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ABSTRACT

Background and aims: The present longitudinal study examined the changes in problematic internet use
(problematic smartphone use, problematic social media use, and problematic gaming) and changes in
COVID-19-related psychological distress (fear of COVID-19 and worry concerning COVID-19) across
three time-points (before the COVID-19 outbreak, during the initial stages of the COVID-19 outbreak,
and during the COVID-19 outbreak recovery period). Methods: A total of 504 Chinese schoolchildren
completed measures concerning problematic internet use and psychological distress across three time-
points. Latent class analysis (LCA) was used to classify participants into three groups of problematic
internet use comprising Group 1 (lowest level), Group 2 (moderate level), and Group 3 (highest level).
Results: Statistical analyses showed that as problematic use of internet-related activities declined among
Group 3 participants across the three time points, participants in Group 1 and Group 2 had increased
problematic use of internet-related activities. Although there was no between-group difference in
relation to worrying concerning COVID-19 infection, Groups 2 and 3 had significantly higher levels of
fear of COVID-19 than Group 1 during the COVID-19 recovery period. Regression analysis showed
that change in problematic internet use predicted fear of COVID-19 during the recovery period.
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Conclusion: The varied levels of problematic internet use among
schoolchildren reflect different changing trends of additive behav-
iors during COVID-19 outbreak and recovery periods.

KEYWORDS

COVID-19, problematic gaming, problematic social media use, prob-
lematic smartphone use, psychological distress

INTRODUCTION

The coronavirus disease 2019 (COVID-19) is an infectious
respiratory disease that has affected physical, mental, and
social well-being among individuals worldwide on an un-
precedented scale (Ahorsu, Imani, et al., 2020; Ahorsu, Lin,
& Pakpour, 2020; Fazeli et al., 2020; Lin & Cheng, 2020). In
mainland China, governments imposed a lockdown on
severely affected cities, such as Wuhan, in early 2020 to
prevent the further spread of COVID-19. In addition, all
schools in China were shut down during the initial COVID-
19 outbreak in order to reduce social contact and prevent
large-scale groups gathering. Schoolchildren were asked to
stay home, keep socially isolated, and to use the internet to
engage in everyday activities. More specifically, in order to
control the spread of COVID-19, schoolchildren were
encouraged by governmental authorities to stay home and
use the internet to engage in everyday activities including
teaching/learning, socializing, and leisure activities. There-
fore, schoolchildren were more likely to be exposed to online
activities during the initial COVID-19 outbreak than pre-
viously.

Such prolonged exposure to the internet may increase
risks of developing problematic internet use (e.g., problem-
atic smartphone use [PSU], problematic social media use
[PSMU], and problematic gaming [PG]). Recent studies
(e.g., Siste et al., 2020; Sun et al., 2020) have reported an
increase in the prevalence of severe internet dependence
among the general public from before the COVID-19
outbreak to during the COVID-19 outbreak. However, to
date, there has been little investigation concerning changes
in the problematic internet use in schoolchildren across
three stages of the COVID-19 pandemic: before the COVID-
19 outbreak, during the initial stages of the COVID-19
outbreak, and during the COVID-19 outbreak recovery
period.

During the COVID-19 outbreak, schoolchildren were
overwhelmed by the large amount of online news and in-
formation concerning the disease (Cach�on-Zagalaz et al.,
2020). Problematic internet use may further intensify their
emotions of fear and worry concerning the disease (i.e.,
causing psychological distress). Overloading schoolchildren
with information such as the disease uncertainty, the sudden
surge in infected individuals, invisible transmission of the
disease, and the relatively high mortality rate can cause some
schoolchildren to worry about the virus and increase fears
about being infected (Ahorsu, Lin, et al., 2020; Asmundson

& Taylor, 2020). In research regarding COVID-19, worry
and fear of the disease have been viewed as types of major
psychological distress experienced by the general public
during the pandemic (e.g., Di Blasi et al., 2021; Satici, Gocet-
Tekin, Deniz, & Satici, 2020). Moreover, it has been shown
that fear of COVID-19 is a risk factor of depression and
anxiety among individuals (Satici et al., 2020). Therefore,
fear and worry can be interpreted as being both the early
signs of psychological distress, as well as being viewed as
types of psychological distress in themselves. The present
study therefore included an assessment of fear and worry
concerning COVID-19 when investigating psychological
distress in participants.

Moreover, research by Dong, Yang, Lu, and Hao (2020)
indicated that problematic internet use during the COVID-
19 pandemic is associated with anxiety and depression
among children and adolescents. However, their study did
not investigate psychological distress specifically related to
COVID-19 (i.e., fear and worry about COVID-19).
Furthermore, fear and worry concerning the disease may
still exist even during the more recent COVID-19 recovery
stage. Therefore, it is unclear whether psychological distress
(i.e., fear and worry concerning COVID-19) during the
COVID-19 recovery stage differs among schoolchildren with
different levels of problematic internet use. Consequently,
the present longitudinal study investigated the impacts of
the pandemic on problematic internet use and psychological
distress during COVID-19 pandemic, and associations be-
tween these two variables among schoolchildren during
three different COVID-19 stages (before the COVID-19
outbreak, during the initial stages of the COVID-19
outbreak, and during the COVID-19 outbreak recovery
period).

Although there is no consensus concerning the taxon-
omy of problematic internet use (or other related terms such
as internet addiction and internet use disorder), problematic
internet use has been defined as excessive preoccupation to
use the internet to the extent that it causes clinical impair-
ments in various life domains such as the compromising
of relationships, occupation and/or education (Montag,
Wegmann, Sariyska, Demetrovics, & Brand, 2020; Shaw &
Black, 2008; Weinstein, Feder, Rosenberg, & Dannon, 2014).
Because the levels of problematic internet use can be re-
flected by various online activities via many devices
including computers, laptops, tablets, and smartphones (i.e.,
PSU, PSMU, and PG are all included in the umbrella term
‘problematic internet use’), different types of problematic
internet use (i.e., PSU, PSMU, and PG) should be simulta-
neously considered when determining the level of prob-
lematic internet use for a schoolchild. According to the
components model of addiction (Griffiths, 2005), all types of
problematic internet use comprise distinct common com-
ponents. Shaw and Black (2008) further indicated that
internet addiction (the most extreme form of problematic
internet use on the continuum) is characterized by impair-
ment and/or distress caused by excessive use and/or poorly
controlled online activity use. Consequently, scholars
working in the field of problematic internet use include
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behaviors such as PSU, PSMU, and PG being under the
umbrella term ‘problematic internet use’. Therefore, latent
class analysis (Jeon, Lee, Anthony, & Chung, 2017) is an
appropriate method that can be utilized to classify school-
children into different levels of problematic internet use via
measures assessing PSU, PSMU, and PG. More specifically,
latent class analysis can use information regarding PSU,
PSMU, and PG to propose the best classifying groups that
reflect different levels of problematic internet use.

