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Abstract 
 
Background and objectives: Studies have shown that COVID-19 school closures negatively impacted children’s well-being. 
We assessed the impact of school closures on children in Japan. We postulated that screen time and sleep habits during school 
closure would be associated with children’s mental health status.  
Methods: A cross-sectional study was conducted with 959 children in four public elementary schools. Parents completed an 
original questionnaire in which we enquired about children’s behavioral problems, screen time (duration of watching 
TV/videos and duration of playing video games), sleep habits, and bodyweight change during school closure. Logistic 
regression analyses were performed to investigate the relationships between behavioral problems, bodyweight gain, and screen 
time. 
Results: It was found that 50.3% of children exhibited some behavioral problems during school closure; fewer children 
exhibited such problems after schools reopened. Moreover, children’s behavioral problems during school closure were 
associated with longer total screen time (odds ratio [OR]: 1.2, 95% confidence interval [CI]: 1.14–1.28, p < .001). Sleep habits 
were not different between children with behavioral problems and those without. Of the children, 16.7% experienced 
bodyweight gain during school closure, which was associated with behavioral problems (OR: 2.0, 95% CI: 1.43–2.92, p < .001) 
and time spent watching TV/videos (OR: 1.2, 95% CI: 1.08–1.28, p < .001) during closure. 
Conclusions: COVID-19 school closure negatively impacted school children physically and psychologically. Screen time was 
associated with both physical and mental health status. Therefore, children should not engage in arbitrary screen time during 
school closures and should be supported in their daily routines. 
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Introduction 
Pediatricians report that patients’ physical and 
psychological complaints increase after long periods 
of school closures in Japan, such as summer 
vacations. It has been reported that the number of 
children who commit suicide is greatest in September 
in Japan (1); therefore, the Japanese government has 
alerted pediatricians and parents to pay attention to 
subtle changes in children when they are due to 
return to school. Hence, long school closures seem 
to affect children’s physical and psychological status. 

Owing to the coronavirus disease 2019 (COVID-
19), schools were unexpectedly and abruptly closed 
in many countries as part of physical distancing 
policy. The Japanese government ordered the closure 
of all schools on February 27, 2020, and a state of 
emergency was declared nationwide on April 16. The 
period of the school closure varied by region; 

however, people were requested to remain at home 
and have restricted contact with non-family 
members. Given this unusual school closure with 
these severe restrictions, children’s lives were more 
severely affected than by conventional annual 
closures (2). In Saga, Japan, the state of emergency 
was lifted on May 14, 2020; subsequently, schools 
gradually reopened, and all schools in this area were 
open as usual by June 1, 2020.  

These unusual conditions prompted us to 
investigate how this school closure affected 
schoolchildren. Studies have revealed that COVID-
19 school closures exerted profound negative 
impacts on schoolchildren physically (3) and 
psychologically (4-7); however, thus far, no extensive 
study has been conducted of the precise mechanisms 
affecting children’s mental health. Therefore, this 
work was driven by the following research questions: 



Behavioral problems and screen time during COVID-19 school closures in Japan 

 
 

2 

 

1) How did the incidence of physical and mental 
problems change during and after the COVID-19 
school closure in Japan? 2) What factors were 
associated with children experiencing these 
problems? We hypothesized that there would be a 
relationship between increased screen time and the 
incidence of such problems. We also assessed the 
connection between sleep habits and children’s 
problems.  

 
Methods 
Participants 
This was a cross-sectional study conducted in July 
2020, which enrolled students from all four public 
elementary schools in Miyaki-Machi, a suburban 
town in Saga prefecture, Japan. Parents received a 
letter describing the study and a questionnaire to be 
returned to the school by July 30 after completion. 
Participants were offered no financial incentive. The 
Regional Research Ethics Committee approved the 
study (approval number: 02-19) before its 
commencement. 

 
Measures 
All data were anonymously reported by parents or 
guardians. Five main types of questions were created 
for this study. Specifically, parents and guardians 
were asked to identify the characteristics of the 
participants such as gender and grades, time spent 
watching TV and/or videos and playing video games, 
sleep habits (wakeup time and bedtime) during 
school closure and after school reopened, and 
behavior related questions, which addressed 
behavioral problems (irritability, inability to stop 
playing video games, frequent fights with siblings, 
excessive dependence on parents, and refusal to sleep 
independently) during school closure and after 
school reopened (using binary responses). Total 
screen time was defined as the sum of the time spent 

watching TV and/or videos and playing video games. 
Data on bodyweight change before and after school 
reopened were also collected (by binary response).  

