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Abstract

The growing use of mobile devices among children under the age of 12 underscores the need to investigate potential
associated risks and to encourage appropriate usage habits. This meta-analysis aimed to examine the relationship between
mobile device use and behavioral problems in children aged 3 to 12 years, as measured by the Strengths and Difficul-
ties Questionnaire (SDQ). The literature search was conducted in three databases (PubMed, PsycINFO, and WOS), in
accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. The
study protocol was previously registered in the International Prospective Register of Systematic Reviews (PROSPERO).
Eligibility criteria were established using the Population, Exposure, Comparator, and Outcomes (PECO) framework. Risk
of bias in the included studies was assessed using the Newcastle-Ottawa Scale (NOS) for the quality appraisal of non-ran-
domized studies. A total of seven studies were included in the meta-analysis. The results indicated an incidence of 8.52%
for emotional problems (95% CI [4.10, 17.71]); 8.00% for behavioral problems (95% CI [1.87, 34.21]); 10.23% for symp-
toms of hyperactivity/inattention (95% CI [2.73, 38.40]); 11.64% for peer relationship problems (95% CI [5.20, 26.08];
k=4); and 0.20% for reduced prosocial behavior (95% CI [0.12, 0.32]) among children with higher mobile device usage.
Children’s greater use of mobile devices is associated with a higher prevalence of behavioral and emotional problems.
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Introduction

The increasing use of technologies at younger ages has
raised concerns about how they may impact the psycho-
logical and social well-being of children. Half of all men-
tal health problems begin before the age of 14, and in most
cases, they are not detected or adequately treated (World
Health Organization [WHO], 2022). It is essential to gather
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evidence on factors that may influence mental health from
an early age, with mobile electronic devices recently emerg-
ing as a particularly relevant factor.

Children are born and raised with electronic devices,
which influence their development and behavior (Olson et
al., 2022; Urieta et al., 2023). Mobile electronic devices—
characterized by their portability, internet connectivity, and
multifunctionality—have become ubiquitous in children’s
daily lives. Among these, smartphones and tablets are the
most widely used, and this study will focus specifically on
these two formats. Children are increasingly likely to own
or use such devices at younger ages (Barr et al., 2019).
Radesky et al. (2020) found that at least one-third of 3-year-
olds in the United States had access to a mobile device that
they used for about 2 h a day, an exposure that increases
with age. The use of mobile devices is widespread among
children; a study by Rideou and Robb (2022) found that
97% of children between 0 and 8 years old have access to
such devices, and the average age at which children acquire
their own mobile phone is estimated to be 10.6 years.
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Screen time, including time spent on digital devices, has
increased across all age groups, with the greatest increase
observed in primary school children (Trott et al., 2022).
Recommendations suggest limiting screen use to one hour
per day for children aged 2 to 5 years and to no more than
two hours per day for those aged 5 to 17, in order to prevent
negative effects on health and development. However, these
guidelines are often not followed (UNESCO, 2023).

Given this reality, there is concern about the possible
effects of children’s use of electronic devices (Gonzalez-
Sanmamed et al., 2023), with contradictory evidence and
inconclusive results. Studies in this area have analyzed both
the negative effects and the potential educational benefits.
Among the advantages found, the benefits of learning due
to their accessibility, adaptation, and capacity for motiva-
tion stand out (Criollo-C et al., 2021). However, other stud-
ies find negative effects of their use on school performance
(Kates et al., 2018). Excessive screen time and use of elec-
tronic devices in populations under 12 years of age have
been associated with emotional, behavioral, and cognitive
difficulties (Lin et al., 2020; McNeill et al., 2019; Swider-
Cios et al., 2023). Although negative effects have been
associated with inappropriate use, the empirical evidence
remains inconclusive, with contradictory findings and meth-
odological limitations across existing studies (Eirich et al.,
2022). This ambiguity may stem from inconsistent defini-
tions of what constitutes inappropriate use.

A common limitation in previous studies is the failure to
distinguish between mobile devices and traditional screen-
based technologies, which hinders the analysis of their dif-
ferential effects (Ophir et al., 2021). Due to their portability
and individual use, mobile devices can be accessed in a vari-
ety of contexts and often without adult supervision, increas-
ing the risk of prolonged exposure beyond recommended
limits (McDaniel & Radesky, 2020; Radesky & Christakis,
2016). This risk affects both the family and school contexts,
underscoring the need for consistent monitoring of device
use and the development of preventive strategies to mitigate
potential adverse effects.

Within the family context, parenting styles, caregivers’
emotional availability, rule consistency, and supervision
have been shown to affect both children’s access to mobile
devices and the emergence of socioemotional problems
(Domoff et al., 2019; Radesky et al., 2020). This perspec-
tive reinforces the importance of analyzing the use of tech-
nology in childhood from an approach that integrates not
only individual factors, but also relational and contextual
dimensions.

