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Abstract

Background In recent years, smart devices have become an integral part of daily life. However, longitudinal studies,
particularly those regarding the relationship between toddlers’smart device usage and behavioral outcomes, are
limited. Understanding the impact of parent-child interactions on this relationship is crucial for enhancing toddlers’
developmental outcomes. Accordingly, this study examined the influence of early screen time and media content
exposure on toddlers'behaviors, as well as the positive effects of mother—child interactions on this influence.

Methods We used relevant data related to 277 children born between November 2016 and July 2020 and who were
part of an ongoing prospective follow-up study conducted across five hospitals in Taipei City, Taiwan. We analyzed

(1) data from maternal reports regarding children’s behavior by using the Child Behavior Checklist (for ages 1'>-5
years), (2) assessments of mother—child interactions by using the Brigance Parent—Child Interactions Scale, and (3)
self-reported parental data covering the first 3 postpartum years. Statistical analyses involved group-based trajectory
modeling and multiple linear regression.

Results A considerable increase in screen time between the ages of 1 and 3 years was associated with less favorable
behavioral outcomes at age 3. These outcomes included somatic complaints [adjusted beta coefficient (a3)=2.17,
95% confidence interval (Cl)=0.39-3.95, p-value=0.01], withdrawal (@ =2.42, 95% Cl=0.15-4.69, p-value =0.04), and
aggressive behavior (a3 =6.53, 95% Cl=0.25-12.81, p-value =0.04). This association was particularly evident among
children with lower levels of mother—child interaction. Nevertheless, positive mother—child interactions mitigated
most of the adverse effects. Additionally, increased exposure to games and cartoons was associated with poorer
behavioral outcomes in all children except for those experiencing positive mother—child interactions.

Conclusion Early mother—child interactions play a crucial role in mitigating the risk of behavioral problems in
toddlers who spend prolonged periods looking at screens and who are frequently exposed to game and cartoon
content.
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Introduction

In the present technologically advanced era, smart
devices such as smartphones and tablets are becoming
increasingly integrated into the daily lives of individuals
across all age groups, including toddlers [1]. Given the
pivotal role of the toddler years in brain development and
the establishment of lifelong habits [2, 3], the American
Academy of Pediatrics proposed the following recom-
mendations: no screen exposure except for video chats
for children aged<2 years and a 1-hour daily limit on
such exposure for children aged 2-5 years [4]. These rec-
ommendations are in line with the corresponding World
Health Organization guidelines [5]. However, a meta-
analysis reported that a minority of children, approxi-
mately 25% of those aged under 2 years and 36% of
those aged 2 to 5 years, adhered to these recommended
screen time limits [6]. Considering the potential impact
of screen time on the cognitive, behavioral, and social
development of children in the long term, the develop-
ment of preventive strategies that can be implemented
from early childhood is imperative.

Increased screen time in young children has been asso-
ciated with a range of behavioral problems, including
hyperactivity [7], inattention [8], emotional and behav-
ioral dysregulation [9-12], and relatively low overall
well-being [13]. Such increased exposure may also have
detrimental effects on children’s long-term development,
affecting their behavior, social interactions, and academic
performance [14, 15]. However, a notable gap in the liter-
ature exists regarding the distinction between the effects
of traditional media and those of smart devices, with only
two studies having focused on smart device screen time
among toddlers. One such study, conducted by Lin et al.
[16], focused on toddlers aged 18-36 months by using
the Child Behavior Checklist (CBCL) to assess behav-
ioral performance. Their findings indicated a correlation
between increased time spent using touch screen devices
and heightened emotional difficulties and aggression. In
another study conducted by Levine et al. [17] and involv-
ing children aged under 36 months, mobile media use
was associated with noneducational parental motivations
in children exhibiting higher levels of self-regulation dif-
ficulties. However, notably, the cross-sectional designs of
those studies limited their capacity to observe changes
over time.

In addition to duration of screen time, the specific
applications and media content accessed on smart
devices also play crucial roles [4]. Radesky et al. [18]
revealed that children predominantly consume media
from video-sharing platforms such as YouTube, with
only approximately one quarter of such content being

educational. Different types of media content can have
different developmental effects on children. For instance,
younger children viewing educational content and engag-
ing in video chats may receive benefits [19, 20], whereas
exposure to age-inappropriate or violent content, for
example, can be detrimental [21]. However, positive
mother—child interactions, which reflect maternal sen-
sitivity and responsiveness and thus are crucial for child
development, may help mitigate the adverse effects of
screen time [22, 23]. A nationally representative study
conducted in the United States demonstrated that warm
and responsive parenting moderated the relationship
between exposure to background television and execu-
tive functioning in early childhood [24]. Positive parent-
ing practices stemming from constructive interactions
can guide children toward beneficial smart device usage,
curb excessive screen time, and encourage engagement
with more suitable media content to promote positive
child development. These findings underscore the impor-
tance of positive interactions and attentive parenting in
regulating children’s media consumption [25].

Despite the emphasis on the association between
screen time and child development, longitudinal stud-
ies specifically focused on the behavioral effects of smart
device usage on toddlers are scarce. Nevertheless, many
studies have examined the impact of a combination of
traditional media (e.g., television) and smart media [7—
13]; notably, television offers passive viewing, whereas
smart devices provide interactive experiences along with
heightened auditory and visual stimulation through per-
sonalized, hands-on engagement. Given these differ-
ences, an investigation into the impact of smart device
usage on children’s developmental outcomes is para-
mount. Smart devices pose challenges related to moni-
toring children’s activities, including the content that
they access and the timing and location of media usage
[1]. Such devices are frequently employed as distractions
or rewards or to provide parental relief [26], which can
exacerbate their negative effects. Moreover, the emission
of blue light from smart devices can disrupt sleep pat-
terns, potentially affecting a child’s health and develop-
ment, particularly when used shortly before bedtime [27,
28].

