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The quarantine during the COVID-19 pandemic may generate high levels of

maternal depression/anxiety, and maternal emotional status may affect child behavioral

development. Online education during the pandemic may induce child over-use of

electronic-devices. However, child electronic-device over-use (especially among children

under 12 who are immature in physical and mental development) during the pandemic

has not attracted sufficient attention, and the association of child over-use with

maternal emotional status remains unknown. Therefore, this study aims to assess

the characteristics of child electronic-device over-use and the association between

maternal emotional status and child over-use among 1,300 children from nurseries

(<3 years), kindergartens (3–6 years), and primary schools (6–12 years) in Shanghai

and Wuhan during COVID-19. Mothers completed an online questionnaire (including

the Self-Rating-Depression/Anxiety-Scales and Family-Environment-Scale). The use

of electronic devices (mobile-phones, iPads, computers, and televisions) and online

courses taken by the children were investigated. Associations of maternal emotional

status with electronic-device-use by child age were analyzed. The proportions of children

in nurseries, kindergartens and primary schools were 8.5, 44.5, and 47.0%, their

percentages following online-courses were 24.5, 48.4, and 99.0%, and their rates

of electronic-device over-use were 34.2, 62.2, and 93.4%, respectively. Significant

associations were observed between higher maternal anxiety/depression levels and

higher risks of mobile-phone/iPad over-use among preschoolers and primary-school

students. Lower family intimacy and higher conflict levels were associated with higher

maternal depression/anxiety levels and higher risks of electronic-device over-use. Our

findings suggested that over-use of electronic-devices among children under 12 was

common during COVID-19, especially among children ≥6 years, and online-teaching

may exacerbate over-use. Maternal anxiety/depression levels were associated with
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over-use of portable internet-devices (mobile-phone/iPad), especially among

preschoolers and school-aged students, and family environment may mediate the

association. These findings may contribute to a better understanding of factors leading

to over-use of electronic-device and developing strategies to decrease over-use

during COVID-19.

Keywords: COVID-19 pandemic, maternal depression, maternal anxiety, child electronic devices over-use, media,

family environment

INTRODUCTION

The Coronavirus Disease 2019 (COVID-19) has spread globally
and affected millions of people (1, 2). So far, there have been
more than 234 million cases and 4 million deaths (3). To control
the spread of the COVID-19, strict domestic quarantine was
implemented, schools were closed with online courses developed
for children to study at home instead (4, 5). However, in these
cases, it may cause emotional problems of mothers and the risk
of child over-use of electronic products.

Domestic quarantine may affect people’s emotional well-
being and increase the risks of post-traumatic stress symptoms,
confusion, and anger (6, 7). A recent study during the COVID-
19 pandemic demonstrated that women reported higher levels
of post-traumatic stress symptoms in the domains of re-
experiencing, negative alterations in mood or cognition, and
hyper-arousal than men (8). Compared with fathers, mothers
may engage in more activities with children (9, 10). Another
study conducted during the COVID-19 pandemic has shown
that mothers’ employment was more affected relative to fathers’,
and mothers of young children have reduced their work hours
significantly more than fathers (especially true for mothers of
children under 12 years old) (11). Therefore, mothers may
experience high levels of depression/anxiety during the COVID-
19 pandemic probably because of maternal worries about the
risks of their children/other family members getting COVID-
19, a great child-care/homeschooling burden (mothers may
undertake more child health-care/homeschooling tasks than
usual because children stay at home all day due to school
closures), and the risk of unemployment.

With advances in technology and improved living standards,
an increasing number of children are exposed to electronic
devices such as televisions (TVs), mobile phones, iPads, and
computers. Children aged 0–12 years are at an immature
but important developmental stage of physical and mental
development. Excessive use of electronic devices may cause a
range of problems, such as somatization, myopia, obesity, sleep
disorders, and impaired social skills (12–14). About the definition
of child over-use of electronic devices, according to the latest
guidelines from the American Academy of Pediatrics, children
under 2 years of age shall strictly restrict the use of electronic
devices; children of 2–5 years old cannot watch electronic
programs for more than an hour per day; while children aged
5–12 years cannot use electronic devices for more than 1.5 h per
day (15). In China, during the COVID-19 pandemic, almost all
the school-age children and some younger children took online

classes with the assistance of video conferencing apps such as
Ding Talk and Tencent Meeting. Online courses extend the use-
time of electronic-devices and may have an unfavorable impact
on child emotional and physical health (16). Therefore, in such
a new situation, the characteristics of child electronic-device use
may be different from those before the pandemic which are
new challenges in the control of child media use, and warrant
further investigations.