Inconsistencies in children’s use of digital devices are also
reflected in school policies on their use. Although UNESCO
(2023) supports the continued integration of Information
and Communication Technology (ICT) in the classroom,
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it also indicates that the indiscriminate and unplanned use
may have negative consequences. Recent data indicate that
only 13% of countries currently have laws regulating the
use of mobile phones in schools, and 14% have policies pro-
hibiting their use. Several European countries that were pre-
viously advocates for the use of technology in schools, such
as Spain, the Netherlands, Sweden, Italy, and France, have
now begun to implement regulations limiting or prohibit-
ing students'use of mobile devices (in some cases includ-
ing smartphones and/or tablets) in educational settings
(Gimeno, 2023).

At least 50% of mental health problems emerge before
the age of 15 (Kim-Cohen et al., 2003), and one-fifth of the
non-fatal burden related to diseases in childhood and ado-
lescence is attributable to mental disorders (Kieling et al.,
2024). Mental health prevention is crucial during this stage,
as it is strongly shaped by environmental factors and plays a
key role in the formation of long-term emotional and behav-
ioral patterns.

Emotional and behavioral problems in children are among
the most frequently reported psychosocial concerns in the
literature. In Spain, the National Health Survey conducted
by the National Institute of Statistics periodically assesses
children's mental health using the Strengths and Difficulties
Questionnaire (SDQ; Goodman, 1997). The survey evalu-
ates internalizing symptoms (e.g., anxiety and depression)
and externalizing symptoms (e.g., conduct problems and
hyperactivity) in the general population.

This screening instrument has been validated as a child
psychopathology questionnaire and can be applied to chil-
dren aged 4 to 16. It has been translated into more than 40
languages and is widely used in health services in various
countries, where it is considered a standard tool for detecting
emotional and behavioral problems in childhood (Armitage
et al., 2023).

Despite the availability of multiple instruments for
assessing psychosocial difficulties, the present meta-analy-
sis includes only studies that used the Strengths and Dif-
ficulties Questionnaire (SDQ) as a common measure. This
decision was made to reduce methodological heterogeneity
and enhance comparability across studies. It was selected
not only for its strong international validation and wide-
spread use in both clinical and population-based research,
but also because it assesses both internalizing and external-
izing domains within a standardized and widely accepted
framework. By limiting the analysis to studies employing
the SDQ, this meta-analysis ensures greater consistency in
the operationalization of psychosocial difficulties—an espe-
cially important consideration given the conceptual vari-
ability identified in previous reviews.

According to Spain’s most recent National Health Sur-
vey (Ministerio de Sanidad, Consumo y Bienestar Social,
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2019), SDQ results indicated that approximately 1% of chil-
dren aged 0 to 14 present signs of mental health problems.
The findings also showed that boys exhibited more mental
health issues than girls, except in the domains of depression
and anxiety.

Early prevention is considered essential in the context
of child development, particularly in an increasingly digi-
tized environment where technology plays a growing role
in children's lives. Most studies examining the psychosocial
effects of mobile devices focus on adolescence, with fewer
addressing childhood populations. The association between
mental health problems and the use of mobile devices in
adolescence has been analyzed in recent systematic reviews
with contradictory results, yielding mixed findings, with
some studies reporting significant associations while others
found no such relationship (Girela-Serrano et al., 2024).

Concerning younger children, a meta-analysis by Malla-
waarachchi et al. (2022) examined the relationship between
the use of smartphones and tablets, and psychosocial, cog-
nitive, and sleep-related factors. Although some studies
reported positive associations, the overall meta-correlations
with internalizing and externalizing symptoms were found
to be nonsignificant. In the case of children under 12 years
of age, a meta-analysis examined the relationship between
the effects of screen time and internalizing and externalizing
problems, finding weak but significant correlations (Eirich
et al., 2022). This inconsistency in results is often attributed
to methodological differences, including variations in age
groups, measurement instruments, and the types of devices
analyzed. Identifying which populations are more strongly
affected may help inform the ongoing debate about screen
time and support development of targeted interventions for
children at greater risk of behavioral problems associated
with screen exposure.

Therefore, it is important to analyze and synthesize cur-
rent evidence, focusing on the association between the use
of mobile devices and externalizing and internalizing prob-
lems. In order to reduce the influence of certain factors that
contribute to methodological variability, we focus on stud-
ies using a single validated instrument and a restricted age
range (3 to 12 years), selecting the SDQ due to its wide-
spread use in this field across numerous countries (Rivas
Arribas et al., 2018). Understanding these associations in
depth will support the development of early prevention
strategies to protect against emotional and behavioral dif-
ficulties, thereby helping to prevent both current and future
mental health problems.