The behavioral performance of young children is
considerably influenced by parenting practices, with
mother—child interactions playing a pivotal role in shap-
ing parenting quality and its effects. Although no study
has specifically addressed smart device usage, one study
highlighted the potential of parent—child interactions
to mitigate the risks associated with exposure to back-
ground television and executive function in high-risk
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children; the same study revealed that exposure to edu-
cational television serves as a protective factor for such
children [24]. Considering the inevitable integration of
smart devices into daily life in the present day, the poten-
tial impact of such devices, particularly with respect to
health and developmental concerns for the vulnerable
toddler population, must be emphasized. Accordingly,
the present study investigated the role of mother—child
interactions, the effects of a diverse range of media con-
tent formats, and the impact of frequent usage of smart
devices on toddlers’ developmental outcomes.

To address gaps in the literature, the present study
investigated the impact of screen time and media con-
tent exposure during the ages of 1-3 years on children’s
behavioral performance at 3 years of age. Moreover, the
potential modifying effects of mother—child interactions
on this association was explored given that such effects
have yet to be explored in longitudinal studies. Further-
more, we considered potential confounders identified in
previous studies, including parental age, maternal educa-
tion, maternal depression, parity, and the child’s sex [24,
25, 29, 30], along with pregnancy outcomes including
preterm birth and low birthweight status [16, 31].

We hypothesized that a substantial increase in screen
usage, coupled with exposure to game and cartoon con-
tent, between the ages of 1 and 3 years would be associ-
ated with an increase in behavioral problems in children
aged 3 years. Furthermore, we posited that this effect
would be ameliorated in children who experience posi-
tive mother—child interactions.

Methods

Study design and sample

In this study, we used data collected by the Longitudinal
Examination Across Prenatal and Postpartum Health in
Taiwan (LEAPP-HIT), an ongoing prospective study ini-
tiated in 2011 in Taipei, Taiwan. Pregnant women, along
with their partners, were invited to participate in the
present study during their early prenatal visits to out-
patient clinics in five selected hospitals in Taipei (onsite
baseline assessment). Subsequently, these women were
followed up through postal surveys until the sixth post-
partum year. To maximize the response rate, trained
interviewers offered comprehensive explanations and
telephone reminders. Specifically, we recruited preg-
nant women who were aged>20 years, were in the early
stages of pregnancy (<16 weeks), intended to carry the
pregnancy to full term, spoke Mandarin Chinese as their
mother tongue, and had partners willing to participate in
the present study (Supplementary Fig. S4).

Self-report instruments were used to evaluate the
most crucial years of early development in humans. Data
from the LEAPP-HIT project were collected during early
pregnancy (i.e., before 16 gestational weeks, considered
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as baseline) and at four postnatal follow-up time points
(i.e., at 1 month, 1 year, 2 years, and 3 years postpartum).
Because we introduced the CBCL (1'/2-5; primary out-
come) in November 2019, our sample included children
born between November 2016 and July 2020, expected
to complete the CBCL questionnaire at the age of 3 years
between 2019 and 2023 (#=506). Among these par-
ticipants, 229 were lost to follow-up, leaving 277 par-
ticipants remaining for the final analysis in this study.
A comparison between the included and excluded par-
ticipants revealed no significant differences in parental
sociodemographic, birth outcome, or child characteris-
tic variables (Supplementary Table S1 and Supplemen-
tary Fig. S1). Before interviews were conducted, written
informed consent was obtained from all the participants.
The study protocols were approved by the institutional
review boards of all the study hospitals.

Instruments and measures

Outcome variable: children’s behavioral problems

The CBCL is a widely recognized parental assessment
tool designed to evaluate behavioral and emotional dif-
ficulties in children aged 1!/2-5 years in order to reflect
their behavior over the preceding 2 months [32]. The
CBCL, which comprises 99 items rated on a 3-point
scale (not true, somewhat/sometimes true, and very
true/often true) and 1 open-ended item, assesses behav-
iors across seven domains: emotional reactivity, anxiety/
depression, somatic complaints, withdrawal, sleep prob-
lems, attention problems, and aggressive behavior. These
domains are further categorized as “internalizing,” “exter-
nalizing,” and “total” problems. This study examined
behavioral performance across seven domains of CBCL
assessments, along with the three additional categories
(internalizing, externalizing, and total problems). The
CBCL has demonstrated high validity and reliability [33],
including in Taiwan [16, 34].

Main independent variables

Time spent on smart devices by children This study
focused on households where mothers and children had
access to smart devices. The mothers were instructed to
periodically report on their child’s time spent on smart
devices during the ages of 1-3 years, including both
typical weekdays and weekends. These reports included
responses to questions such as, “How long does your
child usually spend on smart devices (e.g., smartphones
and tablets) in total?” The daily mean time spent on smart
devices (i.e., “screen time”) was calculated as [(time on
weekday X 5) + (time on weekend x 2)]/7 [35], measured
in minutes per day. This calculation method is consistent
with those employed in many previous studies [12, 35].
Subjective reports from mothers are commonly employed
in such studies, as demonstrated by a systematic review
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summarizing screen time measurement among young
children aged 0-6 years [36].

Media content consumption of children When their
child was aged 3 years, each participating mother was
asked to evaluate the type of content that their child
consumed on smart devices. Related questions included
inquiries such as, “How often does your child engage in
primary activities—including engagement in education,
cartoons, games, or voice or video calls—when using
smart devices (e.g., smartphones and tablets)?” Responses
to these questions were rated on a 5-point Likert scale
ranging from 1 (always) to 5 (never). Each content vari-
able was then dichotomized into two groups: higher use
(always or often; 1) and lower use (sometimes, seldom, or
never; 0). Owing to the small proportion of game content
exposure, this variable was combined with cartoon con-
tent to create a combined category of game and cartoon
content.

