paediatr Child 
Health 26(8):e333–e339. https://​doi.​org/​10.​1093/​pch/​pxab0​03

	40.	 Fielding-Barnsley R, Purdie N (2005) Teachers’ attitude to and knowledge 
of metalinguistics in the process of learning to read. Asia-Pac J Teach 
Educ 33(1):65–76. https://​doi.​org/​10.​1080/​13598​66052​00034​1133

	41.	 Massaroni V, Di Giorgio E, Bertozzi S, Scaini S, Tsaloukidis I, Comin E, Ron-
fani L (2023) How screen time affects language development in early life: 
A systematic review. Front Pediatr 11:1324552. https://​doi.​org/​10.​3389/​
fped.​2023.​13245​52

	42.	 Christakis DA, Zimmerman FJ, DiGiuseppe DL, McCarty CA (2004) Early 
television exposure and subsequent attentional problems in children. 
Pediatrics 113(4):708–713. https://​doi.​org/​10.​1542/​peds.​113.4.​708

	43.	 Lin M, Reich SM, Schauer J, Cruz PJ, Bickham D, Geist E, Kennedy A (2023) 
Longitudinal associations between screen use and reading in preschool-
aged children. Pediatrics 151(6):e2022059804. https://​doi.​org/​10.​1542/​
peds.​2022-​059804

	44.	 Carter B, Rees P, Hale L, Bhattacharjee D, Paradkar MS (2016) Associa-
tion between portable screen-based media device access or use and 
sleep outcomes: a systematic review and meta-analysis. JAMA Pediatr 
170(12):1202–1208

	45.	 Gomes, K., & Goldman, R. D. (2024). Screen time and sleep in children. 
Canadian Family Physician, 70(6), 399–400. https://​doi.​org/​10.​46747/​cfp.​
70063​99

	46.	 Carter A, Camsari Atak M, Chivers P, Lundahl A, Essery E, Smith T (2024) 
Toddler screen use before bed and its effect on sleep and attention. 
JAMA Pediatr 178(12):1243–1250. https://​doi.​org/​10.​1001/​jamap​ediat​rics.​
2024.​3850

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.aap.org/en-us/about-the-aap/aappress-room/Pages/American-Academy-of-Pediatrics-Announces-New-Recommendations-for-Childrens-Media-Use.aspx
http://www.aap.org/en-us/about-the-aap/aappress-room/Pages/American-Academy-of-Pediatrics-Announces-New-Recommendations-for-Childrens-Media-Use.aspx
http://www.aap.org/en-us/about-the-aap/aappress-room/Pages/American-Academy-of-Pediatrics-Announces-New-Recommendations-for-Childrens-Media-Use.aspx
http://www.aap.org/en-us/about-the-aap/aappress-room/Pages/American-Academy-of-Pediatrics-Announces-New-Recommendations-for-Childrens-Media-Use.aspx
http://www.aap.org/en-us/about-the-aap/aappress-room/Pages/American-Academy-of-Pediatrics-Announces-New-Recommendations-for-Childrens-Media-Use.aspx
http://www.aap.org/en-us/about-the-aap/aappress-room/Pages/American-Academy-of-Pediatrics-Announces-New-Recommendations-for-Childrens-Media-Use.aspx
https://doi.org/10.1016/j.bjorl.2020.10.007
https://doi.org/10.1016/j.bjorl.2020.10.007
https://doi.org/10.1016/j.heares.2020.108178
https://doi.org/10.1186/s40814-023-01266-6
https://doi.org/10.1542/peds.2018-4076C
https://doi.org/10.7759/cureus.40608.PMID:37476119;PMCID:PMC10353947
https://doi.org/10.7759/cureus.40608.PMID:37476119;PMCID:PMC10353947
https://doi.org/10.1542/peds.2016-1758G
https://doi.org/10.3390/vision7040063
https://doi.org/10.1111/cdev.12580
https://doi.org/10.1111/cdev.12580
https://doi.org/10.1016/j.cortex.2023.08.005
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1542/peds.2009-1508
https://doi.org/10.1001/jamapediatrics.2019.3869
https://doi.org/10.1001/jamapediatrics.2019.3869
https://doi.org/10.3389/feduc.2021.600687
https://doi.org/10.3389/feduc.2021.600687
https://doi.org/10.1146/annurev-psych-120710-100422
https://doi.org/10.1146/annurev-psych-120710-100422
https://doi.org/10.1093/pch/pxab003
https://doi.org/10.1080/1359866052000341133
https://doi.org/10.3389/fped.2023.1324552
https://doi.org/10.3389/fped.2023.1324552
https://doi.org/10.1542/peds.113.4.708
https://doi.org/10.1542/peds.2022-059804
https://doi.org/10.1542/peds.2022-059804
https://doi.org/10.46747/cfp.7006399
https://doi.org/10.46747/cfp.7006399
https://doi.org/10.1001/jamapediatrics.2024.3850
https://doi.org/10.1001/jamapediatrics.2024.3850

	The effect of active versus passive screen time on learning disabilities in preschool Egyptian children: a cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Aim of the study
	Patients and methods

	Methods
	History taking
	Learning disabilities assessed by
	Sample size
	Statistical analysis

	Results
	Discussion
	The differential impact of screen time-type across durations and dose response effect
	Auditory processing
	Auditory memory
	Visual processing
	Visual memory
	Working memory
	Executive function
	Phonological working memory
	Visuospatial working memory
	Phonological processing
	Emergent literacy
	Sleep-time screen effects
	Clinical and educational implications

	Limitations
	Future directions

	Conclusion
	References


