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ABSTRACT

Objective: Digital media and as a consequence the use of screens are playing an increasingly important role in people's lives.
Unfortunately, it also results in screen time among children, which has negative effect for their brain development. The
purpose of this article is to present the impact of digital media usage and screen time on brain development and its
consequences in children and adolescents.

Methods: The review was conducted based on the analysis of materials collected from the "PubMed" databases. During the
search for scientific articles, the following keywords were used: autism in children and screens, child's screen time,
advantages and disadvantages of digital media, brain development and digital media, brain development. A total of 30 articles
were considered for the study, and their relevance was verified in the context of the impact of digital media on brain
development in children and adolescents.

Key findings: Modern digital media play a vital role in 21st — century human life. Despite the many benefits of new
technologies, their excessive use can lead to negative consequences. Researchers suggest that this may be related to, among
other things, disruptions in brain development and an increase in the incidence of mental disorders.

Conclusions: Most intense development of the human brain occurs in the early years of life, when neurons are particularly
plastic and highly sensitive to stimuli. Excessive use of screen devices can affect speech or cognitive development and social-
emotional aspects. However, due to rapid technological advances, this issue requires further, in-depth research.

KEYWORDS
Digital Media, Brain Development, Screen Time Exposure, Disadvantages of Digital Media, Advantages of Digital Media
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Introduction

Digital media have been continuously gaining popularity for two decades. They undoubtedly have a
significant impact on human life and functioning. This is especially evident among the youngest members of society,
for whom the world of the internet and television often provides tools to gain recognition among peers. Young
children, spending time in front of screens, not only learn but also give young parents a moment of respite [1, 2]. In
Italy, it has been shown that parents often use screens as part of childcare. In the first year of their children's lives,
about 30% of caregivers use this method, while in the second year, as many as 70% do [3].

Currently, due to increased availability of various types of media, children spend between 3 to 6 hours
a day using screens. This amount of time is comparable to the number of hours spent sleeping in a 24-hour
period, which means that, alongside other activities, screen time occupies a significant portion of young
people’s lives [4]. Scientific studies show that 95% of American teenagers own a mobile phone, and nearly
45% are constantly online [2]. For example, the rate of screen use among children aged 2 to 4 years in the
United States increased from 39% to 80% between 2011 and 2013. In England, more than half of children
under one year of age spend time in front of a screen daily, while in Italy, already one-fifth of toddlers use a
mobile phone during their first twelve months of life [3].

The beneficial impact of electronics and their contribution to the continuous development of humanity
cannot be underestimated [5]. For many years, digital media have facilitated daily functioning and provided
entertainment through the distribution of movies and computer games [2]. However, it should be noted that
digital media, on one hand, have many advantages, but on the other hand, they carry negative consequences
resulting from their excessive use [6].

For years, humanity has been wondering about the impact digital media have on the rapidly developing
young organism. The discussions mainly focus on the amount of time spent in front of screens, due to differing
opinions regarding its quality. Two types of engagement during screen use are distinguished: passive and active
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[7]. Passive engagement is defined as the lack of physical participation and interaction with the screen. On the
other hand, active forms of spending this time include playing games, where a person uses their cognitive
abilities [3]. There is evidence of the positive effects of active participation, such as the development of
language or creativity, while passive screen use may be a precursor to many negative consequences [7].

Children who excessively use screens are exposed, among other things, to the influence of media
messages, which can affect their behavior, sleep, slow down neuronal development, and hinder the learning
process that develops best through social interactions [1]. Furthermore, numerous studies highlight effects such
as mood swings, delayed speech development, and the occurrence of autism spectrum disorders. It is also
worth mentioning that due to the behavior of children who overuse digital media, their relationships with
parents may suffer, leading to further developmental consequences [4]. Another very important fact is that
screen use not only negatively affects the functioning of the human body but also its structure, as observed in
studies of the brains of preschool-aged children. These scientific research showed, among other things,
thinning of the gray matter in the cerebral cortex [1].

The human brain is the most unexplored organ of the human body. Its greatest development occurs during
the early years of a child's life. In the first year, the brain doubles in volume, and by the second year, it reaches about
80% of the size of an adult brain, forming key structural and functional foundations during this time. Its development
takes place through the remodeling and reorganization of neural networks, which are shaped by both genetic and
environmental factors . It is during this period that neurons are most plastic and susceptible to shaping, and the
future development of the child largely depends on the parents [1]. Excessive, uncontrolled screen use at a young
age can have a significant impact on the functioning of the child's nervous system [5].

A very important issue is understanding the current problem of electronics use and its consequences,
especially given the continuous increase in technology use, which was reflected during the COVID-19
pandemic in 2019 [2]. This paper aims to review the available knowledge on the neuropsychological and
psychosocial consequences of digital media exposure during childhood and adolescence.