Thus, mothers may suffer from high levels of
depression/anxiety during the COVID-19 pandemic. As
maternal anxiety or depressive symptoms may affect the way
mothers raise their children (11), maternal emotion may
exert a profound influence on child emotional and behavioral
development. Understanding the characteristics of child over-
use of electronic devices and the association between maternal
emotional status and child over-use may help to develop
strategies to promote positive mother-child interaction and
appropriate use of electronic devices in children, which could be
critical to the child’s healthy growth and development. Therefore,
we hypothesized that child electronic-device over-use was
associated with maternal emotional status during the COVID-19
pandemic, and the association might be different by child age.

MATERIALS AND METHODS

Study Design and Recruitment
During March to April 2020 (the COVID-19 pandemic period),
we recruited a convenience sample from 15 schools (one
nurseries/four kindergartens/10 primary schools) in Shanghai
and six schools (one nurseries/four kindergartens/one primary
school) in Wuhan, and conducted an online survey (17). The
recruited schools in each city had diversity in geographic
location and socio-economic status. Due to the policy of home
isolation, the questionnaire was distributed to the mothers of the
participating children by the teachers in charge of the classes via
online class groups. Before distributing the questionnaire, a brief
introduction and guidance on how to fill out the questionnaire
were provided to the mothers by WeChat class groups. All
students involved in the routines in the classrooms in the
study schools before the pandemic were invited to participate
in this study. Students were excluded if the mothers had mental
illnesses/disorders during the study. Ultimately, a total of 1,315
questionnaires were collected, and 1,300 questionnaires were
included in the final statistical analysis because 15 questionnaires
were excluded due to double submission or logic errors detected
in data cleaning.
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The Research Ethics Committee Board of the International
Peace Maternity and Child Health Hospital approved this study.
Informed consents were obtained from all participants.

Measurement
Assessment of Maternal Emotional Status
The Chinese versions of the Self-rating Depression Scale (SDS)
(18) and the Self-rating Anxiety Scale (SAS) (19) were the
most widely used measures in China for screening depressive
and anxiety symptoms, respectively, and were used to measure
maternal depression and anxiety levels in this study. The SDS
and SAS both contained 20 items. Each item was rated on
a score from 1 (none, or a little of the time) to 4 (most,
or all of the time), and a raw total score was generated by
summing the item scores. Higher SDS and SAS index scores
(raw total scores∗1.25) indicated higher depression and anxiety
levels, respectively. Based on the results of Chinese norms, the
presence of depressive symptoms was defined as a SDS index
score ≥53, and the presence of anxiety symptoms was defined as
a SAS index score ≥50. The SDS and SAS Chinese versions were
reliable tools, and had good reliability (these two scales had good
internal consistency, with Cronbach’s alphas of 0.86 for the SDS
Chinese version and 0.93 for the SAS Chinese version) (20, 21).
These two scales also had good validity in Chinese population
through the analyses of content validity, criterion-related validity
and structural validity (21–23).

Assessment of Family Environment
Interaction/relationship characteristics among family members
were evaluated by the Chinese version of the Family Environment
Scale (FES-CV) (24). The scale was originally developed by Moos
et al. in 1974 (25) and translated into the Chinese version by
Wang et al. (26). The FES-CV evaluated the family environment
with 90 items categorized into 10 subscales. Among the
10 subscales, the cohesion subscale evaluated the level of
commitment, help or support among family members, and
the contradiction subscale evaluated the degree to which
family members openly expressed anger and disagreements.
Higher cohesion/contradiction subscale scores indicated higher
intimacy/conflict levels. The cohesion and contradiction
subscales of the FES-CV had acceptable reliability and validity
(for cohesion: Cronbach α = 0.75; for contradiction: Cronbach
α = 0.67) (19), and both worked well in assessing different kinds
of families and measuring family relationships/environment in
China (27, 28).

Assessment of Child Electronic-Device Use
In this study, electronic devices children used included the
TV, mobile phone, iPad, and computer. The response options
included: “hardly used,” “<0.5 h per day,” “0.5–1 h per day,” “1–
2 h per day,” “2–5 h per day,” and “more than 5 h per day.”
Because previous studies showed that internet addiction was
diagnosed mainly based on excessive use of electronic devices
with internet access, and among internet devices, portable
internet devices were more likely to induce internet addiction
compared with heavier or larger internet devices (such as
computers) (29, 30). Therefore, the new variable of “portable

internet devices” was created, and the daily usage hours of
portable internet devices were calculated by averaging the daily
usage hours of mobile phones and iPads.