Moderator: mother-child interaction

This study routinely assessed mother-reported inter-
actions between mothers and their children aged 1-3
years by using the Brigance Parent—Child Interactions
Scale (BPCIS) [37] as the assessment tool. The BPCIS is
an 18-item parent-report tool that was developed on the
basis of the relevant literature; the BPCIS has demon-
strated adequate reliability and validity in previous stud-
ies [38, 39]. This scale was designed to assess parents’
parenting practices and perceptions of their children
(e.g., parents’ responding to their children’s attempts at
communication in an encouraging manner and parental
confidence in their ability to soothe their children). The
aim was to identify positive and problematic parent—
child interactions. For analysis purposes, the total score
(i.e., the sum of the responses to all 18 items) was used.

Covariates

During the early stages of pregnancy, the participating
mothers completed a baseline survey to provide paren-
tal sociodemographic data, including those related to
age, education, and parity. Additionally, we collected
data related to each child’s sex at birth, gestational age
(in weeks), and birth weight (in g) from the child’s health
booklet, which is completed by a health-care provider at
the time of a child’s birth at a hospital. Parental depres-
sion at 1 year postpartum was assessed using the 10-item
Edinburgh Postnatal Depression Scale [40]. The cutoff
scores for higher and lower depression levels were 13 and
12, respectively, for mothers [41] and 10 and 9, respec-
tively, for fathers [42].
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Statistical analyses

To analyze the CBCL questionnaire responses at the age
of 3 years, we adhered to the recommendations outlined
by Achenbach and Rescorla [43] and another previous
study [44]. Specifically, raw scores were used to evaluate
the children’s behavioral performance. Furthermore, each
behavioral outcome across the seven domains of CBCL
assessment, along with the aforementioned three addi-
tional categories (internalizing, externalizing, and total
problems), was examined in each model.

Group-based trajectory modeling (GBTM), a finite
mixture model that allows for variations in the shape of
trajectories across groups, enabled the determination of
a dose-accumulative relationship between screen expo-
sure and developmental outcomes within a longitudinal
framework [45]. We employed this approach to deter-
mine changes in children’s screen time and mother—child
interaction patterns across the ages of 1, 2, and 3 years.

Regarding smart device usage time, the two identified
trajectories satisfied the criteria for a suitable parsimo-
nious model, as indicated by the lowest Bayesian infor-
mation criterion (BIC) of —2807.26, an average posterior
probability of >0.94 for each group, and odds of cor-
rect classification of 117.91 and 7.52 for the two groups
categorized as “considerably increased” and “slightly
increased” usage, respectively (Supplementary Fig. S2).
The model demonstrated good fit for mother—child
interactions (BIC=-1,915.04; average posterior prob-
ability=0.92; odds of correct classification=38.14 and
7.05 for the two groups of “low” and “high” interaction,
respectively; Supplementary Fig. S3). Stata/SE version
17.0 (StataCorp, College Station, TX, USA) and the “traj”
procedure [46] were employed for assessments.

All data were analyzed using descriptive statistics by
conducting a two-sample ¢ test for continuous variables
and either the chi-squared test or Fisher’s exact test for
categorical variables as appropriate. This approach was
used to examine factors associated with multiple smart
device trajectories categorized through GBTM, as well
as the media content consumed. Moreover, changes in
a child’s smart device usage during the ages of 1-3 years
were examined using a repeated-measures analysis of
variance (ANOVA). Subsequently, multiple linear regres-
sion models were employed to examine the associa-
tion between smart device usage (including screen time
trajectories and media content consumption) and the
behavioral performance of the children at the age of 3
years. In these multiple linear regression models, candi-
date variables were selected on the basis of their poten-
tial associations with the children’s smart device usage
and behavioral outcomes in bivariate analyses (p<0.20)
or on the basis of their previous identification as poten-
tial confounding factors in related studies [16, 24, 25,
29-31]. Considering that the missing value percentages
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among covariates ranged from 0.35 to 7.29%, multiple
imputation was employed to address these gaps. How-
ever, because the results obtained from both regular mul-
tiple regression and the multiple imputation approaches
were relatively consistent, the findings from the regular
multiple regression models were reported to maintain
alignment with the observed data. Finally, subgroup
analysis stratified by mother—child interactions was con-
ducted because interaction terms for the variables with
the children’s smart device usage indicated statistical
significance.

All statistical analyses were performed using Stata/SE,
and a two-sided p-value of <0.05 was considered to indi-
cate statistical significance.

Results

Table 1 presents the distribution of the characteristics of
the participating mothers, fathers, and children in rela-
tion to screen time trajectory and communication con-
tent. A high proportion of children with extensive screen
time usage had mothers who were unemployed (p=0.02)
and fathers with low educational levels (p=0.002). Addi-
tionally, compared with mothers and fathers of children
whose screen time slightly increased, those of children
whose screen time considerably increased exhibited
increases in personal smart device usage (p=0.03 and
0.02, respectively). Moreover, children with higher expo-
sure to communication content tended to have younger
and more multiparous mothers (p<0.001). The distri-
bution of sociodemographic characteristics among the
participating mothers, fathers, and children in relation
to screen time trajectory and media content exposure is
further illustrated in Tables 1 and 2.

Descriptive analysis of children’s smart device usage

The results of the repeated-measures ANOVA revealed
significant changes in the smart device usage patterns
of the children analyzed in this study. The usage signifi-
cantly increased from 60 min/day at the age of 1 year to
142 min/day at the age of 3 years (p<0.001; Fig. 1). At the
age of 1 year, communication content accounted for the
highest proportion of smart device usage. However, by
the age of 3 years, the proportions of exposure to educa-
tional, cartoon, and communication content all exceeded
40%.