Methodology

The review was conducted based on the analysis of materials collected from the "PubMed" databases.
During the search for scientific articles, the following keywords were used: autism in children and screens,
child's screen time, advantages and disadvantages of digital media, brain development and digital media, brain
development. A total of 30 articles were considered for the study, and their relevance was verified in the
context of the impact of digital media on brain development in children and adolescents.

Results
Outline of the physiological development of the brain

Childhood is a time of intensive growth and changes in the human nervous system, so that cognitive and
affective functions such as attention, memory, emotion and the reward system develop [1, 8]. The brain in
early childhood is characterized by high experience-dependent synaptic plasticity and prolonged myelination,
which is very important in the maturation of brain networks [5, 9]. In children up to the age of 6, brain
development at the cellular level involves nerve cell proliferation and migration, myelination, programmed
cell death, the formation of dendrite branching and synaptic connections, as well as their removal [10]. During
the transition age from childhood to adolescence, many changes and processes take place in the human body,
such as further myelination in the nervous system, strengthening of already existing synaptic connections, and
synaptic pruning, which indicates maturation of the cerebral cortex. Environmental factors have a very
important role in regulating the pruning of synapses during adolescence, which were produced in excessive
amounts during childhood [11].

Individual areas in the brain, such as cortical thickness, gray matter volume, functional activation, and
the connectivity of large networks, have specific maturation timelines and sequences of changes, which in turn
affect behavior and intellectual abilities [8]. For example, neuroimaging studies have shown that unimodal
cortical areas mature faster (e.g., visual, sensorimotor) than polymodal areas or later-maturing higher-order
prefrontal regions [8, 12]. Regarding the development of cognitive and affective functions, attentional capacity
develops faster than working memory, which matures over a longer period, while emotional perception
develops earlier than emotional regulation [8].

The brain volume growth spurt begins as early as mid-pregnancy, reaching its peak for gray matter
before the age of 6, and for white matter before the age of 29. The volume of subcortical gray matter peaks
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around the age of 14. Total brain volume is largest at 11-12 years of age (typically earlier in girls than in boys),
while cortical thickness peaks at around 1.7 years old [1, 13]. Regarding the maturation of subcortical
structures, the amygdala matures first (at 3.3 years), followed by the hippocampus (4.6 years), then the putamen
(4.6 years), globus pallidus (5 years), and caudate nucleus (5.5 years). The thalamus has the longest maturation
period, lasting approximately 7.3 to 7.5 years [10].

The increase in brain volume is accompanied by the development of neural networks in the brain, which
is essential for proper later functioning. Structural and functional brain networks mature most rapidly into
highly developed and efficient systems during the first few years of life. Individual neural circuits in the brain
develop independently before connecting and enabling cooperation between each other. This ongoing
integration of networks is a hallmark of brain network maturation [9]. Prolonged screen time can negatively
affect the microstructural integrity of white matter pathways, which impacts language abilities, executive
functions, and reading and writing skills in children aged 3 to 5 years [14, 15]. Screening tests assessing the
development of children at ages 3 and 5 showed poorer outcomes for those who spent more time in front of
screens around the age of 2 [14].

Executive functions include higher-order cognitive skills, whose proper development is essential for
adequate self-regulation, learning, and also impacts mental health. They develop most intensively during the
first years of life. Together with the prefrontal cortex, these functions are extremely sensitive to the surrounding
environment during this period. Images presented on two-dimensional screens, often intended for older
children or adults, are difficult for young children to process, which exposes them to deficits in executive
functions due to underdeveloped processing skills and cognitive functions [15]. Research indicates that
watching videos activates brain neurons to a lesser extent than looking at illustrated books [9].

Changes occurring in the brain as a result of children's media use

In a study conducted by Huang P. et al., the impact of screen exposure in children up to 4 years old on
neurons, brain network topology, and socio-emotional competencies at a later age was examined. The study
found a correlation between the time spent in front of screens and the integration of emotion-processing and
cognitive control networks in participants at 6 years old. This may result in greater emotional dysregulation
and poorer socio-emotional competence due to the premature maturation of brain networks caused by
excessive stimulation [9]. Moreover, a study conducted by Nivins S. et al. showed that individuals who spend
a significant amount of time on social media may experience accelerated synaptic pruning and changes in the
myelination process, which could potentially lead to a reduction in cerebellar volume in the future. On the
other hand, it has been demonstrated that the use of digital media does not significantly affect the development
of cortical surface area and striatal volume [11]. Both in preschool-aged children and those around 10 years
old, it was observed that those who spent more time using media had a thinner layer of cortical gray matter
and shallower sulcal depth in areas responsible for visual processing, social cognition, attention, and
developing reading and writing skills [1]. This thinning of sensory areas in the brain can be associated with
maturation, while greater cortical thickness and sulcal depth indicate the extent of cognitive functions in
children and adolescents. Moreover, reduced cortical thickness in the angular gyrus may be linked in adulthood
to decreased social cognition and episodic memory. This gyrus is responsible for the ability to recognize
written letters and for preparing children to learn to read, and a reduction in this parameter may indicate
impaired development of these skills [12]. It is worth noting that digital media not only directly influence
changes in children's development but also indirectly by reducing the time spent with peers, leading to social
isolation. This social isolation also causes structural and functional changes in the brain, which most
significantly affect social cognition and emotional regulation [5].

