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Abstract
This article examines the neuroscientific underpinnings of how new technologies impact sleep — an essential 
component for development, memory and learning
We will look on the implications of proper rest on development and education by reviewing recent research 
on smartphone use, social media engagement, and the role of computer games and reading habits in digital 
literacy.
A growing body of evidence highlights the role of brain systems associated with the default mode network 
(DMN), essential for introspective processes such as self-awareness, reflection, autobiographical memory 
retrieval, future planning, socioemotional reasoning, and moral judgements. This paper explores how 
technology-induced habits disrupt these neural processes, subsequently affecting sleep architecture, attentional 
control, and learning efficiency. During sleep, the brain actively reprocesses daily experiences, discarding 
irrelevant information and consolidating meaningful memories into long-term storage. By analyzing the 
impact of technology on this restorative process, this review aims to provide insights that can inform 
pedagogical strategies. 

Keywords: neuroscience, education, technology, sleep, learning, smartphones, computer games, social 
media, digital reading

http://www.psychinedu.ru
https://www.elibrary.ru/YWEWRX
https://www.doi.org/10.33910/2686-9527-2025-7-3-408-419
https://crossmark.crossref.org/dialog/?doi=10.33910/2686-9527-2025-7-3-408-419&domain=pdf&date_stamp=2025-10-28
https://www.doi.org/10.33910/2686-9527-2025-7-3-408-419
https://www.doi.org/10.33910/2686-9527-2025-7-3-408-419
https://www.elibrary.ru/YWEWRX
https://creativecommons.org/licenses/by/4.0/deed.en


Психология человека в образовании, 2025, т. 7, № 3	 409

M. Di Salvo

Научная статья

Обзор последних исследований  
и анализ на нейробиологической основе влияния  

новых технологий на качество сна и обучения
М. Ди Сальво 1

1 CrossMediaLabs, 80121, Италия, г. Неаполь, Via Crispi, д. 36a

Для цитирования: Ди Сальво, М. (2025) Обзор последних исследований и анализ на нейробиологической основе 
влияния новых технологий на качество сна и обучения. Психология человека в образовании, т. 7, № 3,  
с. 408–419. https://www.doi.org/10.33910/2686-9527-2025-7-3-408-419 EDN YWEWRX
Получена 16 июня 2025; прошла рецензирование 24 июня 2025; принята 29 июня 2025.
Финансирование: Исследование не имело финансовой поддержки.
Права: © М. Ди Сальво (2025). Опубликовано Российским государственным педагогическим университетом 
им. А. И. Герцена. Открытый доступ на условиях лицензии CC BY 4.0.

Аннотация
В статье описываются неврологические проблемы, связанные с влиянием новых технологий 
на важнейший элемент развития, памяти и обучения, — сон.
Рассматривается влияние отдыха на развитие и образование с учетом последних исследований, 
посвященных использованию смартфонов, влиянию приложений и социальных сетей, а также роли 
компьютерных игр и чтения в достижении цифровой грамотности.
Накопленные данные демонстрируют важность изучения систем мозга, связанных с режимом 
бодрствования и отдыха, которые имеют решающее значение для активности ментальных 
и психосоциальных процессов. Эти процессы задействованы в таких видах деятельности, как 
самосознание и рефлексия, воспроизведение личных воспоминаний, представление сценариев 
будущего, формирование моральных суждений, переживание эмоций, связанных с психологическим 
воздействием социальных ситуаций. В рамках этой темы стоит кратко рассмотреть, как появление 
новых привычек, связанных с использованием современных технологий, существенно влияет на режим 
сна, концентрацию внимания и общую способность к обучению. 
Сон — это время, когда мозг перерабатывает и систематизирует впечатления и информацию, собранные 
в течение дня. Во время сна большинство чувств и переживаний «отбрасываются», а важная информация 
закрепляется в «долговременной» памяти. Обзор последних исследований, в которых анализируется 
влияние новых технологий на отдых, может стать полезным инструментом для совершенствования 
педагогической деятельности.

