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Abstract

Children around the world are spending increasing amounts of time in digital environments, yet data on the impact
of this factor on their development remains inconclusive. The article presents a review of research on how digital
environment exposure impacts children’s executive functions. Contemporary studies demonstrate that the relation-
ship between digital technology use and the development of children’s cognitive functions is more mediated and
complex than previously believed, particularly regarding executive functions. Most studies indicate that increased
screen time is associated with lower executive function performance. At the same time, recent studies question the
direct correlation between increased screen time and reduced executive functions, underscoring the importance of
assessing both the length and type of digital device usage within the context of family dynamics. Contextual factors
related to the influence of children’s digital environment exposure on executive functions include: family restrictions
on children’s digital engagement (rules and duration), parental education level, content quality, passive versus active
use of digital devices, and parental mediation of children’s device use.
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Pesrome

HeTtu BoO BceM MHUpe TIPOBOISIT Bee 0OJIbIIE BPeMEHM B IIM(POBOM IIPOCTPAHCTBE, OMHAKO JaHHBIC O BIMSHUN 3TOTO
(hakTOpa Ha MX pa3BUTHE OCTAIOTCS HEOMHO3HAYHBEIMU. B cTaThe mpemcraBiieH 0030p MCCICIOBAHMI O BIUSHUN
npeObIBaHUS B U(POBOIT cpefe Ha UCIIOTHUTENIbHBIC QYHKINHU y mereii. CoBpeMeHHBIC MCCIICIOBAaHMS ITOKA3bI-
BAIOT, YTO CBSI3b MEXAY MCIOIH30BaHMEM LIM(MPOBBIX TEXHOJIOTUA 1 pa3BUTHEM KOTHUTHBHBIX (DYHKIIMI Y IeTei
HOCHUT 00JIee OIToCpeI0BaHHBIN M KOMIUIEKCHBIN XapaKTep, YeM CUUTAIOCh paHee, 0COOCHHO B OTHOIIEHUHU MCITOJI-
HUTEIbHBIX (QYHKIINUI. B OGONBIIMHCTBE MCCICIOBAaHMII ITOKA3aHO, YTO YBEIWUYCHME IJIUTEILHOCTH SKPaHHOTO
BPEMEHHM CBSI3aHO C 0oJiee HM3KMMHU ITOKA3aTeISIMM MCITOTHUTEIBHBIX (PyHKIMIL. BMecTe ¢ TeM coBpeMeHHBIE
HCCJIEIOBAaHUS OCITAPWBAIOT IIPSIMYIO CBSI3b MEXAY YBEIMUYCHUEM 3KPAaHHOTO BPEeMEHH M YXYIIICHUEM MCITOTHU -
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ponuTesieil, KaueCTBO KOHTEHTA, MAaCCUBHOE WM aKTUBHOE UCIOJb30BaHUE LIUMPOBBIX YCTPOUCTB, OMOCPENOBa-
HUE PONUTEIIEM MCIOJIb30BaHUS LIU(PPOBOTO YCTPONCTBA PEOEHKOM.
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Introduction ten words as truth, yet it is only through dialogue that doubt
emerges — a doubt that must be applied to everything in

Attitudes toward children’s exposure to the digital envi-  order to distinguish reality from illusion and gain true
ronment can be divided into two periods, mainly to pre- and  understanding. Writing destroys memory by replacing it
post-COVID. Before the onset of global restrictions on in-  with recollection, making people dependent on written
person interaction, most scientific and medical organiza-  records rather than rely on their own minds. Yet memory is
tions recommended no more than 20 minutes of daily the very foundation of knowledge. Plato describes how
screen time for preschoolers (WHO, 2019). Moreover, the  Phaedrus, afraid he would forget Lysias’ speech, writes it
term «digital dementia,» coined by M. Spitzer (Spitzer, down and hides it under his cloak. This leads Socrates to
2012), gained rapid traction, and there is now a review of  assert that writing does not aid learning but instead creates
numerous articles describing internet overuse effects in indi-  the illusion of knowledge. Finally, Socrates recognized that
viduals (Ali, Janarthanan, Mohan, 2024). However, it is simply reading could foster the illusion of knowledge or
important to note that the existence of the term does not  even lead to false knowledge; whereas meaningful under-
inherently validate the phenomenon. standing requires mediation between text and learner.

With face-to-face interaction being impossible, com- A teacher can be such mediator guiding the learner’s under-

munication had to rely on digital devices and many pre- standing to greater depth while carefully regulating infor-
schoolers far exceeded the recommended screen time limits ~ mation according to the learner’s capacity.
(Nikolaeva, Dunaevskaya, Kalabina, 2021, Ugras et al., Socrates’ concerns about then-new technology remain
2023). After the pandemic the habit of spending time in the  profoundly relevant to what is, for us, a new technology: a
virtual world persisted for both adults and children. Nearly  child’s exploration of the world through digital engagement.
every contemporary study reports that screen time exceeds =~ We must remember that only by mastering the real world
WHO guidelines (Nikolaeva et al., 2023). Research shows can a child effectively navigate the digital one. Children
that despite the rapid adoption of tablets and gaming con-  should not accept online texts as absolute truth but must
soles, television remains children’s preferred device, fol- learn to question them. We can teach children internalize
lowed by mobile phones in terms of use frequency. Data  knowledge rather than simply remember where to find it
reveals that children aged 0—6 years spend an average of 92 online. Finally, as children engage with the digital world,
minutes per day watching TV. Additionally, 92% of them there must always be an adult mediator to guide them and to
own a tablet and spend on average 60 more minutes per day  direct the child’s attention to the information depth uncov-
using a computer or tablet. Most children begin accessing  ering subtext, associations, and metaphors. This mediation
and using computer technology at two years of age expands textual understanding while shaping the child’s
(Kanmabuna, Hukutmaa, Hukomaea, 2024). developing worldview.

