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ABSTRACT

Digital devices offer opportunities for learning and communication, but growing evidence links excessive screen exposure
to negative cognitive, language, auditory, and psychosocial outcomes, as well as increased sedentary behavior. These
concerns intensified during the COVID-19 pandemic, when lockdowns and school closures led to substantial increases in
screen use, as digital media became essential for remote learning, emotional regulation, and social connection. Moreover,
emerging research suggests that these elevated screen habits may persist beyond the pandemic, underscoring the need for
parental guidance and developmentally appropriate limits.

This review analyzed articles from the PubMed, Scopus, and Google Scholar databases, with particular emphasis on recent
systematic reviews, meta-analyses, and cross-sectional studies investigating how screen time and media use affect children’s
neurodevelopment, emotional and behavioral outcomes, and mental health.

During the pandemic, children frequently exceeded recommended screen limits. Across studies, prolonged early screen
exposure was linked to increased risk of cognitive, language, and social delays, particularly among children with emerging
ASD symptoms or higher genetic susceptibility to ADHD. Fast-paced content correlated with ADHD-related behaviors and
video gaming with conduct problems, whereas interactive and communication-based media showed fewer negative
associations. Language development appeared especially vulnerable: excessive mobile device use, background television,
and parental “technoference” were associated with fewer conversational turns, reduced child vocalizations, poorer language
outcomes, and weaker auditory responsiveness.

These findings highlight the importance of parent-focused strategies that promote balanced media habits, such as screen-free
routines, time limits, and active monitoring. Future research should clarify the specific pathways linking screen time to
developmental outcomes and identify effective intervention strategies that can help mitigate potential risks.
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Introduction

In recent years, digital devices have become ubiquitous in the daily lives of children and adolescents.
This has raised growing concerns about their potential effects on neurodevelopment, behavioral and emotional
outcomes, and mental health. The accessibility of screens, ranging from televisions, tablets, smartphones to
computers, has drastically transformed how children develop language, respond to sounds, interact, play, and
form habits (Panjeti-Madan & Ranganathan, 2023). While digital technologies provide opportunities for
education, communication, and entertainment, the accumulated evidence has identified possible associations
between excessive screen exposure and adverse effects on cognitive processes, language development,
auditory responsiveness, and psychosocial outcomes in children and adolescents (Marriage et al., 2024).
Moreover, screen time seems to contribute to the formation of sedentary behavior. There are also studies
linking excessive screen time with unhealthy eating patterns (Votsi & Koutelidakis, 2025). Additionally, a
growing body of research has investigated the COVID-19 pandemic. This period altered the daily lives of
children and families worldwide, reshaping patterns of education, leisure, and social interaction. Digital media
took on new roles, becoming a tool for managing children’s emotions, facilitating remote learning, and
providing social connection amid isolation (Hedderson et al., 2023). Longitudinal cohorts suggest that elevated
screen habits established during early childhood may continue post-pandemic, emphasizing the need for
parental involvement and age-appropriate limits (Y. Li, 2024). Nevertheless, during the worldwide pandemic,
lifestyle changes were necessary. Screen time increased significantly during lockdowns as it became essential
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for maintaining relationships, managing leisure time, and supporting educational activities (Arundell et al.,
2021). Amid the COVID-19 health crisis and the self-isolation requirement, digital technologies became
indispensable and beneficial for the well-being of children and adolescents.

Methods

This review was based on articles sourced from the PubMed, Scopus, and Google Scholar databases,
with particular emphasis on recent systematic reviews, meta-analyses, investigating how screen time and
media use affect children’s neurodevelopment, emotional and behavioral outcomes, and mental health.

The literature search was carried out using the following keywords: excessive screen time exposure,
digital media, technoference, language development, cognitive development, neurodevelopment, mental
health, COVID-19, autism spectrum disorder, attention-deficit/hyperactivity disorder.

Screen time during COVID-19 pandemic

The COVID-19 pandemic provided a distinct context for examining the influence of screen media on
children’s development. Mandated stay-at-home policies and the widespread closure of schools and childcare
centers significantly disrupted the daily routines of families with children. These shifts, along with the
associated stressors, likely strained family well-being and contributed to increased screen exposure among
children (Hartshorne et al., 2021). It also offered an opportunity to identify both individual and cultural factors
influencing digital media use among children. Current research provides insight into how families perceive,
use, and are impacted by screens in their everyday routines as well as during times of disruption. According to
the World Health Organization’s (WHO) recommendations, infants and children under 2 years should not be
exposed to screens, while those aged 2 to 4 years should have less than one hour of screen time per day.