Advantages and disadvantages of screen use

In the 21st century, the benefits of digital media are indispensable. The Internet is an essential tool for
work, education, and access to public services. It enables employees to perform their professional duties
remotely and allows students to learn online. Additionally, access to public services, such as electronic banking
and scheduling medical appointments, has become faster and more convenient thanks to digital tools [16, 17].

Moreover, digital media enable users to shape their online identity, providing a sense of freedom and
control, especially for the generation raised on the internet. The possibility of maintaining complete anonymity
without fear of judgment from others is also appealing, allowing less confident individuals to initiate and build
interpersonal relationships. Additionally, one can gain a sense of belonging by joining groups that share similar
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interests and beliefs, which is why games often foster such connections. However, one of the most important
advantages of using digital media is the ability to interact with others on an unprecedented scale, regardless of
the continent on which a person is located. This facilitation of communication offers many opportunities for
social, cultural, and professional development. All of the above features are significant benefits that have
brought the world to a higher technological level; however, due to their attractiveness, they often lead to
addiction [16, 18].

Addiction of children to spending excessive amounts of time in front of phone, tablet, and television
screens can cause serious health problems, particularly in the areas of cognitive, language, and socio-emotional
development [19].

Cognitive development

The use of screen media can have both positive and negative effects on a child's cognitive development.
Among the positive aspects are education, due to the easy and quick access to information, as well as the
availability of specific educational applications, such as apps for learning to read or electronic books [18].

On the other hand, negative effects have been observed, including problems in sensorimotor development,
executive functions, and academic performance [19]. A cohort study, the Quebec Longitudinal Study of Child
Development, showed that excessive television use at the age of 2 was associated with decreased engagement during
lessons and lower math achievement in fourth grade. Similar results were obtained in studies conducted in Spain
and the USA. Additionally, among teenagers, it was found that multitasking with media was negatively associated
with working memory and the ability to switch between tasks [18].

Hendry and colleagues conducted a study involving 575 children in the United Kingdom aged 8 to 36
months. In this scientific research, the authors observed that not only the amount of screen time but also the
content of digital media affects children's cognitive development. It was demonstrated that time spent in front
of screens during early childhood is associated with lower cognitive performance, particularly in executive
functions and regulatory skills. It is also worth noting that fast-paced, aggressive, and distracting content can
weaken a child's ability to concentrate. The results suggest that exposure to and assimilation of such stimuli
often lead to a need for similar stimulation in real life. This translates into reduced concentration in classroom
settings and other educational environments, impairing the ability to absorb knowledge. Furthermore, it was
shown that prolonged screen exposure significantly contributes to a decrease in working memory capacity in
children, causing difficulties in handling complex tasks [20].

Bukhalenkova and Almazova conducted a study involving 772 mothers of children aged 5 to 6 years,
examining the relationship between active screen time such as playing computer games and parents' active
participation in these activities. The conclusion was that prolonged screen use limits children's creativity and
problem-solving skills [20].

Speech development

Another important aspect in the context of digital media use is speech development in children.
Researchers from the Department of Psychology and Speech and Language Pathology, Faculty of Medicine,
University of Helsinki, investigated the impact of screen time on language skills. The study involved 164
Finnish children aged 2.5 to 4.1 years and their mothers. A negative relationship was found between the time
children spent alone in front of screens and their expressive language abilities as well as overall language skills.
Furthermore, it was shown that the more time spent in front of screens, the poorer the language abilities [21].
Confirmation of these findings comes from another study conducted in Canada by McArthur and colleagues,
involving 1,994 mothers with children aged 36 months. The study compared the impact of different levels of
screen time (<1, 2, and >3 hours per day) on toddlers’ development and behavior. The results showed that
exceeding the WHO’s recommended one hour per day is associated with a higher risk of emotional problems
and developmental delays, especially in language acquisition, with the most severe effects occurring at over 3
hours per day. Therefore, it is important to limit screen time, support parents in managing it, and promote
activities that foster the child’s development [22].

Moreover, as previously mentioned, interactions between children and adults are crucial for the proper
development of lexical abilities and overall language development. Time spent in front of screens can reduce
the quantity and quality of child-parent interactions, which hinders the youngest children from further
developing their language skills [21, 23]. Educational programs and co-viewing television with a parent, on
the other hand, can have a positive impact on vocabulary learning. The age at which screen use begins is also
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significant, as the later the exposure to screens occurs, the better the language development. This aligns with
pediatric guidelines that recommend protecting children from digital media use until the age of 18 months, and
for children over 18 months, limiting screen time [7].

