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ABSTRACT

Background: The advancement of communication technology and the impact of the COVID-19
pandemic have led to an increased reliance on online education. However, the effects of the long-term
use of smart devices for online learning on students’ social anxiety and problematic smartphone use
(PSU) and the role of fear of missing out (FoMO) in this process have yet to be fully explored. Methods:
This study analysed longitudinal data from 2,356 high school students (female 5 1,137 (48.26%),
mean age 5 13.84, SD age 5 1.37) in China, divided into high- and low-FoMO groups based on their
scores on the FoMO scale, to examine the impact of four months of online learning on social anxiety
and PSU. The Social Anxiety Scale (SAS) and Mobile Phone Addiction Index (MPAI) were used to
assess social anxiety and PSU symptoms. Results: The undirected symptom networks revealed more
bridge symptoms among the students in the high-FoMO group, although their overall symptom scores
decreased. The results of the directed cross-lagged panel networks showed that “productivity loss”
predicted other symptoms in the low-FoMO group but that “afraid of negative evaluation” was the
predictor in the high-FoMO group. Meanwhile, “withdrawal/escape” and “productivity loss” were
the symptoms that were most affected by other symptoms in the high-FoMO and low-FoMO groups,
respectively. Conclusions: The current study therefore sheds light on the changes in social anxiety and
PSU symptoms among secondary school students during long-term online learning, as well as the
moderating role of FoMO.
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INTRODUCTION

The outbreak of COVID-19 dramatically changed people’s
daily lives. To control the spread of the pandemic in a timely
manner, the Chinese government adopted a strategy called
‘Dynamic COVID-zero’ in August 2021 (Liu, Liu, & Liang,
2022). The government used measures such as the lockdown
of entertainment venues and schools, prohibition of public
gatherings, and distance learning to reduce transmission
(Zhang, 2022). These measures affected the normal lives of
schoolchildren; data shows that more than 1.5 billion stu-
dents worldwide were influenced by the closure of schools
due to the pandemic (UNESCO, 2023). For example, in
March 2022, after multiple cases of COVID-19 were detec-
ted in Harbin, China, some secondary schools there shifted
to online learning (Harbin Municipal People’s Government,
2022). It was not until mid-May that Harbin schools grad-
ually resumed offline education (The Paper, 2022). These
measures reduced face-to-face interactions and increased the
frequency of smartphone use among adolescents (Dong,
Yang, Lu, & Hao, 2020; Elhai, McKay, et al., 2021).

Notably, the increasing use of smartphones may have led
to “an inability by individuals to regulate smartphone use,
leading to negative consequences and clinical impairment in
daily life”, referred to as “problematic smartphone use”
(Billieux, 2012; Panova & Carbonell, 2018), although some
scholars prefer the term “smartphone addiction” (Duan
et al., 2021; Enez Darcin et al., 2016). There is controversy
regarding which terminology should be used. Some scholars
believe smartphone addiction may not be an addiction due
to the vague criteria thereof, the lack of relevant cases and
longitudinal studies, and the lower severity of impairment
compared to other addictions (Panova & Carbonell, 2018).
Meanwhile, in the information era, smartphones can truly
bring some benefits (i.e., increasing convenience and flexi-
bility for school students while breaking down barriers to
educational information), whereby simply confusing prob-
lematic behaviour with addiction may pathologize common
behaviours (Kardefelt-Winther et al., 2017). Thus, even
though “smartphone addiction” is also widely used, in the
current study, we use the term “problematic smartphone
use” (PSU).

A recent meta-analysis of 498 articles (Meng et al., 2022)
has revealed that PSU prevalence among adults (aged 18 and
above) is slightly higher (26.84%) than among adolescents
(aged 12–18) at 21.62%. However, it is essential to recognize
that adolescence is a period of rapid growth, learning,
adaptation, and significant neurobiological development
(Dahl et al., 2018). Consequently, PSU during this critical
phase may exert particularly strong negative impacts on
various aspects of life, including mental health (Akhtar et al.,
2023), education (Sunday, Adesope, & Maarhuis, 2021), and
long-term economic success (Patton et al., 2016). Therefore,
compared to adults, adolescents may face more substantial
challenges and long-term consequences related to PSU
across their lifespan (Blakemore, 2019). Moreover, online
learning and lockdowns during the pandemic worsened the

mental health situation of adolescents (Li, Zhan, Zhou, &
Gao, 2021; Masaeli & Farhadi, 2021), causing physical
accidents and decreasing academic performance (Elhai,
Dvorak, Levine, & Hall, 2016; Lepp, Barkley, & Karpinski,
2014; Samaha & Hawi, 2016).

Since PSU is detrimental, there is increasing interest in
more effective interventions, and extensive research is thus
investigating its causative factors. Evidence suggests that
psychological factors such as social anxiety (Elhai, Tiamiyu,
& Weeks, 2018; Kong, Qin, Huang, Zhang, & Lei, 2020;
Pera, 2020) and the fear of missing out (FoMO) (Coskun
& Karayagız Muslu, 2019; Dempsey, O’Brien, Tiamiyu, &
Elhai, 2019; Franchina, Vanden Abeele, van Rooij, Lo Coco,
& De Marez, 2018) may be the antecedents of PSU. Addi-
tionally, FoMO may moderate the relationship between
social anxiety and PSU (Brand et al., 2016). In this study, we
aim to determine the bidirectional and directed relationship
between different symptoms of social anxiety and PSU
during the pandemic based on network analysis and by
considering level of FoMO. This study therefore seeks to
clarify the detailed relationship among social anxiety,
PSU, and FoMO, generating fresh insights for interventions
regarding PSU.

Social anxiety and PSU

Social anxiety is one of the most prevalent problems among
adolescents (Ran, Li, Zhang, & Niu, 2022; Tang et al., 2022).
Notably, a meta-analysis collecting data from 55 papers and
including 83,893 participants has shown that the social
anxiety level of Chinese adolescents increased yearly from
2002 to 2020 (Xin, Peng, & Sheng, 2022). People with social
anxiety show excessive and unreasonable fear of interper-
sonal interaction and public performance (Harbourt et al.,
2013; Ran et al., 2022; Vassilopoulos, Brouzos, Moberly,
Tsorbatzoudis, & Tziouma, 2017). Abundant studies show
that social anxiety is linked to PSU (Coyne, Stockdale, &
Summers, 2019; Elhai et al., 2018; Enez Darcin et al., 2016;
Kong et al., 2020; Xiao & Huang, 2022). On the one hand,
people with social anxiety are prone to develop PSU. Social
anxiety may generate not only negative feelings (e.g., fear
and nervousness) but also real problems in adolescents’ daily
lives (e.g., interpersonal problems with peers) (Ran
et al., 2022).