While digital content that children engage with has An analytical review involves examining data based on
evolved, most researchers concur that interaction with gad-  relevant theoretical frameworks. Therefore, our examina-
gets adversely affects all cognitive processes, as we will  tion of how executive functions develop in relation to digital
explore next. exposure will begin with theoretical conceptions of execu-

This situation bears a striking resemblance to the one  tive function development. This approach will help address
described by Plato (Plato, 1980) in his dialogue Phaedrus.  potential contradictions in existing research findings.
Socrates asks Phaedrus whether he knows how writing came Executive functions represent a set of cognitive tools that
to be invented. Then Socrates outlines three negative conse-  enable the shift from habitual to novel behaviors — essen-
quences that he believed were the result of the advent of tially forming the basis of everyday learning (Hauptman,
writing. Socrates argued that humans naturally accept writ-  Liu, Bedny, 2024; Badre, 2025). As such, they constitute the
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highest level of organism adaptation, spanning from bio-
logical processes to behavioral modification. At the same
time, they regulate lower-level cognitive processes (atten-
tion, perception, memory, etc.) while also laying the basis
for more complex cognitive operations like goal-setting and
planning (Diamond, 2013). Research has demonstrated
that the strength of executive functions in childhood pre-
dicts later academic success (Quilez-Robres, Moyano,
Cort s-Pascual, 2021), particularly in mathematics
(Emslander, Scherer, 2022).

Early studies established that the efficiency of executive
functions depends on prefrontal cortex maturity.
A. Diamond showed that prefrontal cortex development
drives changes in executive functions (as measured by the
A-not-B task) within the first year of life (Diamond,
Goldman-Rakic, 1989). Diamond’s work is particularly
groundbreaking. She was the first to demonstrate the non-
linear nature of executive function development — that is,
the presence of both rapid progressions and phases of
slowed formation. Subsequent studies have consistently
observed these non-linear developmental trajectories
across all ages.

Moreover, evidence shows executive functions are espe-
cially vulnerable to external influences, particularly negative
ones, during early childhood (Ramosetal., 2023; Dydenkova
et al., 2024). Conversely, physical exercise in childhood has
been shown to enhance executive function performance
(Zeng, Lee, Gao, 2023; Wei et al., 2024).

In particular, it has been demonstrated that working
memory and inhibitory control develop independently dur-
ing the preschool years (PasymuukoBa, Hukosaea, 2021).
However, with the onset of formal schooling (which system-
atically engages and structures cognitive processes) these
functions begin to show significant correlation and mutual
reinforcement (Nikolaeva, Isaiko, Soboleva, 2020). This
developmental pattern strongly resembles the situation
where, according to L.S. Vygotsky’s theory (1966) and actu-
ally observed phenomena, speech and thinking initially
develop along parallel tracks, but during the period of active
speech development, speech begins to influence thinking,
while thinking enhances the use of speech in cognition.

A. Miyake and N. Friedman (Miyake, Friedman, 2012)
found individual differences in executive functions (EFs) as
measured through simple laboratory tests. EFs:

(a) demonstrate both unity and diversity (while different
EFs intercorrelate, they remain separable),

(b) reflect significant genetic contribution,

(c) are associated with various clinically and socially
significant phenomena,

(d) show certain developmental stability.

It is evident that the observable nonlinear progression of
behavioral development has internal determinants that are
parameters of biological processes, among which prefrontal
cortex myelination is recognized as the primary one. Also
there are physiological laws that help explain the nonlinear-
ity of executive function development. According to
Son’kin’s concept (Son’kin, 2015), the maturation of spe-
cific neural structures, and consequently physiological
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functions, does not occur chaotically but sequentially, step
by step, during specific time intervals from conception.
Here too, the corresponding maturation periods for each
function approximately coincide across all individuals. This
is how the algorithm of age-related transformations works,
executed under the control of the genetic apparatus of each
cell in a multicellular organism. The uneven pace of growth
and development represents an essential and consistent fea-
ture of the unfolding ontogenetic program.

It is important to emphasize that the growth and develop-
ment are not synonymous terms but rather represent funda-
mentally distinct processes. Development involves functional
organization becoming more complex. Growth refers to the
increase in an organism’s biomass. At the cellular level,
growths manifests through proliferation, i.e., expansion of
cell size and/or numbers. Development involves differentia-
tion where cells acquire novel properties and gain new func-
tional capabilities. However, emerging research increasingly
demonstrates how social environment shapes executive func-
tion development (Koskulu-Sancar et al., 2023).

These developmental characteristics of executive func-
tions may skew research outcomes when studies examine
small child cohorts of overly narrow age ranges without
accounting for physiological parameters (beyond cognitive
measures).

Materials and methods

In the first phase of the study, we conducted an analytical
review of theoretical conceptions of executive functions. This
was followed by a systematic review. We conducted a system-
atic literature search across scientific databases PubMed and
ScienceDirect, searching for keywords: screen time, digital,
children, cognitive development, executive functions (2019-
2024). Systematic reviews are defined as secondary research
or syntheses of evidence focused on a specific question that
based on a structured methodology and make it possible to
identify, select, critically appraise, and summarize findings
from relevant studies (Sgarbossa et al., 2022).

We included the term cognitive functions in our search
criteria since it sometimes encompassed executive functions as
well. In total, under the specified conditions, ScienceDirect
returned 1,398 entries and PubMed returned 8 entries. We
then analyzed sources that, in the authors’ judgment, most
clearly demonstrated the impact of digital technologies
(internet, digital devices, applications, and software) on the
development of executive functions and cognitive abilities in
preschool, elementary school, and adolescent children. Only
open-access, full-text articles were considered. Ultimately,
121 publications were reviewed.

We deliberately excluded studies linking executive func-
tions and screen time to parental stress during the COVID-
19 pandemic (Almeida et al., 2023). Introducing parental
stress as an additional influencing factor — which is no
longer prevalent — could disproportionately affect results,
potentially overshadowing other variables and complicating
the generalization of findings to normal conditions.
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The impact of the digital environment on children’s
executive functions

We begin by analyzing 14 studies published between
2019 and 2024 (table).