Unfortunately, the primary way young children currently use digital media is passive television
watching, which further limits opportunities for language interactions [21]. However, there is evidence that
the level of screen interactivity may also positively correlate with the development of a child's language
abilities [24]. Hu et al. studied the relationship between active and passive screen time in children. The research
involved 579 Chinese children aged 5 years. They confirmed that passive screen time negatively affects
executive functions, which include planning, problem-solving, attention control, flexibility, and social skills.
In contrast, interactions with screens stimulate the development of receptive language abilities [20].

In the context of speech development, it has also been found that excessive visual and auditory
stimulation during screen media use can distract children, further hindering the differentiation of phonological
and syntactic sounds. This is additional evidence of the impact of television on poorer language skills
development [20]. Medawar and colleagues, in a study conducted with 465 mothers of children aged 0-36
months, found that passive exposure to screen content negatively affects language and reading skills. The
constant influx of auditory and visual stimuli from screens makes it difficult for children to maintain
concentration and attention, which adversely affects the learning process [20].

Finally, it is important to emphasize that language development is influenced not only by the amount of
time spent in front of screens but also by the quality of the content viewed, which may correlate with a smaller
vocabulary. Poor quality is defined as: watching television alone, watching content intended for adults, having
the television on in the background, and early age of viewing [24].

Social-emotional development

The amount of time spent in front of screens has been linked to an increase in obesity problems, sleep
issues, anxiety levels, and depression [19]. Studies conducted on very young children suggest that screen use is
an independent factor reducing mental well-being. It has been shown that increased time spent watching
television between 6 and 18 months of age may cause greater emotional reactivity, higher levels of aggression,
and more frequent externalizing behaviors [25]. Moreover, digital media can have varying effects on children
depending on gender, as evidenced by the fact that gaming reduced emotional understanding in boys but not in
girls [19, 26]. The same effect in 6-year-old girls was caused by watching TV at age 4, while having a television
in the child's bedroom at age 6 is associated with lower emotional understanding at age 8 [26]. Halpin et al.
conducted a study in Australia involving 106 parents (aged 18 or older) and children aged 0—4 years,
demonstrating that prolonged screen use, besides reducing children's time management abilities as well as
concentration and planning skills, also adversely affects their ability to recognize and regulate emotions [20].

Using computers and video games is associated with serious depressive disorders later in life. However,
the same is not observed after exposure to TV. Regarding video games specifically, their use by children may
be linked to the occurrence of anxiety disorders [25]. Depressive symptoms, as well as suicidal thoughts, can
also result from sleep deprivation caused by time spent in front of screens, using digital media at night, and
smartphone addiction [27]. It is also worth mentioning that not only the amount of time spent on digital media
or exposure to multimedia device screens are responsible for these problems, but also cyberbullying
experienced by children and adolescents online, as well as media addiction, contribute to the deterioration of
mental health and even to suicide attempts [28].

Early and increased exposure to violent content may be associated with a higher incidence of antisocial
behaviors. Additionally, violent and fast-paced content triggers dopamine pathways in the brain that stimulate
the reward system, which may be linked to the development of ADHD [27]. Moreover, a meta-analysis by
Werling A. et al. indicates that children and adolescents diagnosed with ADHD are at increased risk of
problematic internet and media use [29]. Therefore, the relationship between digital media use and ADHD is
bidirectional, meaning that media influence later ADHD symptoms (such as impulsivity, inattention, and
hyperactivity), and individuals with ADHD are more prone to excessive exposure to multimedia device screens
[30]. Furthermore, addiction to multimedia screens can also cause psychoneurological effects, including
decreased ability to cope in social situations and the development of craving behaviors resembling substance
addiction [27].

It cannot be denied that social media serves as a means for young people to maintain friendships, which
can have a positive effect on their relationships with others [28]. On the other hand, however, prolonged time
spent in front of screens leads to a decrease in the intensity of face-to-face relationship building. Additionally,
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teenagers’ use of social media distorts their definitions of social acceptance, simplifying it to the number of
likes and friends on social platforms. Unfortunately, this often leads to constant comparison with others,
feelings of inadequacy, and the generation of anxiety disorders [25]. Moreover, overuse of technology by both
children and parents negatively affects their mutual interactions throughout the day, emotional self-regulation,
and causes parental distraction, which may result in missing certain signals from their children, further leading
to unmet needs of the offspring. Both the time spent in front of screens itself and poorer emotional regulation,
cognitive abilities, behavioral control, and attention span contribute to worse social outcomes, all of which are
consequences of digital media use [20].