This study aims to examine the associations between the
general use of smartphones and tablets and the prevalence
of behavioral problems in children, focusing on both inter-
nalizing and externalizing factors. The systematic review
evaluates the existing methodology and findings in this

field, identifying key advances, current limitations, and
directions for future research and early prevention efforts
related to mobile device use. The meta-analysis synthe-
sizes available estimates of the strength of the association
between screen time and behavioral problems, based on
studies that employed the SDQ, a widely validated instru-
ment used internationally.

Method
Protocol

To ensure a standardized procedure, the present meta-analy-
sis was carried out following the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA)
recommendations (supplementary material S1) (Page et
al., 2021). In addition, it was previously registered in the
International Prospective Register Of Systematic Reviews
(PROSPERO) (CRD42024542956).

Selection criteria

The inclusion criteria and formulation of research questions
were guided by the Population, Exposure, Comparator, Out-
come, and Study design (PECOS) framework (Mintzker et
al., 2023). Participants were children aged 3 to 12 years,
exposed to mobile electronic devices (which may include
mobile phones and/or tablets) and/or with access to their
own electronic device. Exposure groups were categorized
as low/zero use versus medium or high levels of use.

The primary variables referred to total difficulties and
externalizing and internalizing behaviors. Secondary
variables were hyperactivity and inattention, emotional
problems, behavioral problems, problems with peers, and
prosocial behavior. These variables were assessed using the
validated Strengths and Difficulties Questionnaire (SDQ;
Goodman, 1997), completed by family members or caregiv-
ers and widely used to establish normal or borderline/high
levels of these variables.

Only studies that utilized the Strengths and Difficulties
Questionnaire (SDQ) were included to ensure methodologi-
cal consistency and enhance cross-study comparability. The
use of a single, standardized instrument aligns with recom-
mendations for reducing heterogeneity in meta-analytic
research (Higgins et al., 2023). The SDQ is one of the most
widely used and internationally validated tools for assessing
emotional and behavioral difficulties in children, offering
strong psychometric properties and cross-cultural applica-
bility (Goodman, 2001; Kersten et al., 2015). Both retro-
spective and prospective observational cohort studies were
considered eligible for inclusion.
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The inclusion and exclusion criteria, defined according to
the PECOS strategy and their respective justifications, are
presented in Table 1.

Search and sources of information

To ensure the eligibility of the articles included, a search
was conducted across multiple databases, as recommended
by Borenstein et al. (2009). The search focused on peer-
reviewed scientific articles indexed in Web of Science
(WOS), PubMed, and PsycInfo. These databases provide a
broad range of literature across disciplines and are widely
recognized for their standards of scientific quality and reli-
ability (Harzing & Alakangas, 2016).

The following search terms were used to identify the study
records in the databases: ("pre school*"OR"preschool*"OR
“pre-school” OR"early childhood"OR kindergarten®* OR
toddler* OR"young child*"OR"preschool*"OR child*)
AND (“smart phone*” or smartphone* or cell* OR phone*
OR mobile OR device* OR tablet* OR phone* OR device*)
AND (“internal* factor” OR “external* factor” OR SDQ
OR “strengths and difficulties questionnaire*”).

No language restrictions were applied. To identify addi-
tional studies that may have been omitted in the initial search,
we reviewed the reference lists of articles selected during the
second screening phase using backward citation tracking.

Selection of studies

The study selection process was structured in three phases
and replicated across each database consulted. In the
first stage, duplicates were removed. In the second stage,
the titles and abstracts of the identified references were
reviewed according to the eligibility criteria. In the third
phase, the records of the included studies and their supple-
mentary materials were analyzed to determine to determine
their eligibility and to review their bibliographic references
for additional relevant studies.

Two independent reviewers screened the studies in par-
allel, blinded to each other’s decisions. Subsequently, all
possible discrepancies between the two reviewers were
resolved through critical discussion or by cross-checking
with the protocol criteria. A third reviewer evaluated cases of
doubts or disagreement between the reviewers. The search