Although problematic internet use may cause health
problems (Shaw & Black, 2008), Kardefelt-Winther (2014)
proposed a model of compensatory internet use and advo-
cated (like other scholars in the field previously) that
internet use is on a continuum from non-problematic at one
end to problematic at the other. The positive benefits of
internet use far outweigh the negatives. For instance, Ruiz-
Ariza, Casuso, Suarez-Manzano, and Mart�ınez-L�opez (2018)
reported that playing the Pok�emon Go videogame can
improve social relationships, physical activity, and cognitive
performance among schoolchildren. Hurwitz and Schmitt
(2020) reported that the acquisition of digital skills via
internet use is beneficial for schoolchildren’s future school
performance. However, due to the impact of the COVID-19
pandemic, schoolchildren are likely to have increased their
internet use and for a minority will result in problematic
internet use (Chen, Chen, Pakpour, Lin, & Griffiths, 2021).
Prior evidence has shown positive significant relationships
between problematic internet use and psychological distress
in both cross-sectional and longitudinal studies. More spe-
cifically, greater problematic internet use is associated with
increased concurrent psychological distress (Chang, Chang,
Hou, Lin, & Griffiths, 2020) or in the future (Chen, Chen,
Hou, et al., 2021; Chen, Pakpour et al., 2020). Further in-
vestigations are therefore needed to examine the relationship
between problematic internet use and psychological distress
across different stages of COVID-19 pandemic. More spe-
cifically, classifying schoolchildren into different levels of
problematic internet use may provide further information
for healthcare providers to understand the associations be-
tween problematic internet use and psychological distress
across different periods of COVID-19 outbreak.

The present longitudinal study investigated the changes
in problematic internet use (comprising PSU, PSMU, and
PG) and changes in COVID-19-related psychological
distress (including fear of COVID-19 and worry concerning
COVID-19) across the three aforementioned stages among
schoolchildren. It also examined the associations between
changes in problematic internet use across the three
pandemic stages and COVID-19-related psychological
distress during the COVID-19 recovery stage among
schoolchildren. According to prior evidence regarding pos-
itive associations between problematic internet use and
psychological distress (Chang, Chang, et al., 2020; Chen,
Chen, Hou, et al., 2021; Chen, Pakpour et al., 2020), the
present study hypothesized that (i) the group with higher
level of problematic internet use would have greater psy-
chological distress across different stages of COVID-19
pandemic; and (ii) changes of problematic internet use

would be associated with COVID-19-related psychological
distress. Aside from the hypotheses, the present study
explored the trajectory of PSU, PSMU, and PG across three
stages of COVID-19 outbreak (i.e., before the COVID-19
outbreak, during the outbreak, and during recovery) given
that there is no relevant evidence currently.

METHODS

Data collection procedure and participants

Using three waves of data from an ongoing longitudinal
project (before the COVID-19 outbreak [Time 1; collected in
mid-January, 2020], during the initial stages of the COVID-
19 outbreak [Time 2; collected in mid-March, 2020], and
during the COVID-19 outbreak recovery period [Time 3;
collected in early June, 2020]), the study examined how the
COVID-19 pandemic impacted schoolchildren’s problem-
atic internet use and their psychological distress (i.e., fear
and worry concerning COVID-19 infection) during the
COVID-19 pandemic. More specifically, the associations
between the problematic use of internet-related activities
and COVID-19-related psychological distress (including
worry concerning COVID-19 infection assessed at Time 2
and Time 3; fear of COVID-19 assessed at Time 3) were
assessed.

Through collaborations with three primary schools,
which were all public schools located in the suburban area of
a country-level city in the Sichuan province (i.e., Qionglai
city), a convenience sampling method was used for the
present longitudinal study. The teachers of the three
schools assisted in inviting eligible schoolchildren from the
selected classes to participate in the study. Most parents of
the schoolchildren in the three schools had completed
high school education (85%) or had a college degree (5%).
On average, the parents of the entire schoolchildren in
the three schools had annual income at 80,000 Renminbi
(RMB; 1 USD ≈ 7.05 RMB) ranging between 50,000 and
180,000 RMB. At the beginning of the study, the teachers
approached 550 eligible schoolchildren and parents and
543 agreed to participate in the initial survey (Time 1). All
the schoolchildren were approached again for the follow-up
surveys (Time 2 and Time 3). A total of 504 completed all
three surveys (retention rate at 91.6%).

Time 1 data (a total of 26 items) were collected using a
paper-based survey. Here, teachers of the three primary
schools in Sichuan province distributed paper-based surveys
to the participants to complete. Data at Time 2 (a total of
27 items) and Time 3 (a total of 34 items) were collected
using an online survey. Here, the research team sent the
online survey to the teachers who then sent the survey hy-
perlink to the parents of the schoolchildren who participated
in the survey at Time 1. The data in Time 1 were collected
before the Chinese New Year (i.e., mid-January, 2020), when
several COVID-19 infected cases had been confirmed in
Wuhan but the world and mainland China did not treat it as
a global threat (i.e., before the COVID-19 pandemic). Time
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2 data were collected just after the World Health Organi-
zation declared COVID-19 to be a pandemic (i.e., mid-
March 2020). During Time 2, the children in Sichuan
province received online learning as they were housebound
and were prohibited to go to their school campus. Time 3
data were collected in the period that the students in Sichuan
province were allowed to go back to their school campus to
receive face-to-face teaching. Moreover, the confirmed cases
of COVID-19 were low in mainland China during the Time
3 data collection. Therefore, Time 1 data were representative
for the period before the COVID-19 outbreak; Time 2 data
were representative for the period during the initial COVID-
19 outbreak; and Time 3 data were representative for the
period during the COVID-19 outbreak recovery stage.