Autism

A systematic review of 11 studies conducted by Sarfraz and colleagues from the California Institute of
Behavioral Neurology and Psychology analyzed the relationship between children's screen exposure time and the
development of autism spectrum disorder (ASD). Most of the studies confirmed that longer screen time
significantly increases the risk of ASD symptoms. For example, children who spent more than 3 hours per day
in front of screens scored higher on ASD screening tools, such as the M-CHAT-R, compared to children with
shorter exposure times. Furthermore, children exposed to screens from an early age exhibited more frequent
problems with social communication, speech delays, difficulties in understanding nonverbal communication, and
behaviors typical of ASD. The studies showed that reducing exposure led to an improvement in symptoms [6].

For example, in Kurdistan, Iraq, Mosa and colleagues studied 231 children diagnosed with autism
spectrum disorder to examine the correlation between screen time and the likelihood of developing these
disorders. Most participants began using screens within the first two years of life, with a significant proportion
exposed before the age of one. Some studies indicate that early exposure to screens relevantly increases the
risk of ASD, while others do not find such a link. The authors of this study did not find statistical significance
for this parameter. However, the average daily screen time for children with ASD was notable, at 3.61 hours,
which was significantly higher than in the control group, where the average was 2.99 hours [4].

Furthermore, Alrahili and colleagues also confirmed a statistically significant association between
screen time and ASD symptoms in children. The study involved 308 children aged 4 to 6 years. A significant
correlation was revealed between the number of hours spent daily on electronic devices and an SCQ score
above 15, suggesting that children using these devices for more than 3 hours per day may exhibit ASD-like
symptoms [17]. At the same time, some studies have not confirmed a significant relationship between screen
time and ASD, indicating the need for further research in this area [4, 6].

Discussion and Conclusion

In summary, in the 21st century, electronic devices play an indispensable role in human life, often
accompanying individuals for up to 90% of their waking time. Unfortunately, there is scientific evidence
indicating the negative impact of digital media on the sensitive, developing organism. Exceeding the screen
time recommended by the WHO can lead to long-term effects, such as speech development disorders or
symptoms within the autism spectrum. The human body is extremely complex, so the influence of media, such
as television, on a child and its consequences depend on many external factors, including gender, age, and
whether viewing occurs alone or together with others. Therefore, it is crucial to conduct further research on
the impact of digital media on the development of children and adolescents, as well as to deepen parental
education on the consequences of children's screen addiction.

Disclosures

Author’s contribution:

Conceptualization: Laura Lorys, Katarzyna Augustowska;

Methodology: Agnieszka Protasiuk, Agata Zak-Gontarz; Kamila Budzynska

Formal analysis: Patrycja Tymoszuk, Rafat Sierzpowski;

Investigation: Agata Zak-Gontarz, Klaudia Klimczak;

Writing-rough preparation: Laura Lorys, Patrycja Tymoszuk, Katarzyna Augustowska;
Writing-review and editing: Agnieszka Protasiuk, Kamila Budzynska

Supervision: Rafat Sierzpowski, Klaudia Klimczak.

All authors have read and agreed with the published version of the manuscript.

e-ISSN: 2544-9435 7



3(47) (2025): International Journal of Innovative Technologies in Social Science

10.

1.

12.

Funding Statement: This Research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Contflicts of Interests: The authors declare no conflict of interest.

REFERENCES

Hutton JS, Piotrowski JT, Bagot K, Blumberg F, Canli T, Chein J, Christakis DA, Grafman J, Griffin JA, Hummer
T, Kuss DJ, Lerner M, Marcovitch S, Paulus MP, Perlman G, Romeo R, Thomason ME, Turel O, Weinstein A, West
G, Pietra PH, Potenza MN. Digital Media and Developing Brains: Concerns and Opportunities. Curr Addict Rep.
2024;11(2):287-298. doi: Epub 2024 Mar 4. PMID: 38606363; PMCID: PMC11003891.
https://doi.org/10.1007/s40429-024-00545-3

Nagata JM, Singh G, Sajjad OM, Ganson KT, Testa A, Jackson DB, Assari S, Murray SB, Bibbins-Domingo K,
Baker FC. Social epidemiology of early adolescent problematic screen use in the United States. Pediatr Res. 2022
Nov;92(5):1443-1449.. Epub 2022 Jun 29. Erratum in: Pediatr Res. 2022 Nov;92(5):1485-1486. PMID: 35768491
PMCID: PM(C9243697. https://doi.org/10.1038/s41390-022-02176-8

Massaroni V, Delle Donne V, Marra C, Arcangeli V, Chieffo DPR. The Relationship between Language and
Technology: How Screen Time Affects Language Development in Early Life-A Systematic Review. Brain Sci. 2023
Dec 25;14(1):27. PMID: 38248242; PMCID: PMC10813394. https://doi.org/10.3390/brainscil4010027