Compensatory internet-use theory (CIUT) suggests that
smartphones may be used to escape difficult situations or
negative emotions in reality (Kardefelt-Winther, 2014).
In addition, for the continuous development of the brain,
adolescents are more emotional (Yang, Wang, Elhai, &
Montag, 2022), always questing for identity formation and
being rebellious towards adults (Caskey & Anfara, 2007).
This makes adolescence a period of ‘storm and stress’, as
adolescents always face intrapersonal and interpersonal
difficulties (Compas & Wagner, 2017). Furthermore, in this
new stage of life, adolescents reduce their dependence on
their families, shouldering their pressures and challenges
more on their own (Young, Sandman, & Craske, 2019).
Given the reasons above, adolescents with social anxiety are
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more likely to suffer from negative feelings, experience dif-
ficulties and turn to smartphones to escape, which makes
them more likely to develop PSU.

We can also consider the relationship between social
anxiety and PSU through the lens of self-determination
theory (SDT). This theory suggests that everyone has a
psychological need for relatedness (Deci & Ryan, 1985).
Adolescence is a period that is significantly marked by
spending a long time and building connections with peers
(Lee, Ho, & Lwin, 2016). Put differently, adolescents’ need
for relatedness may be stronger. However, due to their fear
of interpersonal interaction and public performance, ado-
lescents with social anxiety decrease their participation in
these situations, which causes an unsatisfied need for relat-
edness. Bonetti, Campbell, and Gilmore (2010) have used
scales to measure the level of loneliness, social anxiety, and
frequency of online communication among adolescents, and
their results suggest that people who are lonely and socially
anxious more frequently use online communication than
normal people or people with only social anxiety. Feeling
lonely, socially anxious adolescents use smartphones to
contact others to fulfill their need for relatedness, which
makes them more susceptible to PSU.

On the other hand, the overuse of smartphones may
aggravate social anxiety. A three-level meta-analysis has
suggested that PSU might elicit social anxiety (Ran et al.,
2022). Another study using field experiments and experience
sampling has suggested that using smartphones undermines
the enjoyment and benefits of face-to-face interaction
(Dwyer, Kushlev, & Dunn, 2018). People who use smart-
phones to satisfy their needs continue to use smartphones
more frequently, which creates a negative circle of PSU and
social anxiety. However, whether PSU leads to social anxiety
is unknown. A one-year prospective study collecting data
from approximately 950 Chinese participants as demon-
strated that a score on the baseline phone involvement scale
cannot predict a follow-up score on the anxiety scale (Kang
et al., 2020), consistent with another longitudinal study
(Coyne et al., 2019). In summary, further study is needed.

FoMO moderates the bidirectional relationship
between social anxiety and PSU

FoMO is the pervasive apprehension that others might be
having pleasurable and rewarding experiences from which
one is absent; thus, people who suffer from this fear have a
desire to constantly connect with others (Przybylski, Mur-
ayama, DeHaan, & Gladwell, 2013). This definition consists
of a cognitive aspect of anxiety and a behavioral strategy
(Elhai, Yang, & Montag, 2021).

FoMO may moderate the relationship between social
anxiety and PSU. First, the relationships among social
anxiety, FoMO, and PSU can be explained by the Interaction
of Person-Affect-Cognition-Execution (I-PACE) model
(Brand et al., 2016). In this model, specific internet-use
disorders such as PSU are regarded as the consequences
of different interactional factors, which are classified
into different categories. First, the P-component comprises

predisposing variables, including biopsychological constitu-
tion, personality, and psychopathology. Specifically, in this
research, social anxiety is regarded as a predisposing vari-
able. Second, the A- and C-components represent affective
and cognitive responses to stimuli, including coping strat-
egy, craving, and internet-related cognitive biases. FoMO,
conceptualized as an internet-related cognitive bias (Elhai,
Yang, & Montag, 2021), can be considered a moderator
between predisposing variables and internet-use disorders.
Finally, the E-components include executive functions and
inhibitory control, which affect the decision to use internet
applications and may lead to internet-use disorders, such
as PSU.

In addition, FoMO is a personality trait that varies
among individuals (Przybylski et al., 2013). A high level of
FoMO is usually correlated with interdependent or relational
self-construal, i.e., people are concerned about what the
people around them are doing and pay excessive attention to
relationship maintenance (Dogan, 2019; Lin et al., 2021).
Amid interdependent self-construal, people are afraid of
missing information about others or being excluded from
their group (Lin et al., 2021). Hence, people with interde-
pendent self-construal are disposed to share their informa-
tion online using social media (Kim, Kim, & Nam, 2010;
J. Li, Xue, Zhao, & Tan, 2022) and tend to develop PSU
(Servidio, Koronczai, Griffiths, & Demetrovics, 2022). Given
this, we can infer that socially anxious people with a high
level of FoMO have interdependent self-construal and focus
on relationship maintenance, which leads to their frequent
use of smartphones to search for connections with others
and their increased likelihood of PSU. Conversely, socially
anxious people with a low level of FoMO may have inde-
pendent self-construal (Lin et al., 2021). They tend to be
autonomous and individualistic, focusing more on them-
selves than on other people (Göker & Tekedere, 2022).
However, the relationship between independent self-con-
strual and PSU is still uncertain, warranting further explo-
ration. Some studies suggest that people with independent
self-construal are less susceptible to PSU (Hawi & Samaha,
2018). Incompatible with this finding, other research has
shown that people with independent self-construal are
actually more likely to experience digital game addiction and
engage in phubbing (Göker & Tekedere, 2022). Given the
above, we suggest that socially anxious people with a low
level of FoMO are either not susceptible to PSU or exhibit
a pattern of PSU different from that of individuals with a
high level of FoMO.

The effects of online learning

An important and effective way to maintain spatial distance
and stop the spread of COVID-19, online learning has
been mandated in many education systems. Clearly,
online learning has advantages including greater flexibility
and convenience, boosting students’ achievements and
increasing their time to engage in quantitative reasoning
activities (Dumford & Miller, 2018; Mandasari, 2020).
Nevertheless, online learning is also associated with some
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negative student outcomes, such as less time spent in
collaborative learning and discussion with other students
(Dumford & Miller, 2018) and a reduction in academic
achievement (Omar, Ali, & Belbase, 2021). Discrepancies in
these outcomes of online learning on students may perhaps
be related to individual-level variables, such as acceptance
of online learning (Robinson, 2019) and personality (Mor-
faki & Skotis, 2022) or demographic characteristics (Rizvi,
Rienties, & Khoja, 2019), warranting further exploration.