The following inclusion criteria were used to define the
eligibility of the participants: (i) schoolchildren studying in a
primary school; (ii) schoolchildren with sufficient literacy
skills (as verified by experienced schoolteachers) who could
understand the meaning of the survey questions without
difficulty; and (iii) schoolchildren with parents who had a
smartphone that could access the internet during the study
period.

Measures

On average, the schoolchildren completed the surveys in
14.59min (SD 5 20.09; range between 10 and 45min). All
participants completed the measures in the same sequence
without any counterbalancing. There were no incentives for
the participants to complete the surveys.

Problematic smartphone use (PSU). The Smartphone
Application-Based Addiction Scale (SABAS; Csibi, Deme-
trovics, & Szabo, 2016) with six items was used to assess PSU
among the schoolchildren. Guided by the addiction com-
ponents model, the SABAS was developed using six criteria
(i.e., salience, mood modification, tolerance, withdrawal
conflict and relapse) as proposed by Griffiths (2000, 2005).
The six SABAS items are rated using a six-point Likert-type
scale and all the items are worded in the same direction.
The higher the SABAS score, the higher the level of PSU.
The SABAS has been translated into different language
versions including Chinese (Chen, Ahorsu, et al., 2020; Yam
et al., 2019). All previously translated versions of the
SABAS demonstrated strong psychometric properties
(e.g., Altunda�g, Yandi, & €Unal, 2019; Chen, Ahorsu, et al.,
2020; Csibi, Griffiths, Cook, Demetrovics, & Szabo, 2018;
G€okler & Bulut, 2019; Lin, Imani et al., 2019; Sojevi�c,
Pe�canac, & Latas, 2018; Soraci, Ferrari, Urso, & Griffiths,
2020; Yam et al., 2019) and are comparable to the original
SABAS (Csibi et al., 2016). Moreover, the SABAS was
recently validated for use among schoolchildren (Chen,
Ahorsu, et al., 2020). The SABAS was assessed throughout
the three-wave survey and the Chinese SABAS used in the
present study also showed very good internal consistency
(a 5 0.85–0.90 across the three time points).

Problematic social media use (PSMU). The Bergen Social
Media Addiction Scale (BSMAS; Andreassen et al., 2016)

with six items was used to assess PSMU among the
schoolchildren. The BSMAS was developed based on the
aforementioned addiction components model. The six
BSMAS items are rated using a five-point Likert-type scale
and all the items are worded in the same direction. The
higher the BSMAS score, the higher the level of PSMU. The
BSMAS has been translated into different language versions
including Chinese (Chen, Ahorsu, et al., 2020; Yam et al.,
2019). All the previously translated versions of BSMAS
demonstrated strong psychometric properties (e.g., B�anyai
et al., 2017; Chen, Ahorsu, et al., 2020; Chen, Strong, et al.,
2020; Leung et al., 2020; Lin, Brostr€om, Nilsen, Griffiths, &
Pakpour, 2017; Monacis, de Palo, Griffiths, & Sinatra, 2017;
Yam et al., 2019) and are comparable to the original BSMAS
(Andreassen et al., 2016). Moreover, the BSMAS was
recently validated for use among schoolchildren (Chen,
Ahorsu, et al., 2020). The BSMAS was assessed throughout
the three-wave survey and the Chinese BSMAS used in the
present study also showed very good internal consistency
(a 5 0.79–0.90 across three time points).

Problematic gaming (PG). The Internet Gaming Disorder
Scale-Short Form (IGDS9-SF; Pontes & Griffiths, 2015)
with nine items was used to assess PG among the school-
children. Guided by the DSM-5 (American Psychiatric As-
sociation, 2013), the IGDS9-SF was developed using DSM-
5’s internet gaming disorder [IGD] criteria. The nine
IGDS9-SF items are rated using a five-point Likert-type scale
and all the items are worded in the same direction. The
higher the IGDS9-SF score, the higher the level of PG. The
IGDS9-SF has been translated into different language ver-
sions including Chinese (Chen, Ahorsu, et al., 2020; Yam
et al., 2019). All the previously translated versions of IGDS9-
SF demonstrated strong psychometric properties (e.g.,
Arıcak, Dinç, Yay, & Griffiths, 2019; Beranuy et al., 2020;
Monacis, de Palo, Griffiths, & Sinatra, 2016; Pontes, Macur,
& Griffiths, 2016; Pontes, Stavropoulos, & Griffiths, 2017;
T’ng & Pau, 2020; Wu et al., 2017; Yam et al., 2019) and are
comparable to the original IGDS9-SF (Pontes & Griffiths,
2015). Moreover, the IGDS9-SF was recently validated for
use among schoolchildren (Chen, Ahorsu, et al., 2020). The
IGDS9-SF was assessed throughout the three-wave survey
and the Chinese IGDS9-SF used in the present study also
showed very good internal consistency (a 5 0.87–0.93
across the three time points).

Worry concerning COVID-19 infection. The 0-10 Visual
Analogue Scale (VAS) was used to assess the worry con-
cerning COVID-19 infection among the schoolchildren.
Although there are criticisms regarding the use of a single
item instead of using multiple items to capture an under-
lying concept (Fisher, Matthews, & Gibbons, 2016), the use
of the single VAS item to assess the worry was recently
validated in prior research on schoolchildren (Chen, Chen,
Hou, et al., 2021). More specifically, the general consensus
is that using multiple items to assess an underlying concept
can have better psychometric properties than using a
single item. However, single-item measure is useful if its
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psychometric properties (i.e., concurrent validity that tests
the correlation between the single-item measure with
another multiple-item measure on the same construct) have
been confirmed. The higher the score of the VAS, the higher
the level of worry concerning COVID-19 infection. This
item was assessed only in the survey at Time 2 and Time 3.

Fear of COVID-19. The seven-item Fear of COVID-19
Scale (FCV-19S; Ahorsu, Lin, et al., 2020) was used to assess
fear of COVID-19 among the schoolchildren. Guided by
Protection Motivation Theory (Pakpour, Griffiths, Chang,
et al., 2020; Rogers, 1975), the FCV-19S was developed using
the components stated in the theory. The FCV-19S items are
rated using a five-point Likert-type scale and all the items
are worded in the same direction. The higher the FCV-19S
score, the higher the level of fear of COVID-19. The FCV-
19S has been translated into different language versions
including Chinese (Chang, Hou, Pakpour, Lin, & Griffiths,
2020). All the previously translated versions of FCV-19S
demonstrate strong psychometric properties (e.g., Alyami,
Henning, Kr€ageloh, & Alyami, 2020; Bitan et al., 2020;
Chang, Hou, et al., 2020; Pakpour, Griffiths, & Lin, 2020;
Pang et al., 2020; Sakib et al., 2020; Satici et al., 2020; Soraci,
Ferrari, Abbiati, et al., 2020; Tsipropoulou et al., 2020) and
are comparable to the original FCV-19S (Ahorsu, Lin, et al.,
2020). Moreover, the FCV-19S was recently validated for use
among schoolchildren (Lin et al., 2021). The FCV-19S was
only assessed in the survey at Time 3 and the Chinese FCV-
19S used in the present study showed excellent internal
consistency (a 5 0.92).