Table 1 Inclusion and exclusion

ble Criterion Inclusion Exclusion Rationale
criteria Year of Articles published between Articles pub- The year 2007 marks the point at which
publication January 2007 and May lished before mobile phone use became widespread
2024 2007 and began to increase significantly ( Mac
Carthaigh et al., 2020 )
Population  Children aged 3 to 12 years Children older Limited research exists on the psychosocial
and/or family members than 12 or effects of electronic devices in children
or caregivers who report younger than under 12, as most studies focus on adoles-
the use of devices and 3 years cents, a group more susceptible to external
minors'symptoms stimuli
Exposure  Use of mobile electronic Data without The accessibility of mobile devices results
factor devices, differentiated from differentiating in different patterns and frequencies of use
traditional devices the use of mobile compared to traditional devices. Findings
and traditional suggest that behavioral difficulties are more
electronic strongly associated with new digital media
devices than with television ( Poulain et al., 2018 )
Outcome SDQ questionnaire mea- Outcomes The SDQ is a validated instrument that
variables sures; externalizing and assessed using has been widely used in studies conducted
internalizing factors, emo- instruments other across different countries ( Goodman,
tional problems, behavioral than the SDQ 2001; Kersten et al., 2015 ). Using a com-
problems, problems with mon scale in research facilitates the stan-
peers, hyperactivity/inat- dardization and comparability of results
tention, prosocial behavior (Higgins et al., 2023)
Data Studies reporting an effect  Studies lacking  Effect sizes are required to estimate a
analysis size or providing sufficient effect sizes or pooled mean effect and to assess the con-
data to compute it data necessary to sistency or heterogeneity across studies
calculate them
Study Cross-sectional or longitu- Literature Only original quantitative observational
design dinal observational studies reviews, studies address the research question
experimental, without external manipulation of outcome
or mobile-based variables
intervention
studies
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and selection of studies were conducted in March and April
2024 using Rayyan software (Ouzzani et al., 2016).

Data extraction

The selected articles were reviewed and analyzed in detail
by the two authors. Although data extraction was performed
independently by three reviewers, the results were discussed
and interpreted collaboratively until consensus was reached.
The basic characteristics of each article were recorded, and
the following information was extracted: authors, year,
country, study design, participant characteristics (total
sample size, age range, and sex), characteristics of mobile
device exposure, outcome measure analyzed, and risk of
bias.

The main outcome of interest was behavioral difficulties
associated with exposure to mobile electronic devices. The
Strengths and Difficulties Questionnaire (SDQ; Goodman,
1997) was used to compare the factors: emotional problems
(EP), conduct problems (CP), hyperactivity/inattention
(HI), peer problems (PP), and prosocial behavior (PB). The
factors underlying the scores obtained in the questionnaire
were also extracted, giving rise to another two variables:
internalizing and externalizing difficulties, as well as a gen-
eral factor obtained from the scores achieved in the EP, CP,
HI, and PP subscales.

The results based on exposure time were categorized into
two groups: Group 1 (less than 1 h) and Group 2 (more than
1 h). This cut-off point was established at 60 min, following
prior studies that identified it as an optimal threshold for
dichotomizing screen time exposure (Hosokawa & Katsura,
2018). Participants who owned their own mobile phone
were also included in Group 2.

Assessment of risk of bias

Two authors independently assessed the methodological
quality of the studies using the Newcastle-Ottawa Scale
(NOS) for non-randomized studies. The original instru-
ment (Wells et al., 2014, for cohort studies) and the adapted
version of the NOS developed by Modesti et al. (2016)
for cross-sectional studies were used. This adaptation was
specifically designed for studies examining psychological,
social, and cultural variables. These constructs are often
abstract and not directly observable, requiring tailored eval-
uation techniques and inferential measurement tools.

We assessed the risk of bias across three domains (sup-
plementary material S2): selection, comparability, and out-
come. Following the coding standards established by the
authors of both scales, eight items (0-9 points) were evalu-
ated in the cohort studies and seven items (0 to 10 points) in
the cross-sectional studies. The studies were classified into

three categories based on their total scores: low risk of bias
(7-9 points for cohort studies; 7-10 for cross-sectional stud-
ies), moderate risk (4—6 points), and high risk (0-3 points).

Initial data analysis

This meta-analysis was conducted using Review Manager
5.4 (The Cochrane Collaboration, 2020). Odds ratios (ORs)
were calculated with 95% confidence intervals to compare
outcomes between study groups based on mobile device
exposure (low vs. high). Unadjusted ORs were used due to
substantial variation in covariates across studies.

To interpret the magnitude of the effect, ORs were con-
verted into Cohen’s d values following the guidelines pro-
posed by Chen et al. (2010). The thresholds used were as
follows: OR<1.68 (negligible effect), 1.68<OR<3.47
(small), 3.47<OR<6.71 (moderate), and OR>6.71 (large).

Heterogeneity across studies was assessed using the Q
statistic and I” index. A fixed-effect model was applied when
12<50% and p>0.1, while a random-effects model was used
when 12>50% or p<0.1. These criteria were also used to
interpret the degree of heterogeneity.

A sensitivity analysis was performed to examine the
robustness of the results. Publication bias was assessed
using funnel plots (supplementary material S3).