Association between children’s smart device usage and
their emotional and behavioral problems

Table 3 presents associations between screen time trajec-
tories and multiple child behavioral outcomes, stratified
by mother—child interaction levels. By using multiple lin-
ear regression and adjusting for multiple covariates, we
observed that between the ages of 1 and 3 years, com-
pared with a slight increase in screen time, a considerable
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increase in screen time was associated with poorer
behavioral outcomes. This finding was particularly evi-
dent when mother—child interaction levels were lower.
The behavioral outcomes included somatic complaints
[adjusted beta coefficient (aP)=2.17, 95% confidence
interval (CI)=0.39 to 3.95, p=0.01], withdrawal (ap=2.42,
95% CI=0.15 to 4.69, p=0.04), aggressive behaviors
(ap=6.53, 95% CI=0.25 to 12.81, p=0.04), internaliz-
ing behaviors (afp=8.16, 95% CI=1.32 to 15.00, p=0.02),
externalizing behaviors (a=8.08, 95% CI=0.67 to 15.50,
p=0.03), and total behavioral problems (ap=23.46, 95%
CI=2.91 to 44.00, p=0.02). Conversely, in children with
higher levels of mother—child interaction, most adverse
behavioral problems—including emotional reactivity
(ap = —0.98, 95% CI=—1.88 to —0.08, p=0.03), anxiety/
depression (aPp =—0.94, 95% CI=-1.87 to —0.01, p=0.04),
somatic complaints (ap = —0.82, 95% CI=—-1.41 to —0.23,
p=0.01), aggressive behavior (ap = —2.82, 95% CI=—-5.32
to —0.32, p=0.03), internalizing behavior (ap =-3.26, 95%
CI=-5.66 to —0.87, p=0.01), and total behavioral prob-
lems (ap = —9.14, 95% CI=-16.62 to —1.66, p=0.02)—
were associated with higher smart device usage.

Association between children’s media content and their
emotional and behavioral problems

Table 4 presents associations between exposure to vari-
ous media content types and behavioral problems in
children, stratified by levels of mother—child interac-
tion. In children with higher mother—child interaction
levels, higher exposure to educational content was asso-
ciated with fewer somatic complaints (aff = —-0.42, 95%
CI=-0.83 to —0.01, p=0.02). Conversely, in children with
lower levels of mother—child interaction, higher expo-
sure to educational content was associated with more
aggressive behaviors (afp=4.38, 95% CI=0.59 to 8.16,
p=0.04) and more externalizing behaviors (af=5.19,
95% CI=0.67 to 9.70, p=0.03). Notably, game and car-
toon content exposure also demonstrated considerable
effects; lower levels of mother—child interaction were
associated with increased exposure to game and cartoon
content and adverse outcomes such as increased emo-
tional reactivity (ap=1.37, 95% CI=0.01 to 2.73, p=0.04),
reactivity related to anxiety/depression (ap=1.54, 95%
CI=0.39 to 2.70, p=0.01), somatic complaints (ap=1.24,
95% CI=0.27 to 2.22, p=0.01), internalizing behav-
iors (ap=5.74, 95% CI=0.39 to 2.69, p=0.01), and total
behavioral problems (af=13.14, 95% CI=1.64 to 24.63,
p=0.03). Conversely, these negative effects were not
observed in children with higher mother—child interac-
tion levels. Finally, an increase in exposure to communi-
cation content was associated with increased withdrawal
behaviors (ap=2.04, 95% CI=0.18 to 3.90, p=0.03), par-
ticularly in children with lower mother—child interaction
levels.
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Table 1 Distribution of parent and child characteristics, stratified by screen time trajectory and content exposure

Variable Screen time trajectory Communication content exposure

(n=277) (n=241)

Total sample? Slightly increased Considerably increased p-value Low use High use p-value

(n=246) (n=31) (n=142) (n=99)
n (%) n (%) n (%) n (%)

Maternal characteristics
Age (in years, mean +SD) 274 33.51+4.06 33.43+4.55 046 33.81+4.17 32.84+4.00 0.04
Educational level 276
High school or lower 71(28.98) 4(12.90) 0.08° 9(6.34) 3(3.06) 0.20°
Undergraduate or higher 174 (71.02) 27 (87.10) 133 (93.66) 95 (96.94)
Employment status 275
Unemployed 26 (10.66) 8(25.81) 0.02 17 (12.06) 10(10.10) 0.64
Employed 218 (89.34) 23 (74.19) 124 (87.94) 89 (89.90)
Depression level 258
Low 195 (85.15) 22 (75.86) 0.20 113 (84.96) 78 (85.71) 0.88
High 34 (14.85) (24.14) 20 (15.04) 13(14.29)
Smart device use (mean+SD) 119 180.25+122.61 278.86+£157.98 0.003 183.61+£12250 197.21+£132.82 030
Mother-child interactions 277
Low 60 (24.39) 5(16.13) 0.30 36 (25.35) 20 (20.20) 0.35
High 186 (75.61) 26 (83.87) 106 (74.65) 79 (79.80)
Paternal characteristics
Age (in years, mean +SD) 266 35.27+£448 35.70£5.80 032 3554+£4.84 34.64+£4.42 0.08
Educational level 274
High school or lower 16 (6.58) 7 (22.58) 0.002 14 (9.93) 8(8.25) 0.66
Undergraduate or higher 227 (93.42) 24 (7742) 127 (90.07) 89 (91.75)
Employment status 274
Unemployed 30(12.35) 4(12.90) 0.56° 18 (12.68) 14 (14.58) 0.67
Employed 213 (87.65) 27 (87.10) 124 (87.32) 82 (85.42)
Depression level 254
Low 176 (78.22) 23(79.31) 0.89 101 (76.52) 72 (80.00) 0.54
High 49 (21.78) 6 (20.69) 31(23.48) 18 (20.00)
Smart device use (mean+SD) 116 169.69+92.55 233.71£193.39 0.02 183.61+£12250 197.21+132.82 030
Child characteristics
Parity 277
Primiparous 154 (62.60) 21(67.74) 0.58 156 (64.73) 78 (54.93) <0.001
Multiparous 92 (37.40) 10 (32.26) 85 (35.27) 64 (45.07)
Gestational age (in weeks) 261
<37 20(8.62) 4(13.79) 027° 11 (8.09) 9(9.78) 0.66
>37 212(91.38) 25(86.21) 125(91.91) 83(90.22)
Birth weight (in g) 277
<2,500 23(9.35) 3(9.68) 058°  13(9.15) 9(9.09) 0.99
>2,500 223 (90.65) 28(90.32) 129 (90.85) 90 (90.91)
Infant sex 256
Male 116 (51.10) 13 (44.83) 053 72 (54.14) 40 (44.44) 0.16
Female 111 (48.90) 16 (55.17) 61 (45.86) 50 (55.56)
CBCL behavioral problems (mean + SD)
Emotional reactivity 276 2.29+2.05 206£2.17 0.28 2.22+2.16 233£2.04 0.35
Anxiety/depression 277 2.54+2.06 2261221 0.24 2.64+2.26 232+1.85 013
Somatic complaints 276 1.62+141 174171 0.34 1.62+1.51 1.58+1.33 042
Withdrawal 277 1.46+1.68 1.68+2.21 0.25 152+1.89 1.36+1.63 0.25
Sleep problems 276 3.27+253 3.00+£2.32 0.29 3.17+2.50 329+247 0.36
Attention problems 277 206+1.60 232+1.38 0.19 212+1.65 2.04+1.49 0.35
Aggressive behavior 276 8.18+5.88 742+593 0.25 8.06+6.13 7.72+534 033