One of the most comprehensive meta-analyses
(Whitlock, Masur, 2019), examining screen time and cogni-
tive functions from 1960 through March 2019, included
data from 480,479 participants aged 4 to 18 years. This work
traces concerns about the relationship between screen time
and children’s development, health, and productivity back
to the advent of television screens. The earliest research on
this topic was conducted in 1949 by Columbia Broadcasting
System (now CBS Corporation) in collaboration with sci-
entists from Rutgers University. That study found that tele-

vision ownership strengthened family bonds, and that
watching TV programs was not a passive consumption but a
discussion-based pastime of family members. However, the
2019 analysis (conducted when televisions had long become
household staples, typically present in every room) yielded
different results. The authors established the necessity of
analyzing different screen activities separately, as the com-
bination of television screen time and gadget screen time
was unevenly distributed. Time spent watching television
programs and playing video games (which can now also be
displayed on TVs through consoles) showed the most pro-
nounced negative correlation with children’s academic
performance. However, the study importantly highlights the
significance of both the content presented on electronic
devices and the purpose of its use.

Table

Characteristics of studies included in systematic review

Author, year

Study sample

Study design

Key Findings Related to EF

Whitlock, Masur,
2019

480479 participants
aged 4 to 18 years
(data from 1960 to
2019)

Meta-analysis

Each type of screen-time activity must be analyzed separately.
While direct data on EF is not presented, the most significant
negative association was found between TV viewing/video gaming
and academic achievement. The impact is determined not by the
device itself, but by the content consumed and the purpose of its
use

et al., 2024

4 years of age,

McHarg et al., 179 infants at 24 Longitudinal Regular screen exposure at 4 months predicted poorer inhibitory
2020 and 36 weeks control
Corkin et al., 3787 families, Longitudinal Higher weekday TV exposure at 2 was negatively associated with
2021 (children 2 and “hot” EFs at 4.5 years. Child eating meals in front of TV at 4 was
4 years of age) associated with poorer “cool” EFs at 4.5 years
Helm, 2022 70 children aged Experimental A short-term decline in go/no-go task accuracy (inhibitory control)
3,5to 5 years after 15 minutes of tablet use compared to toy play
Horowitz-Kraus |51 children EEG study Longer screen exposure was associated with lower EF in children

and their parents. Home literacy environment was positively

al., 2023

aged 0—6 years

parents associated with EF’s neurobiological (EEG) and behavioral
measures
Bustamante et 6922 participants | Meta-analysis No statistically significant correlation between total screen time

and EFs. The necessity of considering content and context of use,
rather than solely the duration of screen exposure was emphasized

Portugal et al.,
2023

46 children at age
3,5 years

Longitudinal

More than 15 minutes of screen time per day was linked to poorer
working memory. This association disappeared when background
TV was considered. Viewing non-child-directed content on TV was
associated with reduced inhibitory control

Mallawaarachchi
etal., 2024

7441 children aged
0to 5,99 years

Systematic review and

meta-analysis

Program viewing and background television were negatively
associated with cognitive outcomes, while program viewing, age-
inappropriate content and caregiver screen use during routines were
negatively associated with psychosocial outcomes. Co-use was
positively associated with cognitive outcomes

Veraksa, Rodova,
2025

115 children aged 5
to 6 years

Correlation analysis

An association between working memory capacity and the presence
of household rules restricting digital devices use was found

Lakicevic et al.,
2025

1,016 children aged
5—6 years

Correlation analysis

The analysis revealed weak negative correlations: both active and
passive screen time with lower cognitive flexibility, and passive
screen time with poorer verbal memory and inhibitory control

Maeneja et al.,
2025

231,117 children

Systematic review

In 8 out of the 10 reviewed studies, an increase in screen time was
associated with a decline in EF. In the two studies where no
significant effect was found, this result was explained by the
practice of co-using devices with parents or siblings. These findings
confirm the importance of parental mediation and shared use of
digital devices
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Author, year Study sample Study design Key Findings Related to EF

Sutormina et al., |40 children aged Correlational study Children with higher inhibitory control were characterized by restrict-

2025 5—7 years utilizing cluster analysis |ed digital devices use (< 1 hour per day) and having older fathers
Tabanna

XapaKkTepucTHKa MCCJIe0BAHNI, BKJIIOYEHHBIX B CHCTEMATHIECKHIT 0030p
ABTOD, TOI Boi6opka JIu3aiin uccieIoBaHus KiioueBbie BbIBO/IbI, KACAIOMUECS UCTIOJHUTEIbHBIX (DYHKIMI
Yurnox, Macyp, |480479 yyactHukoB | MeTta-aHanus Kaxmpiii THTT IesITeTbHOCTH, CBSI3aHHBIN ¢ 9KPAaHHBIM BPEMEHEeM,

2019 B Bo3pacre ot 4 10
18 neT (maHHBIE C

1960 o 2019)

TOJKEH aHATM3UPOBATHCS OTIENBHO.

HecMoTpst Ha OTCYTCTBUE MPSIMBIX JAHHBIX 00 UCTIOTHUTEIbHBIX
yHK1MSIX, HanboJee 3HaUMMasi HeraTUBHAs CBSI3b ObLIa BBISIBIIC-
Ha MeXIy IPOCMOTPOM TeJIeBU30pa/BUICOUTPAMU U aKaJIeMUIe-
CKOI1 yCITeBaeMOCTBIO.

BnustHue onpenensieTcst He paKTOM MCTIONB30BAHUS LIMGPOBOTO
YCTPOICTBA, a MOTPEOIIIEMbIM KOHTEHTOM U 1IEJIbIO €T0 UCTIONb30-
BaHMsI.

Te oT 3,5 10 5 et

Maxxapr u ap., 179 mnaneHies B JloHrutionHoe PerynsipHoe ncnonb3zoBaHue UGPOBBIX YCTPOICTB B Bo3pacTe 4
2020 Bo3pacre 24 u MECSILIEB SIBJISITIOCH MMPEAMKTOPOM 00Jiee HU3KOIO TOPMO3HOTO
36 Henenb KOHTPOJISI.