Mosa S, Armishty F, Haji M, Ali M, Ahmed P, Husain S, Suleiman K. The Correlation Between Screen Time and
the Probability of Developing Autism Spectrum Disorder. Cureus. 2024 Nov 7;16(11):¢73231.: 39650919; PMCID:
PMC11624908. https://doi.org/10.7759/cureus.73231

Ali Z, Janarthanan J, Mohan P. Understanding Digital Dementia and Cognitive Impact in the Current Era of the
Internet: A Review. Cureus. 2024 Sep 23;16(9):¢70029. PMID: 39449887; PMCID: PMC11499077.
https://doi.org/10.7759/cureus.70029

Sarfraz S, Shlaghya G, Narayana SH, Mushtaq U, Shaman Ameen B, Nie C, Nechi D, Mazhar 1J, Yasir M, Arcia
Franchini AP. Early Screen-Time Exposure and Its Association With Risk of Developing Autism Spectrum Disorder:
A Systematic Review. Cureus. 2023 Jul 22;15(7):¢42292. PMID: 37614255; PMCID: PMC10442849.
https://doi.org/10.7759/cureus.42292

Madigan S, McArthur BA, Anhorn C, Eirich R, Christakis DA. Associations Between Screen Use and Child
Language Skills: A Systematic Review and Meta-analysis. JAMA Pediatr. 2020 Jul 1;174(7):665-675. Erratum in:
JAMA  Pediatr. 2022 May 1;176(5):528. PMID: 32202633; PMCID: PMC7091394.
https://doi.org/10.1001/jamapediatrics.2020.0327, https://doi.org/10.1001/jamapediatrics.2022.0738

Hao L, Li L, Chen M, Xu J, Jiang M, Wang Y, Jiang L, Chen X, Qiu J, Tan S, Gao JH, He Y, Tao S, Dong Q, Qin
S. Mapping Domain- and Age-Specific Functional Brain Activity for Children's Cognitive and Affective
Development. Neurosci Bull. 2021 Jun;37(6):763-776. Epub 2021 Mar 20. PMID: 33743125; PMCID:
PMC8192667. https://doi.org/10.1007/s12264-021-00650-7

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. Screen time, brain network development and socio-emotional competence in childhood:
moderation of associations by parent-child reading. Psychol Med. 2024 Jul;54(9):1992-2003. Epub 2024 Feb 5.
PMID: 38314509; PMCID: PMC11413359. https://doi.org/10.1017/S0033291724000084

Alex AM, Aguate F, Botteron K, Buss C, Chong YS, Dager SR, Donald KA, Entringer S, Fair DA, Fortier MV,
Gaab N, Gilmore JH, Girault JB, Graham AM, Groenewold NA, Hazlett H, Lin W, Meaney MJ, Piven J, Qiu A,
Rasmussen JM, Roos A, Schultz RT, Skeide MA, Stein DJ, Styner M, Thompson PM, Turesky TK, Wadhwa PD,
Zar HJ, Zollei L, de Los Campos G, Knickmeyer RC; ENIGMA ORIGINs group. A global multicohort study to
map subcortical brain development and cognition in infancy and early childhood. Nat Neurosci. 2024 Jan;27(1):176-
186.Epub 2023 Nov 23. PMID: 37996530; PMCID: PMC10774128. https://doi.org/10.1038/s41593-023-01501-6
Nivins S, Sauce B, Liebherr M, Judd N, Klingberg T. Long-term impact of digital media on brain development in
children. Sci  Rep. 2024 Jun 6;14(1):13030. PMID: 38844772; PMCID: PMCI11156852.
https://doi.org/10.1038/s41598-024-63566-y

Hutton JS, Dudley J, DeWitt T, Horowitz-Kraus T. Associations between digital media use and brain surface
structural measures in preschool-aged children. Sci Rep. 2022 Nov 9;12(1):19095. PMID: 36351968; PMCID:
PMC9645312. https://doi.org/10.1038/s41598-022-20922-0