Internalizing behavior 276 7.92+558 7.74+6.67 043 8.00+6.25 760+5.20 0.30
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Table 1 (continued)
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Variable Screen time trajectory Communication content exposure
(n=277) (n=241)
Total sample? Slightly increased Considerably increased p-value Low use High use p-value
(n=246) (n=31) (n=142) (n=99)
n (%) n (%) n (%) n (%)
Externalizing behavior 276 10.24+6.93 9.74+7.03 0.35 10.18+7.34 9.77 £6.29 0.32
Total 276 3022 £17.62 29.65+21.13 043 302521936 29.06+1641 0.31

SD: standard deviation. *Total count may vary because of missing values. °Fisher’s exact test; all other values are from chi-squared tests

Discussion

To the best of our knowledge, this study is the first lon-
gitudinal study to investigate the effects of smart device
usage and media content exposure on the behavioral
development of toddlers, with particular focus on the
moderating effect of mother—child interaction. Our
findings indicate an association between a consider-
able increase in the screen time trajectories of children
from ages 1-3 years and various behavioral problems by
the age of 3 years. In addition, this association extended
beyond overall screen time to include specific media con-
tent, such as games and cartoon media. Notably, these
adverse effects were either ameliorated or absent in chil-
dren with higher mother—child interaction levels, under-
scoring the vital role of such interactions in moderating
the negative effects of smart device usage patterns on
young children.

The present results contribute to a limited body of
research regarding the effects of early smart device usage
on the behavioral patterns of toddlers, particularly inter-
nalizing, externalizing, and overall behavioral problems.
Consistent with prior research [47, 48], our findings sug-
gest that extensive smart device usage in early childhood
is associated with adverse behavioral outcomes, includ-
ing internalizing behaviors, externalizing behaviors,
somatic complaints, social withdrawal, and aggression.
Notably, these negative effects were more pronounced in
situations characterized by lower levels of mother—child
interaction, indicating that such interactions play a cru-
cial role in either mitigating or eliminating behavioral
challenges. By contrast, higher levels of mother—child
interaction appeared to ameliorate the negative impacts
of smart device usage—particularly in relation to anxi-
ety/depression, somatic complaints, and aggression—or
render them nonexistent, as observed in relation to with-
drawal and externalizing behaviors. Overall, this study
addresses a gap in the literature by empirically demon-
strating the significant role of parent—child interactions
in alleviating the adverse effects of screen time on tod-
dlers’ behavior, thereby corroborating previous sugges-
tions [16].

Although research regarding the impact of smart
device media content on toddlers is limited, the pres-
ent findings corroborate those of a study examining the

impact of traditional media [24]. Specifically, toddlers
exposed to more educational content within environ-
ments with higher levels of parent—child interaction
had significantly fewer somatic complaints. Conversely,
increased exposure to educational content in settings
with lower levels of parent—child interaction was asso-
ciated with more aggressive behavior in children. Nota-
bly, exposure to educational content coupled with warm
and supportive parenting was associated with enhanced
executive functional development in young children [24].
By contrast, increased exposure to game and cartoon
content was associated with an increase in internalizing
problems—including anxiety/depression, somatic com-
plaints, and withdrawal—among toddlers, particularly
among those experiencing poorer mother—child interac-
tions. Nevertheless, no such associations were observed
among toddlers with higher levels of mother—child inter-
action. Although previous studies have reported nega-
tive effects of gaming consoles on children’s behavior [29,
47], our study highlights the importance of mother—child
interaction, thereby providing valuable insights into this
area of research. However, contrary to previous findings
highlighting the beneficial effects of video chatting [49],
we observed that toddlers with greater exposure to com-
munication content, particularly those with lower lev-
els of mother—child interaction, tended to exhibit more
withdrawal symptoms; this finding warrants further
examination.