 
Statistical analyses 
All statistical analyses were performed using JMP® 

Pro version 14 (SAS Institute Inc., Cary, NC, USA). 
Demographic characteristics were expressed as 
means and standard deviations for continuous 
variables and as frequencies and percentages for 
categorical variables. Chi-squared and Wilcoxon rank 
sum tests were used to compare differences between 
groups. Logistic regression analyses were performed 
to calculate the adjusted odds ratio (OR) with 95% 
confidence interval (CI) for evaluating the 
relationships between exhibiting behavioral 
problems or experiencing bodyweight gain and 
screen time (total screen time, time spent watching 
TV and/or videos and playing video games during 
school closure), respectively. Furthermore, we also 
analyzed the relationship between exhibiting 
behavioral problems and experiencing bodyweight 
gain during school closure. Confounding variables of 
gender and grades were adjusted for logistic 
regression analyses. Statistical significance was 
defined at the .05 level. 

 
Results 
Sample characteristics 
Figure 1 shows the sample characteristics. A total of 
1,290 schoolchildren were enrolled in this study. The 
response rate was 92.6%. Of the students enrolled, 
235 were excluded because of incomplete responses. 
Overall, 959 children were assessed in this study. In 
Japan, students in Grade 1 are typically 6 to 7 years 
old.  
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Changes in children with behavioral problems 
During school closure, 50.3% of children exhibited 
some problematic behaviors; percentage decreased 
to 38.0% after schools reopened (-12.3%, p < .001; 
Table 1). Neither gender nor grades were 

significantly associated with exhibiting behavioral 
problems during school closure (Table 2).  

 
 

 
 

TABLE 1. Frequency of children with behavioral problems during school closures and after schools reopened 

    During school closures After schools reopened During vs. after 
    n (%) n (%) p  

Children with at least one of the following 
problems: 

482 (50.3) 364 (38.0) < .001 

 Irritability 186 (19.3) 152 (15.8) < .001 
 Inability to stop playing video games 260 (27.1) 158 (16.5) < .001 
 Frequent fights with siblings 265 (27.6) 189 (19.7) < .001 
 Excessive dependence on parents 73 (7.6) 72 (7.5) .93 
  Refusal to sleep independently 14 (1.5) 18 (2.5) < .001 
Note. Chi-squared tests were used to compare groups 

 
 
 

TABLE 2. Characteristics of children with behavioral problems during school closure 

    
Children with behavioral problems 

during school closure  
(n = 482) 

Children without behavioral 
problems during school closure  

(n= 477) 

With problems  
vs.  

Without problems 
p 

  Boys Girls Boys Girls  
Gender  253/482 229/482 231/477 246/477 0.220 † 
  p = 1.00 *† p = 1.00 *†  
 1 83 94 

0.675 † 

 2 85 79 

Grade 
3 85 79 
4 79 65 

 5 66 76 
  6 84 84 
Mean duration of watching 
TV/video (SD) 

3.3 h (1.9) 2.8 h (1.8) < .001 ǂ 

Mean duration of playing 
video games (SD) 

2.1 h (1.9) 1.4 h (1.6) < .001 ǂ  

Total screen time (SD) 5.4 h (2.7) 4.2 h (2.5) < .001 ǂ 
Mean sleep duration (SD) 9.4 h (0.9) 9.4 h (0.8) 0.653 ǂ  
Mean wakeup time (SD) 7:28 (1.0 h) 7:21 (1.0 h) 0.109 ǂ 
Mean bedtime (SD) 21:54 (1.2 h) 21:54 (0.9 h) 0.357 ǂ 
Bodyweight gain during school 
closure 

105/482 56/477 < .001 † 

Note. SD = standard deviation; h = hours; *: p compares proportion of boys and that of girls; †: Chi-squared tests were used to compare groups; 
ǂ: Wilcoxon rank sum tests were used to compare groups 

 
 
 

TABLE 3. Odds ratios and 95% confidence intervals of exhibiting behavioral problems during school 
closure 
    Crude       Adjusted   

Variable OR    95% CI   P value   OR    95% CI   P value 
Time spent watching 
TV/video  