Ключевые слова: неврология, образование, технологии, сон, обучение, смартфоны, компьютерные 
игры, социальные сети, цифровое чтение

Introduction
This article is structured into four distinct sec-

tions, preceded by an overview of research metho
dology. The sections present the core analytical 
content and could be published as separate papers 
as each examines a different facet of technology’s 
impact.

The first analytical section explores the critical 
implications of rest and sleep for development and 
education. It outlines the neuroscientific evidence 
demonstrating how sleep actively optimizes learning 
processes. 

A key modern rest disruptor, especially among 
school-aged children, is pre-sleep exposure to elec-
tronic screens (e. g., smartphones, tablets). Thus, 
section two delves into the neuroscientific mecha-

nisms through which such digital overexposure 
negatively impacts sleep architecture. Beyond the 
school environment, children are increasingly im-
mersed in digital realities. The second analytical 
section, entitled ‘The effects of intensive app and 
social media use’, investigates this pervasive ‘space 
of existence’. It offers the analysis of how a digitally 
saturated life influences cognitive processes, learning 
activities, and social relationships.

The final section reviews recent neuroscientific 
studies on the roles of digital gaming and reading. 
Digital gaming extends beyond dedicated leisure 
time — which can itself hold pedagogical value — 
to fill interstitial moments such as short breaks and 
daily commutes. The section examines the cognitive 
impact of these activities on the development 
of digital literacy. Understanding the combined 
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influence of these digital engagements is vital for 
shaping effective strategies. This knowledge is cru-
cial not only for refining pedagogical approaches 
but also for guiding broader efforts to promote 
mindful and productive use of technological tools.

Methodology
Eligibility Criteria

The following eligibility criteria were applied for 
the selection of articles:

—	 systematic research articles published in Eng-
lish;

—	 research involving student populations;
—	 research published in journals between 1994 

and 2024.

Sources of information
A comprehensive search was conducted across 

several major electronic databases, including 
PubMed, PsycInfo, and MEDLINE. Additionally, 
a manual search was performed to identify further 
relevant publications.

Search strategies
An electronic search was carried out from De-

cember 2023 to June 2024 using the databases 
MEDLINE, PubMed, PsycInfo, and SciELO. The 
search was restricted to peer-reviewed journal 
articles available online and published in English. 
To ensure the relevance of the literature, the pub-
lication date was limited to the past 25 years.

Selection procedure
In accordance with PRISMA guidelines (Moher 

et al. 2009), inclusion and exclusion criteria were 
defined a priori. During the initial screening phase, 
articles were assessed based on their abstracts ac-
cording to the following inclusion criteria: (I) study 
samples aligned with the populations under review; 
(II) conditions of interest were explicitly evaluated; 
(III) publications were peer-reviewed.

Exclusion criteria were as follows: (I) single case 
studies without a rigorous methodological design; 
(II) studies unrelated to education and learning.

In the second phase, full-text articles that met 
the initial criteria were thoroughly reviewed. The 
following aspects were considered: (I) availability 
of replication or validation; (II) detailed description 
of assessment methods applied to participants; 
(III) clear specification of subject characteristics.

Key findings, interpretation,  
and implications

The selection and analysis yielded several sys-
tematic reviews, which were organised themati-

cally. Below is a summary of the examined topics 
along with interpretations of the results and their 
implications:

—	 implications of sleep-quality on development 
and education;

—	smartphone use and sleep;
—	 the effects of intensive app and social media 

use,digital gaming and reading attitudes 
in digital reading performance. 