Results
Search results

Initially, 719 articles were identified. After uploading the
search results into Rayyan and removing duplicates, 113
studies published before 2007 were excluded, as 2007
marked the beginning of the widespread adoption of mobile
electronic devices (Mac Carthaigh et al., 2020). After
screening titles and abstracts, 476 records were excluded
for being reviews, involving adolescent samples, examining
traditional electronic devices, or not including emotional
or behavioral outcomes. The full texts of the remaining
22 records were reviewed in detail. Sixteen studies were
excluded due to an ineligible age range, lack of clear speci-
fication of mobile device exposure, or irrelevant outcomes.
One additional study was identified through backward cita-
tion tracking, resulting in a total of seven studies included in
this meta-analysis. The earliest study meeting all inclusion
criteria was published in 2012. Cohen’s kappa was used to
assess inter-rater reliability between the two independent
reviewers. The resulting value (k=0.82) indicated sub-
stantial agreement, following the interpretation proposed
by Landis and Koch. Figure 1 presents the flowchart of the
article selection process.
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Fig. 1 Flowchart of the selection
of studies (Preferred Reporting
Items for Systematic Reviews and
Meta-Analysis)

Identification

Identification of studies via databases and registers ]

Records identified from:
Databases (n = 3)
WOS (n =213)
PubMed (n=125)
Psycinfo (n=381)
Registers (n = 719)

Records removed before
screening:
Duplicate records removed
(n=115)
Records marked as ineligible
by automation tools (n = 115)
Records removed for other
reasons (n = 0)

Screening

A 4

Records screened
(n = 498)

Records excluded**
(n=476)

A 4

Reports sought for retrieval
(n=0)

A4

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=22)

v

Reports excluded:
Mobile devices not specified

(n=10)
Age range not included (n =
3)

Irrelevant results (n = 3)

Studies included in review
(n=6)
Reports of new included studies
(n=1)

[ Included ] [

Figure 1 presents the flow chart corresponding to the pro-
cess followed for filtering the scientific articles.

Basic characteristics of the studies

Table 2 presents the basic characteristics of the included
studies. Across the seven studies, a total of 88,177 partici-
pants aged between 3 and 12 years were included, of whom
49.27% were women. According to the Newcastle-Ottawa
Scale, all studies were classified as having a low risk of bias.

Evaluation of the results

Thirteen independent analyses were conducted consider-
ing the level of exposure to mobile devices and the results
obtained in the various subscales included in the SDQ. We
present the results of the seven included studies that reported
scores on the SDQ subscales (Fig. 2) and factors (Fig. 3),
categorized by exposure level.

According to the scores obtained in the SDQ, the results
were classified into levels of normality, borderline, and

@ Springer

abnormality. The borderline and abnormal groups were
merged into a single category to enhance statistical power
in detecting significant associations between the target
variables, as suggested by Higgins and Green (2011) in the
Cochrane Handbook.

The meta-analysis yielded an incidence estimate of emo-
tional problems of 8.52% associated with high exposure to
mobile devices (95% CI [4.10, 17.71]; 5 studies); for behav-
ioral problems, 8.00% (95% CI [1.87, 34.21]; 4 studies);
for symptoms of hyperactivity/inattention, 10.23% (95%
CI [2.73, 38.40]; 4 studies); peer relationship problems,
11.64% (95% CI [5.20, 26.08]; 4 studies); and for proso-
cial behavior, 0.20% (95% CI[0.12, 0.32]; 2 studies). These
results are shown in Fig. 2.

For the underlying factors (Fig. 3), the incidence obtained
for internalizing problems was 21.83% (95% CI [13.68,
34.85]; 3 studies); for externalizing problems, 36.95% (95%
CI[7.06, 193.41]; 2 studies); and for the general factor, total
difficulties, 5.30% (95% CI [1.37,1 8.51]; 6 studies).

The results reveal a direct and significant association
between exposure to mobile devices and all the variables
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Table 2 Basic characteristics of the studies

Author, year: Design N Age % Type and measure of Measurement of analyzed outcomes Risk

(country) range Female exposure to mobile of
devices bias

Berdot- Talmier et Cross-sectional 508 9 to 51.2%  Use and possession of SDQ: relational problems, emotional Low

al. (2020): France 12 years one's own mobile phone  problems, internalizing factor

Divan et al. Cross-sectional 1642 7 years 48.74% Type and time of use of ~ SDQ: Total Scores Overall Behavioral Low