Numerous studies have explored patterns of screen use throughout the COVID-19 pandemic. A
longitudinal cohort study carried out in the United States indicated that children’s screen use rose by
approximately 1.75 hours per day at the onset of the pandemic and remained elevated by about 1.11 hours per
day compared with pre-pandemic levels as the pandemic continued. The overall increase was primarily driven
by greater recreational screen use, and across most categories, a higher proportion of screen time involved
shared engagement with a caregiver. Moreover, across the study period, children from self-identified racial or
ethnic minority groups consistently exhibited higher overall screen time than their non-Hispanic White peers
(Hedderson et al., 2023).

Additionally, a cross-sectional study explored media use patterns among Canadian preschoolers during
the COVID-19 pandemic, focusing on factors associated with excessive screen exposure (more than two hours
per day) and bedtime media use. The study found that over half of the children exceeded recommended screen
time limits, and over half were regularly exposed to screens before bed. Older children and those with parents
who reported higher screen use were more likely to exceed recommended limits (Fitzpatrick et al., 2022). In
contrast, parents who practiced restrictive mediation, defined as setting clear rules regarding duration and
content, had children with lower overall media use (NATHANSON, 1999). Instructive or active mediation
involves talking with children about the content they encounter in media, while social co-viewing refers to
watching media together without engaging in discussion (Valkenburg et al., 1999). Co-viewing has also been
highlighted as a valuable approach for enhancing the benefits of media use and minimizing its risks, whereas
instructive mediation has been associated with better learning outcomes from educational media (Strouse et
al., 2013). Moreover, restrictive parental mediation was associated with reduced bedtime exposure, whereas
co-viewing and instructive mediation, were linked to more frequent bedtime screen use. Children’s
temperament played an additional role: those with stronger effortful control (better emotional and attentional
regulation) were less likely to engage in bedtime media use. Families with higher levels of education, income,
and work-from-home arrangements reported less excessive use, while greater satisfaction with the division of
childcare was also linked to healthier screen habits (Fitzpatrick et al., 2022).

Other scientific research made similar observations. It examined screen use among children aged 8 to
36 months, recruited from 12 countries during the first COVID-19 lockdown. Toddlers who were not engaged
in online schooling experienced higher screen exposure during the lockdown compared with the period before
it. This increase appeared to be especially pronounced in countries where lockdowns lasted longer. There was
no indication that the rise in screen time was directly linked to sociodemographic factors such as child age or
socioeconomic status (SES). Nonetheless, during the lockdown, screen use showed a negative association with
SES and positive associations with child age, caregiver screen habits, and caregivers’ attitudes toward
children’s screen use (Bergmann et al., 2022). The findings underscore the influence of the COVID-19
lockdown on young children’s screen exposure.
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Neurodevelopmental disorders and behavioral issues

In recent years, the rapid growth in the use of electronic devices has greatly increased children’s
exposure to screens, leading to growing public concern about their effects on neurodevelopment and mental
health. Considerable attention has been given to the possible link between prolonged screen exposure in
infancy and the risk of neurodevelopmental disorders (Takahashi et al., 2023). Neurodevelopmental disorders
(NDDs) are a group of conditions resulting from atypical brain development that lead to impairments in
cognition, communication, behavior, or motor functioning, typically manifesting in early childhood and
persisting throughout life (Kalin, 2020). The most prevalent are autism spectrum disorder (ASD) and attention-
deficit/hyperactivity disorder (ADHD), both of which show a steady increase over time (Abdelnour et al., 2022)
(Francés et al., 2022) (Maenner et al., 2023). ADHD is characterized by primary symptoms of inattention,
hyperactivity, and impulsivity, which can hinder a child’s ability to learn, interact socially, and regulate
emotions effectively (Sadr-Salek et al., 2023). In contrast, autism spectrum disorder is a neurodevelopmental
condition that affects brain maturation and impairs social functioning. Children with ASD typically experience
difficulties in communication and social interaction, as well as delays in language and cognitive development,
learning challenges, and atypical or inappropriate emotional responses (Hirota & King, 2023).