e-ISSN: 2544-9435 8



3(47) (2025): International Journal of Innovative Technologies in Social Science

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bethlehem RAI, Seidlitz J, White SR, Vogel JW, Anderson KM, Adamson C, Adler S, Alexopoulos GS, Anagnostou
E, Areces-Gonzalez A, Astle DE, Auyeung B, Ayub M, Bae J, Ball G, Baron-Cohen S, Beare R, Bedford SA,
Benegal V, Beyer F, Blangero J, Blesa Cabez M, Boardman JP, Borzage M, Bosch-Bayard JF, Bourke N, Calhoun
VD, Chakravarty MM, Chen C, Chertavian C, Chetelat G, Chong Y'S, Cole JH, Corvin A, Costantino M, Courchesne
E, Crivello F, Cropley VL, Crosbie J, Crossley N, Delarue M, Delorme R, Desrivieres S, Devenyi GA, Di Biase
MA, Dolan R, Donald KA, Donohoe G, Dunlop K, Edwards AD, Elison JT, Ellis CT, Elman JA, Eyler L, Fair DA,
Feczko E, Fletcher PC, Fonagy P, Franz CE, Galan-Garcia L, Gholipour A, Giedd J, Gilmore JH, Glahn DC,
Goodyer IM, Grant PE, Groenewold NA, Gunning FM, Gur RE, Gur RC, Hammill CF, Hansson O, Hedden T,
Heinz A, Henson RN, Heuer K, Hoare J, Holla B, Holmes AJ, Holt R, Huang H, Im K, Ipser J, Jack CR Jr, Jackowski
AP, Jia T, Johnson KA, Jones PB, Jones DT, Kahn RS, Karlsson H, Karlsson L, Kawashima R, Kelley EA, Kern S,
Kim KW, Kitzbichler MG, Kremen WS, Lalonde F, Landeau B, Lee S, Lerch J, Lewis JD, Li J, Liao W, Liston C,
Lombardo MV, Lv J, Lynch C, Mallard TT, Marcelis M, Markello RD, Mathias SR, Mazoyer B, McGuire P, Meaney
MJ, Mechelli A, Medic N, Misic B, Morgan SE, Mothersill D, Nigg J, Ong MQW, Ortinau C, Ossenkoppele R,
Ouyang M, Palaniyappan L, Paly L, Pan PM, Pantelis C, Park MM, Paus T, Pausova Z, Paz-Linares D, Pichet
Binette A, Pierce K, Qian X, Qiu J, Qiu A, Raznahan A, Rittman T, Rodrigue A, Rollins CK, Romero-Garcia R,
Ronan L, Rosenberg MD, Rowitch DH, Salum GA, Satterthwaite TD, Schaare HL, Schachar RJ, Schultz AP,
Schumann G, Schéll M, Sharp D, Shinohara RT, Skoog I, Smyser CD, Sperling RA, Stein DJ, Stolicyn A, Suckling
J, Sullivan G, Taki Y, Thyreau B, Toro R, Traut N, Tsvetanov KA, Turk-Browne NB, Tuulari JJ, Tzourio C, Vachon-
Presseau E, Valdes-Sosa MJ, Valdes-Sosa PA, Valk SL, van Amelsvoort T, Vandekar SN, Vasung L, Victoria LW,
Villeneuve S, Villringer A, Vértes PE, Wagstyl K, Wang Y'S, Warfield SK, Warrier V, Westman E, Westwater ML,
Whalley HC, Witte AV, Yang N, Yeo B, Yun H, Zalesky A, Zar HJ, Zettergren A, Zhou JH, Ziauddeen H, Zugman
A, Zuo XN; 3R-BRAIN; AIBL; Alzheimer’s Disease Neuroimaging Initiative; Alzheimer’s Disease Repository
Without Borders Investigators; CALM Team; Cam-CAN; CCNP; COBRE; cVEDA; ENIGMA Developmental
Brain Age Working Group; Developing Human Connectome Project; FinnBrain; Harvard Aging Brain Study;
IMAGEN; KNE96; Mayo Clinic Study of Aging; NSPN; POND; PREVENT-AD Research Group; VETSA;
Bullmore ET, Alexander-Bloch AF. Brain charts for the human lifespan. Nature. 2022 Apr;604(7906):525-533.
Epub 2022 Apr 6. Erratum in: Nature. 2022 Oct;610(7931):E6. PMID: 35388223; PMCID: PM(C9021021.
https://doi.org/10.1038/s41586-022-04554-y

Wong ASK. Prolonged Screen Exposure During COVID-19-The Brain Development and Well-Being Concerns of
Our Younger Generation. Front Public Health. 2021 Sep 6;9:700401. PMID: 34552905; PMCID: PMC8450342.
https://doi.org/10.3389/fpubh.2021.700401

Law EC, Han MX, Lai Z, Lim S, Ong ZY, Ng V, Gabard-Durnam LJ, Wilkinson CL, Levin AR, Rifkin-Graboi A,
Daniel LM, Gluckman PD, Chong YS, Meaney MJ, Nelson CA. Associations Between Infant Screen Use,
Electroencephalography Markers, and Cognitive Outcomes. JAMA Pediatr. 2023 Mar 1;177(3):311-318. PMID:
36716016; PMCID: PMC9887532. https://doi.org/10.1001/jamapediatrics.2022.5674

Chung S, Lee HK. Public Health Approach to Problems Related to Excessive and Addictive Use of the Internet and
Digital Media. Curr Addict Rep. 2023;10(1):69-76. Epub 2022 Dec 28. PMID: 36589709; PMCID: PM(C9795422.
https://doi.org/10.1007/s40429-022-00458-z