People vary in their acceptance of online learning. The
technology acceptance model (TAM) was created by Davis
(1989) and has been widely used and effectively validated
model regarding the acceptance of online learning.
According to the TAM, perceived usefulness and perceived
ease of use, affected by external variables, predict the atti-
tudes and behaviours related to online learning (Davis, 1989;
Salloum, Alhamad, Al-Emran, Monem, & Shaalan, 2019).
Research based on the TAM has found that perceived
usefulness and perceived ease of use are affected by variables
such as computer self-efficacy, perceived enjoyment, and
system quality, which affect the acceptance of online
learning among students (Salloum et al., 2019). Academic
performance is associated with the acceptance of online
learning (Robinson, 2019), and there is an association be-
tween poor academic performance and mental health
problems (i.e., depression and anxiety) (Khesht-Masjedi
et al., 2019). Thus, students who are unable to adapt to
online learning may experience some changes in their
mental health situation or behaviour after long-term online
learning. This suggestion is supported by studies showing
that online learning and an increased frequency of smart-
phone use may be positively associated with PSU (Tao et al.,
2023). However, the symptom-level relationship between
long-term online learning and changes in students’ psy-
chological states and the possible effect of FoMO on this
process remains relatively unexplored.

The present study

Numerous correlational studies have elucidated the rela-
tionship between the abovementioned variables. For
example, Dempsey et al. (2019), based on a web survey and
data from 296 participants, report that social anxiety, FoMO
and problematic Facebook use are related. However, the
literature on this topic has two main problems.

First, several studies focusing on PSU and social anxiety
have considered these factors individually, as unidimen-
sional wholes, instead of investigating their distinct and
specific symptoms. For example, Annoni, Petrocchi,
Camerini, and Marciano (2021) use the Social Anxiety Scale
and Smartphone Addiction Scale to measure social anxiety
and PSU among 240 young adults online, finding that
higher scores indicate higher levels of these variables.
Consistent with this finding, several studies have also used
the summed scores of scales to measure social anxiety and
PSU (Enez Darcin et al., 2016; Kim et al., 2006). This
method is limited, revealing only the superficial relation-
ships between social anxiety and PSU and thereby obscuring

the deeper relationships among symptoms. As symptom
network analysis, an increasingly popular method in clinical
psychology (Rhemtulla, van Bork, & Cramer, 2022), can
reveal the detailed relations among the symptoms of social
anxiety and PSU (Borsboom & Cramer, 2013), it is suitable
for filling this gap.

Second, in previous studies, limited longitudinal research
has considered all the abovementioned variables, thereby
both failing to determine the influence of online courses on
the relationship between social anxiety and PSU while
being incapable of addressing the bidirectional and directed
relationship between social anxiety and PSU. Cross-lagged
panel network (CLPN) analysis is used in our study, which
applies network analysis to longitudinal data, to examine
the detailed and bidirectional relationships among the focal
variables.

To address the deficit mentioned above, the present study
applies symptom network and CLPN analysis to delve deeper
into the relationship of social anxiety, FoMO, and PSU
before and after long-term online learning. According to our
research aims, we propose the following three hypotheses:

Aim 1: Explore the level of social anxiety and PSU before
and after four months of online learning.

Hypothesis 1: Several studies have suggested that the
pandemic and online education have had a
negative impact on both social anxiety and
PSU (Duan et al., 2021; Hawes, Szenczy,
Klein, Hajcak, & Nelson, 2022; Serra, Lo
Scalzo, Giuffre, Ferrara, & Corsello, 2021).
Hence, we propose that four months of
online learning may impact social anxiety
symptoms and PSU symptoms.

Aim 2: Explore the intricate relationships among the
symptoms of social anxiety and PSU among high-
and low-FoMO groups before and after four
months of online learning.

Hypothesis 2: Studies have revealed that the link between
social anxiety and PSU is closed (Enez
Darcin et al., 2016; Kong et al., 2020) and
that FoMO potentially affects social anxiety
and PSU (Dempsey et al., 2019; Oberst,
Wegmann, Stodt, Brand, & Chamarro, 2017;
Servidio, 2021). Hence, we propose that the
level of FoMO is associated with the
symptom network structures between social
anxiety and PSU both before and after four
months of online learning.

Aim 3: To explore the dynamic process involving the
symptoms of social anxiety and PSU through the
CLPN approach while moderating FoMO both
before and after long-term online learning among
secondary school students.

Hypothesis 3: Long-term online learning may influence
students with high levels of FoMO, potentially
resulting in an association between their social
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anxiety symptoms and the generation of
PSU symptoms. However, social anxiety
symptoms may not have an impact on
subsequent PSU symptoms among students
with low levels of FoMO.

METHOD

Participants and procedure

This study collected data from middle and high school
students in two waves in Harbin, China, using convenience
sampling. The first wave took place in February 2022,
obtaining data from 10,104 students using an online
questionnaire program on their smartphones (https://www.
wjx.cn). The second wave occurred in June 2022 and
involved 8,390 students who had been taking online courses
for four months. Notably, due to the impact of COVID-19,
these students were required to study exclusively through
online platforms (i.e., smartphones, tablets, computers, etc.)
from their homes, as in-person classroom instruction was
not available. As a result, the entire period from February
2022 (the start of online learning at home) to June 2022
(the end of online learning at home) was dedicated to online
education.

Combining the datasets from these two waves according
to students’ phone numbers, 2,356 students were finally
recruited. To test the moderating effect of FoMO, we divided
the participants into two groups according to their FoMO
scale scores. The mean FoMO score was 14.96, and the
standard deviation was 6.48. Then, we used the somewhat
arbitrary but conventional approach of one standard devi-
ation above and below the mean (Jaccard, Turrisi, & Wan,
1990) and divided these FoMO scores into two groups,
namely, the high-FoMO group and the low-FoMO group,
referring to the classification method of previous studies
(Brunborg, Skogen, & Burdzovic Andreas, 2022; Rogers &
Barber, 2019). After sifting, 389 in the high-FoMO group
(54.50% females, mean age 5 14.04, SD age 5 1.47) and 727
in the low-FoMO group (45.39% females, mean age 5 13.83,
SD age 5 1.33). Additionally, we examined the significant
differences in FoMO levels between the high-FoMO and
low-FoMO groups (t 5 92.15, p <0 .000, Cohen’s d 5 7.92).
Students and their parents were required to provide
their signed informed consent before completing the
assessment. Importantly, both the students and their
parents understood and agreed that they would not be
deprived of any additional incentives. Additionally, the
average time taken to complete the survey was approxi-
mately 15 min. This research was examined and approved
by the ethics committee of ppp University (Reference num-
ber: 202112220085).