Implications of sleep quality 
on development and education

Recent insights into brain functionality reveal 
the dynamic interplay between neural networks 
responsible for externally directed attention and 
those governing the brain’s default mode (DM). 
This default mode network activates during states 
of rest, daydreaming, and reduced external focus 
while being awake (Smallwood et al. 2003). Increas-
ing evidence underscores the crucial role of brain 
systems linked to the DM in supporting internally 
related psychosocial processes, namely, self-aware-
ness, introspection, autobiographical memory re-
trieval, prospective thinking, empathy, emotional 
evaluation of social contexts, and moral reasoning 
(Buckner, Carroll 2007; Buckner et al. 2008; Spreng 
et al. 2009; 2010). A growing body of evidence sug-
gests that reduced opportunities for unstructured 
play, quiet reflection, and mind-wandering — es-
pecially during adolescence — may impair cognitive 
and emotional development. While lapses in atten-
tion due to daydreaming may momentarily hinder 
task performance, periods of reflection and inten-
tional mind-wandering are crucial for long-term 
learning, emotional regulation, and psychological 
well-being (Brown, Vaughan 2009; Doyle 2016; 
Scott, Panksepp 2003; Siviy, Panksepp 2011; Thern-
strom 2016; Walker 2015). Attention is not a unitary 
function but arises from the integration of three 
distinct neural systems: alertness, orientation, and 
executive control (Corbetta, Shulman 2002). More-
over, the networks supporting externally focused 
(‘looking out’) and internally focused (‘looking in’) 
cognition are interdependent. Their coordinated 
regulation is essential for optimal functioning across 
both short-term and longer-term tasks. As stated 
in (Immordino-Yang et al. 2012), ‘the quality of de-
fault mode activity during restful states correlates 
closely with the quality of subsequent neural and 
behavioral responses to external stimuli. Therefore, 
fluctuations in these networks are integral to per-
ception, attention, and goal-directed cognitive 
processes’ (Northoff et al. 2010; Spreng et al. 2010). 
Research conducted in educational settings sup-
ports these insights. For example, primary school 
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students show improvements in emotional well-
being, self-confidence, and academic performance 
when encouraged to engage in ‘metamoments’ — 
pausing to reflect on emotions, envision their 
ideal self, and plan future actions accordingly 
(Brackett et al. 2012). Such practices align with DM 
research emphasizing the role of introspection and 
reflection in knowledge consolidation. The ability 
to modulate between internal reflection and exter-
nal focus is critical for academic engagement, well-
being, and performance on tasks requiring sustained 
attention. As argued by (Immordino-Yang et al. 
2012), ‘Both neural and psychological research 
reveal the significance of equipping individuals — 
adolescents in particular — with opportunities 
to refine their capacities for effective attention di-
version’. Strengthening these capacities supports 
high-quality introspection and healthier outward-
ly-directed cognition. These processes are essential 
not only for task performance but also for overall 
well-being and the interdependent enhancement 
of internal and external attentional states. A re-
lated and increasingly urgent concern is the impact 
of smartphone use on adolescent sleep patterns 
with significant implications for both cognitive 
performance and emotional health.

Smartphone use and sleep
Smartphones have become deeply embedded 

in the daily routines of adolescents, often used from 
morning until late at night. A recent study by (Siebers 
et al. 2024) investigated how smartphone usage 
at different times of day — particularly before 
sleep — affects sleep quality, distinguishing between 
passive consumption (‘lean-back’ apps) and active 
interaction (‘lean-forward’ apps). Sleep is essential 
for maintaining a balanced lifestyle, especially du
ring adolescence — a critical developmental stage 
where establishing healthy sleep habits is crucial 
(Dregan, Armstrong 2010). Despite this, many 
adolescents experience poor sleep quality, with 50 % 
to 66 % reporting difficulties falling asleep, frequent 
nighttime awakenings, or non-restorative sleep 
(Akçay, Akçay 2018; Amra et al. 2017; Gradisar et al. 
2013). These sleep disturbances are linked to adverse 
mental health outcomes, including depression 
(Alonzo et al. 2021; Gradisar et al. 2022; Orchard 
et al. 2020), anxiety (Alonzo et al. 2021; Orchard 
et al. 2020), and increased negative affect (Trian-
tafillou et al. 2019). The relationship between 
smartphone use and adolescent sleep has been 
widely examined. At least five meta-analyses (Chu 
et al. 2023; Han et al. 2024; Yang et al. 2020), two 
focusing specifically on adolescents (Carter et al. 
2016; Sohn et al. 2019), and seven systematic reviews 