Data analysis

Latent class analysis (LCA) was conducted to classify the
participants into different groups based on their problematic
use of internet-related activities. More specifically, the total
scores on the SABAS, BSMAS, and IGDS9-SF collected
before COVID-19 outbreak (i.e., Time 1) were used in the
LCA to classify the participants into groups. Entropy, the
Lo-Mendell-Rubin (LMR) test, the bootstrapped (BLRT)
likelihood ratio test, Bayesian information criterion (BIC),
and sample-size-adjusted BIC (SABIC) were used to deter-
mine how many groups should be classified. Higher entropy
and lower BIC with SABIC were used to determine the
number of groups. Moreover, the LMR and BLRT tests were
used to examine whether the different solutions in the
number of classes were significantly different. After using
LCA to determine the number of groups, the participants
were classified into a group according to their performance
of SABAS, BSMAS, and IGDS9-SF in Time 1. Then, the
R3Step method was applied to examine whether the classi-
fied groups are different in the performance of SABAS,
BSMAS, and IGDS9-SF.

Descriptive statistics including means and frequencies
were used to understand the participants’ characteristics for
the entire sample and the LCA-determined groups.
Following this, several statistical analyses were adopted to
answer the hypotheses in the present study. For testing the
first hypothesis (i.e., whether the group with higher level of

problematic internet use had greater psychological distress
across different stages of COVID-19 pandemic), a repeated
measures analysis of variance (ANOVA) was employed. The
ANOVA included COVID-19-related psychological distress
assessed at both Time 2 and Time 3 as the dependent variable,
Group (the LCA-determined groups), Time (Time 2 and
Time 3), and their interaction (i.e., interaction between LCA-
determined groups and time) as the independent variables.
Bonferroni post-hoc tests were employed to further examine
significant effects (using a P < 0.05 criterion for significance)
when significant main effects or interaction effects existed.

For testing the second hypothesis (i.e., whether changes in
problematic internet use would be associated with COVID-
19-related psychological distress), three mixed-effect models
using difference scores (i.e., Time 2 score minus Time 1 score
and Time 3 score minus Time 2 score) of problematic
internet use (i.e., SABAS, BSMAS, and IGDS9-SF) as the
dependent variables; Time (i.e., Time 2 and Time 3), COVID-
19-related psychological distress (assessed at Time 2 and
Time 3) and their interaction as the independent variables;
and individuals as a random factor. Post-hoc tests and slope
analyses were employed to further examine significant slopes.

For exploring trajectories of PSU, PSMU, and PG across
three stages of the COVID-19 outbreak (i.e., before the
COVID-19 outbreak, during the outbreak, and during re-
covery), growth mixture models were employed on the
SABAS, BSMAS, and IGDS9-SF scores assessed at the three
time points. In the growth mixture models, diagonally
weighted least squares estimator was used and several fit
indices were used to evaluate whether the models are sup-
ported. More specifically, Tucker-Lewis index (TLI) and
comparative fit index (CFI) > 0.9 together with root mean
square error of approximation (RMSEA) and standardized
root mean square residual (SRMR) < 0.08 indicate a sup-
ported growth mixture model. Moreover, when a non-
normal distribution was found in the variables of the applied
statistical analyses, non-parametric methods were employed
(e.g., using Friedman’s ANOVA to replace the ANOVA).

Ethics

The study protocol was approved by the research team’s
universities. Additionally, all the participants and one of
their parents provided their written assent and informed
consent. All participants were assured of confidentiality
anonymity, and freedom of withdraw their data at any time.

RESULTS

Based on the LCA results, the participants were categorized
into three groups. More specifically, the entropy of the
three-group solution was good (0.74) as compared to using
the solutions equal to or more than four groups (0.42–0.62).
Moreover, the BIC and SABIC of the three-group solution
(2,175.53 and 2,140.61) were the lowest among all the other
solutions (2,182.64–2,219.90 for BIC and 2,144.56 to
2,188.16 for SABIC). In addition, the patterns of the three
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groups in the Time 1 scores on the SABAS, BSMAS, and
IGDS9-SF were distinct (Fig. 1): Group 1 had the lowest
scores on the SABAS, BSMAS, and IGDS9-SF instruments;
Group 3 had the highest scores on all three instruments; and
Group 2 had all their three instruments’ scores between
Group 1’s and Group 3’s scores. Therefore, Group 1 was
defined as the lowest level problematic internet use group
(n 5 195); Group 2 was defined as the moderate level
problematic internet use group (n 5 268); and Group 3 was
defined as the high problematic internet use group (n 5 41).
Both LMR and BLRT tests supported the use of three-group

solution as this solution was significantly better than the
other solutions (Fig. 1). Moreover, the R3Step method
indicated that the three groups were significantly different in
the performance of SABAS, BSMAS, and IGDS9-SF (Wald
statistics 5 740.57–34,494.44; P < 0.001).