The relationship between the multi-dimensional aspects of screen exposure and autistic symptoms is
being investigated. Although the exact causes of ASD remain unclear, the condition is thought to result from
a combination of genetic and environmental influences (Yasuda et al., 2023). For children with autism
spectrum disorder (ASD), early and frequent screen exposure is considered a potentially significant
environmental factor influencing their developmental trajectories (Heffler et al., 2020). The American
Academy of Pediatrics (AAP) recommends that infants and toddlers younger than 18 to 24 months should not
be exposed to digital media and should avoid independent use of electronic devices. Moreover, excessive and
frequent screen exposure has been associated with worsening autistic behaviors and delays in cognitive,
language, and social development (Peng et al., 2024). A cohort study that analyzed information collected from
mothers and their children in Japan suggested that boys who had longer screen exposure at age one were more
likely to show ASD symptoms by age three. This may reflect the fact that, at younger ages, the brain is more
sensitive to genetic influences that shape later development, whereas by age three it has already achieved
certain developmental milestones that lessen this vulnerability (Kushima et al., 2022). Early screen exposure
may place children at a greater risk of developing ASD compared with those who are introduced to screens at
a later age (Sarfraz et al., 2023). Screen time may displace crucial activities like parent—child interaction,
outdoor play, and real-world social experiences (Chan, 2024). Additionally, children with more severe ASD
symptoms may naturally gravitate toward screens, making the direction of causality unclear. Prolonged screen
use in early childhood may not directly cause autism spectrum disorder but could reflect early behavioral traits,
as children with a higher genetic risk for ASD tend to be more drawn to objects than to social interactions. In
contrast, a higher polygenic risk for ADHD was linked to increased screen use over time, possibly due to a
greater vulnerability to impulsivity and gaming addiction. The findings highlight that genetic predispositions
may influence children’s screen habits (Takahashi et al., 2023).

Other findings were reported in a 2023 Chinese cross-sectional survey that investigated the relationship
between screen time and attention deficit/hyperactivity disorder in preschool children. It was observed that the
link between screen time and ADHD symptoms was not significant among preschoolers overall, except for
those who were overweight or obese. This association may indirectly suggest that obesity could influence the
relationship between ADHD symptoms and screen exposure. Increased screen use contributes to greater
sedentary behavior, which can raise BMI, while children with obesity may, in turn, be more likely to engage
in prolonged screen use due to physical limitations (Zhou et al., 2023). Moreover, children’s physical activity
is an important factor in enhancing attention and reducing hyperactive behaviors (Suchert et al., 2017). Other
studies suggest that a higher polygenic risk for ADHD was linked to increased screen use over time, possibly
due to a greater vulnerability to impulsivity and gaming addiction. The findings highlight that genetic
predispositions may influence children’s screen habits (Takahashi et al., 2023).

Furthermore, as research in this field has expanded, it has become clear that not only the amount of time
spent on screens but also the type of content viewed plays an important role in children’s psychological
development. Different kinds of screen content may affect children in distinct ways (Kostyrka-Allchorne et al.,
2017). When analyzed by type of content, both educational videos and cartoon videos were significantly linked
to ADHD risk. In contrast, interactive videos (such as video calls or apps involving active participation)
showed no significant association with ADHD risk. The authors suggest that the rapid scene changes and
overstimulation typical of educational and cartoon content may disrupt attention regulation and self-control,
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while interactive content might engage children in more cognitively active and socially reciprocal ways (Wu
etal., 2025). Although the direct influence of screen time on the development of neurodevelopmental disorders
remains uncertain, evidence suggests that having siblings may encourage more outdoor activities and foster
social skill development (Sugiyama et al., 2023).

Around one in five children and adolescents experience mental health difficulties, which often present
as behavioral issues. Even moderate behavioral problems can interfere with healthy development into
adulthood. Many childhood mental health concerns fall under the category of “behavioral problems,” yet they
are frequently missed or insufficiently addressed (Copeland et al., 2015). Because these difficulties can have
lasting effects, it is essential to identify the factors that contribute to them. Extended screen use has been linked
to poorer mental health in children, partly through its negative impact on sleep and its promotion of sedentary
behavior and reduced physical activity (C. Li et al., 2020)(Oswald et al., 2020) (Tandon et al., 2021). Concerns
are increasing about problematic patterns of internet gaming, and the ICD-11 now formally recognizes gaming
disorder. Numerous cross-sectional studies have reported associations between excessive screen time and
behavioral difficulties in children (Song et al., 2020) (Anitha et al., 2021). In a large cross-sectional analysis
from the Hokkaido Study on Environment and Children’s Health, video gaming emerged as the screen activity
most strongly associated with behavioral problems. Children who played video games for two or more hours
on weekdays had more than double the odds of exhibiting elevated behavioral difficulties compared with those
who did not play games. Increased gaming time was particularly linked to higher rates of conduct problems,
hyperactivity/inattention, and lower prosocial behavior. Conversely, moderate use of email, messaging, or
social networking services (about one hour per day) was associated with fewer peer relationship problems.
Watching television or videos showed no meaningful association with behavioral difficulties (Tamura et al.,
2025).