(Brautsch et al. 2023; Cain, Gradisar 2010; Hale 
et al. 2019; LeBourgeois et al. 2017; Mac Cárthaigh 
et al. 2020; Silva et al. 2022) detailed the impact 
of smartphone use among adolescents on sleep. 
Numerous empirical studies (e. g., Burnell et al. 
2022; Cabré-Riera et al. 2019; Caumo et al. 2020) 
have consistently indicated that excessive smart-
phone use by adolescents — particularly at night — 
is associated with poorer sleep quality. However, 
they also identified gaps in the existing body of lite
rature. Siebers (Siebers et al. 2024) contributed 
to this literature by examining within-person effects 
of smartphone use across different times: daytime, 
pre-bedtime, and after sleep onset. Interestingly, 
the study found no significant effects for daytime 
or pre-sleep smartphone use. Instead, phone use 
after falling asleep was strongly associated with 
reduced sleep quality. Individual differences appear 
to moderate these effects. The Differential Suscep-
tibility to Media Effects Model (DSMM; Valkenburg, 
Peter 2013) highlights factors such as gender (McMa
nus et al. 2021), chronotype (Fossum et al. 2014), 
social media stress sensitivity (Wolfers, Utz 2022), 
and self-regulation (Kroese et al. 2016; Li et al. 2015) 
as key variables influencing how smartphone use 
throughout the day impacts sleep. 

By utilizing real-time smartphone data, Siebers 
and colleagues provide a nuanced, within-person 
analysis of how nighttime smartphone usage impacts 
adolescent sleep. Their findings critically underscore 
that the greatest harm is not necessarily from pre-
sleep use, but from engagement after the sleep 
period has begun. This negative relationship appears 
to be driven by three interconnected mechanisms. 
First, smartphone use after bedtime can induce 
cognitive and emotional arousal at a time when the 
nervous system should be descending towards rest, 
directly impairing sleep onset and quality. Second, 
such nocturnal use directly encroaches on total 
sleep time and can distort the subjective perception 
of rest received. Finally, and perhaps most disrup-
tively, push notifications and alerts can fragment 
the sleep architecture itself, causing micro-arousals 
and awakenings that lead to shallow, non-restorative 
sleep (Fobian et al. 2016; Van Den Bulck 2003). This 
often creates a vicious cycle: adolescents suffering 
from insomnia may turn to their phones as a dis-
traction, a coping strategy that inadvertently exa
cerbates the very sleep difficulties they aim to escape 
(Bartel, Gradisar 2017; Eggermont, Van Den Bulck 
2006). By utilizing real-time smartphone data, the 
study by Siebers is one of the first investigations 
into the day-to-day connections between nighttime 
smartphone usage and adolescent sleep outcomes. 
The findings highlight the particular harm associa
ted with smartphone engagement after sleep onset. 
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This negative relationship can be explained through 
three key mechanisms. First, engagement with 
smartphones after going to bed may increase arou
sal at a time when the body should be preparing for 
rest, thereby undermining sleep quality. Second, 
prolonged phone use during the night intrudes 
on vital sleep time and can negatively influence the 
subjective evaluation of sleep. Third, push notifica-
tions and other device alerts can disrupt sleep cycles 
by causing awakenings (Fobian et al. 2016; Van Den 
Bulck 2003). Fragmented and shallow rest results 
in individuals feeling less rejuvenated upon waking, 
further lowering perceived sleep quality. It is also 
important to note that some adolescents may wake 
during the night and turn to their smartphones 
as a coping mechanism for insomnia, a behavior 
that can create a cyclical pattern and worsen sleep 
outcomes over time (Bartel, Gradisar 2017; Egger-
mont, Van Den Bulck 2006). The research also 
underscores the significant influence of application 
type on sleep outcomes. The use of interactive ‘lean-
forward’ apps, such as social media platforms before 
bed or gaming apps after bedtime, is linked to 
poorer sleep quality. In contrast, passive ‘lean-back’ 
apps, like video streaming services, appear to lack 
these same detrimental effects. This important 
distinction challenges the displacement hypothesis, 
which posits that any screen time uniformly re-
duces resting opportunities. Instead, it suggests that 
the specific nature of the activity is a critical factor 
in determining the relationship between phone 
usage and sleep. The connection between smart-
phone use and diminished sleep quality is further 
elucidated by the arousal-before-sleep hypothesis. 
This theory suggests that heightened cognitive 
or emotional activation prior to bedtime nega-
tively affects perceived sleep quality, a claim sup-
ported by existing evidence (Tang, Harvey 2004; 
Tkaczyk et al. 2023; Wuyts et al. 2012). Different 
smartphone apps induce varying levels of arousal; 
interactive ‘lean-forward’ apps such as social media 
and gaming are more likely to disrupt pre-sleep 
calmness due to their engaging nature. Previous 
findings confirm that such interaction can harm 
sleep quality (Gradisar et al. 2013). For adolescents, 
social media use before bed can heighten alertness 
through a sensitivity to social validation — such as 
likes, comments, and notifications — and the as-
sociated pressure to respond quickly, thereby inter-
fering with the necessary wind-down process (Scott, 
Woods 2018). Similarly, gaming requires heightened 
focus and vigilance, which can delay sleep onset 
(Ivarsson et al. 2013; Weaver et al. 2010; Wolfe et al. 
2014). Conversely, ‘lean-back’ applications like 
video streaming may promote relaxation and help 
lower arousal levels, potentially preparing the body 