(2012): USA mobile phones Problems

Hosokawa and Cross-sectional 1433 6to 48.8%  Time spent using mobile  SDQ Low

Katsura (2018): 7 years phones and tablets Behavioral/Emotional/Peer Problems,

Japan Hyperactivity Problems

(Miyashita et al., Cross-sectional 4105  6to 50% Use and possession of SDQ Low

2023 ): Japan 12 years one's own mobile phone  Emotional/Peer Problems, Hyperactivity

Okada et al.
(2021): Japan

Longitudinal 527 9 to 49.3
10 years

( Poulain et al., Longitudinal 38,421 3to 48
2018 ): Germany 6 years

( Sudan et al., 7 to 48.9%
2016 ): Denmark 11 years

Mobile phone usage time

Mobile phone usage time

Mobile phone usage time

Problems, Behavioral Problems Subscale

SDQ Low
Emotional/Peer Problems, Hyperactivity
Problems, Behavioral Problems Subscale,
Prosocial Scale

SDQ: Internalizing Externalizing, SDQ  Low
Emotional/Peer Problems, Hyperactivity
Problems, Behavioral Problems Subscale

SDQ: total Behavoural Difficulties Low

analyzed, except for prosocial behavior, with effect sizes
ranging from moderate to high. Although the association
was also significant for prosocial behavior, the direction of
the relationship was inverse, indicating that longer screen
exposure is associated with decreased prosocial behavior.

The meta-analysis of studies that provided scores based
on sex (supplementary material S4) showed a significant
incidence of 1.34% in boys for emotional problems (95%
CI [1.11, 1.61]; 2 studies) and 1.66% for peer relationship
problems (95% CI [1.18, 2.32]; 2 studies). No significant
associations were found for behavioral problems or symp-
toms of hyperactivity/inattention in this group.

In girls, a significant incidence of 1.73% was found for
behavioral problems (95% CI [1.18, 2.53]; 2 studies) and
1.70% for peer relationship problems (95% CI [1.14, 1.90];
2 studies). Additionally, general behavioral difficulties were
significantly associated with mobile device exposure in girls
(incidence: 1.62%, 95% CI [1.27, 2.05]; 4 studies), whereas
no significant association was found in boys.

As shown in Fig. 4, a statistically significant sex differ-
ence emerged for behavioral problems related to mobile
device exposure, y*(5)=24.92, p=0.0002, with boys scor-
ing significantly lower than girls.

Discussion

The aim of this study was to evaluate the current evidence
on the associations between electronic mobile device use
and behavioral problems in children aged 3 to 12 years.
All included studies used the Strengths and Difficulties

Questionnaire (SDQ), a validated instrument that has been
successfully applied in over 40 countries (Armitage et al.,
2023), facilitating cross-study comparisons. The exclusive
use of the SDQ was intended to ensure conceptual clarity
and methodological consistency. As recommended by the
Cochrane Handbook (Higgins et al., 2023), restricting the
analysis to a single, validated tool reduces heterogeneity
and enhances the internal validity of meta-analytic findings.
Moreover, the SDQ has demonstrated strong psychometric
properties and cross-cultural applicability, with validated
versions available in over 80 languages (Goodman, 2001).
This extensive validation supports its use as a standardized
measure across diverse populations and research contexts.

The inclusion of studies published from 2007 onwards
was based on evidence identifying that year as a turning
point in the popularization of electronic mobile device use
among children (Mac Carthaigh et al., 2020). Although this
criterion was methodologically justified, it is noteworthy
that the first study meeting all eligibility criteria was not
published until 2012. This gap may reflect either a delayed
recognition of the potential psychosocial implications of
early mobile device use, or a gradual intensification in usage
that only began to raise concerns in the following years. The
scarcity of research prior to 2012 suggests limited atten-
tion to this phenomenon during its initial phase. This pat-
tern highlights the importance of longitudinal monitoring of
emerging technologies, particularly as their integration into
children's daily lives progresses faster than the scientific
evidence available to assess their impact.

First, we found evidence suggesting that higher use of
electronic mobile devices is associated with increased
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Fig. 2 Forest plot for the SQD
subscales: emotional problems (a),
behavioral problems (b), hyper-
activity and inattention (c), peer
problems (d), and prosocial behav-
ior (e), depending on the level of
exposure

@ Springer

Emotional problems

Odds ratio Odds ratio
Study or Subgroup log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Berdot et al. 2020 2.834132 0.27866 19.7% 17.02[9.85, 29.38] —-—
Hosowaka et al. 2018 0.524729 0.40044 17.6% 1.69 [0.77 , 3.70] o IS
Miyashita et al. 2023 3.63025 0.074148 21.9% 37.72([32.62,43.62) -
Okada et al. 2021 2.855844 0.055883 22.0% 17.39[15.59, 19.40] @
Poulain et al. 2018 0.35 0.341843 18.7% 1.42[0.73, 2.77) -
Total (95% CI) 100.0%  8.52[4.10, 17.71] .
Heterogeneity: Tau* = 0.63; Chi* = 176.06, df = 4 (P < 0.00001); I* = 98% _
Test for overall effect: Z = 5.74 (P < 0.00001) 0.02 0.1 1 10 50