Kopkun u ap., 3787 cemeit, (metu | JloHruTIOAHOE Bosee nmponoKuTeIbHBIIA TPOCMOTP TeJIeBU30pa B OyJIHUE JHU B

2021 oT 2 110 4 51eT) Bo3pacte 2 JIeT IEeMOHCTPUPOBAJI OTPULIATEIbHYIO CBSI3b C pa3BU-
TUEM «TOPSYUX» UCTIOJTHUTEbHBIX (pyHKLIMH B 4,5 rona. [Tpuém
MUY peOEHKOM Tepell TeJIEBU30POM B BO3pacTe 4 JieT ObLI CBSI-
3aH ¢ MeHee Pa3BUTBIMU «XOJOAHBIMU» UCITOTHUTETbHBIMY (DYHK-
nusmMu B 4,5 roaa.

Xenwm, 2022 70 meteit B Bo3pac- | DkcriepuMeHTalbHOe | 3aMKCUPOBAHO KPAaTKOBPEMEHHOE CHIKEHE TOYHOCTH BBITION-

HeHus 3agaun «Go/No-Go» (TOPMO3HBIN KOHTPOJIB) TTocie 15
MUHYT UCIOJb30BaHMSI TJIAHILIETA TI0 CPABHEHUIO C UTPOI B
WUTPYILKHU.

Xoposuir-Kpayc OBTI uccnenoBaHue

u ap., 2024

51 pebeHOK B BO3-
pacre 4 net, poau-
Teun

Bonee nnutenbHOE 9KpaHHOE BpeMsl CBSI3aHO ¢ HU3KMM YPOBHEM
Pa3BUTHS UCTIOTHUTENbHBIX (YHKIMI KaK y JeTeil, TaK U y UX
ponuteneit. KauectBo nomaliiiHeit 06pa3oBaTebHOI Cpelbl M0JI0-
KUTEJIbHO KOPPEJUpoBaio ¢ Helipoouoaornueckumu (B30I u
MOBEACHYECKUMU MOKa3aTeJISIMU UCTTIOJTHUTETbHBIX (DYHKIIUIA.

Bycramanre u Mera-aHanus

ap., 2023

6922 y4aCcTHUKOB B
Bospacte 0—6 ser

He BBISIBJIEHO CTATUCTUYECKU 3HAUMMOM KOppEIALMN MEXTY
SKpaHHbIM BPEMCHEM U PAa3BUTUEM UCITOJTHUTCIIbHBIX (byHKHHfI.
HOII‘IépKI/IBaeTCH HE0OXOIUMOCTb YUYUTBIBATDH IPEXKAC BCETO KOH-
TCHT U KOHTCKCT UCITOJIb30BAHUA ].[M(I)pOBbIX ychOfICTB, a HE

TOJIBKO MPOAOJLKUTEIbHOCTh SKPAHHOIO BPDEMCHU.

Research specifically examining executive functions in
relation to children’s digital media exposure remains limit-
ed. A longitudinal study by McHarg (McHarg et al., 2020),
employing propensity score matching with 179 infants at 24
and 36 weeks, found that regular screen exposure at
4 months — regardless of duration — predicted poorer
inhibitory control, though showed no association with
working memory or cognitive flexibility.

It’s essential; to note that screen exposure effects differ
fundamentally in infancy and at later ages. Infants cannot
process information presented on screens for more than
3—5 seconds (Kirkorian, 2018). Furthermore, children
under two cannot comprehend even age-appropriate con-
tent. This suggests that all infant screen exposure effectively
constitutes adult-oriented content and/or background
media. The common conclusion of such studies emphasizes
the importance of media content (O Toole, Kannass, 2021)
and the phenomenon of delayed speech development asso-

ciated with early intensive screen exposure, termed the
«digital bubble» (Bochicchio et al., 2022).

Collectively, these data indicate transient «state-like»
effects on EFs—that is, effects that are short-term and may
be related to a third variable such as the child’s mood or
attention span, and will quickly disappear — but say nothing
about the impact on individual differences in chronic or
persistent «traits» — that is, effects that endure longer and
may have negative long-term consequences.

Several studies have identified factors that may mitigate the
negative impact of gadget use on children’s cognitive develop-
ment. For example, research shows that there are no adverse
effects from gadget use in children under 3 years of age
when their parents have higher education (Brauchli et al., 2024).

The study by Mallawaarach-chi et al. (2024) comprised
both: a systematic review and meta-analysis. Sources were
reached on the PsycINFO, Embase, MEDLINE Ovid,
ProQuest, CINAHL, Web of Science, and Scopus were
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searched from 2021 to December 31, 2023. Overall, 100 stud-
ies (176 742 participants) were included, and of these,
64 observational studies (pooled sample sizes ranging from
711 to 69 232) were included in meta-analyses. The data
analysis indicates that passive or non-engaged viewing of
screen-based content, as well as extended digital device use,
are more commonly linked to negative outcomes. Conversely,
engagement with educational content and joint digital device
use with an adult are associated with fewer adverse effects and
may support the development of executive functions. More
recent studies are increasingly skeptical regarding digital
technology’s straightforward impact on cognitive function-
ing — and specifically on children’s executive functions.
Researchers emphasize the need to contextualize findings
within family dynamics, suggesting that there may be a non-
linear relationship between screen time and attentional func-
tion (Liebher, 2022; Veraksa et al., 2022).

One of the early studies in this group examines the
impact of gadget use among 5-6-year-olds through the lens
of cultural-historical theory (Bwirorckuii, 1966). In this
framework, digital devices are of particular interest because
they function simultaneously as physical tools and cogni-
tive-psychological means. This is precisely why the effect on
cognitive functions depends on the nature of the activity
during gadget use (Veraksa et al., 2022).

The results demonstrate a link between how children
engage with gadgets and their performance on executive
function tests (inhibitory control, cognitive flexibility, work-
ing memory). Significant predictors associated with dimin-
ished executive functions include: frequency and duration
of gadget use (more than 1 hour per day), passive rather than
active engagement with the device, lack of adult-guided
discussion about content.

One of the most cited articles from the examined period
is the paper by M. Corkin (Corkin et al., 2021), describing
research conducted as part of the Growing Up in New
Zealand project. The authors explored correlations between
screen media use and the development of «hot» (emotional-
ly-driven) and «cold» (cognitive) executive functions.