for sleep (McNally, Harrington 2017). Although 
direct measures of pre-sleep arousal were not in-
cluded in the study, the observed differences in sleep 
quality associated with various app types strongly 
point to arousal as a central mechanism linking 
smartphone usage to sleep disturbances. Empirical 
findings further emphasize how app usage patterns 
shape sleep outcomes. Adolescents who spent more 
time watching videos in the hour before bed re-
ported better sleep quality compared to peers who 
engaged more with interactive apps. This pattern 
suggests that integrating passive video watching 
into bedtime routines may serve as a relaxing tran-
sition into sleep, a notion supported by qualitative 
research on adolescent wind-down practices (Toh 
et al. 2019). Furthermore, longitudinal data from 
studies utilizing daily diary surveys and smartphone 
monitoring indicate that young adults who allo-
cated more evening time to watching videos expe-
rienced longer sleep durations (Sumter et al. 2024).

The effects of intensive app  
and social media use

The proliferation of digitally mediated commu-
nication platforms and digital entertainment has 
fundamentally reshaped social interaction, with 
texting and messaging largely supplanting tradi-
tional face-to-face communication among adoles-
cents (Pew Research Center 2010). This rapid shift 
has elicited considerable concerns regarding its 
developmental implications, particularly whether 
extensive digital communication undermines youths’ 
ability to navigate in-person social dynamics and 
how such potential deficits manifest psychologi-
cally. Evidence suggests that excessive social media 
use and persistent interruptions by messaging may 
orient adolescents toward concrete, immediate 
aspects of their environment at the expense of ab-
stract and morally reflective thinking. Specifically, 
sustained engagement with digital communication 
appears to diminish attention to the broader moral, 
emotional, and long-term implications of behavior. 
A study by Trapnell and Sinclair (Trapnell, Sinclair 
2012) examined this hypothesis in a sample of 2,300 
Canadian university students aged 18–22. The results 
revealed weak but consistent associations between 
high texting frequency and increased materialism, 
out-group bias (e. g., more negative attitudes toward 
Indigenous Canadians), and greater emphasis 
on physical appearance. Furthermore, heavy texting 
was negatively correlated with moral reflexivity, 
including reduced motivation to promote social 
equality, weaker commitment to social justice, and 
diminished valuation of personal integrity. These 
effects intensified over the five-year study period, 
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with rising texting frequency paralleled by a marked 
decline in ethical reasoning. This pattern underscores 
the nuanced yet meaningful influence of digital 
communication tools on cognitive, social, and 
ethical development in young people. Further re-
search is needed to clarify these dynamics and 
develop strategies that promote balanced technology 
use in support of social well-being and cognitive 
growth. 