1.1  1.07 - 1.22  < .001  1.2  1.07-1.24  < .001 

Time spent playing 
video games   

1.3  1.2 - 1.4  < .001  1.3  1.18 - 1.41  < .001 

Total screen time 1.2  1.14 - 1.28  < .001  1.2  1.14 - 1.28  < .001 
Bodyweight gain 2.1   1.47 - 2.98   < .001   2.0   1.43 - 2.92   < .001 
Note. Logistic regression analyses were performed to calculate the adjusted odds ratio (OR) with 95% confidence 
interval (CI) for the relationship between exhibiting behavioral problems and screen time (time spent watching TV 
and/or videos, time spent playing video games and total screen time during school closure) and experiencing 
bodyweight gain during school closure, respectively. Controls are gender and grades 
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Relationship between screen time and 
behavioral problems 
In general, schoolchildren watched TV and/or video 
and played video games significantly longer during 
school closure than after school reopened 
(TV/video: Mean [M] = 3.0 h, Standard Deviation 
[SD] =1.9 h versus M = 1.5 h, SD = 1.0 h; video 
games: M = 1.8 h, SD =1.8 h versus M = 0.8 h, SD 
= 0.8 h, respectively; p < .001). Total screen time 
during school closure was significantly higher in 
children with behavioral problems (+1.2 h; p < .001; 
Table 2) than in those without. During school 
closure, children with behavioral problems watched 
TV and/or videos, and played video games 
significantly longer than children without such 
problems (+0.5 h, +0.7 h, respectively; p < .001; 
Table 2). The logistic regression analysis revealed that 

both the time spent watching TV/video and playing 
video games were risk factors for behavioral 
problems during school closure (Table 3).  

 
Association between sleep habits and behavioral 
problems  
We examined children’s sleep habits during school 
closure and after schools reopened. In general, 
children slept longer during school closure than after 
schools reopened (M = 9.4 h, SD = 0.8 h versus M 
= 8.8 h, SD = 0.7 h; p < .001). Mean sleep duration 
during school closure did not differ between children 
with and without behavioral problems (Table 2). 
Moreover, bedtime and wakeup time during school 
closure were almost identical between these children 
(Table 2).  

 
 
 

TABLE 4. Characteristics of children with experiencing bodyweight gain 

    
Children with bodyweight gain 

(n = 161) 
Children no bodyweight gain  

(n= 798) 

With bodyweight 
gain  
vs.  

no bodyweight 
gain 

p 

  Boys Girls Boys Girls  
Gender  79/161 82/161 405/798 393/798 0.730 † 
  p = 1.00 *† p = 1.00 *†  
 1 83 94 

0.675 † 

 2 85 79 

Grade 
3 85 79 
4 79 65 

 5 66 76 
  6 84 84 
Mean duration of watching 
TV/video (SD) 

3.6 h (2.3) 2.9 h (1.8) < .001 ǂ 

Mean duration of playing 
video games (SD) 

1.9 h (2.0) 1.7 h (1.7) < .674 ǂ  

Total screen time (SD) 5.2 h (3.0) 4.7 h (2.5) < .001 ǂ 
Mean sleep duration (SD) 9.5 h (0.8) 9.4 h (0.8) 0.234 ǂ  
Mean wakeup time (SD) 7:28 (1.0 h) 7:21 (1.0 h) 0.402 ǂ 
Mean bedtime (SD) 21:54 (0.9 h) 21:54 (0.9 h) 0.490 ǂ 
Bodyweight gain during school 
closure 

105/161 377/798 < .001 † 

Note. SD = standard deviation; h = hours; *: p compares proportion of boys and that of girls; †: Chi-squared tests were used to compare groups; 
ǂ: Wilcoxon rank sum tests were used to compare groups 

 
 
 

TABLE 5. Odds ratio and 95% confidence intervals of children experiencing body weight gain during school 
closure 

    Crude      Adjusted   

Variable OR  95% CI  P value  OR  95% CI  P value 
Time spent watching 
TV/video 

1.2  1.10 - 1.30  < .001  1.2  1.08 - 1.28  < .001 

Time spent playing 
video games 

1.1  0.96 - 1.15  0.317  1.0  0.91 - 1.12  0.845 

Total screen time 1.1  1.05 - 1.19  < .001  1.1  1.02 - 1.16  < .001 
Behavioral problems 2.1  1.47 - 2.98  < .001  2.0  1.43 - 2.92  < .001 
Note. Logistic regression analyses were performed to calculate the adjusted odds ratio (OR) with 95% confidence interval (CI) 
for the relationship between experiencing body weight gain during school closure and screen time (time spent watching TV 
and/or videos, time spent playing video games and total screen time during school closure) and exhibiting behavioral problems 
during school closure, respectively. Controls are gender and grades 
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Bodyweight change 
Overall, 16.7% of the children reported bodyweight 
gain (n = 161; 79 boys, 82 girls), and 0.3% reported 
bodyweight loss (n = 3, all boys) during school 
closure (Table 4). We assessed the relationship 
between bodyweight gain and screen time during 
school closure. Children with bodyweight gain 
reported higher total screen time, which was 
attributed to longer duration of watching TV/video, 
but not that of playing video games (Table 4). Thus, 
time spent watching TV/video was a risk factor for 
bodyweight gain and not time spent playing video 
games (Table 5). Sleep habits did not differ between 
these children (Table 4). 