The sample consisted of 3,787 families, with all mem-
bers surveyed. The study analyzed the developmental fea-
tures of children’s executive functions at 2 and 4 years of
age. The impact of screen time duration (less than 2 hours
or more than 2 hours per day), content orientation (child-
directed or adult-directed), background TV exposure versus
intentional screen use, and the purpose of screen use (edu-
cational or during meals) were assessed. Additional factors
evaluated were screen time restrictions and frequency of
adult-child co-viewing of children’s programs. Binary logis-
tic regression analysis yielded the following results:

* For 2-year-olds, prolonged TV exposure (more than
two hours) on weekdays led to poorer «hot» EF scores at age
4.5 years.

+ At age 4, the habit of eating while watching TV cor-
related with lower «cold» EF levels at 4.5 years.

Although devices such as phones, tablets, and computers
can be beneficial for learning, their excessive use may nega-
tively affect preschoolers’ cognitive functions. Given the
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limited data on this age group, Helm’s (Helm, McDermott,
2022) study aimed to explore the relationship between
screen time (ST) and executive functions in children aged
5—6 years.

The study involved 70 children aged 3,5 to 5 years. First,
they completed an age-adapted go/no-go task, after which
they were randomly assigned to either a technology group or
a control group. Technology group children performed a
tablet-based food cooking game for 15 minutes. Control
group children completed a similar task using physical toys
(without a tablet) for the same duration.

Afterward, the children repeated the go/no-go task. The
results showed that children in the technology group exhibited
lower inhibitory control compared to the control group,
reflected in reduced accuracy during the go/no-go task after
tablet use. However, post-error slowing (a delay in response
following a mistake) was observed in both groups. The authors
conclude that even short-term tablet use may lead to selective
cognitive impairments in young children shortly after use. As
with earlier studies, these results do not provide definitive
conclusions about the long-term effects of gadget-based tasks.

Many studies not specifically related to executive func-
tions demonstrate the influence of family factors on pre-
schoolers’ cognitive development (T ren, Kahraman, 2025).
Far fewer studies focus on executive functions, yet some
research does exist. One such study examined the impact of
Home Literacy Environment, screen time duration, and
parental executive functions on the development of these
functions in 4-year-olds (Horowitz-Kraus et al., 2024).
Children’s electroencephalograms (EEG) were recorded
during the Attention Network Task (ANT). It was found
that longer screen time was associated with poorer executive
functions in both children and their parents. Higher child
EF scores correlated with better parental EFs. The more
time children spent in front of screens, the lower the EF
scores in both parents and preschoolers. Additionally, lower
child EF scores reduced the likelihood of parents read books
to him or her.

The study confirms the importance of Home Literacy
Environment and screen time restrictions for children’s
executive function development. It also highlights the role
of familial predisposition (parental EFs) in shaping a child’s
cognitive abilities.

The study by J.-C. Bustamante et al. (Bustamante,
Fern ndez-Castilla, B., Alcaraz-Iborra, 2023) provides a
meta-analytic synthesis of existing data on the relationship
between total screen time (TV and gadgets) and EFs in pre-
school children.

A systematic search was conducted in Web of Science
and EBSCO databases to identify relevant studies published
before January 2023. The analysis included 15 articles with
a total of 6,922 participants aged 0—6 years. The roles of
gender, age, and active versus passive screen interaction in
determining the impact on EFs were assessed. No statisti-
cally significant correlation was found between total screen
time and EFs or between the selected analysis parameters.
Nevertheless, the study emphasizes the need to account for
other contextual and developmental factors to determine
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the overall impact of screen time on children’s EFs. The
authors stress that digital device use should be active rather
than passive and occur in the presence of significant adults.
Furthermore, this work highlights the necessity of further
research into the influence of various factors and aspects of
screen use (not just duration) on executive function devel-
opment, including content analysis.

The authors argue that since screen time may influence
future health outcomes, education and public health profes-
sionals should consider monitoring and restriction as regu-
latory strategies to prevent disruptions in the natural devel-
opment of executive functions in children under 6 years of
age. However, to develop accurate recommendations for
families, educators, and health policymakers, more in-
depth research is needed on the consequences of excessive
digital media use and its connection to early executive func-
tion development.

One such longitudinal study examined the relationship
between touchscreen usage time and two EF components:
working memory/cognitive flexibility, and impulsivity/
inhibitory control (Portugal et al., 2023). Low screen time
was classified as less than 15 minutes per day, while high
screen time exceeded 15 minutes daily.

The sample comprised 46 children (23 girls) initially
tested at age 3,5 years and reassessed 12 months later.
Children with more than 15 minutes of daily screen time
demonstrated lower working memory scores compared to
those with less screen exposure. However, when background
television exposure was accounted for, significant between-
group differences disappeared. Inhibitory control decreased
when children watched non-child-oriented TV content. A
key finding emphasized the necessity of including back-
ground TV in analyses.

By early 2025, core conclusions emerged suggesting that
for optimal EF development weekday screen time (includ-
ing TV and devices) should be limited to 1 hour for pre-
schoolers. However, the decline in executive functions
appears less dependent on gadget usage duration and more
strongly linked to Home Literacy Environment characteris-
tics. Home environment is shaped by parental attitudes
toward cognitive development and related practices: regular
book reading, screen time monitoring, and discussing with
children the digital content they have watched or heard.

Research from 2025 is presented in a separate section
because the year has not yet concluded. By June 2025, we
identified four studies specifically examining EF develop-
ment in preschoolers (0—6 years) within digital environ-
ments (Table 1).

A.N. Veraksa and S.D. Rodova publication (Veraksa,
Rodova, 2025) explored digital device use among older pre-
schoolers in relation to regulatory function development,
accounting for parental burnout and parents’ involvement
in children’s device use. Participants included 115 children
(61,7% boys, 38,3% girls; M age = 5,8 years, SD = 3,628)
from Moscow kindergartens and their parents. EF assess-
ment tools included NEPSY-II diagnostic set («Sentences
Repetition,» «Memory for Designs», «Inhibition», «Statue»
subsets) and Dimensional Change Card Sort. To examine
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patterns of digital device usage among preschoolers, a par-
ent questionnaire was developed, assessing key parameters
such as usage frequency and houschold rules on digital
device use. Parents also completed Parental Burnout
Assessment (Roskam, Brianda, Mikolajczak, 2018).