To elucidate the mechanisms underlying the pres-
ent findings, drawing on parenting style theory [22],
we emphasize the importance of parental interactions,
discipline strategies, communication patterns, and
responses to children’s behavior (parenting) in child
development [50]. By using the BPCIS, the present study
assessed mother—child interactions, focusing on parents’
responses to their children’s attempts at communication
in an encouraging manner and parents’ confidence in
their ability to provide comfort. These aspects are indica-
tive of parenting behaviors and parental efficacy. Through
positive interactions aimed at fostering effective parent-
ing practices [51, 52], mothers can play an active role in
setting appropriate screen time limits, guiding their chil-
dren in navigating digital experiences in a healthy way,
and participating in media content engagement with
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Table 2 Distribution of parent and child characteristics, stratified by educational, game and cartoon content exposure
Variable Educational content Game and cartoon content
(n=241) (n=243)
Total sample?  Low use High use p-value Low use High use p-value

(n=139) (n=102) (n=118) (n=125)

n (%) n (%) n (%) n (%)
Maternal characteristics
Age (in years, mean = SD) 239 33.72+397 3298+4.32 0.09 33.69+3.76 33.13+443 0.15
Educational level 240
High school or lower 6 (4.35) 7 (6.86) 0.40 7 (5.93) 6 (4.84) 0.71
Undergraduate or higher 132 (95.65) 95 (93.14) 111 (94.07) 118 (95.16)
Employment status 240
Unemployed 16 (11.51) 13(12.87) 0.75 15(12.71) 14 (11.29) 0.73
Employed 123 (8849) 88 (87.13) 103 (87.29) 110 (88.71)
Depression level 224
Low 114 (85.07) 76 (84.44) 0.90 95 (84.82) 96 (84.96) 0.98
High 20(14.93) 14 (15.56) 17 (15.18) 17 (15.04)
Smart device use (mean +SD) 103 177.22+130.89 21551 £133.05 0.07 164.71+£124.13 218.65+134.93 0.02
Mother—child interactions 241
Low 36 (25.90) 19(18.63) 0.18 29 (24.58) 26 (20.80) 048
High 103 (74.10) 83(81.37) 89 (75.42) 99 (79.20)
Paternal characteristics
Age (in years, mean +SD) 230 35.50+440 3494+515 0.19 3542+4.30 35.08+5.09 0.30
Educational level 238
High school or lower 10 (7.35) 12(11.76) 0.25 9(7.69) 13(10.57) 0.44
Undergraduate or higher 126 (92.65) 90 (88.24) 108 (92.31) 110 (89.43)
Employment status 238
Unemployed 24 (17.52) 8(7.92) 0.03 19 (16.24) 13(10.57) 0.20
Employed 113 (82.48) 93 (92.08) 98 (83.76) 110 (89.43)
Depression level 222
Low 103 (77.44) 70 (78.65) 0.83 84 (76.36) 90 (79.65) 0.55
High 30 (22.56) 19 (21.35) 26 (23.64) 23(20.35)
Smart device use (mean +SD) 102 189.70+123.88 169.24+105.73 0.19 196.40+141.56 165.38+86.36 0.09
Child’s characteristics
Parity 241
Primiparous 92 (66.19) 63 (61.76) 048 75 (63.56) 82 (65.60) 0.74
Multiparous 47 (33.81) 39 (38.24) 43 (36.44) 43 (34.40)
Gestational age (in weeks) 228
<37 14 (10.53) 6(6.32) 027 12 (10.81) 8(6.72) 027
>37 119 (89.47) 89 (93.68) 99 (89.19) 111(93.28)
Birth weight (in g) 241
<2,500 15(10.79) 7 (6.86) 0.30 9(7.63) 13 (10.40) 045
>2,500 124(89.21) 95 (93.14) 109 (92.37) 112 (89.60)
Infant sex 223
Male 62 (47.69) 50 (53.76) 037 55 (50.46) 59 (50.86) 0.95
Female 68 (52.31) 43 (46.24) 54 (49.54) 57 (49.14)
CBCL behavioral problems (mean + SD)
Emotional reactivity 240 232+£198 221£2.28 0.34 2.16+1.88 236+2.29 0.23
Anxiety/depression 241 245+1.78 267+247 0.21 245+1.82 260+2.33 029
Somatic complaints 240 1.71+£142 152+1.51 0.17 1.62+1.38 1.62+£1.53 0.50
Withdrawal 241 1.51+£1.65 1.40+£1.95 0.32 137+£1.61 154193 0.24
Sleep problems 240 321+£234 3.26+2.68 0.44 3.03+2.14 339+2.75 013
Attention problems 241 2.10£1.46 211175 049 201£1.38 2.18%1.75 0.19
Aggressive behavior 240 797+5.05 799+6.71 0.49 797+495 7.90+£6.50 047
Internalizing behavior 240 7.99+5.04 7.81+£6.75 041 7.62+4.92 812+6.53 0.25




Chakranon et al. Child and Adolescent Psychiatry and Mental Health (2024) 18:79 Page 9 of 13
Table 2 (continued)
Variable Educational content Game and cartoon content
(n=241) (n=243)
Total sample?  Low use High use p-value Low use High use p-value
(n=139) (n=102) (n=118) (n=125)
n (%) n (%) n (%) n (%)
Externalizing behavior 240 10.07£6.05 10.10+£7.96 0.49 9.97+582 10.09+£7.79 045
Total 240 30.05+15.57 29.90+21.42 048 29.35+14.97 30.38+20.81 033
SD: standard deviation. *Total count may vary because of missing values
Descriptive statistics of smart device usage and media contents in
3 different years among children
100 p-value<0.001] 160
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Fig. 1 Trends in smart device usage and media consumption from 1 to 3 years of age. *Descriptive statistics detailing shifts in smart device usage time
and media content exposure in children aged 1-3 years. On the basis of a 5-point Likert scale, media content exposure variables were dichotomized
into two categories: High use (always or often) and low use (sometimes, seldom, or never). Changes in smart device usage over the 3-year period were