Table 1 further illustrates the participants’ characteristics
of the entire group (N 5 504; 252 boys; mean age 5 11.29
years [SD 5 0.82]), and Groups 1 to 3. In general, the age,
sex distribution, ethnicity distribution, and health status
(i.e., whether currently sick or not) were similar among the
three groups with different levels of problematic use of

Model L2 npar df BIC SABIC Entropy LMR 

(p-value)

p-value of

BLRT test

1-DFctor (2) -1078.84 10 16 2219.90 2188.16 0.77 -- --

1-DFctor (3) -1053.54 11 15 2175.53 2140.61 0.74 50.59 (<0.01) <0.01

1-DFctor (4) -1053.99 12 14 2182.64 2144.56 0.62 -0.89 (0.97) 0.82

1-DFctor (5) -1053.66 13 13 2188.21 2146.95 0.59 0.65 (0.21) 0.56

1-DFctor (6) -1053.86 14 12 2194.83 2150.40 0.48 -0.40 (0.96) 0.83

1-DFctor (7) -1053.71 15 11 2200.76 2153.15 0.50 0.29 (0.08) 0.29

1-DFctor (8) -1053.83 16 10 2207.21 2156.43 0.42 -0.23 (0.93) 0.83

1-DFctor (9) -1053.75 17 9 2213.27 2159.31 0.44 0.16 (0.14) 0.32

Group 1 (+): Having the lowest level of problematic internet use; Group 2 ( ): Having the
middle level of problematic internet use; Group 3 (  ): Having the highest level of problematic 
internet use.
SABAS=Smartphone Application Based Addiction Scale; BSMAS=Bergen Social Media 
Addiction Scale; IGDS9-SF=Nine-item Internet Gaming Disorder Scale-Short Form; FCV-
19S=Fear of COVID-19 Scale.

Fig. 1. Latent class analysis (with the most satisfactory model fit is in bold)
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internet-related activities. However, Group 3, comprised
more sixth graders than Groups 1 and 2.

The problematic use of internet-related activities and
psychological distress across different assessment periods
(i.e., Time 1 to Time 3) were all close to normal distribution

(skewness 5 0.25–2.72; kurtosis 5 �1.09–10.30). Moreover,
COVID-19-related psychological distress and the problem-
atic use of internet-related activities and the measures
across three timepoints had significant interaction effects
(Table 2). Based on the significant main effects (Table 2),

Table 1. Participants' socio-demographic characteristics

Entire group (N 5 504) Group 1 (N 5 195) Group 2 (N 5 268) Group 3 (N 5 41)

Age in years; M (SD) 11.29 (0.82) 11.18 (0.73) 11.36 (0.85) 11.37 (0.97)
Grade; n (%)
First 3 (0.6) 1 (0.51) 1 (0.37) 1 (2.44)
Second 2 (0.4) 2 (1.03) 0 0
Third 2 (0.4) 1 (0.51) 1 (0.37) 0
Fourth 140 (27.8) 64 (32.82) 66 (24.63) 10 (24.39)
Fifth 296 (58.7) 117 (60.00) 160 (59.70) 19 (46.34)
Sixth 61 (12.1) 10 (5.13) 40 (14.93) 11 (26.83)
Ethnicity; n (%)
Han 493 (97.8) 191 (97.95) 262 (97.76) 40 (97.56)
Others 11 (2.2) 4 (2.05) 6 (2.24) 3 (2.44)
Sex; n (%)
Boys 252 (50) 74 (37.95) 151 (56.34) 27 (65.85)
Girls 252 (50) 121 (62.05) 117 (43.66) 14 (34.15)
Current sickness; n (%)
Yes 27 (5.4) 8 (4.10) 18 (6.72) 1 (2.44)
No 477 (94.6) 187 (95.90) 250 (93.28) 40 (97.56)

Note. Han is the dominant ethnic group in China. Current sickness refers to acute illnesses such as having colds and that do not include
COVID-19.

Table 2. Results of analysis of variance in three groups across three time points

SS df MS F p hp
2

Worry
Group 159.88 2 79.94 5.62 0.004 0.023
residuals (between group) 6,829.99 480 14.23
Time point 122.93 1 122.93 13.69 <0.001 0.028
Group*Timepoint 13.38 2 6.69 0.75 0.475 0.003
residuals (within group) 4,308.90 480 8.98
SABAS
Group 277.50 2 138.75 138.76 <0.001 0.356
residuals (between group) 500.948 501 1.00
Time point 18.25 2 9.125 21.63 <0.001 0.041
Group*Timepoint 69.20 4 17.30 41.00 <0.001 0.141
residuals (within group) 422.81 1,002 0.42
BSMAS
Group 65.28 2 32.64 74.25 <0.001 0.229
residuals (between group) 220.25 501 0.44
Time point 8.00 2 4.00 18.12 <0.001 0.035
Group*Timepoint 13.23 4 3.31 14.97 <0.001 0.056
residuals (within group) 221.36 1,002 0.22
IGDS9-SF
Group 85.14 2 42.57 145.27 <0.001 0.367
residuals (between group) 146.82 501 0.29
Time point 13.30 2 6.67 41.32 <0.001 0.076
Group*Timepoint 23.71 4 5.93 36.75 <0.001 0.128
residuals (within group) 161.63 1,002 0.16

SABAS 5 Smartphone Application Based Addiction Scale; BSMAS 5 Bergen Social Media Addiction Scale; IGDS9-SF 5 Internet Gaming
Disorder Scale-Short Form; Worry 5 Worry concerning COVID-19 infection.
SS 5 sum of square; df 5 degree of freedom; MS 5 mean square.
Group 1 5 Having the lowest level of problematic internet use; Group 2 5 Having the middle level of problematic internet use; Group 3 5
Having the highest level of problematic internet use.
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Bonferroni post-hoc tests were conducted. The post-hoc
tests showed that Group 2 had significantly higher worry
concerning COVID-19 infection than Group 1 irrespective of
the time points (i.e., during the COVID-19 outbreak or re-
covery periods). Moreover, Groups 2 and 3 had significantly
higher levels of fear of COVID-19 than Group 1 during the
COVID-19 recovery period (Table 3). In relation to worry
concerning COVID-19 infection, Groups 1 and 2 had signif-
icantly higher level of worry during the COVID-19 outbreak
period than during COVID-19 recovery period (Table 3).
Regarding problematic internet use, Group 3 maintained the
highest level of problematic use of internet-related activities
across the three time points. Group 2 maintained a moderate
level of problematic internet use, and Group 1 maintained the
lowest level of problematic internet use (Table 3). Therefore,
the first hypothesis was partially supported.

Results of mixed-effect models demonstrated that there were
little to no multicollinearity given that the variance inflation

factor values were not high (1.01–3.72; Table 4). In addition,
homogeneity of variance and linearity for the linear regression
models were supported by the residual plots (Fig. 2). Based on
the supported assumptions, the mixed-effect models further
indicated that scores in problematic internet use (including
SABAS, BSMAS, and IGDS9-SF) were significantly associated
with the interaction of FCV-19S score and Time in both Groups
1 and 2 but not Group 3 (Table 4). Therefore, post-hoc slope
tests were used (Table 5). The results indicated that the par-
ticipants with a high level of COVID-19-related psychological
distress were likely to maintain or increase their problematic
internet use (coefficient [P-value] 5 0.008 [0.98] for SABAS;
0.119 [0.09] for BSAMS; and 0.149 [0.01] for IGDS9-SF). In
contrast, the participants with low level of COVID-19-related
psychological distress were likely to decrease their problematic
internet use (coefficient [P-value]5 �0.493 [<0.01] for SABAS;
-0.119 [0.04] for BSMAS; and -0.101 [0.03] for IGDS9-SF).
Therefore, the second hypothesis was supported.