Measures

Fear of missing out (FoMO) scale. The 10-item version of
the Fear of Missing Out (FoMO) Scale compiled by Przy-
bylski et al. (2013) is a widely used measurement for

assessing FoMO-related behaviours. In the revised Chinese
version (Li, Wang, Zhao, & Jia, 2019), based on the criteria
of a factor loading not lower than 0.40 and the exclusion of
items with multiple loadings, the fifth item (i.e., It is
important that I understand my friends’ ‘in jokes’) and sixth
item (i.e., Sometimes, I wonder if I spend too much time
keeping up with what is going on) of the original scale were
removed. As a result, the Chinese version of the question-
naire for FoMO consisted of 8 items. The participants
answered 8 Likert-style questions and scored them from
1 (“not at all”) to 5 (“always”), with a higher score indicating
more severe FoMO symptoms. The adopted FoMO scale
exhibited good internal consistency, with a Cronbach’s α
value of 0.90.

Mobile phone addiction index (MPAI). PSU was assessed
by the mobile phone addiction index (MPAI). The MPAI
was compiled by Leung (2008). It is a self-report question-
naire composed of 17 5-point Likert-style items. There are
four factorial components in the MPAI: inability to control
craving (MPAI1, e.g., “You find yourself using your phone
for longer than you intended”), feeling anxious and lost
(MPAI2, e.g., “If you do not check your messages for a while
or your phone is not turned on, you will become anxious”),
withdrawal or escape (MPAI3, e.g., “When you feel lonely,
you will use your mobile phone to chat with others”), and
productivity loss (MPAI4, e.g., “The time you spent on your
phone decreases your work efficiency”). Higher scores
indicate higher levels of PSU. In this study, the Cronbach’s α
values for the MPAI were 0.95 and 0.96 in waves 1 and 2,
respectively.

Social Anxiety Scale (SAS). The Social Anxiety Scale (SAS)
was compiled by La Greca and Lopez (1998). Zhu (2008)
has revised it into a Chinese version consisting of 13 items
across three dimensions: afraid of negative evaluation
(SAS1, e.g., “I always worry that people do not like me”),
social avoidance and worry in unfamiliar situations
(SAS2, e.g., “When I am among strangers, I feel shy”), and
social avoidance and worry in normal situations (SAS3,
e.g., “It’ too hard for me to invite people to do something
with me”). Each item was rated from “1” (complete
inconformity) to “5” (complete conformity) in a Likert
style. It was proven valid and reliable in Chinese studies
(Feng, Ma, & Zhong, 2019). In this study, the Cronbach’s
α values for the SAS were 0.95 and 0.96 in waves 1 and 2,
respectively.

Network analysis

We conducted all analyses using R version 4.2.1 (R Core
Team, 2022). The symptom networks were estimated using
the extended Bayesian information criterion (EBIC) graph-
ical least absolute shrinkage and selection operator (LASSO)
method (Epskamp & Fried, 2018). Cross-lagged panel
network (CLPN) analysis was performed to explore the
interrelationship between PSU and social anxiety symptoms
with the help of the glmnet package (Friedman, Hastie, &
Tibshirani, 2010). The node centralities were characterized
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by the expected influence (EI) in the cross-sectional
networks and by the out-expected influence (OEI) and
in-expected influence (IEI) in the CLPNs. Bridge symptoms
represent the channel linking different disorders (Jones, Ma,
& McNally, 2021). Referring to previous research (Sánchez
Hernández, Carrasco, & Holgado-Tello, 2021), we chose
bridge symptoms based on the criterion of standardized
values of bridge EI ≥ 1. The accuracy and stability of the
networks were validated using bootstrapping approaches
implemented in the R package bootnet 1.4.3 (Epskamp,
Borsboom, & Fried, 2018). Specifically, we used a case-
dropping procedure to estimate the stability of centrality
indices, as this can provide the correlation stability coeffi-
cient (CS-C). Generally, CS-C should be ≥0.25 (Epskamp &
Fried, 2018). This detailed data analysis is described in the
supplementary material.

Sensitivity analysis

To rectify any potential bias resulting from unequal group
sizes (the low-FoMO group of 727 individuals and high-
FoMO group of 389 individuals), we randomly selected a
sample of 389 individuals from the low-FoMO group and
generated a new symptom network and a CLPN using the
small-sized sample. We then calculated the main metrics for
the small sample network and compared them to those of
the original low-FoMO network. If the network metrics
from a small randomly selected sample are not significantly
different from those of the original network, then it can
be assumed that the sample size will not have a significant
effect on the network metrics. In the second step, we con-
ducted a network comparison test between the small-sized
resample network of the low-FoMO group and the original
network of the high-FoMO group. If the test results of this
procedure are consistent with the results of the network
comparison test between the original low-FoMO network
and the original high-FoMO network, it can be assumed

that the current conclusions do not have significant bias due
to sample size.

Ethics

This research was examined and approved by the ethics
committee of Beijing Normal University (Reference number:
202112220085). All procedures performed in this study
involving human participants were in accordance with the
ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.
Informed consent was obtained from all individual partici-
pants included in the study.

RESULTS

Descriptive statistics and t test results

The sample’s sociodemographic information is shown in
Table S1 in the supplementary material. Item checking
revealed that no items were poorly informative or redun-
dant. The means, standard deviations, skewness, kurtosis, and
t test results of all dimensions among the two groups are
shown in Table 1. All scores in the high-FoMO group were
higher than those in the low-FoMO group in both waves 1
and 2. The t test results for the data from the two waves
showed that in the high-FoMO group, all symptom scores
decreased significantly after 4 months (see Table S2). In the
low-FoMO group, scores on the SAS2 (“anxiety in unfa-
miliar situations”) and all MPAI symptoms increased
significantly (see Table S2).

Symptom network structures

Four SAS-MPAI symptom networks (2 groupsp2 waves) are
shown in Fig. 1 and Fig. S1. All weighted adjacency matrices
are shown in Tables S3–S6.

Table 1. Descriptive information and t-test results of the two groups

Low FoMO (N 5 727)

Cronbach’s α

High FoMO (N 5 389)

Cronbach’s α

t-test

Mean SD Skew Kurtosis Mean SD Skew Kurtosis p Cohen’s d

T1 SAS1 1.67 0.96 1.46 1.55 0.95 3.22 1.04 �0.19 �0.28 0.93 <0.001 1.57
SAS2 2.03 1.05 0.70 �0.47 0.89 3.25 1.03 �0.15 �0.18 0.88 <0.001 1.17
SAS3 1.58 0.90 1.62 2.20 0.89 2.64 0.99 0.15 �0.23 0.73 <0.001 1.13
MPAI1 1.45 0.67 2.07 4.88 0.92 2.50 0.96 0.58 �0.25 0.89 <0.001 1.35
MPAI2 1.28 0.60 2.80 9.31 0.86 2.26 1.07 0.64 �0.55 0.85 <0.001 1.23
MPAI3 1.40 0.72 2.28 5.61 0.87 2.81 1.17 0.35 �0.79 0.83 <0.001 1.56
MPAI4 1.36 0.65 2.24 5.74 0.84 2.58 1.09 0.45 �0.52 0.82 <0.001 1.47