Complementing these findings, A. Abraham 
et al. (Abraham et al. 2012) observed that partici-
pants who drew and described their mobile phones 
reported a temporary decrease in prosocial beha
vior — operationalized as willingness to donate 
time or resources to a homeless charity — alongside 
an increase in perceived social connectedness. 
Similarly, Angster et al. (Angster et al. 2010) found 
that frequent texting among young adults was as-
sociated with less satisfying friendships. These 
findings underscore the possibility that sustained 
engagement with external stimuli, particularly 
through media-driven distractions or habitual reli-
ance on brief, digitally mediated communication, 
might diminish opportunities for introspection 
regarding the moral, social, and emotional dimen-
sions of interpersonal interactions. Over time, this 
dynamic can inhibit the development of personal 
values and impair the capacity to form meaningful 
relationships, potentially narrowing identity forma-
tion toward superficial traits at the expense of broa
der emotional and social awareness. However, the 
impact of technology is not inherently negative but 
depends on its application. For example, when used 
intentionally — such as in targeted behavioral in-
terventions (e. g., health reminders) — technology 
can yield substantial benefits (Cole-Lewis, Kershaw 
2010). Similarly, digital tools can enhance social 
reflexivity and moral engagement by facilitating 
communication across geographic and cultural 
divides, thereby fostering empathy and perspective-
taking. The central issue, therefore, lies not in the 
technology itself, but in how it is leveraged. Judicious 
use that promotes social development and meaning
ful interaction is essential.

A recent Italian study, EYES UP (Respi et al. 
2025), offers an in-depth analysis of the relationship 
between early digitalization, academic performance, 
and educational inequality. This study estimated 
the effect of the age at which children open a social 
media account on academic achievement — a novel 
contribution to the literature. The study found 
a negative association between early access to smart-
phones and social media and school performance, 
whereas the use of PCs, tablets, video game consoles, 
and instant messaging showed no significant effects. 

A pronounced performance gap emerged in the 
third year of lower secondary school, to the detri-
ment of early adopters of social media. This study 
represents the first rigorous identification of such 
an effect in Italy, confirming widespread concerns 
about the negative interference of early digital 
adoption on learning and underscoring the need 
for a critical approach to technology diffusion among 
minors.

The study also examined social differentials 
(gender, social origin, migrant background) in ear-
ly digital exposure. Boys appeared to suffer more 
pronounced academic consequences from early 
social media access than girls. Moreover, early ac-
cess to digital media was more common in so-
cially and culturally disadvantaged contexts, where 
children often use devices more intensively and 
with less educational guidance from families. Al-
though no greater negative effect was detected 
among these groups, the higher prevalence of ear-
ly digital use in vulnerable contexts risks exacerba
ting existing educational disparities. This was 
further supported by the third research question 
and analyses of  ‘educational poverty’, which linked 
early and pervasive use of smartphones and social 
media to reduced cultural consumption and lower 
academic self-efficacy.