Table 3. Bonferroni post-hoc tests showing change of problematic use of internet-related activities and worry concerning COVID-19
infection

Before outbreak (T1) During outbreak (T2) During recovery (T3)
Bonferroni
comparisona

Group 1 (N 5 195)
Worry concerning COVID-19 infection 3.86 (3.17) 3.01 (3.46) T2 > T3
FCV-19S 1.83 (0.89)
SABAS 1.08 (0.26) 1.47 (0.68) 1.40 (0.72) T2 > T1, T3 > T1
BSMAS 1.09 (0.31) 1.23 (0.41) 1.20 (0.42) T2 > T1, T3 > T1
IGDS9-SF 1.02 (0.08) 1.13 (0.28) 1.16 (0.42) T2 > T1, T3 > T1
Group 2 (N 5 268)
Worry concerning COVID-19 infection 4.50 (3.32) 3.87 (3.50) T2 > T3
FCV-19S 2.23 (0.98)
SABAS 1.78 (0.63) 1.93 (0.94) 1.87 (0.93) T2 > T1
BSMAS 1.57 (0.51) 1.44 (0.65) 1.43 (0.62) T1 > T2, T1 > T3
IGDS9-SF 1.40 (0.40) 1.35 (0.49) 1.34 (0.56) –
Group 3 (N 5 41)
Worry concerning COVID-19 infection 5.18 (3.86) 3.61 (3.93) –
FCV-19S 2.42 (1.21)
SABAS 3.81 (1.00) 2.50 (1.20) 2.35 (1.13) T1 > T2, T1 > T3
BSMAS 2.22 (0.81) 1.92 (0.90) 1.52 (0.61) T1 > T3, T2 > T3
IGDS9-SF 2.56 (0.76) 1.86 (0.83) 1.56 (0.64) T1 > T2 > T3
All participants (N 5 504)
Worry concerning COVID-19 infection 4.31 (3.33) 3.52 (3.54) T2 > T3
FCV-19S 2.11 (1.00)
SABAS 1.68 (0.91) 1.80 (0.92) 1.72 (0.92) T2 > T1
BSMAS 1.44 (0.58) 1.40 (0.62) 1.35 (0.56) T1 > T3
IGDS9-SF 1.34 (0.55) 1.30 (0.50) 1.29 (0.53) –

Group comparisons with Bonferroni adjustmentb

Worry concerning COVID-19 infection – G3 > G1, G2 > G1 G2 > G1
FCV-19S – – G3 > G1, G2 > G1
SABAS G3 > G2 > G1 G3 > G2 > G1 G3 > G2 > G1
BSMAS G3 > G2 > G1 G3 > G2 > G1 G3 > G1, G2 > G1
IGDS9-SF G3 > G2 > G1 G3 > G2 > G1 G3 > G1, G2 > G1

SABAS5 Smartphone Application Based Addiction Scale; BSMAS5 Bergen Social Media Addiction Scale; IGDS9-SF5 Nine-item Internet
Gaming Disorder Scale-Short Form; FCV-19S 5 Fear of COVID-19 Scale.
Group 1 5 Having the lowest level of problematic internet use; Group 2 5 Having the middle level of problematic internet use; Group 3 5
Having the highest level of problematic internet use.
aT1, T2, and T3 represent before COVID-19 outbreak, during COVID-19 outbreak, and during COVID-19 recovery, respectively.
bG1, G2, and G3 represent Groups 1, 2 and 3 respectively.
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Lastly, the growth mixture model (Fig. 3) showed that
the growth of problematic internet use was significant (mean
slope coefficient [P-value] 5 0.20 [<0.001] for SABAS; 0.21
[<0.001] for BSMAS; and 0.42 [<0.001] for IGDS9-SF).
Moreover, the growth mixture models were all supported by
the fit statistics. For SABAS, TLI 5 0.931, CFI 5 0.949,
RMSEA 5 0.069, and SRMR 5 0.037. For BSMAS, TLI 5
0.990, CFI 5 0.995, RMSEA 5 0.016, and SRMR 5 0.026.
For IGDS9-SF, TLI 5 0.910, CFI 5 0.958, RMSEA 5 0.058,
and SRMR 5 0.030.

DISCUSSION

Utilizing LCA, participants in the present study were cate-
gorized into three groups based on three levels of

problematic internet-related use (i.e., smartphone use, social
media use, and gaming). Compared to Groups 1 and 2,
schoolchildren in Group 3 showed the highest level of
problematic use of internet-related activities across the three
time points. However, the severity declined significantly
from before the COVID-19 outbreak to the COVID-19
outbreak period, and during the COVID-19 recovery period.
Conversely, Group 1 demonstrated significantly increased
problematic use of internet-related activities during the
COVID-19 outbreak which was maintained at the COVID-
19 recovery period as compared to before the COVID-19
outbreak. Group 2 showed mixed trend with significantly
increased PSU as Group 1 but demonstrated decrease in the
severity on PSMU across time. Regarding the hypotheses in
the present study, both hypotheses were supported (or
partially supported by the findings). Groups 3 and 2 had
significantly greater worries concerning COVID-19

Table 4. Results of mixed-effect models in explaining the association between COVID-19-related distress and problematic internet use

Coefficient (SE)

SABAS BSMAS IGDS9-SF

Group 1 (VIF from 1.01 to 2.39)
Age 0.002 (0.043) �0.011 (0.024) 0.008 (0.021)
Gender (Ref: boys) 0.002 (0.053) 0.004 (0.038) �0.052 (0.034)
Current sick (Ref: no) 0.138 (0.096) 0.194 (0.096)* 0.067 (0.037)
Worry concerning COVID 0.000 (0.016) 0.013 (0.011) �0.002 (0.006)
Time (Ref: Time 1) �0.506 (0.103) *** �0.176 (0.068)* �0.093 (0.047)
Worry concerning COVID *Time
FCV-19S*Time