Results showed that working memory capacity correlat-
ed with household time restrictions for digital exposure.
Parental burnout showed no significant effects on any of the
examined parameters.

Lakicevic et al. (Lakicevic et al., 2025) assessed EFs in
1,016 children aged 5—6 using the Developmental
Neuropsychological Assessment (NEPSY-II) and
Dimensional Change Card Sort for cognitive flexibility
(CF), visual/verbal working memory (WM), inhibition, and
motor persistence. Parents completed questionnaires about
their children’s screen time. On average, children spent
approximately 2 hours per day actively and passively engaged
with digital devices. Boys spent more time on active uses
(games/apps) than girls. Weak negative correlations were
found between screen time (both active and passive) and
cognitive flexibility, as well as between passive screen time
and verbal working memory. The duration of passive screen
exposure on weekdays weakly correlated with inhibitory
control. The study concludes that it is necessary to limit
screen time (no more than 1 hour per day) and to prioritize
content that stimulates active interaction with devices. An
additional recommendation drawn from the literature states
that children require daily physical activity.

In addition to individual studies, a 2025 review (Maeneja,
Rato, Ferreira, 2025) synthesized research from 2022—2024
assessing the impact of information and communication
technologies on executive functions in children and adoles-
cents. Literature was collected from PubMed, Scopus, and
Cochrane Library databases. Due to the heterogeneity of
results, a narrative synthesis was conducted. The analysis
included 10 studies with a total of 231,117 children from
nine countries across three continents. The findings were
consistent with all prior data indicating that increased time
spent in digital environment reduces the development of all
executive functions. In 2 out of the 10 studies, no decline in
executive functions was observed, which was attributed to
co-use of devices with parents or siblings.

Our forthcoming study (Cyropmumna, KamabuHa,
Huxonaesa, 2025, in print) involved 40 children (25 girls,
15 boys). EF assessment included go/go and go/no-go para-
digms, and visuospatial working memory (Rasumnikova,
Nikolaeva, 2021). Python’s Scikit-learn library facilitated
data analysis. Cluster analysis was performed on the obtained
data, using regression and factor analyses. It was found that
all children could be divided into three clusters based on
their performance on executive function assessments.
Cluster 1 included children with the highest level of inhibi-
tory control and an average level of working memory devel-
opment. Cluster 2 children were distinguished from other
clusters by their high working memory capacity. Cluster 3
children showed low scores in both inhibitory control and
working memory. It was demonstrated that children with the
highest level of inhibitory control had limited weekday gad-
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get use (no more than one hour per day). Moreover, their
fathers were the oldest in the sample.

Conclusions

Based on the analysis, the following key conclusions can
be made:

— absence of a direct linear relationship: Current
research does not support a simple correlation between
increased screen time and lower EF. The impact of digital
environments appears to be complex and influenced by
multiple factors;

— the critical role of context and content: Passive use of
digital devices, exposure to age-inappropriate content, and
absence of adult co-viewing and discussion are linked to
negative effects on EF;

— screen time guidelines: Despite the multifaceted
nature of digital influence a consensus persists regarding the
need to limit screen time for preschoolers to no more than
one hour per weekday.

— family and adult mediation: EF development shows a
stronger correlation with the overall educational and cul-

KpaTtkoe u3J10KeHHe COAEPKAHUSA CTATHH
HA PYCCKOM SI3bIKe

BBenenne

B HayuHoit TuTepatype, Kak ¥ B OObIIEHHOM CO3HAHUU
MHOTUX JIIOAeH, CIOXWINCh KpaliHe MpPOTUBOPEUYNBBIC
TpeICTaBIeHUS O TIPeObIBAaHNY pebeHKa B LIM(POBOM TTPO-
ctpaHcTBe (Kalabina et al., 2024). C Hallieii TOUKu 3peHusl,
HauboJee TOYHBIN OTBET O POJIM TaIKETOB B (hOPMUPOBA-
HUY KOTHUTUBHBIX MIPOLIECCOB peOEHKA MOXKHO MOJTYYUTh
u3 0030pa UccleqOBaHUl, B KOTOPBIX paccMaTpUBaioCh
BJIMSTHUE B3aUMOJEICTBUS pebeHKa C TamkeTaMu Ha hop-
MHWPOBaHUE UCTIOTHUTEIbHBIX (DYHKITUIA.

Ucnomuutensubie pyHkunu (MP) — cOBOKYIMTHOCTH
KOTHUTUBHBIX MTHCTPYMEHTOB, OTBEUAIOIINX 32 U3BMEHEHE
MOBEJICHUSI OT TIPUBBIYHOTO K HOBOMY, T. €. OHM JieXarT B
OCHOBe exelHeBHOro obyueHust yensoneka (Badre, 2025;
Hauptman, 2024). B Toxe BpeMsi OHM caMU yIpPaBJsIOT
KOTHUTUBHBIMU TIpolleccaMu 0ojiee HM3KOTO YPOBHS
(BHMMaHUe, BOCTIPUATHS, IAaMSITh U T.JI.) U1 OMTHOBPEMEHHO
3aKJIa/IbIBAIOT OCHOBY 00JI€e CIIOKHBIX KOTHUTUBHBIX TTPO-
1IECCOB, TaKMX KakK IleJienojlaraHue W TUIaHWPOBaHUE
(Diamond, 2013). loxazaHo, 4to coctosinue D B ner-
CTBE TIO3BOJIAET TIPENCKAa3aTh YCIEIIHOCTh OOY4YeHUs B
mkose (Quilez-Robres et al., 2021), npexxae Bcero B 0CBO-
eHuun marematuku (Emslander, Scherer, 2022).

A. JaitMmoHJ moKa3aja, 4To co3peBaHue npedpoHTab-
HOIi KophbI Tipenonpenessier usmeHenust U@ (orieHeHHOE B
pelieHuy 3anaur A-He-b) yxxe B epBblil ro )KU3HU, U 3TO
U3MeHeHue mpoucxoaut HenuHeitHo (Diamond, Goldman-
Rakic, 1989). B1tu pyHKUMKM 0COOEHHO YYBCTBUTEIbHBI K
BHENTHEMY BO3IEWCTBUIO, MPEXIe BCEr0 HETaTUBHOMY, B
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tural environment within a family rather than with the
simple fact of digital device use;

— research direction: Future studies should consider the
quality, context, and content of digital activity and consider
diverse family and environmental factors, rather than focus-
ing solely on duration.