Some research suggests that reducing screen time may help prevent neurodevelopmental difficulties,
whereas other work, such as a Chinese study found that genes that predispose people to spend more leisure
time on screens are linked to a lower ADHD risk but to a higher risk of reduced intelligence, with no genetic
causal relationship for several other neurodevelopmental disorders (Cai et al., 2025). Given these
inconsistencies, it remains challenging to establish a clear relationship between screen time and
neurodevelopmental outcomes.

Language development

The significance of providing a language-rich home environment in the early years of life is well
recognized. Research shows that early language exposure is positively linked to children’s language and
socioemotional development, intelligence, and brain functioning. Children’s language abilities play a crucial
role in their social and academic growth, making language acquisition one of the most vital aspects of early
development (Massaroni et al., 2024). In contrast, early language delays or disorders have been linked to
behavioral problems and to poorer academic performance both at school entry and later in life. Consequently,
many programs now aim to increase parent—child verbal interaction within the home (Ferjan Ramirez et al.,
2019). From infancy, language emerges through interactions with parents and other important caregivers
(Brushe et al., 2024). Providing a cognitively stimulating environment—for example, by reading to the child—
can further support and enrich this developmental process. Studies from Australia and the United States have
revealed substantial variation in how much families engage in such talk (Gilkerson et al., 2017) (Brushe et al.,
2020) (Brushe et al., 2021). Although speaking with children may appear straightforward, the demands of
modern family life often make it challenging. It is therefore essential to identify factors within the home
environment that may hinder parents’ ability to communicate and interact with their children, in order to guide
interventions that foster language-rich interactions and promote healthy language development.

An expanding body of evidence has explored how screen time influences parent—child communication,
including the number of adult words spoken, children’s vocalizations, and conversational turn-taking. The
concept of “technoference” (technology + interference) refers to situations in which a parent’s use of digital
devices interrupts or distracts from interactions with their child (McDaniel & Radesky, 2018) It suggests that
parents’ engagement with screens reduces opportunities to talk and respond to their children (Brushe et al.,
2024). Systematic reviews have shown that parental smartphone use is linked to lower responsiveness and
attention toward young children (Knitter & Zemp, 2020), as well as reduced emotional and verbal engagement,
harsher interactions, and fewer positive communications when parents are occupied with digital devices
(Beamish et al., 2019) Recent data indicates that children aged two and three who spent at least one hour per
day using mobile devices had notably lower language development scores, along with an increased likelihood
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of difficulties in both understanding language and expressing themselves. Moreover, background television—
when it is on but not being actively watched—can also negatively affect expressive language, executive
functioning, attention, and the overall quality of children’s play (Sugiyama et al., 2023).

Language development is closely linked to the hearing process and is stimulated by the sounds in a
child’s environment. Recent research has examined whether young children’s responsiveness to simple
auditory cues is associated with their exposure to entertainment screen time (EST). A 2023 study found that
higher EST was consistently related to poorer vocabulary, weaker social-communication skills, and an
increased likelihood of unresponsiveness to simple sounds during hearing assessments (Marriage et al., 2024).

Research indicates that screen use can have both beneficial and detrimental effects on language development.
On the positive side, it may support vocabulary growth, introduce children to diverse cultural and linguistic
experiences, and provide a safe way to keep them engaged (Balton et al., 2019) On the other hand, it is important
to note that children only start meaningfully processing and interpreting information around age two, which may
make it harder for them to understand content presented on screens (Ponti et al., 2017).