Digital gaming and reading attitudes 
in digital reading performance

W. Zhang and L. Gu (Zhang, Gu 2023) con-
ducted an in-depth analysis of the interplay between 
digital reading outcomes, computer gaming, and 
reading attitudes using data from Hong Kong in the 
2018 Programme for International Student Assess-
ment (OECD 2019). Their study elucidated several 
critical relationships: digital reading achievement 
correlated negatively with computer gaming but 
positively with reading attitudes. Importantly, 
reading attitudes mediated the adverse effects 
of gaming on digital reading performance. When 
controlling for gender, the initially pronounced 
negative impact of gaming diminished, suggesting 
that gender-related differences significantly influ-
ence these dynamics. The study highlights three 
key insights: first, excessive gaming can impair 
digital reading performance; second, positive rea
ding attitudes buffer these detrimental effects; and 
third, gender differences in reading attitudes mea
ningfully shape the relationship between gaming 
and reading outcomes, to the extent that the nega
tive impact of gaming diminishes in specific contexts. 
These findings contribute valuable empirical evidence 
to the understanding of how gaming behavior, 
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literacy skills, and attitudinal variables intersect — 
a topic often discussed anecdotally rather than 
systematically.

The negative association between computer 
gaming and digital reading aligns with earlier re-
search on the deleterious academic effects of in-
tensive gaming. For instance, findings from C. P. Bar-
lett (Barlett et al. 2009) and A. Drummond and 
J. D. Sauer (Drummond, Sauer 2014) support the 
notion that prolonged video gaming adversely 
impacts academic performance. However, the results 
from W. Zhang and L. Gu contrast with those 
of Rasmusson and Åberg-Bengtsson (Rasmusson, 
Åberg-Bengtsson 2014), who found a positive cor-
relation among Swedish adolescents, and with 
F. Borgonovi (Borgonovi 2016), who observed that 
moderate gaming may support learning while ex-
cessive use is harmful. These inconsistencies suggest 
that contextual factors (cultural norms, learning 
environments, etc.) may mediate the relationship 
between gaming and educational outcomes. 

A salient contribution of Zhang and Gu’s work 
is its emphasis on reading attitudes as a potent 
predictor of digital reading performance — more 
influential than gaming behavior itself. This rein-
forces prior scholarship identifying positive reading 
attitudes as critical for literacy development (Lim 
et al. 2015; Logan, Johnston 2009; Martinez et al. 
2008; Sainsbury, Schagen 2004). Nevertheless, the 
literature remains contested, with some studies 
reporting negative or inconclusive associations 
between reading attitudes and performance (Kush, 
Watkins 1996; Martinez et al. 2008; McKenna et al. 
1995; 2012; Sölpük 2017), underscoring the need 
for further nuanced investigation.

The study also identified a significant inverse 
relationship between computer gaming and reading 
attitudes. This may be explained by the displace-
ment of study-related activities, including reading, 
in favor of gaming, leading to less favorable attitudes 
toward literacy. These findings highlight the im-
portance of promoting both responsible gaming 
habits and positive reading cultures in educational 
and familial contexts.

Using structural equation modeling, Zhang and 
Gu demonstrated that computer gaming affects 
digital reading both directly and indirectly through 
its impact on reading attitudes. Specifically, students 
who engage extensively in video games are more 
likely to exhibit lower levels of achievement  
in digital reading tasks and harbor more negative 
perceptions of reading as an activity. This aligns 
with research linking excessive gaming to poorer 
academic outcomes (Ferguson, Olson 2014; Kowert 
et al. 2015; Swing et al. 2010) and studies affirming 
the intrinsic link between positive reading behaviors 

and favorable attitudes (Logan, Johnston 2009; 
Martinez et al. 2008; Sainsbury, Schagen 2004). 
In summary, while gaming exhibits a modest nega
tive effect on digital reading, the influence of reading 
attitudes is substantially greater. By situating their 
findings within wider scholarly discussions on edu
cation and technology, Zhang and Gu underscore 
the strategic value of fostering meaningful literacy 
experiences while proactively managing the chal-
lenges associated with frequent digital entertainment 
use. Their analysis indicates that while online video 
gaming exerts a modest adverse effect on digital 
reading performance, the role of reading attitudes 
is substantially more influential. This implies that 
the more pronounced negative correlation often 
observed between gaming and reading performance 
likely arises when the mediating role of reading 
attitudes is not accounted for. Fundamentally, 
a positive orientation toward reading can coun- 
teract the detrimental effects of video gaming,  
as constructive reading attitudes contribute more 
strongly to digital reading outcomes than gaming 
behaviors do. These results point to a significant 
pedagogical opportunity: through targeted efforts 
to cultivate positive reading dispositions, educators 
can mitigate the potential disruptions caused by com-
puter gaming and support students’ digital literacy 
development.