 
The interrelationship between behavioral 
problems and bodyweight gain 
Lastly, we assessed the relationship between 
bodyweight gain and behavioral problems during 
school closure. The proportion of children 
experiencing bodyweight gain during school closure 
was significantly higher among those with behavioral 
problems than those without (Table 2). Similarly, 
children with bodyweight gain reported a 
significantly higher proportion of behavioral 
problems than those with no bodyweight gain (Table 
4). Logistic regression analyses revealed that 
exhibiting behavioral problems during school closure 
and experiencing bodyweight gain were mutual risk 
factors (Tables 3 and 5). 

 
Discussion 
In the current study, we revealed that more than half 
of schoolchildren in Miyaki-Machi, Japan, exhibited 
some behavioral problems during COVID-19 school 
closure, which decreased after schools reopened. 
School closure due to COVID-19 poses an imminent 
threat to children’s health and wellbeing worldwide, 
in educational (8), nutritional (9), and economic 
terms (9). This study also reinforces the results of 
prior reports (2-9) demonstrating negative impacts of 
school closure on children, especially children’s 
mental health.  

School closure due to COVID-19 were unique in 
some respects. In Japan, only 5% of all public 
elementary schools provided interactive online 
classes in April, 2020 (10). The remaining 
schoolchildren were given paper-based homework 
(10) without time constraints. These children might 
have lacked direct connections with teachers and 
schools for approximately three months, which was 
longer than usual annual school closures. The four 
elementary schools examined in this study had no 
remote learning systems. Additionally, it was 
reported that only 20.8% of elementary 
schoolchildren in Japan used daycare in 2020 (11). 
The remaining children were ordered to stay at home 

and were prohibited to contact their friends, 
indicating that they could not engage in enjoyable 
activities with their friends. Although teachers in 
these elementary schools sometimes visited their 
students, compared with the usual annual closures, 
most children were likely placed in an environment 
in which they could spend time on their own terms, 
without an appropriate educational connection to 
school. Thus, children likely both feared infection 
and experienced distress due to experiencing 
unstructured days, frustration, boredom (12-15), and 
isolation (15) for longer periods than during regular 
annual school closures. This was one of the possible 
factors causing schoolchildren in this area to 
experience negative impacts due to school closure. 

A national survey in the US revealed that 14% 
parents reported worsening behavior in their 
children (4) and increases in their children’s 
irritability, inattention, and clinging since the 
pandemic began (7), regardless of age (16). A survey 
in China showed that 22.6% of students (from Grade 
2 to Grade 6) reported depressive symptoms, and 
18.9% reported anxiety during in-home confinement 
(17). Our study showed that more than 50% of 
schoolchildren, regardless of their gender and grades, 
exhibited behavioral problems during school closure, 
and the percentage decreased significantly after 
schools reopened. This indicates that these children 
exhibited behavioral problems in response to the 
stress experienced during school closure. Reopening 
schools might have relieved children of these 
stressors through school-based peer interactions and 
reestablishment of their daily routines (18). A 
significant increase in the body mass index of youths 
during COVID-19 lockdown has been reported (3). 
Notably, 16.7% of children experienced bodyweight 
gain during school closure in this study. Delayed 
access to healthcare (19), delayed illness presentation 
(19, 20), and dropping vaccination rates (21) have 
been reported as the indirect physical effects of the 
COVID-19 pandemic in children. In this study, we 
demonstrated that children exhibiting behavioral 
problems during school closure had a high risk of 
bodyweight gain. Mental burden originating from 
this COVID-19 school closure might have affected 
children’s physical status. Thus, school closure 
exerted profound negative impacts on children, both 
psychologically and physically. 

Although media entertainment has become a tool 
for coping with distress, boredom, and lack of social 
interaction caused by the pandemic (16, 22), digital 
technology has demonstrated potentially harmful 
effects on the developing brain (23). Moreover, total 
screen time is associated with unfavorable 
temperament (24), such as irritability, anxiety, 
clinginess, and inattention (23, 25). Therefore, we 
examined screen time during this COVID-19 school 
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closure. Children’s screen time in this study was 
longer than that reported in previous studies (3). In 
addition, children with behavioral problems during 
school closure had a longer total screen time than 
those without such problems. This suggests that 
children with behavioral problems experienced the 
additional distress of excessive usage of screen media 
in addition to the distress of the quarantine.  