analyzed using a repeated-measures ANOVA

their children [52]. Such maternal involvement can con-
tribute to a reduction in screen time and guide children
toward beneficial smart device use, such as engagement
with educational content [17]. In addition, enhanced
mother—child interactions may promote other healthy
activities, such as socialization and participation in phys-
ical activities, as alternatives to prolonged smart device
usage [53]. Furthermore, warm and responsive parent-
ing, characterized by the avoidance of harsh punishments
and the allowance of child autonomy with authoritative
yet appropriate boundaries [22], is a key feature of posi-
tive mother—child interactions. Such interactions are
essential for the development of self-regulation in young
children [54]. Conversely, children experiencing low lev-
els of self-regulation due to poor mother—child interac-
tions may encounter challenges related to attentional

control. In summary, the immediate rewards offered by
smart devices frequently foster a strong attachment to
such devices, presenting a challenge to children in shift-
ing their focus away from screens in order to engage in
other, more beneficial activities during this critical devel-
opmental phase [47].

The surge in smart device usage among toddlers in
recent years is a major concern, primarily because porta-
ble, handheld smart devices are often used by parents as
a distraction or reward or as a means of parental respite
[26]. Our study revealed a notable increase in daily smart
device usage among toddlers, from 60 min at the age of
1 year to 142 min at the age of 3 years, thereby exceed-
ing the recommended screen time for toddlers [4]. By
the age of 3 years, the analyzed children were frequently
immersed in educational, cartoon, and app content—a
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Table 3 Associations between children’s screen time trajectories
and behavioral problems, stratified by mother—child interaction
Behavioral outcome

Mother-child interaction trajectories
Low (n=65) High (n=212)
ap (95% C1)® ap (95% C1)®
Screen time trajectories [considerably vs. slightly increased
(reference)]®

Emotional reactivity 1.85(-=0.54 t0 4.23) -0.98 (—1.88to
—0.08)

Anxiety/depression 1.72 (=049 10 3.94) —-0.94 (-1.87 to
—-0.01)

Somatic complaints 2.17 (0.39 to 3.95) -0.82(-1.41to
-0.23)

Withdrawal 2.42(0.15 to 4.69) —-052(=1.26t00.22)

Sleep problems 1.11(=1.92t0 4.15) —0.96 (—2.07 t0 0.16)

Attention problems 1.55 (=0.20 to 3.30) 0.02 (=0.70to0 0.74)

Aggressive behavior 6.53 (0.25t0 12.81) -2.82(-5.32to
-0.32)

Internalizing behavior 8.16(1.32t0 15.00) -3.26 (-5.66to
-0.87)

8.08 (0.67 to 15.50) —2.79(-5.75t00.16)

23.46 (2.91 t0 44.00) -9.14(-16.62 to
-1.66)
Bold numbers present the estimates in which 95% Cl does not include 0

Externalizing behavior
Total

2 Adjusted for maternal age, maternal educational level, maternal depression
level, paternal age, parity, preterm birth, child’s low-birth-weight status, and
child’s sex

b The sample sizes were 60 and 5 for the considerably and slightly increased
screen time groups, respectively, among those with lower mother-child
interaction. Moreover, the sample sizes were 186 and 26 for the two screen time
groups, respectively, among those with higher mother-child interaction

trend consistent with the findings of Radesky et al., who
also highlighted widespread smart device usage [18]. The
interactive functionalities and immersive experiences
[55] offered by smart devices can fuel excessive usage in
young children [56]. Furthermore, the emission of blue
light from screens may disrupt children’s sleep patterns,
potentially affecting their overall health and development
[27], particularly if used shortly before bedtime [28].
Finally, excessive smart device usage may limit engage-
ment in beneficial activities, such as face-to-face social
interactions [57] and physical activities essential for
developing visual motor skills [57].

Our study findings underscore several key implications.
First, in the current digital era, positive parent—child
interactions can enable healthy adaptation to the inevi-
table integration of smart devices into the lives of young
children. Therefore, in line with the recommendations
of the American Academy of Pediatrics Family Media
Use Plan [4], we advocate the prioritization of mother—
child interactions to enhance parenting practices. This
study revealed that promoting activities that enhance
mother—child interactions, characterized by warm and
responsive parenting, can mitigate the adverse impact of
excessive screen time on behavioral development. Posi-
tive interactions, such as empathetic communication and
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frequent conversations with children, can counterbalance
the potential harms associated with screen time [24]. For
instance, encouraging activities that emphasize talking,
listening, reading, teaching, and verbal reassurance can
be particularly effective. Additionally, during media con-
sumption, fostering collaborative learning experiences
between caregivers and children by introducing collab-
orative activities or modeling teaching strategies, such as
dialogic reading and phonetic exercises, can be beneficial
[1, 25]. Moreover, integrating parenting intervention pro-
grams [58] into health care and health-care education is
imperative for enhancing parental knowledge and com-
petence. Second, our findings highlight the influence
of both screen time duration and content quality in the
context of young children. Although limiting screen time
is crucial, the nature of the content consumed can also
influence developmental outcomes. Considering the
varying impacts of different content types on the behav-
iors observed in our study, we recommend a balanced
approach when it comes to crafting guidelines and paren-
tal guidance that considers both the duration of screen
time and the quality of the content consumed. Such a
holistic approach could ensure that early screen usage is
effectively managed.