T2 SAS1 1.83 1.04 1.08 0.41 0.95 2.79 1.20 0.12 �0.84 0.95 <0.001 0.87
SAS2 2.12 1.12 0.65 �0.44 0.91 2.95 1.12 0.03 �0.53 0.91 <0.001 0.74
SAS3 1.77 1.04 1.26 0.81 0.93 2.48 1.10 0.33 �0.51 0.84 <0.001 0.67
MPAI 1.57 0.76 1.72 3.16 0.93 2.20 0.96 0.66 �0.21 0.91 <0.001 0.76
MPAI2 1.40 0.72 2.37 6.47 0.89 2.03 1.07 1.02 0.25 0.88 <0.001 0.74
MPAI3 1.53 0.83 1.89 3.64 0.86 2.43 1.13 0.63 �0.44 0.85 <0.001 0.95
MPAI4 1.52 0.81 1.85 3.43 0.90 2.29 1.05 0.63 �0.32 0.84 <0.001 0.86

Note. FoMO, Fear of Missing Out Scale. SAS, Social Anxiety Scale. MPAI, Mobile Phone Addiction Index. T1, wave 1. T2, wave 2.
SD, standard deviation.
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For the high-FoMO group, the edge of “afraid of negative
evaluation”–“anxiety in unfamiliar situation” (SAS1–SAS2)
showed the strongest association (see Parts A and B of
Fig. 1) and was significantly stronger than the other edges in
both waves 1 and 2 (see Parts A and B of Fig. S2). For the
low-FoMO group, the edge of “afraid of negative evalua-
tion”–“anxiety in normal situation” (SAS1–SAS3) showed
the strongest association (see Parts C and D of Fig. 1) and
was significantly stronger than other edges in both waves
1 and 2 (see Parts C and D of Fig. S2).

In terms of symptom centrality, in wave 1, “productivity
loss” (MPAI4) had the strongest node EI among both the
high-FoMO and low-FoMO groups (see Part A of Fig. 2)
and was significantly stronger than other nodes (see Parts
A and B of Fig. S3). In wave 2, with the exception of
“productivity loss” (MPAI4), it had the strongest node EI
in both the high-FoMO and low-FoMO groups, while
“afraid of negative evaluation” (SAS1) was also the strongest
node EI in the low-FoMO group (see Part B of Fig. 2)
and was significantly stronger than the other nodes
(see Parts C and D of Fig. S3).

The bridge symptom in wave 1 was “anxiety in normal
situation” (SAS3) among both the low-FoMO and high-
FoMO groups (see Part C of Fig. 2), while “feeling anxious
and lost” (MPAI2) was the only distinct bridge EI node
in the low-FoMO group. In wave 2, “afraid of negative
evaluation” (SAS1) and “withdrawal/escape” (MPAI3)
were the strongest bridge EIs in the high-FoMO group,
whereas no bridge symptoms were present in the low-
FoMO group (the cut-off was a Z score equal to 1; see
Part D of Fig. 2).

Cross-lagged panel networks

The CLPN structures are shown in Fig. 3. All edge weights
are shown in the LASSO cross-lagged regression matrices in
Tables S7 and S8. Autoregression paths at two waves are
shown in Fig. S4.

For the high-FoMO group (see Part A of Fig. 3), except
for autoregression paths, the edge of “withdrawal/escape”–
“productivity loss” (MPAI3-MPAI4) showed the strongest
cross-lagged association and was significantly stronger than 6
edges within the network (see Part A of Fig. S5), followed by
the edge of “afraid of negative evaluation”–“inability to
control craving” (SAS1-MPAI1), the edge of “afraid of
negative evaluation”–“withdrawal/escape” (SAS1-MPAI3)
and the edge of “afraid of negative evaluation”–“productivity
loss” (SAS1-MPAI4). Part B in Fig. 3 shows the OEI and IEI
values: “afraid of negative evaluation” (SAS1) had the highest
node OEI and was significantly stronger than 5 nodes (see
Part A of Fig. S6), followed by “withdrawal/escape” (MPAI3).
“Productivity loss” (MPAI4) had the highest node IEI and
was significantly stronger than 2 nodes (see Part B of Fig. S6).

For the low-FoMO group (see Part C of Fig. 3), the edge
of “inability to control craving”–“productivity loss”
(MPAI1-MPAI4) showed the strongest cross-lagged associ-
ation but no significant difference from the other edges
within the network (see Part B of Fig. S5), followed by the
edge of “productivity loss”–“withdrawal/escape” (MPAI4-
MPAI3) and the edge of “productivity loss”–“afraid of
negative evaluation” (MPAI4- SAS1). In Fig. 3 Part D,
“productivity loss” (MPAI4) has the highest node OEI, and
“withdrawal/escape” (MPAI3) and “productivity loss”

Fig. 1. Network structures. A, High-FoMO group at the first time point. B, High-FoMO group at the second time point. C, Low-FoMO
group at the first time point. D, Low-FoMO group at the second time point

108 Journal of Behavioral Addictions 13 (2024) 1, 102–119

Brought to you by MTA Titkárság - Secretariat of the Hungarian Academy of Sciences | Unauthenticated | Downloaded 05/22/24 06:29 AM UTC

https://doi.org/10.1556/2006.2023.00081
https://doi.org/10.1556/2006.2023.00081
https://doi.org/10.1556/2006.2023.00081
https://doi.org/10.1556/2006.2023.00081
https://doi.org/10.1556/2006.2023.00081
https://doi.org/10.1556/2006.2023.00081
https://doi.org/10.1556/2006.2023.00081
https://doi.org/10.1556/2006.2023.00081
https://doi.org/10.1556/2006.2023.00081
https://doi.org/10.1556/2006.2023.00081


(MPAI4) has the highest IEI, but not all are significantly
different from the other nodes (see Parts C and D of Fig. S6).

Network comparison test

The results of the four symptom network comparison tests
are shown in Table 2 and Figs S7 and S8. Only the test for
invariance of network structure between the high-FoMO
and low-FoMO groups in both waves 1 and 2 was significant
(M 5 0.40, p < 0.001; M 5 0.28, p 5 0.01). Specifically, the
association between “afraid of negative evaluation” (SAS1) and
“anxiety in normal situation” (SAS3) was significantly lower in
the high-FoMO group than in the low-FoMO group in
both waves 1 and 2, whereas the association between “afraid
of negative evaluation” (SAS1) and “anxiety in unfamiliar

situation” (SAS2) was significantly higher in the high-FoMO
group than in the low-FoMO group in wave 1 (see Fig. S9).