Based on the latest recommendations of the American
Academy of Pediatrics about the daily hours spent on electronic
use for children of different ages (15), we divided child electronic-
device use into three categories: “appropriate use,” “probably
excessive use,” and “excessive use.” “Appropriate use” was defined
as the total time children spent on electronic devices per day
less than the recommended time, while “excessive use” as the
total time more than the recommendation. Since daily use of
each electronic device was categorized from “hardly use” to
“>5 h/day,” “may be excessive” was applied to the cases when
the total time was probably more than the recommendation.
All the assessments were conducted according to the criteria
corresponding to different age stages.

Confounders
Confounders belonging to child factors included child gender,
age, ethnicity, gestational week at birth, single child or not, parity,
and taking online courses (not taking, taking online courses
provided by schools, taking online courses provided by private
educational companies).

Confounders belonging to maternal and family factors
included maternal education, age, marital status, maternal
attention/awareness/confidence of healthy parenting during
COVID-19 pandemic (a little, very much), residency (urban,
sub-urban, and rural), family structure, main child healthcare
provider, and if their family members or close relatives were
infected with COVID-19 (no case, suspected case, confirmed
mild case, confirmed severe case).

Statistical Analysis
The demographic characteristics of the participants were
presented as means and standard deviations (continuous
variables) or frequency and percentages (categorical variables).
One-way ANOVA (Analysis of variance) and Student-Newman-
Keuls post-hoc tests were used to compare the differences
in maternal depression and anxiety levels among different
categories. Infants/toddlers in nurseries, preschoolers in
kindergartens and school-aged children in primary schools
automatically formed three age groups (<3, 3–6, and 6–12
years old). The Chi-square test was used to compare child
over-use of electronic devices among these three age groups.
The risk factors of maternal depression and anxiety and
child excessive use of electronic devices were analyzed by
univariate logistic regression analyses. Multi-variable logistic
regression models were applied to explore the adjusted
associations between maternal depression/anxiety levels,
family intimacy/conflict levels and child electronic over-use.
All the statistical analyses were conducted using version
9.4 SAS software (SAS Institute; Cary, NC, USA) and the
graphs were generated through Origin Pro 2020b (Learning
Edition, Version 9.7.5.184). The significance level was set at
two-tailed P < 0.05.
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TABLE 1 | Basic characteristics of the study mother-child pairs (N = 1,300).

Variables N (%) or

(mean ± SD)

Maternal

depression

(mean ± SD)

P* Maternal

anxiety

(mean ± SD)

P*

Child gender Male 694 (53.4%) 0.39 ± 0.09 0.330 34.84 ± 7.25 0.350

Female 606 (46.6%) 0.39 ± 0.09 34.46 ± 7.73

Child age <3 yrs 111 (8.5%) 0.38 ± 0.08a 0.027 33.02 ± 6.82a 0.053

3–6 yrs 579 (44.5%) 0.40 ± 0.09b 34.84 ± 7.42b

6–12 yrs 610 (47.0%) 0.39 ± 0.10a,b 34.80 ± 7.62b

Child ethnicity Han 1,256 (96.6%) 0.39 ± 0.09 0.540 34.65 ± 7.49 0.824

Minor ethnicity 44 (3.4%) 0.40 ± 0.10 34.91 ± 7.00

Child parity Only child 684 (52.6%) 0.39 ± 0.09a 0.633 34.39 ± 7.17a 0.306

Not only child, First-born 297(22.9%) 0.40 ± 0.10a 35.16 ± 7.41a

Not first-born 319 (24.5%) 0.39 ± 0.10a 34.79 ± 8.16a

Maternal education ≤Junior High school 42 (3.2%) 0.44 ± 0.11a <0.001 35.74 ± 7.59a 0.095