Media use, especially TV viewing (26), is associated 
with the risk of becoming overweight (27). The 
current study results are consistent with those of 
previous studies (26, 27). The bodyweight gain 
during school closure reported in this study may have 
resulted from longer screen time and less physical 
activity due to the quarantine (27, 28). The type of 
screen time has been shown to affect physical and 
psychological health; moreover, the magnitude of the 
effect depends on how children use screens—
passively (e.g., watching TV) or interactively (e.g., 
playing video games) (24). The former exerts 
negative impacts on schoolchildren (24). Consistent 
with these findings, the current study demonstrated 
that passive use, and not interactive use, of screen 
media affected schoolchildren physically. However, 
both the passive and interactive use of screen media 
were significantly associated with children exhibiting 
behavioral problems during school closure. Despite 
the lack of investigation of the video game genre 
played by children during school closure in the 
current study, some violent games profoundly 
affected children’s psychological status (29, 30). 
Although gaming alone and gaming in groups were 
not associated with depressive symptoms in 
adolescents (31), it might be better for children to 
watch TV with other people rather than watch it 
alone (32). As children were prohibited from 
contacting non-family members amidst the COVID-
19 school closure, it might be possible that screen 
time exerted more profound effects then in 
comparison to during the annual school closure (33). 
Research suggests that educational efficacy in remote 
learning systems is higher with interactive 
communication than one way communication (34). 
This may indicate the need to nurture human 
connection—families and friends—even in screen 
media usage for mental health (35), especially among 
children. Therefore, our study highlights the 
importance of precisely how children interact with 
screen media during long school closures, such as 
summer vacations and COVID-19 quarantine.  

We further investigated other physical and 
psychological factors affecting children’s sleep 
habits. Sleep plays a critical role in children’s physical 
and mental development; shorter sleep duration is a 
risk factor for behavioral issues (36). The American 
Academy of Sleep Medicine recommends that 
children between 6 and 12 years of age should sleep 

for more than 9 hours per night (37). Japan has been 
reported to be the most sleepless country in the 
world (38); sleep duration among most 
schoolchildren in Japan is less than 9 hours per night 
(36). Children in our study appeared to sleep 
sufficiently to satisfy their physiological needs during 
school closure. Before implementing this study, we 
speculated that children with behavioral problems 
would stay up late at night and engage in longer 
screen time than those without such problems. 
However, sleep duration in children with behavioral 
problems did not differ from that in those without 
behavioral problems. Bedtime and wakeup time were 
almost identical in both types of children. 
Furthermore, sleep habits were not associated with 
bodyweight gain during school closure. These 
observations indicate that shorter sleep duration was 
not the only factor associated with the physical and 
mental health of children in this study. Although this 
study did not examine to what degree parents could 
supervise their children’s screen time and sleep habits 
during school closure, it may be necessary for 
children to be assigned a daily routine by their 
parents or guardians (26, 27, 39, 40). 

The strength of our study is that it was conducted 
with participants from public elementary schools. 
Compared to online surveys, our study was not 
affected by Internet access or access to devices. In 
contrast, the primary limitation of this study was that 
the questionnaire was originally developed by the 
authors; thus, the study lacked standardized and 
validated instruments. This caused potential 
differences in interpretation of variable meaning 
across respondents and made it difficult to generalize 
our findings globally. The second limitation was a 
lack of information about each child’s environment, 
such as family member or parents’ job, which may 
influence the results (5). The third limitation was the 
potential inadequacy of the methods and items used 
to assess children exhibiting behavioral problems. 
Moreover, the questionnaires did not include items 
on psychosomatic symptoms or psychological 
symptoms such as depression and inattention. Lastly, 
to investigate and compare the long-term mental 
impact of school closures on children due to this 
global pandemic, especially as it relates to screen 
usage, we must use well-generalized instruments 
designed to investigate the mental health status of 
children and evaluate regional differences in 
quarantine-sternness while considering the 
influences of gender and grades. 

 
Clinical significance 
The school closure due to COVID-19 had negative 
physical and psychological impacts on 
schoolchildren in Japan, which were closely 
associated with each other and with children’s screen 
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media usage. Accordingly, parents should restrict 
children’s arbitrary use of screen media; in addition, 
they should provide children with the opportunity to 
use screen media interactively and spend enjoyable 
screen time together with their children to establish 
human connection. For future school closures, we 
suggest that parents and caregivers cooperate with 
teachers to generate daily routines for children, 
which enable the latter to feel connected to friends 
and schools, rather than allow children to engage in 
arbitrary screen time.  
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