In wave 1, the EI scores of the low-FoMO group were
significantly higher than those of the high-FoMO group for
“anxiety in normal situation” (SAS3) (p <0.001). However,
other than SAS3, there were no significant differences in EI
scores across the low-FoMO and high-FoMO groups at
other nodes in wave 1 or across all nodes in wave 2. The
longitudinal NCT results also indicate no significant differ-
ences in EI scores between the low-FoMO and high-FoMO
groups in both waves 1 and 2. In addition, the bridge EI
scores show no significant differences across the cross-
sectional symptom network and the longitudinal network.

The results of the Mann‒Whitney U test for the average
edge weight from the SAS to the MPAI and the average edge

Fig. 2. Centrality and bridge index. A, EI values of high-FoMO and low-FoMO groups at the first time point. B, EI values of high-FoMO and
low-FoMO groups at the second time point. C, bridge EI values of high-FoMO and low-FoMO groups at the first time point. D, bridge EI

values of high-FoMO and low-FoMO groups at the second time point
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weight from the MPAI to the SAS, IEI, and OEI in the two
CLPNs are also shown in Table 3. In particular, the edges
from SAS to MPAI and IEI are significantly stronger for the
high-FoMO group, while the edges from MPAI to SAS and
OEI are insignificant between the low-FoMO and high-
FoMO groups.

Network stability

The case-dropping results are shown in Fig. S10, and the
CS-Cs are shown in Table 4. The case-dropping test results
indicated good stability for all centrality indicators. The 95%

bootstrapped CIs of the edges were narrow (see Figs S11 and
S12), suggesting that the edges were trustworthy.

Sensitivity analysis

Sensitivity analysis between the new small-sized sample
and the original sample of the low-FoMO group. 389
data points were randomly selected from the low-FoMO
group, and the new small-sized sample symptom and CLPN
network structures were generated. The weighted adjacency
matrixes and cross-lagged regression matrix of the new
network are shown in Tables S9–S11. The main centrality

Fig. 3. Cross-lagged panel network (CLPN) structure and centrality indices. A, CLPN structure of the high-FoMO group. B, OEI, and IEI
values of the high-FoMO group. C, CLPN structure of the low-FoMO group. D, OEI, and IEI values of the low-FoMO group

Table 2. Network comparison results (1,000 permutations)

Network structure invariance Global strength invariance

High FoMO - low FoMO (wave 1) M 5 0.40 p < 0.001 S 5 0.12 p 5 0.46
High FoMO - low FoMO (wave 2) M 5 0.28 p 5 0.01 S 5 0.13 p 5 0.43
High FoMO (wave 1–wave 2) M 5 0.09 p 5 0.90 S 5 0.08 p 5 0.74
Low FoMO (wave 1–wave 2) M 5 0.17 p 5 0.17 S 5 0.09 p 5 0.26

Note. M: The value of the maximum difference in edge weights S: The value of the difference in the sum of all edge weights.
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indexes of the new networks and the original networks are
shown in Figs S13 and S14. The most influential nodes and
bridge nodes were basically the same between the new
sample and the original sample in both waves 1 and 2.
Similarly, the NCT results between the new networks and
the original low-FoMO networks are shown in Table S12
and Fig. S15. The network distribution and global strength
were not significantly different between the new network
and the original network. The bootstrapped difference test
results of edges and centralities are shown in Figs S16 and
S17, indicating that the variation between the two groups
was small. These results indicated that there was no signif-
icant difference between the new small-sized network
structures and the original low-FoMO network structures.

According to the Mann-Whitney U test results in
Table S13, the differences between the new CLPN and the
original low-FoMO CLPN are also not significant.

Sensitivity analysis between the new small-sized sample of
the low-FoMO group and the original sample of the high-
FoMO group. We then compared the small-sized sample
networks of the low-FoMO and the high-FoMO network
structure (see Table S14). The NCT results showed that the
edge difference test between the high-FoMO and low-FoMO
groups in wave 1 was significant, while the global strength
difference test in waves 1 and 2 was not significant. These
results were consistent with those of the original low-FoMO
network (see Table 2). The only inconsistency was the edge
difference test in wave 2, but this variation was minor.

Table S15 shows the U test results for the differences
between the small group of CLPN from the low-FoMO
group and the CLPN from the high-FoMO group. These
results were mostly the same as those from the original low-
FoMO group (see Table 3). The above analysis supported the
assumption that current conclusions do not have significant
bias due to sample size.

DISCUSSION

This study has explored the correlation and cross-lagged
effects among each specific symptom of PSU and social

anxiety while examining the moderating effect of FoMO in
this process. Certain results merit further discussion.

Differences in the mean levels of social anxiety and
PSU before and after the four-month online learning
period

The most obvious finding is that the mean levels of all di-
mensions of PSU and social anxiety were significantly more
severe in the high-FoMO group than in the low-FoMO
group, consistent with previous findings (Dempsey et al.,
2019; Oberst et al., 2017; Wegmann, Oberst, Stodt, & Brand,
2017). This high correlation between FoMO and PSU is
natural. The compulsive thoughts and behaviours of
continually staying connected to others on social networks is
a fundamental dimension of FoMO (Przybylski et al., 2013).
Mobile phones, meanwhile, are the primary means for
people to access social networks. Therefore, the concern
about missing life events or losing contact with others
caused by FoMO may compel individuals to use their mobile
phone to refresh their social media platforms (Duan, He, &
Tang, 2020). This anxiety component, inherent in the
concept of FoMO, has also led to FoMO being conceptual-
ized as a construct primarily involving anxiety-related psy-
chopathology (Oberst et al., 2017; Wegmann et al., 2017).
However, when we generalize this particular anxiety to social
anxiety, a paradox seems to emerge. FoMO is often driven
by a fear of social exclusion or a desire to fit in with a
particular group or community (Przybylski et al., 2013)
among individuals with a tendency towards social anxiety
fear who often avoid others (Kirk, Meyer, Whisman,
Deacon, & Arch, 2019). The above evidence therefore sug-
gests a paradox for people struggling with social anxiety:
they seem to cognitively desire connection with others yet
behaviourally reject them. This phenomenon is similar to
individuals with a disorganized attachment style, who are
both fascinated by and afraid of others and both desire to
have and seek detachment from interpersonal relationships
(Van Ijzendoorn & Bakermans-Kranenburg, 2003). Future
researchers can further investigate the relationship between
disorganized attachment and social anxiety.

Second, we have found that after four months of online
courses, the severity of social anxiety and PSU in the high-
FoMO group was alleviated. As discussed in the previous
paragraph, students with higher FoMO also had higher
levels of social anxiety. However, during traditional face-to-
face learning, students experience greater social presence
and more peer interactions (Yen, Lo, Lee, & Enriquez, 2018).