Discussion

The findings of this review highlight the complex relationship between digital media use and children’s
neurodevelopment, behavior, mental health, and language outcomes. Across studies, excessive or
developmentally inappropriate screen exposure was consistently associated with a range of adverse outcomes,
though the magnitude and nature of these effects varied by age, type of content, family context, and child
characteristics. Taken together, the evidence suggests that different types of screen use lead to different
outcomes for children. Its impact depends heavily on what children are watching, how they are engaging with
media, and under what circumstances screen use occurs.

During the COVID-19 pandemic, digital media use increased markedly across age groups, driven by the
closure of schools and childcare centers, disruptions to family routines, and heightened stress within
households. Although these increases were understandable and at times necessary for maintaining educational
continuity, social contact, and emotional regulation, they nonetheless amplified existing screen-related risks.
Notably, children from socioeconomically disadvantaged or minority backgrounds demonstrated greater
increases in total screen exposure, suggesting that pandemic-related inequalities may have disproportionately
influenced media use patterns. These findings underscore the need for policies and supports that reduce
disparities in digital access, parental workload, and caregiving strain.

Evidence related to neurodevelopmental disorders indicates that prolonged early screen exposure may
contribute to delays in cognitive, language, and social development. However, causality remains difficult to
establish, particularly given that children with emerging ASD symptoms or higher genetic susceptibility to
ADHD may be more drawn to screens. This bidirectional relationship emphasizes the importance of
considering both environmental and biological mechanisms when interpreting findings. Interestingly, content
type emerged as an important factor. Fast-paced educational and cartoon videos were linked to increased
ADHD risk, whereas interactive media involving social participation did not show these associations. This
distinction suggests that media experiences that promote social exchange and cognitive engagement may be
less harmful or potentially even protective compared to passive, rapidly stimulating content.

Behavioral findings were similarly nuanced. Excessive screen use, especially video gaming, was
strongly associated with conduct problems, hyperactivity, and reduced prosocial behavior. At the same time,
moderate use of communication-based platforms, such as messaging or social networking services, was linked
to improved peer relationships. These outcomes highlight that screen time should not be conceptualized solely
in terms of quantity. The behavioral implications differ substantially depending on the social or cognitive
demands of specific media activities.

Language development emerged as a particularly sensitive domain. Evidence consistently showed that
high screen exposure was associated with fewer adult—child conversational turns, reduced child vocalizations,
and worsened auditory processing skills. The concept of “technoference” provides a compelling explanation:
parental digital engagement competes with opportunities for verbal interaction and responsive caregiving, both
of which are foundational for early language learning. Despite these converging findings, several limitations
warrant consideration. Many studies relied on parent-reported screen time, which may underestimate actual
use. Cross-sectional designs further limit causal inference, and cultural differences in parenting practices may
affect the generalizability of research results. In addition, rapid technological change means that children’s
media environments evolve faster than research can fully capture.
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Overall, the results of this review point to several key implications for practice and policy. First,
guidance for families should emphasize not only reducing excessive screen time but also supporting high-
quality, interactive media experiences and encouraging parent—child co-engagement (Karani et al., 2022)
Second, interventions should prioritize maintaining language-rich environments, limiting background
television, and promoting responsive caregiving. Finally, future research should adopt longitudinal and
experimental designs, incorporate objective measures of screen exposure, and explore individual differences
in susceptibility to screen-related risks.

Conclusions

Excessive or developmentally inappropriate screen exposure in children was consistently associated
with adverse effects, including delayed cognitive and language development, increased behavioral difficulties,
and reduced quality of parent—child interaction. The consequences of screen use are not uniform; they depend
on factors such as the child’s age, the type and content of media consumed, the context in which screens are
used, and individual vulnerabilities, including genetic predispositions. The findings emphasize the need for
parent-focused interventions that encourage approaches such as setting screen-free times, implementing
parental monitoring and time limits, and promoting alternative activities to foster balanced media habits from
early childhood.

However, future large-scale, long-term studies are needed to better understand the impact of screen
exposure on children. Future studies should differentiate between types of digital content, and account for
family, cultural, and biological influences. While digital media can provide valuable educational and social
benefits, excessive or poorly regulated screen use may pose significant risks to children’s neurodevelopmental,
behavioral, and language outcomes. A balanced, evidence-based approach to digital media use, guided by
developmental principles and family needs, is essential for supporting healthy development in an increasingly
digital world.

Funding Statement: This research did not receive any funding.
Conflict of Interest Statement: The authors declare no potential conflict of interest.
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