High school 92 (7.1%) 0.43 ± 0.10a 36.01 ± 7.21a

College 755 (58.1%) 0.39 ± 0.10b 34.75 ± 7.19a

Post-graduate 411 (31.6%) 0.38 ± 0.09b 34.09 ± 7.20a

Maternal age 37.0 ± 5.0 0.39 ± 0.09 0.002 34.66 ± 7.48 0.156

Family structure Nuclear family 768 (59.1%) 0.39 ± 0.09a 0.309 34.35 ± 7.52a 0.204

three generation family 499 (3.4%) 0.40 ± 0.09a 34.99 ± 7.24a

Separated parents 11 (0.8%) 0.40 ± 0.11a 36.36 ± 8.45a

Single parents 18 (1.4%) 0.40 ± 0.10a 37.72 ± 10.43a

Reconstituted family 4 (0.3%) 0.48 ± 0.17a 35.75 ± 9.60a

Residency Urban 1,040 (80.0%) 0.39 ± 0.09a 0.009 34.49 ± 7.43a 0.013

Sub-urban 244 (18.8%) 0.40 ± 0.10a 35.06 ± 7.52a

Rural area 16 (1.2%) 0.45 ± 0.10b 39.75 ± 8.20b

Attention to child- care information A little 339 (26.1%) 0.41 ± 0.10 <0.001 35.60 ± 7.57 0.007

Very much 961 (73.9%) 0.39 ± 0.09 34.33 ± 7.42

Awareness of child-care (N = 1,297) A little 382 (29.5%) 0.42 ± 0.10 <0.001 36.30 ± 7.73 <0.001

Very much 915 (70.5%) 0.38 ± 0.09 33.95 ± 7.18

COVID-19 infection among close relatives No 1,271 (97.3%) 0.39 ± 0.09a 0.731 34.64 ± 7.48a 0.467

Suspected but excluded 11 (0.8%) 0.40 ± 0.09a 34.09 ± 3.70a

Confirmed mild case 19 (1.4%) 0.37 ± 0.12a 34.37 ± 7.85a

Confirmed severe case 6 (0.5%) 0.41 ± 0.13a 39.50 ± 6.66a

Online course (N = 1,298) Not taking 388 (25.5%) 0.40 ± 0.10a 0.135 34.57 ± 7.30a 0.878

Taking school courses 654 (43.0%) 0.39 ± 0.09a 34.77 ± 7.65a

Taking courses from private

educational companies

480 (31.5%) 0.39 ± 0.09a 34.78 ± 7.28a

Family environment Cohesion subscale 8.26 ± 1.27 0.39 ± 0.09 <0.001 34.66 ± 7.48 <0.001

Contradiction subscale 1.93 ± 1.59 0.39 ± 0.09 <0.001 34.66 ± 7.48 <0.001

yrs, years; wks, weeks.

*Analyzed by One-way ANOVA (Analysis of variance).
a,bAnalyzed by the Student-Newman-Keuls post-hoc test. Different superscript letters between the two comparison subgroups indicated statistically significant differences between the

two subgroups (P < 0.05), while same superscript letters indicated no significant differences (P > 0.05).

RESULTS

The Levels and Risk Factors of Maternal
Depression and Anxiety During the
COVID-19 Pandemic
The characteristics of the study population were shown inTable 1
and Figure 1. Among the 1,300 children, 8.5% were in nursery
schools (<3 years old), and children in kindergartens (3–6 years

old) and elementary schools (6–12 years old) accounted for 44.5
and 47.0%, respectively. More than half of the children (52.6%)
were the only child of their families.

The average SDS and SAS index scores of the study mothers
were 39.25 ± 9.43 and 34.66 ± 7.48, respectively. 15.7 and
4.1% of the study mothers had positive SDS and SAS index
scores. The maternal depression level was adversely associated
with maternal age and educational level (P < 0.05). The average
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FIGURE 1 | Risk factors for maternal depression and anxiety. Maternal depression (A) and anxiety (B) levels were both negatively associated with maternal education

level, maternal age, home urban residence, attention, and awareness to child-care information during the COVID-19 pandemic and family cohesion levels, and

positively related to family conflict levels. Maternal depression levels were also negatively associated with maternal age (A).
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depression level of the mothers of the kindergarten children
was higher than that of the mothers of children in nurseries or
elementary schools (P = 0.027), while the anxiety level of the
mothers of the nursery children was slightly lower than that of
the mothers of kindergarteners or elementary-school children
(P = 0.053). The study mothers who lived in urban areas were
less likely to be depressed or anxious in comparison with those
who lived in the sub-urban or rural areas (P < 0.05). Moreover,
mothers who learned less knowledge on how to keep children
healthy during COVID-19 pandemic were associated with higher
maternal anxiety or depression levels (P < 0.05).