Table 3. The Mann‒Whitney U test for average edge weight between edges from the SAS to MPAI community and edges from the MPAI to
SAS community and IEI/OEI of each community in cross-lagged panel networks

High FoMO Low FoMO Z p Effect sizes

IEI 0.25a (0.18, 0.31) 0.13 (0.04, 0.15) 2.00 0.03 0.86
OEI 0.08 (0.04, 0.39) 0.09 (0.01, 0.20) 0.60 0.60 0.59
Edges from SAS to MPAI 0.05 (0.00, 0.14) 0.00 (0.00, 0.03) 2.00 0.03 0.75
Edges from MPAI to SAS 0.00 (0.00, 0.05) 0.00 (0.00, 0.00) �0.20 0.90 0.48

Note. a 0.25 (0.18, 0.31), where 0.25 is the median, 0.18 is the 25th percentile, and 0.31 is the 75th percentile.

Table 4. The CS-Cs of all EI values

EI (baseline) EI (follow-up) OEI IEI

High FoMO group 0.21 0.44 0.44 0.36
Low FoMO group 0.75 0.67 0.05 0.13
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For those with severe social anxiety and difficulty in face-to-
face interactions, offline school activities such as giving oral
presentations, answering questions in front of others, or
participating in cliques are potentially stressful for them and
may harm their academic and social function (de Lijster
et al., 2018). In contrast, online instruction allows students
to interact with their peers and instructors in a less intimi-
dating and more secure environment where they can control
how they interact with others and the length of their con-
versations (Annoni et al., 2021). In this way, students
with social anxiety have ample time and interpersonal
distance to consider how best to articulate themselves
(Pierce, 2009). The results of a previous meta-analysis also
indicate that higher social anxiety is associated with more
feelings of comfort online (Prizant-Passal, Shechner, &
Aderka, 2016).

One interesting finding regarding the low-FoMO group
is that their scores on SAS2 (“anxiety in unfamiliar situa-
tion”) and all MPAI symptoms increased significantly after
the long period of online learning. Long-term online
learning and social distancing during the pandemic may
have decreased the social skills of individuals (Branquinho,
Kelly, Arevalo, Santos, & Gaspar de Matos, 2020; Cha-
turvedi, 2020), compelling low-FoMO individuals to feel
awkward or anxious when facing unfamiliar situations when
they returned to school, contributing to the exacerbation of
their SAS2 symptoms. Regarding the worsening of PSU, one
possible explanation for it is that during the pandemic, long-
term online learning gave students more access to smart-
phones, heightening the levels of PSU among the low-FoMO
group (Duan et al., 2021; Serra et al., 2021). Notably, while
in the low-FoMO group, the scores of symptoms SAS2 and
PSU increased after long-term online learning, their mean
levels of social anxiety and PSU were actually lower than
those in the high-FoMO group, highlighting the significance
of concern about high-FoMO students.

Symptom network structures between the high- and
low-FoMO groups at two time points

Importantly, however, the relief from social anxiety and PSU
symptoms among the high-FoMO group offered by online
education is not a natural cure for these disorders. In fact, it
has actually worsened the comorbidity of these two disor-
ders. The number of bridge nodes in the symptom networks
increased (from 1 to 2) in the high-FoMO group after long-
term online learning. Bridge symptoms reflect how different
symptom clusters generate comorbidities (Jones et al., 2021).
More bridge symptoms mean that the connection between
two mental disorders is closer (i.e., the triggering of symp-
toms of one mental disorder is more likely to activate other
symptoms of another mental disorder) (Cramer, Waldorp,
Maas, & Borsboom, 2010; Jones et al., 2021).

As our findings show, the level of social anxiety
decreased in the high-FoMO group after the long period of
online learning; thus, online communication may alleviate
social anxiety to some extent because people may have
positive interactions and more support online (O’Day &

Heimberg, 2021; Seabrook, Kern, & Rickard, 2016). How-
ever, high-FoMO individuals may not consistently receive
support online (O’Day & Heimberg, 2021), and this kind of
online emotional support seeking cannot change the nature
of social anxiety. Indeed, social anxiety shares an association
with factors such as negative social beliefs and fears of
negative evaluation (Leigh & Clark, 2018; Teale Sapach,
Carleton, Mulvogue, Weeks, & Heimberg, 2015). Mean-
while, most variations of cognitive‒behavioural therapy for
social anxiety include social exposure as a central compo-
nent (Heimberg, 2002), underscoring the significance of
interpersonal interaction practices in the real world for
intervening in social anxiety. Without changing these sig-
nificant factors, it may be difficult to sever the link between
social anxiety and PSU; long-term excessive smartphone use
undermines the enjoyment and benefits of face-to-face
interaction (Dwyer et al., 2018).

In our study, we also found that in wave two, two
bridge symptoms in the high-FoMO group were “afraid
of negative evaluation” (SAS1) and “withdrawal/escape”
(MPAI3), consistent with previous evidence showing that
socially anxious and lonely individuals use smartphones to
compensate for their unfulfilled need for in-person re-
lationships (O’Day & Heimberg, 2021). Therefore, although
the mean levels of PSU and social anxiety decreased after
the long-term online learning, the tendency of high-FoMO
individuals to use their smartphones to avoid their fear of
negative evaluation and alleviate their social anxiety
may have actually been exacerbated, which may have ulti-
mately exacerbated the comorbidity between social anxiety
and PSU.

Cross-lagged panel networks between high- and low-
FoMO groups

Regarding symptoms with high OEI and IEI and the
strongest cross-lagged edges, discrepancies were found be-
tween the two groups. For the high-FoMO group, “Pro-
ductivity loss” (MPAI4) had the highest node IEI (i.e., the
symptom that is most affected by symptoms of wave 1), and
it was significantly stronger than 2 nodes. The negative effect
of PSU on academic and work performance has been
demonstrated in several studies. A meta-analysis has
revealed that students’ overall academic performance and
cognitive abilities for academic success and learning are
negatively impacted by PSU. Furthermore, the more a
smartphone is used for learning, the greater the negative
impact (Sunday et al., 2021). Zhang and Wu (2020) have
also found that PSU leads to bedtime procrastination and
poor sleep quality, which in turn reduces daytime produc-
tivity and threatens physical health.