�0.046 (0.027)
0.304 (0.086) **

�0.027 (0.017)
0.144 (0.057)*

�0.016 (0.012)
0.128 (0.042)**

Group 2 (VIF from 1.01 to 2.22)
Age 0.024 (0.034) 0.004 (0.026) �0.016 (0.071)
Gender (Ref: boys) �0.034 (0.055) �0.049 (0.041) �0.027 (0.037)
Current sick (Ref: no) �0.160 (0.157) �0.087 (0.107) �0.019 (0.071)
Worry concerning COVID 0.033 (0.018) 0.034 (0.014) 0.014 (0.009)
Time (Ref: Time 1) �0.199 (0.104) 0.139 (0.078) 0.049 (0.006)
Worry concerning COVID *Time
FCV-19S*Time

�0.039 (0.027)
0.188 (0.061) **

�0.034 (0.021)
0.106 (0.049)*

�0.020 (0.016)
0.111 (0.048) *

Group 3 (VIF from 1.09 to 2.49)
Age �0.072 (0.143) 0.002 (0.108) �0.013 (0.105)
Gender (Ref: boys) �0.007 (0.2937) 0.004 (0.222) 0.350 (0.217)
Current sick (Ref: no) �0.421 (0.872) �0.129 (0.661) 0.348 (0.645)
Worry concerning COVID �0.009 (0.052) 0.005 (0.040) 0.016 (0.039)
Time (Ref: Time 1) 1.151 (0.265)*** �0.078 (0.201) 0.429 (0.197)*
Worry concerning COVID *Time
FCV-19S*Time

�0.009 (0.073)
0.384 (0.172)*

0.027 (0.055)
0.013 (0.130)

0.007 (0.054)
0.122 (0.127)

All participants (VIF from 1.01 to 3.72)
Group 1 (Ref: Group 3) 0.978 (0.075)*** 0.454 (0.064)*** 0.614 (0.057)***
Group 2 (Ref: Group 3) 0.810 (0.074)*** 0.298 (0.065)*** 0.491 (0.057)***
Age 0.007 (0.025) 0.001 (0.018) �0.011 (0.015)
Gender (Ref: boys) �0.012 (0.037) �0.020 (0.028) �0.012 (0.026)
Current sick (Ref: no) �0.078 (0.114) 0.001 (0.079) 0.020 (0.049)
Worry concerning COVID 0.012 (0.013) 0.022 (0.009)* 0.007 (0.007)
Time (Ref: Time 1) �0.206 (0.074)** 0.000 (0.053) 0.024 (0.042)
Worry concerning COVID *Time
FCV-19S*Time

�0.037 (0.02)
0.289 (0.053) ***

�0.025 (0.014)
0.119 (0.038)**

�0.016 (0.011)
0.126 (0.034)***

SABAS5 Smartphone Application Based Addiction Scale; BSMAS5 Bergen Social Media Addiction Scale; IGDS9-SF5 Nine-item Internet
Gaming Disorder Scale-Short Form; FCV-19S 5 Fear of COVID-19 Scale; VIF 5 variance inflation factor.
Group 1 5 Having the lowest level of problematic internet use; Group 2 5 Having the middle level of problematic internet use; Group 3 5
Having the highest level of problematic internet use.
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Fig. 2. Residual plots for regression models

Table 5. Post-hoc slope tests in examining the difference between significant slopes

FCV-19S SABAS BSMAS IGDS

Group 1
High �0.204 (0.140), P 5 0.15 �0.034 (0.095), P 5 0.72 0.034 (0.063), P 5 0.59
Low �0.807 (0.128), P < 0.01** �0.319 (0.081), P < 0.01** �0.219 (0.063), P < 0.01**
Group 2
High �0.014 (0.126), P 5 0.91 0.245 (0.098), P 5 0.01* 0.180 (0.089), P 5 0.04*
Low �0.384 (0.116), P < 0.01** 0.034 (0.086), P 5 0.69 �0.081 (0.067), P 5 0.22
Group 3
High 1.093 (0.422), P 5 0.01* –a –a

Low 1.208 (0.289), P < 0.01** –a –a

All participants
High 0.008 (0.092), P 5 0.98 0.119 (0.071), P 5 0.09 0.149 (0.059), P 5 0.01*
Low �0.493 (0.083), P < 0.01** �0.119 (0.063), P 5 0.04* �0.101 (0.048), P 5 0.03*

a Post-hoc slope tests were not performed due to the nonsignificant interaction effects (Please see Table 4).
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infection during outbreak period and more fear of COVID-
19 during COVID-19 recovery period than Group 1
(Table 3). Furthermore, the fear of COVID-19 was associ-
ated with the severity of problematic internet use in Group 1
and 2. A similar result only presented on PSU in Group 3
(Table 4).

During the outbreak of COVID-19, schoolchildren
(especially those with low or moderate level of problematic
internet-related activities) may have used the internet
including social media to search for pandemic-related in-
formation as well as seeking social support from friends
when school was suspended (Nagata, Abdel Magid, & Pettee
Gabriel, 2020). This could have led to the increased time
using the internet and (for some) problematic internet use
(Sun et al., 2020). Moreover, schoolchildren adopted dis-
tance (online) learning at home to help control the spread of
the virus, and this additional internet exposure may have
resulted in problematic internet-related uses. In the present
study, participants in Group 3 showed the highest level of
problematic internet use but this decreased during the
COVID-19 outbreak period. It could be that their desire of
using the internet may have decreased after prolonged
exposure to internet for the needs of distance learning on
top of the existing problematic behaviors including excessive
internet using time (Chen, Chen, Pakpour, Griffiths, & Lin,
2020; Chen, Chen, O’Brien, Latner, & Lin, 2021). Also,
considering that Group 3 contained higher proportion of
(older) Grade 6 participants than Groups 1 and 2, the

studying load might be higher among Group 3 participants
than the other two groups. The heavier studying load may
have resulted in a longer online learning time (i.e., a pro-
longed screen time), which then turned out to be a protec-
tive factor in inhibiting problematic internet use. During the
COVID-19 recovery period, the resumption of school life
and face-to-face peer relationships may have also reduced
problematic internet use (e.g., through increased social
support) and enhanced the satisfactory of quality of life,
which may have led to further palliative effect in relation to
problematic internet use among Group 3 participants (Pal
Singh Balhara & Singh, 2019). These findings may also
explain the results regarding significantly higher levels of
worry of COVID-19 among both Groups 1 and 2 during the
outbreak period. However, there were fewer such impacts in
Group 3.