The cohesion levels were the highest among infant/toddler
families, while the contradiction levels were the highest
among school-age-child families. Higher maternal anxiety and
depression levels were associated with lower intimacy and
higher conflict levels (P < 0.001) both in unadjusted and
adjusted (adjusting for child age, child gender, maternal age,
maternal education, family structure, and home residency)
models (Supplementary Figure 1).

The Levels and Risk Factors of Child
Over-Use of Electronic Devices
Among the study children, the percentages of hardly using the
mobile phone, iPad and computer were 52.3, 30.9, and 68.8%,
indicating that portable internet devices (mobile phone and
iPad) were more used than non-portable devices (computer).
The percentages of excessive-use or probable excessive-use of
electronic devices for children in nurseries, kindergartens and
primary schools were 34.2, 62.2, and 93.4%, indicating that older
kids might be more prone to spend an excessive amount of
time on electronic devices. The risk factors for child excessive
use of electronic devices included maternal higher depression
or anxiety levels (P < 0.05), older children, higher maternal
education levels, home urban residency (vs. suburbs and rural
areas), ethnicity minorities, lower family intimacy and higher
family conflict levels (all P < 0.05). Maternal lower confidence
in child-care during the pandemic was associated with child
excessive electronic use (P < 0.001) (Table 2 and Figure 2).

A total of 74.5% of the study children were involved in
online courses. Children who took online courses had higher
rates of excessive electronic use than children who didn’t take.
The percentages of taking online courses among children in
nurseries, kindergartens and primary schools were 24.5, 48.4,
and 99.0%, respectively (P < 0.001) (Figure 3). Online courses
provided by children’s own schools and by private education
companies were 12.7 and 15.5% in nursery children, 7.8 and
43.2% in kindergarteners, and 97.7 and 35.0% in elementary-
school students, respectively.

The screen time of using the four kinds of electronic
devices varied greatly among children of different ages (P <

0.001, Figure 4). Children in kindergartens spent more time
watching TV than children of the other two age groups.
Children in kindergartens and elementary schools spent similar
amounts of time on mobile phones, but much longer times
than children in nurseries. The rate of using iPad for over 2 h
per day was the highest among elementary students (36.2%).

The excessive computer uses mainly occurred in elementary-
school students (17.9%). Adjusted associations between family
environment and child excessive electronic use were described
in Supplementary Figure 2. Both unadjusted and adjusted
regression models showed that excessive use of portable internet
devices was adversely correlated with family intimacy levels (P
< 0.05). For primary-school children, the over-use of portable
internet devices was positively associated with family conflict
levels (P < 0.05).

The Relationships Between Maternal
Emotional Status and Child Over-Use of
Electronic Devices
The relationships between electronic use andmaternal emotional
status among children of different age groups were shown in
Figure 5. For kindergarteners, maternal depression and anxiety
levels were significantly or marginally significantly associated
with excessive use of mobile phones/portable internet devices.
For children in elementary schools, maternal depression level was
positively correlated with excessive use of TVs, mobile phones,
and portable internet devices, and increased maternal anxiety
level was related to excessive use of mobile phones and iPads,
and portable internet devices. The adjusted associations between
maternal depression/anxiety levels, family intimacy/conflict
levels and child electronic over-use were provided in the
Supplementary Tables 1, 2.

DISCUSSION

To cope with the ongoing COVID-19 pandemic, children and
their mothers experienced instructions to stay at home and a
considerable number of children took online courses. However,
few studies focused on the association between maternal
emotional status and child over-use of electronic devices during
the COVID-19 pandemic. This study explored the characteristics
of child over-use of electronic devices and the association
between maternal emotional status and child over-use during
the pandemic, which may help develop effective intervention
strategies for reducing child screen time and improving mother-
child interaction.

Compared with other studies conducted in China before
or during the pandemic, this study reported a relatively high
prevalence of depression (15.7%) among the study mothers.
However, the prevalence of maternal anxiety (4.1%) was not
higher than the prevalence reported during non-pandemic
periods (31). For example, a large national survey on mental
disorders among 32,552 respondents from 31 provinces across
China between 2013 and 2015 reported that the prevalence
of anxiety and major depression disorders were 7.6 and 3.4%,
respectively (32). During the COVID-19 epidemic in China, Lei
et al. found that 14.6% of survey respondents suffered from
depression which was similar to the rate we reported in our study
(15.7%) (33), while Peng et al. reported a lower prevalence of
depression (6.21%) (34).

This study also reported a few potential risk factors
for maternal depression and anxiety during the pandemic.
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TABLE 2 | Child over-use of electronic devices during the COVID-19 pandemic [mean ± SD or N (%)].