Our research also indicates that “afraid of negative
evaluation” (SAS1) had the highest node OEI in the high-
FoMO group (i.e., the symptom of wave 1 that most affected
other symptoms in wave 2), significantly stronger than the
other symptoms in the network. Together with the results
regarding the strong edges in the high-FoMO CLPN
network, showing that “afraid of negative evaluation” (SAS1)
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has a high association with several symptoms of PSU,
the important role of “afraid of negative evaluation” in the
high-FoMO group is outstanding. “Afraid of negative eval-
uation” may therefore be the motivation that drives high-
FoMO students to abuse their smartphone use. We refer
to this type as “compensatory smartphone addiction”. Fear
of negative evaluation is the core belief of social anxiety
(Kirk et al., 2019). According to compensatory internet
use theory, to some extent, social anxiety activates in-
dividuals’ desire to use their smartphone because socially
anxious individuals may use the internet to regulate and
compensate for their social anxiety (Kardefelt-Winther,
2014; Wei et al., 2023). Meanwhile, people with higher
FoMO have stronger expectations of internet use because
they believe there are interesting and rewarding experiences
on the internet (Wegmann et al., 2017). Therefore, people
with high FoMO are more likely to develop a pathway from
social anxiety to PSU. For these individuals, PSU is no
longer a mere impulsive-compulsive behaviour but becomes
a compensatory behaviour driven by social fears and aimed
at alleviating social anxiety and meeting psychological needs.
Psychotherapy that begins by rectifying inaccurate beliefs,
such as cognitive‒behavioural therapy, may be effective for
this kind of PSU (Yang, Hu, et al., 2022).

In terms of the results for the low-FoMO group, the
edge of “inability to control craving”–“productivity loss”
(MPAI1-MPAI4) showed the strongest cross-lagged asso-
ciation. Additionally, “productivity loss” (MPAI4) had the
highest node OEI, and “withdrawal/escape” (MPAI3) had
the highest IEI; both are symptoms of PSU. First, this result
for the low-FoMO group may be a reflection of the
impulsive pathway to PSU (Billieux, Maurage, Lopez-Fer-
nandez, Kuss, & Griffiths, 2015). This pathway is promoted
by poor impulse control, which results in uncontrolled
urges and the dysregulated use of a smartphone (Billieux
et al., 2015; Canale et al., 2021). Impulsivity is a traditional
and predictive dimension of smartphone abuse and other
behavioural addictions (De-Sola Gutiérrez, Rodríguez de
Fonseca, & Rubio, 2016). Billieux, Van der Linden, and
Rochat (2008) suggest that higher impulsivity means lower
self-control, which leads to more severe smartphone abuse.
Consistently, several studies have also identified the link
between impulsivity and PSU (Jo, Na, & Kim, 2018;
Mitchell & Hussain, 2018), providing supportive evidence
for the impulsive pathway to PSU. In addition, sensation
seeking may explain the results of the low-FoMO group,
reflecting the extraversion pathway to PSU (Billieux et al.,
2015). Sensation seeking is a personality trait regarding the
individual’s pursuit of multiple novel stimulations and
sensitivity to boredom (Wang et al., 2019; Zuckerman,
Kolin, Price, & Zoob, 1964). Individuals who exhibit higher
sensation seeking have higher requirements for the stimu-
lation needed for their appropriate arousal levels; thus, they
are more likely to experience leisure as boredom (Zhang
et al., 2022). Sensation seeking is thus associated with
various risky behaviours, including smoking, alcohol abuse
(Lydon-Staley, Falk, & Bassett, 2020), and PSU (Wang
et al., 2019).

In general, for the low-FoMO group, our results indicate
a strong association among several symptoms of PSU; this
may be explained by the effect of impulsivity or sensation
seeking but not the effect of social anxiety. However, one
critical point is that since the bootstrapped results for the
CLPN network for the low-FoMO group were not satisfac-
tory, this finding may be difficult to generalize to other
studies. That is, any interpretation of our results must be
prudent.

IMPLICATIONS

The study emphasizes the importance of targeted in-
terventions and addresses the complex interplay among
social anxiety, problematic smartphone use (PSU), and the
fear of missing out (FoMO) among secondary school stu-
dents. It identifies distinct mechanisms of PSU between
high- and low-FoMO students, necessitating tailored in-
terventions that specifically target FoMO and negative
evaluation. Specifically, high-FoMO students exhibit a
greater interconnectedness among these issues, as evidenced
by their increased bridge symptoms. Particularly, for high-
FoMO students who are the most affected by the fear of poor
evaluation, managing smartphone use and reducing de-
pendency are crucial strategies. Maintaining focus and
productivity, fostering a healthy balance between online
learning and other activities, promoting self-regulation, and
providing support mechanisms are of the utmost impor-
tance. Furthermore, this study highlights the significance of
the “inability to control craving” as a significant predictor of
symptoms, underscoring the need for self-regulation stra-
tegies and the development of healthy technology use habits.
To address social anxiety, manage PSU, and promote
balanced and healthy technology use, comprehensive ap-
proaches are warranted.

LIMITATIONS

Some limitations of this study should be mentioned. First,
in our longitudinal study, we collected the first wave of data
before the start of the four-month online course and the
second wave of data after its end. However, the current
study did not collect specific online course-related data
regarding, e.g., daily learning time, learning effectiveness,
or satisfaction with online learning. Future research could
incorporate these variables into their models. Second, we
used a nonclinical sample of secondary school students,
which is unlikely to be representative of clinical individuals.
Whether the current results can be generalized to people
who have been diagnosed with social anxiety or PSU re-
mains to be tested. Third, this study employed self-reported
measures to examine PSU. However, extant findings, as
indicated by Parry et al. (2021), have raised concerns about
the validity of research relying solely on self-reported
measures of digital media use. Therefore, more objective
indicators are needed to measure PSU and its associated
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psychological health problems. Fourth, despite our use of
longitudinal data, relationships among symptoms, espe-
cially causality, should be treated with caution. The current
conclusions need to be validated by further experimental
studies. Finally, caution should be exercised when gener-
alizing these findings to non-Chinese schoolchildren due to
potential cultural, educational, and technological variation.
Conducting comparative research involving non-Chinese
schoolchildren would provide a broader understanding
of the effects of online learning on social anxiety and PSU
while considering specific cultural factors and educational
systems.

CONCLUSIONS

This study investigates the relationship between social
anxiety, PSU, and the moderating role of FoMO. To the
best of our knowledge, this is the first study to use the
CLPN method to analyse these relationships. The results
show that individuals with high FoMO tend to experience
more severe social anxiety and PSU. However, after four
months of online learning, while they experienced a tem-
porary relief of symptoms, they still had a deeper under-
lying problem of comorbidity. The CLPN analysis has also
revealed differences in the root cause of PSU between those
with low FoMO and those with high FoMO: for the
former, it is primarily an impulsive-compulsive behaviour
problem; for the latter, it primarily concerns coping with
negative emotions related to social fear. This study there-
fore contributes to the understanding of FoMO’s impact on
social anxiety and PSU. It can thus facilitate the develop-
ment of targeted psychotherapeutic approaches for
different populations, thereby leading to improved treat-
ment outcomes.
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