The findings regarding the impact of digital environments
on the development of executive functions in children align
with the principles of information engagement once pro-
posed by Socrates and described by Plato. An adult must
mediate between the child and the device, ensuring that the
content is age-appropriate and limiting exposure in a way that
allows the child sufficient time to comprehend the world
through real-world experiences. Furthermore, all content
consumed by the child through digital devices should be dis-
cussed in dialogue with an adult. Regardless of the informa-
tion source — whether the physical environment, books, or
digital media — clear guidelines must govern how the child
interacts with that information, and the content must be
carefully reviewed and processed alongside a significant adult.

Limitations. The study scope is limited as it describes
and reviews publicly available research and full-text guide-
lines.

nepBble roabl )ku3Hu (Ramos et al., 2023; Dydenkova et al.,
2024). bbL1o nokazaHo, 4To paboyasi MaMsITb U TOPMO3HOM
KOHTPOJIb B JIOUIKOJILHOM BO3pacTe (POpMUPYIOTCS He3a-
Bucumo (Nikolaeva et al., 2021).

HepaBHOMEpPHOCTH MPOIIECCOB POCTA U Pa3BUTHSI TIPEI-
cTraBiisieT co0oil (yHIaMEHTaIbHYI0 3aKOHOMEPHOCTb,
HEYKJIOHHO NIEWCTBYIOIIYIO B TPOIIECCEe pa3BOpauMBaHUS
TeHEeTUYECKON MporpaMmbl oHToreHesda (Son’kin, 2015).
OnHako Bce 0osble padoT, KOTOPble CBUAETEIbCTBYIOT O
BJIVSTHUM COIIMAIbHOTO OKPYXXEHUsI Ha Pa3BUTHUE MCITOJI-
HuteabHbIX GyHkiuii (Koskulu-Sancar et al., 2023).

Bce 3Tu 0cOOGEHHOCTM pPa3BUTHUSL MCIOJHUTEIbHBIX
(yHKIIMIT MOTYT BIMSTH Ha PE3yJIbTaThl MCCIIEAOBAHUS,
€CJIM U3yvaeTcss HeOoJIbIIasl TpyIa JeTeil OYeHb Y3KOro
BO3PACTHOTO JiMana3oHa 0e3 CBSI3U ¢ MmapaMeTpamu, oTpa-
KAIOIMMU B TOW WJIM MHOU Mepe (PU3UO0JIOTMIECKIe IMToKa-
3aTeiu, KpoMe KOTHUTUBHBIX.

Marepuajbl 1 METO/IbI

B pamkax cuctematuueckoro o63opa ObLIN UCTOIb30-
BaHBbI METO/ABl OMONMOTpaMIecKOro aHan3a HAYYHBIX
6a3 nanHbix PubMed, ScienceDirect (mouck mo kioue-
BbIM cJloBaM: screen time, digital, children, cognitive
development executive functions 3a 2019—2024 rompr).

B oO6uieit c10XHOCTM MO 3aJaHHBIM YCJIOBUSIM Ha
mnatgopme ScienceDirect Ob110 NpeaioxeHo 1398 3anu-
ceit, Ha miatpopme PubMed-8. [lanee aHaiu3upoBaiuch
WCTOYHUKU, KOTOpbIE, IO MHEHUIO aBTOPOB, HauboJjiee
SIBHO TIPEICTABIISIIOT BO3JEeiCTBUE 1IU(PPOBBIX TEXHOJIO-
ruii (MuTepHeT, nubpoBbie yCTPOICTBA, UTPOBBIX MpPU-
JIOXEeHUST U TiporpaMmbl) Ha pazsutue M® u mo3nasa-
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TeJbHOI cepbl AeTeil JOKOJbHOTO, MJIAIIEro IKOIb-
HOT0 1 MOAPOCTKOBOIO BO3pacTa, C OTKPBITHIM AOCTYIIOM
K TTOJIJHOTEKCTOBBIM BepcusM. B utore ObLIM paccMoOTpe-
HbI 14 cTaTeit.

Pe3yabTaThl

Pabotsl, cBsi3aHHbBIE UcKIOunUTeTbHO ¢ UMD dyHKIMSI-
MM y peOeHKa, TOJIb3YIOIIEeTOCs TamKeTaMy, eIMHUYHBI.
Maxkxapr ¢ coaBtopamu (2020) mpoBeaud JIOHTUTIOTHOE
HccrIe0oBaHe MJaaeHIleB B Bo3pacte 24 u 36 Hemesb
(179 pmeteil) U OOHAPYXWIM, YTO TIPU MPOUYUX PABHBIX
YCIIOBUSIX PETYJISIPHOE BO3JIEMCTBUE 3KPAaHOB B JIOOOM
KouyecTBe B 4 Mecsla ObLIO CBS3aHO CO CHUXEHUEM
YPOBHSI TOPMO3HOTO KOHTPOJISI B 00Jiee ITO3THEM BO3pacTe.
OOIIMM UTOrOM MOAOOHBIX PAOOT SIBJISIETCS 3HAYMMOCTh
CONIEpPXKaHUsI, KOTOPOEe TIPEIbSBIsIETCS] PeOEHKY C TTOMO-
mbio ramxkera (O’ Toole, Kannass, 2021).

Ectb cTaThu, KOTOpbIE OOHAPYKUBAIOT (DAKTOPHI, KOTO-
pbIe MOTYT CHU3UTh HETaTUBHBIN 3(PDEKT NCITOTb30BaHUS
raJpkeToB Ha KOTHUTMBHOE pa3BUTHe Aeteil. Tak mokasa-
HO, YTO HET HETaTUBHBIX IMOCJIEACTBUI MPU MCIIOJIb30Ba-
HUU TaKeTOB JETbMU JIO 3 JIET y POIUTENICe C BBICIITUM
0o0pa3oBaHUEM, YCTaHABIMBAIOIIMX IPABWJIA TTONyYEHUS
pedenkoM ragxeta (Brauchli et al., 2024).