Variables Appropriate use

(N = 332)

Maybe excessive

use (N = 278)

Excessive use

(N = 690)

Chi-square or

F-values

P-values

Child gender Male 177 (25.5%) 141 (20.3%) 376 (54.2%) 0.27 0.603

Female 155 (25.6%) 137 (22.6%) 314 (51.8%)

Child age (yrs) <3 yrs 73 (65.8%) 25 (22.5%) 13 (11.7%) 341.63 <0.001

3–6 yrs 219 (37.8%) 159 (27.5%) 201 (34.7%)

6–12 yrs 40 (6.6%) 94 (15.4%) 476 (78.0%)

Child ethnicity Han 325 (25.9%) 272 (21.6%) 659 (52.5%) 4.67 0.031

Minor ethnicity 7 (15.9%) 6 (13.6%) 31 (70.5%)

Child parity Only child 174 (25.5%) 150 (21.9%) 360 (52.6%) 19.44 <0.001

Not only child, First-born 55 (18.5%) 58 (19.5%) 184 (62.0%)

Not first-born 103 (32.3%) 70 (21.9%) 146 (45.8%)

Maternal education ≤Junior High school 18 (42.8%) 12 (28.6%) 12 (28.6%) 9.54 0.002

High school 32 (34.8%) 19 (20.6%) 41 (44.6%)

College 182 (24.1%) 163 (21.6%) 410 (54.3%)

Post-graduate 100 (24.3%) 84 (20.5%) 227 (55.2%)

Maternal age (yrs) 35.3 ± 4.8 36.5 ± 4.6 38.1 ± 5.1 75.07 <0.001

Family structure Nuclear family 202 (26.3%) 173 (22.5%) 393 (51.2%) 3.85 0.427

Three generation family 124 (24.9%) 99 (19.8%) 276 (55.3%)

Separated parents 1 (9.1%) 3 (27.3%) 7 (63.6%)

Single parents 5 (27.8%) 2 (11.1%) 11 (61.1%)

Reconstituted family 0 (0.0%) 1 (25.0%) 3 (75.0%)

Residency Urban 242 (23.3%) 211 (20.3%) 587 (56.4%) 23.23 <0.001

Sub-urban 85 (34.8%) 62 (25.4%) 97 (39.8%)

Rural area 5 (31.3%) 5 (31.3%) 6 (37.44%)

Attention to child care information A little 80 (23.6%) 79 (23.3%) 180 (53.1%) 0.25 0.619

Very much 252 (26.2%) 199 (20.7%) 510 (53.1%)

Awareness of child-care (N = 1,297) A little 86 (22.5%) 84 (22.0%) 212 (55.5%) 2.15 0.143

Very much 244 (26.7%) 194 (21.2%) 477 (52.1%)

Confidence of healthy parenting A little 19 (12.9%) 27 (18.4%) 101 (68.7%) 18.60 <0.001

High 313 (27.1%) 251 (21.8%) 589 (51.1%)

COVID-19 infection among close relatives No 327 (25.8%) 271 (21.3%) 671 (52.9%) 1.47 0.689

Suspected but ruled out 1 (12.5%) 2 (25.0%) 5 (62.5%)

Confirmed mild case 3 (17.7%) 4 (23.5%) 10 (58.8%)

Confirmed severe case 1 (16.67%) 1 (16.67%) 4 (66.67%)

Online courses (N = 1,298) Not taking 178 (46.3%) 91 (23.7%) 115 (30.0%) 177.19 <0.001

Taking school courses 45 (10.4%) 76 (17.5%) 313 (72.1%)

Taking company courses 108 (22.5%) 111 (23.1%) 261 (54.4%)

Family environment Cohesion 8.6 ± 0.9 8.3 ± 1.3 8.1 ± 1.4 26.75 <0.001

Contradiction 1.6 ± 1.4 1.8 ± 1.5 2.2 ± 1.7 30.50 <0.001

Maternal emotions SDS score 38.6 ± 0.1 38.8 ± 0.1 39.8 ± 0.1 4.21 0.040

SAS score 33.5 ± 6.8 34.6 ± 7.1 35.3 ± 7.9 13.66 <0.001

SDS, the Self-Rating Depression Scale; SAS, the Self-Rating Anxiety Scale; yrs, years; wks, weeks.

Analyzed by the Chi-square test or One-way ANOVA.