Moreover, gender-based analysis indicates that 
girls demonstrate a stronger inclination toward 
reading than boys, even when controlling for time 
spent playing video games. This finding aligns with 
the PISA 2018 report (OECD 2019), which noted 
that while both genders show declining rates of lei-
sure reading, girls consistently maintain more 
positive attitudes toward reading. These results 
corroborate previous studies documenting girls’ 
generally higher reading enthusiasm. Interestingly, 
video gaming may provide girls with supplemen-
tary cognitive benefits beyond visual-spatial skills — 
an area warranting further investigation regarding 
specific reading strategies acquired via gaming. 
In light of the documented gender gap in digital 
reading performance identified by Zhang and Gu, 
targeted interventions to enhance boys’ literacy skills 
appear particularly urgent. One promising approach 
involves encouraging frequent, interest-driven online 
reading experiences specifically designed to appeal 
to male students’ preferences and motivations.

Conclusions 
Sleep constitutes a vital neurophysiological pro-

cess during which the brain consolidates and orga-
nizes daily experiences and information. Research 
demonstrates that sleep facilitates the elimination 
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of sensations and experiences while strengthening 
the retention of crucial information in long-term 
memory. This overview of current research under-
scores the importance of understanding how modern 
technologies impact sleep and subsequent cognitive 
functioning, with significant implications for edu-
cational practice. Contemporary digital media 
substantially affect attentional capacities through 
both the structure of texts and hypertexts and pro-
longed exposure to artificial light emitted by screens. 
The constant interruption from notifications, mes-
sages, and pop-ups further disrupts cognitive con-
tinuity throughout the day, impairing deeper reflec-
tion, analysis, and knowledge integration. Evening 
screen exposure compounds these effects by dis-
rupting circadian regulation through the suprachi-
asmatic nucleus, exacerbating sleep disturbances 
that surpass those observed in earlier media envi-
ronments, namely, TV. These challenges are am- 
plified by modern societal pressures, including  
demanding work schedules and relentless pace 
of society, which contribute to elevated stress levels 
in daily life.

As indicated by recent research (Di Salvo 2025), 
chronic stress — particularly that associated with 
traumatic experiences — can induce structural 
alterations in brain regions critical for memory, 
including the amygdala and hippocampus. Such 
neurological changes impair memory function 
by disrupting protein synthesis essential for neu-
roplasticity, potentially leading to false memory 
formation, memory suppression, emotional dys-
regulation, and other cognitive symptoms often 
misattributed to non-neurological causes. Further 
investigation is necessary to elucidate how these 
mechanisms disrupt fundamental cognitive pro-
cesses and neural circuitry.

Regarding intensive social media and application 
use, evidence confirms negative associations between 
early digital technology adoption and learning 
outcomes, highlighting the need for more critical 
approaches to technology dissemination among 
youth. Gender differences are particularly note-
worthy, with boys appearing more susceptible  
to the academic consequences of early social media 
access than girls, while digital gaming exhibits 
distinct gender-specific impacts. Furthermore, 
early and pervasive smartphone and social media 
use correlates with reduced cultural engagement 
and diminished academic self-efficacy.

These collective findings suggest several action-
able recommendations, including promoting mind-
ful, purposeful, and moderated digital technology 
use, implementing educational initiatives fostering 
critical digital literacy, and encouraging reduced 
screen exposure during evening hours. Concur-
rently, priority research directions should investigate 
technology’s direct effects on memory consolidation, 
sleep quality, and stress response systems; examine 
whether proficiency with one medium diminishes 
capacity for learning through others (evaluation 
of multimodal learning); and conduct cross-cultu
ral analyses to determine how contextual factors 
moderate digital technology effects. 
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