B pabore MannaBapauu ¢ coaBropamu (2024) Obuin
MPOBeIeHbl KaK CUCTEMAaTUYECKUI aHaIN3, TaK U MeTaa-
Haynm3. [JTaBHBIN BBIBOJ, CACIAHHBINM MTPU U3YYEHUM JaH-
HBIX, COCTOSUI B TOM, UTO HETaTUBHBIC IMOCJIEACTBHUS Yallle
MPOSIBJISIIOTCS. TIPU  TIACCMBHOM  TIPOCMOTpPE  JIIOOOTO
9KPaHHOTO KOHTEHTA, a TaKXke MPU JJTUTETbHOM TpeObI-
BaHuu B 1udpoBoit cpeme. [Ipu 3TOM KadecTBEHHBIN
00pa3oBaTeIbHBIA KOHTEHT U COBMECTHOE CO B3POCIIBIM
WCIIOJIb30BaHME Ta/KETOB HE TOJIBKO CMSITYAlOT HeTaTHUB-
Hble 3¢ PEKThI, HO, HAMPOTUB, CITOCOOCTBYIOT JIyUIlIEMY
dbopmupoBanuio NO.

YeM 1o3nHee MPOBOIUINCH UCCIIEIOBAHMSI, TEM BbIpa-
JKeHHee ObUTM COMHEHMS B TIPOCTOM W HETaTUBHOM BJIHSI -
HUMU UM(OPOBBIX TEXHOJOTWI Ha KOTHUTHUBHYIO chepy
pebeHKa, B TOM 4HUCJIe KOHKPETHO Ha MCITOJIHUTEJbHbIC
byHkimu nereii. FoBOpUTCS 0 HEOOXOAUMOCTU COTIOCTAB-
JIEHWSI JTaHHBIX C CUTYyallMell B CeMbe, a TakXKe 00s13aTelb-
HOTO yuyeTa HEeJIMHEWHOU CBSI3M MEXIY KOJMIECTBOM Bpe-

MEHH, MPOBOIMMOTO Tepea 9KpaHOM, M (DYHKIMel BHU-
maHus (Liebher, 2022; Veraksa et al., 2022).

BeisiBeHbI 3HaUMMBbIE (DAKTOPBI, MPEAOTIPEACIISTIONINe
cHKeHue ypoBHS D 1pu UCTTONIB30BAHUM TAIIKETOB:

* YacToTa W JUIMTEIbHOCTh MCTIOJb30BaHUS TajKeTa
(Gonee 1 yaca B JIeHb);

* TIAaCCHUBHBIN, a HE AaKTUBHBIN TUII €TO IIPUMEHEHUS;

* 00CyX/IeHUe CcoJepKaHWsI KOHTEHTa CO B3POCIBIMU
(Corkin et al., 2021).

HccnenoBanue 2XK.-K. bycramaHTe c coaBTOpaMu
(2023) nmoxaszayu, 4To AETU, MPOBOAMBIINE Yy SKpaHa 00JIb-
e 15 MUHYT B IeHb, IGMOHCTPUPOBAIM TI0 CPABHEHMIO C
JIETbMU C MEHbIIIEH BKIIIOYCHHOCTHIO B OKpaHHOE BpeMs,
Oosiee HU3KME TTOKasareiau paboueid mamsaru. OmHaKo,
€CJIM yJuThIBaJlach (hoHOBasi paboTa TejleBU30pa, 3HAUU-
MblIE pa3IMuus MEXIY TpyNIaMu ucue3aiud. TopMo3HOMI
KOHTPOJIb CHIKAJICS, €CJIU JIETU IPOCMATPUBAIM TIPO-
rpaMMBbl HEJETCKOTO COAEPXaHWUSI TI0 TeJeBU30DY.
3HaYMMBIM BBIBOJIOM ObLTIa HEOOXOIMMOCThH BKJIIOUYATh B
aHanm3 (hOHOBYIO paboTy TeJIeBU30pa.

3akio4yeHue

Ha ocHoBe poBeIeHHOTO aHaIr3a MOXHO CHOPMYJIH-
pOBaTh CIAEAYIOLINE KIIOUEBBIE BHIBOIBI.

OTcyTCTBYET NpsiMasi TMHEWHAs 3aBUCUMOCTBU: COBPE-
MEHHbIE MCCJIENOBAHUS OMPOBEPraloT MPOCTYIO MPSIMYIO
CBSI3b «0OJIbIIIE DKPAHHOTO BPEMEHM = HUXE YPOBEHb
N®». Bnusinue 1mudpoBoii cpeabl CI0XKHOE U OMOCPeno-
BaHHO MHOXECTBOM (DaKTOPOB.

OTMeuaeTcs posib KOHTEKCTa U COIePKaHUs: HAauOOJIb-
mee HeratTuBHoe BiusiHMe Ha D oka3biBaeT MmaccUBHOE
KUCTIO/Ib30BaHUE LU(PPOBBIX YCTPOWCTB, MPOCMOTP KOH-
TEHTa HECOOTBETCTBYIOILIETO BO3PACTy, OTCYTCTBUE 00CYXK-
JIEHUs YBUJEHHOTO CO B3POCIIbIM.

HecMoTpsi Ha omocpenoBaHHBII XapakTep BIUSHUS,
COXpaHSIETCSd KOHCEHCYC O HEOOXOAUMOCTH OIrpaHUYMBATh
SKpaHHOE BpeMs IJIs1 JOIIKOJBbHUKOB (He Oosiee 1 yaca B
OyaHue THU).

OTMeuaeTcs KJo4yeBasi pojb CEMbU U B3POCJIOro Kak
rnocpenHuka: pazsurue P cuiibHee CBsI3aHO ¢ OO
oOpasoBaTe/ibHOWM U KYyJbTYPHOU Cpeloil B ceMbe, UeM C
caMuM (haKTOM UCTOJb30BAHUS LIU(PPOBBIX YCTPOUCTB.
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