Consistent with previous studies (35, 36), families with lower
intimacy and higher conflict levels were associated with higher
levels of maternal depression and anxiety. As a study specially
targeting the COVID-19 pandemic, we found that lower levels
of concern and awareness of healthy parenting during the
outbreak, lower maternal education, and living in rural areas
(vs. urban or suburban areas) were associated with increased

levels of maternal depression and anxiety levels. Based on the
knowledge-attitudes-practices model, our results suggested that
lower levels of awareness (knowledge) and concern may translate
into a lower likelihood of engaging in beneficial practices (37).
Therefore, the provision of accurate and timely information
about healthy parenting to mothers may be necessary for
improving maternal emotional well-being during the pandemic.
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FIGURE 2 | Risk factors for child over-use of electronic devices. Child over-use of electronic devices was positively associated with child age, ethnicity (Han ethnicity),

maternal education, maternal age, home urban residency, taking online courses, family conflict levels, maternal depression, and anxiety levels. Child over-use was

negatively associated with maternal confidence of healthy parenting during the pandemic.

We also found that mothers with lower educational levels
experienced greater psychological pressure, which was probably
due to poor understanding of COVID-19 (such as transmission,
causes, and symptoms) and unawareness of the related health-
care information. These mothers may have facedmore challenges
when they were involved in the panic caused by the COVID-
19 epidemic. In addition, living in rural areas was associated
with less access to COVID-19 information compared with
living in urban or suburban areas. Therefore, to alleviate
maternal depression or anxiety levels, more accurate and timely
information on COVID-19 available to mothers could be helpful,
especially for mothers with lower education levels or living in
rural areas.

This study demonstrated that over-use of electronic devices
among young children was common, and the domestic-
quarantine and online-teaching policies may have exacerbated
the problem. In addition to online courses provided by
schools, some parents asked children to take online courses
developed by private educational companies to further improve
their academic performances. This study showed that taking

extra-curricular courses were particularly prevalent among
preschoolers, reflecting parental worries about the possibility of
a decline in child academic performance due to online education
at home (32). This study found that older children, higher
maternal educational levels, living closer to urban areas, and
worse family environments were risk factors for child over-use
of electronic devices. We speculate that older children usually
take more online courses because of more study tasks, and have
greater capability to use electronic devices, face more parent-
child conflicts, and tend to release their feelings by spendingmore
time on electronic devices. Inconsistent with previous studies
showing that lower family socioeconomic status was a risk factor
for child excessive use of electronic devices (38, 39), this study
found that higher maternal education levels and urban residence
(vs. rural or suburban areas) were positively associated with child
over-use. These childrenmay be better equipped to use electronic
devices (the availability of the electronic devices at home, and
the performances of Wi-Fi home networks). Consistent with
previous studies showing exacerbated parent-child interaction
was associated with excessive internet use, we also found that
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FIGURE 3 | The current situations of child taking online courses. (A) Percentages of taking online courses; (B) percentages of taking online courses provided by

school; (C) percentages of taking online courses provided by private companies. **P < 0.01; ***P < 0.001.
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FIGURE 4 | Use of different electronic devices among children of different ages. The red color indicated a higher distribution intensity, while the blue color indicated a

lower distribution intensity, and the white color represented the transition or the distribution intensity between the red and blue colors. The distribution intensity

decreased with the color getting lighter. (A) Child TV-watching per day. (B) Child mobile-phone usage per day. (C) Child iPad usage per day. (D) Child

computer-usage per day.

lower family intimacy levels (especially for younger children) and
higher family conflict levels (especially for school-age children)
were significantly associated with child over-use of electronic
devices (40).

This study showed that maternal depression/anxiety was
associated with a higher risk of child over-use of portable
electronic devices. This association varied by child age.
Previous studies have reported the association between maternal
depression and child over-use of electronic devices during non-
epidemic periods (38–41). For example, one study found a
positive correlation between maternal depression and child binge
television-watching (42). With regard to age differences in the
associations of maternal emotions with child over-use, we found
that maternal emotions had no significant associations with
child over-use among children aged <3 years, whereas had
important associations with excessive use of mobile phones