Behavioral problems

Low exposure High exposure

Odds ratio Odds ratio
Study or Subgroup log[OR] SE Weight IV, Random, 95% CI IV, Random, 95% CI
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Fig. 3 Forest plot for the underly-
ing factors, internalizing problems
(f), externalizing problems (g), and
total difficulties (h), depending on
the level of exposure
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behavioral and emotional problems, with a higher risk
observed for both internalizing and externalizing factors,
except for prosocial behavior. Although various previous
studies have examined this association, their results remain
inconsistent, possibly due to methodological differences
such as the use of different measurement tools and sample
characteristics (Eirich, 2022). Our findings are consistent
with prior research showing that excessive use of screens
and electronic devices among children under 12 is associ-
ated with emotional and behavioral difficulties (Lin et al.,
2020; McNeill et al., 2019; Swider-Cios et al., 2023), as
well as with higher levels of stress, anxiety, and depression
(Twenge, 2019). However, it is important to note that these
studies did not distinguish between mobile and traditional
electronic devices, which limits the ability to assess their
effects independently (Ophir et al., 2021).

The characteristics of mobile devices, such as their por-
tability, individualized use, and reduced adult supervision

(McDaniel & Radesky, 2020), may help explain these find-
ings and highlight the importance of analyzing their effects
separately in future research. In studies that have examined
mobile devices independently from traditional screens, the
evidence remains inconsistent. These discrepancies may be
due to factors such as differences in study design, partici-
pant age, methods for measuring device use, and the psy-
chosocial variables assessed (Girela-Serrano et al., 2024).
The meta-analysis by Mallawaarachchi et al. (2022)
found no association between increased use of electronic
mobile devices and psychosocial difficulties in children
under six years of age. In contrast, the meta-analysis by
Girela-Serrano et al. (2024) reported a negative impact of
mobile device use on externalizing symptoms in children
and early adolescents, although no significant effect was
observed for internalizing symptoms. These differences
highlight the relevance of age as a moderating factor, poten-
tially explained by variations in use patterns and parental
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Fig.4 Behavioral problems by sex.
Forest plot for the SQD subscale:
behavioral problems depending on
the level of exposure
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supervision, particularly among younger children. Addi-
tionally, it is important to note that the age range in our
study coincides with the onset of formal schooling, a period
that plays a critical role in children’s social development
(Miyashita et al., 2023). This may account for the stron-
ger effects of mobile device use on behavioral problems at
this stage and supports the regulatory measures adopted in
various countries to limit or prohibit mobile phone use in
schools (UNESCO, 2023).

Our results show the strongest association between
mobile device use and difficulties in peer relationships.
Mobile devices may influence the social dynamics and
communication skills of school-age children (Uhls et al.,
2014), limiting opportunities to develop social skills and
resolve conflicts during a critical stage of their develop-
ment. This finding contrasts with that of Hosokawa and
Katsura (2018), who reported associations between the use
of general devices and all internalizing and externalizing
symptoms, except peer relationships. Although technology
can facilitate social interaction, it is essential to promote
early relationships that prevent social isolation and support
the development of socio-emotional competencies through
face-to-face peer engagement.

However, it is important to highlight that younger chil-
dren are considerably less likely to use digital technologies
for social interaction. Evidence suggests that their engage-
ment with social media and online communication is sig-
nificantly lower than that of older children and adolescents,
who are more inclined to use these platforms as tools for
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socialization (Magis-Weinberg et al., 2021). Replacing
face-to-face interactions with digital ones can negatively
affect the development of social skills and the ability to
form meaningful relationships. Social competence in child-
hood gradually stabilizes over time and is a strong predictor
of social adjustment and the absence of later psychological
difficulties (Semrud-Clikeman, 2007). Regarding prosocial
behavior, the results point in the opposite direction: chil-
dren with greater exposure to mobile devices show a lower
tendency toward prosocial conduct, suggesting a potential
impact on the development of emotional competencies.

In our study, we found no sex differences in overall prob-
lems related to exposure to mobile devices in boys and girls,
which is consistent with the findings of Berdot-Talmier et
al. (2020). However, differences have been found in behav-
ioral problems, with higher scores in girls, highlighting the
need for continued examination of the potential influence
of sex on early mobile phone exposure. Although, at a gen-
eral level, data from Spanish National Health Survey 2019
indicate that boys show more behavioral problems and girls
tend to present more emotional problems of anxiety and
depression without considering exposure to mobile devices,
such exposure may affect girls'behavioral problems more,
as girls tend to use mobile phones more frequently to main-
tain social relationships (Lee & Kim, 2018).