Alrahili N, Almarshad NA, Alturki RY, Alothaim JS, Altameem RM, Alghufaili MA, Alghamdi AA, Alageel AA.
The Association Between Screen Time Exposure and Autism Spectrum Disorder-Like Symptoms in Children.
Cureus. 2021 Oct 14;13(10):¢18787. PMID: 34804653; PMCID: PM(C8592297.
https://doi.org/10.7759/cureus.18787

Liu J, Riesch S, Tien J, Lipman T, Pinto-Martin J, O'Sullivan A. Screen Media Overuse and Associated Physical,
Cognitive, and Emotional/Behavioral Outcomes in Children and Adolescents: An Integrative Review. J Pediatr
Health Care. 2022 Mar-Apr;36(2):99-109. Epub 2021 Jul 30. PMID: 34334279; PMCID: PMC10029815.
https://doi.org/10.1016/j.pedhc.2021.06.003

Muppalla SK, Vuppalapati S, Reddy Pulliahgaru A, Sreenivasulu H. Effects of Excessive Screen Time on Child
Development: An Updated Review and Strategies for Management. Cureus. 2023 Jun 18;15(6):¢40608. PMID:
37476119; PMCID: PMC10353947. https://doi.org/10.7759/cureus.40608

Bal M, Kara Aydemir AG, Tepetas Cengiz GS, Altindag A. Examining the relationship between language
development, executive function, and screen time: A systematic review. PLoS One. 2024 Dec 26;19(12):e0314540.
PMID: 39724067; PMCID: PMC11670964. https://doi.org/10.1371/journal.pone.0314540

Mustonen R, Torppa R, Stolt S. Screen Time of Preschool-Aged Children and Their Mothers, and Children's
Language Development. Children (Basel). 2022 Oct 18;9(10):1577. PMID: 36291513; PMCID:
PMC9601267. https://doi.org/10.3390/children9101577

McArthur BA, Tough S, Madigan S. Screen time and developmental and behavioral outcomes for preschool children.
Pediatr Res. 2022;91:1616—-1621. https://doi.org/10.1038/s41390-021-01572-w

Martinot P, Bernard JY, Peyre H, De Agostini M, Forhan A, Charles MA, Plancoulaine S, Heude B. Exposure to
screens and children's language development in the EDEN mother-child cohort. Sci Rep. 2021 Jun 8;11(1):11863.
PMID: 34103551; PMCID: PMC8187440. https://doi.org/10.1038/s41598-021-90867-3

e-ISSN: 2544-9435 9



3(47) (2025): International Journal of Innovative Technologies in Social Science

24.

25.

26.

27.

28.

29.

30.

Guellai B, Somogyi E, Esseily R, Chopin A. Effects of screen exposure on young children's cognitive development:
A review. Front Psychol. 2022 Aug 17;13:923370. PMID: 36059724; PMCID: PMC9431368.
https://doi.org/10.3389/fpsyg.2022.923370

Oswald TK, Rumbold AR, Kedzior SGE, Moore VM. Psychological impacts of "screen time" and "green time" for
children and adolescents: A systematic scoping review. PLoS One. 2020 Sep 4;15(9):¢0237725. PMID: 32886665;
PMCID: PMC7473739. https://doi.org/10.1371/journal.pone.0237725

Skalicka V, Wold Hygen B, Stenseng F, Karstad SB, Wichstrem L. Br J Dev Psychol. Screen time and the
development of emotion understanding from age 4 to age 8: a community study. 2019;37:427-443.
https://doi.org/10.1111/bjdp.12283

Lissak G. Environ Res. Adverse physiological and psychological effects of screen time on children and adolescents:
literature review and case study. 2018;164:149—157. https://doi.org/10.1016/j.envres.2018.01.015

Pagliaccio D, Tran KT, Visoki E, DiDomenico GE, Auerbach RP, Barzilay R. Probing the digital exposome:
associations of social media use patterns with youth mental health. NPP Digit Psychiatry Neurosci. 2024;2:5. Epub
2024 Apr 23. PMID: 39464493; PMCID: PMC11504934. https://doi.org/10.1038/s44277-024-00006-9

Werling AM, Kuzhippallil S, Emery S, Walitza S, Drechsler R. Problematic use of digital media in children and
adolescents with a diagnosis of attention-deficit/hyperactivity disorder compared to controls. A meta-analysis. J
Behav Addict. 2022 May 13;11(2):305-25. Epub ahead of print. PMID: 35567763; PMCID: PM(C9295226.
https://doi.org/10.1556/2006.2022.00007

Thorell LB, Burén J, Strom Wiman J, Sandberg D, Nutley SB. Longitudinal associations between digital media use
and ADHD symptoms in children and adolescents: a systematic literature review. Eur Child Adolesc Psychiatry.
2024  Aug;33(8):2503-2526. Epub 2022 Dec 23. PMID: 36562860; PMCID: PMC11272698.
https://doi.org/10.1007/s00787-022-02130-3

e-ISSN: 2544-9435 10