among children in kindergartens and primary schools, and had
important associations with iPad over-use in primary-school
students. This age-dependent phenomenon may be explained by
the fact that children aged 0–3 years have difficulties in using
electronic devices independently. Thus, it may be difficult to
observe such an association even if infants’/toddlers’ behaviors
were affected by maternal emotions. However, children in
kindergartens and primary schools were usually independent
users. Mother’s emotion and psychological status may affect
children in the following ways: On the one hand, depressed
or anxious mothers may over-use or heavily rely on electronic
devices themselves, setting an example for their children;
these mothers may have inappropriate attitudes in caring for
children or guiding children’s behaviors, or use screen time
as the compensation or substitution for insufficient maternal
companion (electronic babysitter) (38, 39, 43, 44). On the
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FIGURE 5 | The adjusted relationships between maternal depression (A)/anxiety (B) and child over-use of electronic devices [β (95%CI)]. (A/B-1) For children <3

years old; (A/B-2) for children of 3–6 years old; (A/B-3) for children of 6–12 years old. Adjusted for child age, child gender, maternal age, maternal educational

background, family structure, and home residency.
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other hand, children having depressed or anxious mothers may
seek relief or self-entertainment from portable internet devices
because portable devices were small and easy to carry and to go
online with. The latter was supported by our findings in that
higher maternal depression/anxiety levels were associated with
worse family environments, which in turn were associated with
higher rates of over-use of electronic devices among children.

This study also demonstrated that family environment may
play a mediating role in the association of maternal emotional
status (especially maternal depression levels) with child over-
use of electronic devices. The family is the sum of relationships
and behaviors among family members (41). Although no definite
definition, family environment or functioning was usually
regarded as the model/way how family members interacted,
kept relationships, and solved problems (45). Consistent with
our study showing an association between maternal emotional
status and family environment, Xie et al. found that worse
family environment (impaired family cohesion, higher levels
of conflict and independence) was associated with worse
maternal emotional status (46). In addition, consistent with
our study showing an association between child electronic-
device over-use and family environment, other study reported
that poorer family-quality relationships were associated with
increased severity of child problematic online gaming (47),
and Huang et al. found that child behavioral problems
may interact with their family environmental factors (28).
Consistent with our study, Yang et al. reported that, as an
important component of the family environment/functioning,
parenting style may play a mediating role in the association of
maternal work-family conflict and child problematic internet
use (48).

This study had several advantages. To our knowledge, this
study was among the first to focus on the association of
maternal emotional status with child over-use of electronic
devices during the COVID-19 pandemic. It addressed two
major concerns (maternal emotional status, child over-use of
electronic devices) in child health-care. We also explored the
age differences in the association of maternal emotional status
and child over-use of electronic devices, and suggested that
the over-use of portable internet devices among young children
deserved most attention. Second, up to now, a limited number
of studies focused on child media exposure/screen time during
the COVID-19 (49, 50), but only school-age children (6–
12 years) were included in these studies. Because younger
children may be more susceptible to the effects of over-use of
electronic devices on behavioral or physical development (51,
52), and children under 6 years old also used the electronic
devices (based on our study, 97.6% for the children of 3–
6 years and 85.6% for the children under 3 years old),
therefore, studies focusing on electronic-device use among
children aged 0–6 years during the COVID-19 pandemic are
important. In addition, we investigated and adjusted for a
number of confounders in this study, but the magnitudes of
most estimates did not change significantly with the adjustment,
indicating that the results were not strongly confounded by
these factors.

This study also had several limitations. First, the study schools
were not selected at random, which may make the mother-child
pairs not representative for the general population, and selection
bias could not be ignored. Second, this was a cross-sectional study
which made it impossible to elucidate the casual relationship
between maternal emotional status and child over-use. Third,
information of maternal emotional status and child electronic
use was reported by the study mothers, which may be affected
by maternal emotions and may cause recall bias (53). Fourth,
although we tried to control for as many confounders as we can,
there may still be some residual confounding (such as parental
total screen hours) (54). Finally, although the sample size of this
study met the minimum sample size requirement, longitudinal
studies with larger sample sizes are still needed to further explore
the association between maternal emotional status and child
electronic-device over-use as well as the potential mediating role
of the family environment.

CONCLUSION

In the context of the quarantine and online education policies
during the COVID-19 outbreak, among children aged 0–12
years, our study found that child over-use of electronic
devices was common, especially among children aged ≥6
years, and the online-education may exacerbate the over-use.
Significant associations between maternal anxiety/depression
and over-use of portable internet devices (especially mobile
phones) were observed, especially among preschoolers and
school-aged students. The possibility of the involvement of
family environment in the associations cannot be excluded.
These findings may be helpful to develop recommendations
or policies, to reduce child electronic over-use during the
COVID-19 pandemic, and enhance children’s physical and
psychological health.
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