Although the results of the present study do not allow for
the establishment of a minimum threshold of screen expo-
sure beyond which negative effects consistently emerge, they
do provide supporting evidence for the recommendations of
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international health organizations. These guidelines recom-
mend limiting screen time to no more than one hour per day
for children aged 2 to 5 years, and to a maximum of two
hours for those older than 5 years (WHO, 2019; UNESCO,
2023). Our findings align with these recommendations,
particularly regarding the importance of reducing overall
exposure time. Furthermore, in line with previous research,
we underscore the need for future studies to explore screen
exposure in relation to the family environment, taking into
account factors such as parenting styles and parental super-
vision (Domoff et al., 2019; Radesky et al., 2020).

Strengths and limitations

This study presents several strengths and limitations that
should be pointed out. An important strength of the review is
the development of a protocol and the use of a comprehensive
and validated search strategy to incorporate as many relevant
studies as possible that met the research objectives. The pro-
cedures for identification, data extraction, and assessment of
publication quality were conducted independently by at least
two reviewers, ensuring high inter-rater reliability.

One limitation to be considered when interpreting the
results is that, although a thorough search of multiple data-
bases was conducted to minimize the risk of publication
bias and efforts were made to identify studies from diverse
sources, including different languages and regions, few arti-
cles specifically examined the relationship between exclu-
sive exposure to mobile devices and behavioral problems
in children aged 3 to 12 years. Publication bias, potentially
driven by a greater tendency to publish studies with posi-
tive associations, may have influenced the overall findings
and led to an overestimation of the effects of exposure. The
funnel plots showed asymmetry for all outcomes, indicat-
ing the presence of possible publication bias. A quantitative
assessment of this bias was not feasible in the present study,
as Review Manager does not currently support formal sta-
tistical tests commonly used in such analyses, such as Egger
et al.’s (1997) and Begg and Mazumdar’s (1994) tests.

Furthermore, although the exclusive use of the Strengths
and Difficulties Questionnaire (SDQ) as an inclusion criterion
allowed for greater methodological homogeneity and compa-
rability of results across studies, it also constitutes a limitation.
This decision restricted the number of eligible studies and
may have reduced the variability of instruments and perspec-
tives represented in the analysis. Future studies could benefit
from incorporating a wider range of validated instruments that
assess psychosocial outcomes, provided that appropriate strat-
egies are adopted to manage potential heterogeneity.

Similarly, the categorization of screen time exposure
(e.g., less than or more than 1 h) used in the primary studies
may not capture the complexity of real device use or offer a

clear threshold for what constitutes overexposure. However,
this approach was maintained to align with the methods
reported by the included studies and to ensure consistency
in data extraction and effect size synthesis. We acknowledge
that future research should develop more refined and con-
text-sensitive measures that account not only for the quan-
tity but also the quality and context of device use.

Despite these limitations, the review conducted in this
study highlights the need for future research that, in addition
to the time of exposure, also analyzes other variables, such
as the objectives and/or contents of exposure to electronic
devices in school-age children. It is necessary to analyze
the risks and possible benefits of appropriate use in chil-
dren. Electronic mobile devices are part of our daily lives;
children grow up with them, so we must develop preventive
strategies to mitigate their potential negative effects and
promote healthier usage habits from an early age.

Conclusion

Although the number of studies analyzing the behavioral
and emotional effects of electronic mobile device use in
children has increased, most of them focus on general use in
adolescents and, to a lesser extent, in school-age children.
Further research is needed to examine the emotional and
behavioral outcomes of mobile device exposure specifically
in schoolchildren, in order to inform appropriate strategies
regarding usage recommendations in families and schools,
as well as the promotion of healthier usage habits.

The methodological diversity across studies limits the
ability to draw definitive conclusions, but it underscores the
importance of investigating the impact of mobile device use
from an early age. The present findings indicate associations
between greater use and increased emotional and behavioral
problems, particularly in internalizing and externalizing
symptoms. A higher incidence of peer-related difficulties,
inattention, and hyperactivity, along with lower levels of
prosocial behavior, was also observed. Although sex dif-
ferences in this domain are not yet well established, they
warrant further exploration as a potential moderating factor.

These results do not support definitive conclusions
regarding the magnitude or directionality of the observed
associations, nor the underlying factors that may mediate
them. Further research should prioritize longitudinal stud-
ies to better understand the developmental impact of mobile
device use on children, considering variables such as con-
tent type, purpose of use, adult supervision, and individual
child characteristics.
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