Participants in Groups 1 and 2 demonstrated increased
problematic use of internet during the COVID-19 outbreak
period. Internet-related activities may have been a major
channel for schoolchildren to search for COVID-19-related
information, seeking social support and/or serving as
coping strategies in responding to the radical change of
lifestyle during the school suspension period (Chen, Chen,
et al., 2020; Chen, Chen, O’Brien, et al., 2021). Therefore, a
vicious cycle may have been generated and subsequently
worsened their problematic internet-related behaviors (Sun
et al., 2020). Problematic use of internet decreased during
the COVID-19 recovery period in Group 2. This may have

(a) SABAS; (b) BSMAS; (c) IGDS9-SF.

χ2 (df) TLI CFI RMSEA SRMR
Growth 
mixture
model

SABAS a 23.68 (7) 0.931 0.949 0.069 0.037
BSMAS b 7.92 (7) 0.990 0.995 0.016 0.026
IGDS9-SF c 18.75 (7) 0.910 0.958 0.058 0.030

df=degree of freedom; TLI=Tucker-Lewis Index; CFI=Comparative Fit Index; RMSEA=root
mean square error of approximation; SRMR=standardized root mean square residual
a Mean of intercept=1.55, t=23.39, p<0.001; Mean of slope=0.20, t=5.15, p<0.001
b Mean of intercept=1.83, t=23.84, p<0.001; Mean of slope=0.21, t=4.59, p<0.001
c Mean of intercept=0.91, t=18.16, p<0.001; Mean of slope=0.42, t=13.15, p<0.001

Fig. 3. Growth mixture model results showing the trajectory of problematic internet use
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been the relaxation of the ‘stay-at-home’ restrictions,
which may have led to decreased desire and need for psy-
chological support through internet (Wang & Wang, 2013).
Meanwhile, a similar effect during the COVID-19 recovery
period might be less dominant among participants in Group
1, who had less concerns related to problematic internet-
related activities.

Overall, Groups 2 and 3 had higher level of worry and
fear of being infected by COVID-19 compared to Groups 1.
This leads to the speculation that schoolchildren with more
severe problematic use of internet-related behaviors may be
more exposed to COVID-19 relevant information. This may
then result in exaggerated distress toward COVID-19
(Ahmad & Murad, 2020). The present results further indi-
cated that the fear of COVID-19 maintained or increased
among those with more problematic internet use while less
fear of COVID-19 was accompanied by decreased prob-
lematic internet use. This can be interpreted by the fact that
the association between the severity of problematic internet
use and COVID-19 was related to psychological distress.
Moreover, changes in problematic internet use were pre-
dictors of fear of COVID-19 during the recovery period.
This means that schoolchildren who had decreased prob-
lematic internet use as assessed using BSMAS and IGDS9-SF
in Groups 1 and 2 and SABAS in all three groups had less
fear of COVID-19. In other words, inappropriate use of
internet during the pandemic may cause psychological
distress among schoolchildren, which also supports previous
speculation (Seyed Hashemi et al., 2020) regarding the
relationship between problematic internet use and psycho-
logical distress toward COVID-19.

Increased time using the internet was unavoidable during
the outbreak of COVID-19 when city lockdown and the
school suspension were implemented. Taking all the present
findings into consideration, the purpose of internet use and
information acquired through online activities may have
initiated the origins of problematic internet use on top of
increased internet use irrespective of the usual online habits
among schoolchildren. Therefore, adopting strategies to
monitor internet uses supplemented with other support,
such as recognition of social needs and appropriate educa-
tion on perceiving pandemic-related information, may give
rise to more efficacious approaches in facilitating good
mental health among children. In this case, the recovery
process of overcoming problematic internet use and psy-
chological distress as consequences of pandemic outbreak,
may also be faster. Considering that (at the time of writing)
many countries are still implementing school suspensions to
minimize the spread of COVID-19, results from the present
study may provide valuable information as a reference to
consider mitigation plans to protect schoolchildren from
mental health threats due to the pandemic.

There are some limitations to the present study. First, the
results may not be generalized to other counties with
different policies for COVID-19 infection control (e.g.,
school suspensions) and culture. For example, parents/
caregivers’ supervision methods may lead to different home
learning outcomes or internet using habit (Karaer &

Akdemir, 2019), especially when online distance learning is
implemented during the pandemic. Second, the data of fear
of being infected by COVID-19 was only reported during
the recovery period (because no scale had been developed
and validated until March 2020), and therefore it could not
reflect the changing direction since the outbreak of COVID-
19. This could have provided important information to
guide the development and monitoring plan on internet use
among schoolchildren during the COVID-19 pandemic
outbreak. Third, the survey did not include any kind of
counterbalanced design nor an attentional check item.
Therefore, the accuracy of the participants’ answers might
have been impacted. However, given that all the used mea-
sures had satisfactory internal consistency in the present
study, the lack of a counterbalanced design or an attention
check item is not thought to have seriously biased the
findings. Moreover, there was no direct information
regarding the purposes and associated time distribution
when using internet and social media. Therefore, the rela-
tionship between the exposure to COVID-19 information,
problematic use of internet-related activities, and COVID-19
related distress could not be fully confirmed directly. Finally,
the generalizability of the findings to non-Chinese school-
children is unknown because many factors in the present
study may be different in other countries (e.g., internet use
habit, parental coaching methods, duration and severity of
COVID-19 outbreak, and government policies). However,
principles of the proposed implications are generally uni-
versal, which are especially valuable when there is no
localized evidence available. In addition, the data points in
the present study included the recovery period, which gives
an insight into potential needs to maintain good mental
health after the pandemic is over. However, the results
should be interpreted with caution before other countries
implement supportive and mitigating plans for psychologi-
cal and behavioral concerns among schoolchildren.

CONCLUSION

Schoolchildren with varied levels of problematic use of
internet (including that via smartphones) may demonstrate
different changing trends of problematic behaviors during
COVID-19 outbreak and recovery periods. Nevertheless,
increased problematic internet-related use was predictive of
more worry and fear of being infected by COVID-19 irre-
spective of the severity of different types of problematic
internet use. Therefore, appropriate monitoring plans con-
cerning internet using habits among schoolchildren is rec-
ommended to prevent or inhibit their psychological distress.
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