The current study had several strengths. First, our lon-
gitudinal design enabled the assessment of changes in
both smart device usage and mother—child interactions
over time. This assessment facilitated a dynamic and
comprehensive understanding of evolving trends dur-
ing the crucial developmental period in children (i.e.,
from 1 to 3 years of age). Second, our study explored
behavioral challenges encountered by 3-year-old chil-
dren encompassing multiple domains, offering valuable
insights with potentially far-reaching implications. These
findings are particularly relevant considering the pivotal
role of the toddler years in shaping behavioral patterns
and long-term habits, along with the current lack of find-
ings related to device usage and screen time during those
years. Third, the inclusion of paternal variables such as
sociodemographic characteristics and depression levels
enhanced the current understanding of family dynamics
and their impact on children’s behavioral development
and smart device usage.

This study also had several notable limitations. First,
our participants were recruited only from medical cen-
ters in metropolitan Taipei and primarily comprised
women of relatively advanced age and relatively high
socioeconomic status. This demographic profile may
have limited the generalizability of our findings. Sec-
ond, the use of self-reporting questionnaires may have
introduced biases related to social desirability and recall
accuracy, particularly in the assessment of mother—
child interactions. Mothers may not always accurately
perceive or recall the nuances or problematic aspects
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Table 4 Associations between children’s media content exposure and behavioral problems stratified by mother—child interaction

Behavioral
outcome

Educational content?

Game and cartoon content?®

Communication content?

Mother-child interaction

trajectories

Mother—child interaction

trajectories

Mother—child interaction

trajectories

Emotional reactivity
Anxiety/depression
Somatic complaints
Withdrawal

Sleep problems
Attention problems
Aggressive behavior
Internalizing

behavior

Externalizing
behavior

Total

Low (n=55) High (n=186) Low (n=55) High (n=188) Low (n=56) High (n=185)
aB (95% CI)° aB (95% CI)° aP (95% CI)° aB (95% CI)° aP (95% CI)° aB (95% CI)°
Media content exposure [high vs. low use (reference)]
1.16(-037t0269) —-026(-091t00.38) 1.37(0.01t02.73) 0.04 (-0.60 to -0.26 (—228t0 1.76) 0.01 (—0.64 to
0.67) 0.67)
023(-1.17t0163) 0.17(-050t0085) 1.54(0.39t02.70) -0.11(-0.77to 0.77(-=1.03t0257) —0.32(-1.00
0.54) 10 0.35)
0.13(=1.04t0130) -0.42(-0.83to 1.24(0.27t02.22) —-03(-0.71to 0.15(=1.34t0 165 0.13(-030to
-0.01) 0.11) 0.55)
043(=1.12t0198) —-023(-0.76t00.29) 1.58(0.28t02.88) —0.15(-0.66t0 2.04(0.18t03.90) -0.07(-0.60
0.37) t0 0.46)
125(-0.72t0322) —-0.04(-081t00.72) 1.5(-0.25t03.25) -0.02 (-0.77 to 0.73(-1.83t03.30) 0.07(-0.70to
0.73) 0.84)
0.81(=030t0192) 0.00(-051t00.50) 043(-=059to145) 026(-023to —-054(-197t0089) 0.14(-037to
0.75) 0.64)
4.38(0.59t08.16) —0.89(-256t00.78) 2.79(-0.77t06.35) —0.99(-2.63to —1.75(-6.89t03.39) 0.29(-139to
0.64) 1.97)
195(-261t0652) —0.74(-247t0099) 5.74(2.06t09.42) -0.52(-222to 2.7 (—=3.161t08.57) -0.25(=2.00
1.18) t0 1.49)
5.19(0.67t09.70) —0.89(-2.89t01.12) 322(-1.04t0748) -0.73(-270to —229(-8411t03.82) 043 (-1.59to
1.23) 245)
9.77 (-345t02299) —2.06(-7.331t03.20) 13.14(1.64 to -1.8(—6.96 to 208 (—1534to 0.5 (—4.80to
24.63) 3.36) 19.50) 5.81)

Bold numbers present the estimates in which 95% Cl does not include 0

2 Total count may vary because of missing values

bAdjusted for maternal age, maternal educational level, maternal depression level, paternal age, parity, preterm birth, child’s low birth weight status, and child’s sex

of these interactions, and this problem may have led to
disparities between perceived and actual interactions
[59]. Additionally, maternal mental health problems,
such as depression, can influence a mother’s perception
and reporting of her child’s behaviors and interactions
[60]. Therefore, the potential for shared variance bias—
given that exposure, outcomes, and moderation were all
reported by the mothers—is a concern that may have led
to inflated results. Third, we were unable to differentiate
between specific applications used by toddlers, such as
YouTube, which may be associated with risk of exposure
to age-inappropriate content or advertisements. Many
apps claim to be educational but lack sufficient empirical
evidence to support this claim [18], posing a challenge to
the accurate assessment of their impact on child devel-
opment. Finally, the attrition rate in our study reached
54%. Although no significant differences were observed
between the included and excluded participants regard-
ing parental sociodemographic factors, birth outcomes,
or child characteristics, loss to follow-up may have lim-
ited our sample size, increased the confidence intervals,
or compromised the generalizability of our findings.
Thus, although we employed inverse probability weight-
ing to account for missing data, the possibility of attrition
bias remains a concern.

Conclusion

The findings of the present study highlight the crucial
role of mother—child interactions in ameliorating the
adverse effects of early smart device usage—including the
effects of screen time and engagement with media con-
tent such as games and cartoons, beginning as early as 1
year of age—on behavioral problems in toddlers. Future
related research could objectively assess mother—child
interactions and benefit from using applications capable
of recording real-life usage data to monitor mobile device
usage [18]. Furthermore, longitudinal studies spanning
the period from childhood through adolescence are
warranted to capture the evolving nature of children’s
interactions with media and technology as well as the
long-term patterns and consequences of early media
exposure. Finally, investigating the role of children’s self-
regulation in managing smart device usage and explor-
ing the impact of father—child interactions are essential
for obtaining a more comprehensive understanding of
related pathways and family dynamics in the digital era.
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