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A network analysis approach to the relationship between fear of 

missing out (FoMO), smartphone addiction, and social networking site 

use among a sample of Chinese university students 

 

 

Abstract 

Background and aims: Previous research has explored the relationship between fear 

of missing out (FoMO), social network site (SNS) use, and/or smartphone addiction 

by correlation analysis and construction of latent variables model. However, 

smartphone addiction may also intensify negative emotion (e.g., fear of missing out, 

anxiety, and depression) and risky behavior (e.g., excessive social media use and 

problematic smartphone game activities). To date, few studies have adopted a 

network analysis approach to investigate the reciprocal action between the 

aforementioned variables. Therefore, the present study used network analysis to 

evaluate the relationship between FoMO, SNS use, and smartphone addiction among 

a sample of Chinese university students. 

Methods: A sample comprising 1258 Chinese university students (502 males) 

completed a survey including the Chinese Trait-State Fear of Missing Out Scale 

(T-SFoMOSC), Mobile Phone Addiction Index (MPAI), and Social Network Site 

Intensity Scale (SNSIS). 

Results: Inability to control craving and productivity loss had the closest edge 
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intensity. Feeling anxious and lost was the strongest central node (betweenness = 

1.903, closeness = 1.853, strength = 1.287) in the domain-level network. The 

item-level network analysis showed that FoMO was positively associated with SNS 

use and smartphone addiction. There were no significant gender differences in the 

network structure and the global edge strength. 

Conclusions: The findings here indicate that there is a close relationship between 

FoMO, SNS use, and smartphone addiction. Excessive social media use and higher 

level of FoMO appear to play a contributory role in smartphone addiction. 

Smartphone addiction may also further increase excessive SNS use and increase the 

level of FoMO. A bidirectional influence between smartphone addiction, SNS use and 

FOMO should be considered. Gender differences in FoMO, smartphone addiction, 

and motivation of SNS use should be investigated in future research. 

Keywords: fear of missing out; smartphone addiction; social networking site use; 
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1. Introduction 

Fear of missing out (FoMO) was first described in the context of business 

decision-making (McGinnis, 2004). More recently, FoMO has been defined as “a 

pervasive apprehension that others might be having rewarding experiences from 

which one is absent” by Przybylski et al. (2013, p. 1841). In addition, FoMO is 

regarded as a specific predisposition (i.e., trait-FoMO) and a specific cognition in 

online context (i.e., state-FoMO) (Wegmann et al., 2017). Moreover, FoMO has 

become a popular psychological phenomenon in relation to online social 

engagement (Alt, 2017). A study by Xinli001 (i.e., a Chinese psychological information 

website) reported that among social media users (i) more than 15% experience 

severe FoMO, (ii) nearly one-third frequently checked Weibo to avoid to missing out 

on the latest topics, and (iii) three-fifths feel upset if they are without their 

smartphone or their smartphone is out of power (Xinli001, 2016).  

As of December 2020, the numbers of smartphone users in China totaled 0.986 

billion (China Internet Network Information Center [CNNIC], 2020) and 3.5 billion 

worldwide (statista.com, 2020a). As one of the ‘generalized’ internet addictions 

(Montag et al., 2015; Chen et al., 2020), smartphone addiction refers to “an inability 

by individuals to regulate smartphone use and which leads to negative consequences 

and clinical impairment in daily life” (Billieux, 2012, p. 299). Although the term 

‘smartphone addiction’ is accepted and used widely by many scholars in behavioral 

addiction field (e.g., Kwon et al., 2013; Haug et al., 2015; Montag et al., 2021; Barnes, 

Pressey, & Scornavacca, 2019; Horvath et al., 2020), other scholars prefer the term 
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‘problematic smartphone use’ (e.g., Panova & Carbonell, 2018; Elhai et al., 2020). 

However, irrespective of terminology, the prevalence of smartphone addiction has 

been wide ranging. For instance, the following prevalence rates have been reported: 

2.7% disordered smartphone users among participants in a multi-country online 

survey (Hussain, Griffiths, & Sheffield, 2017); 1.0%-3.9% among European young 

adults (Lopez-Fernandez et al., 2017); 21.3% among Chinese undergraduates (Long et 

al., 2016); 36.4% among Korean college students (Kim et al., 2017); and 7.5% among 

Korean middle and high school students (Kim et al., 2019). A recent meta-analysis 

reported that the median prevalence of problematic smartphone use among child 

and young people was 23.3% (14.0-31.2%) with studies mainly coming from Asia 

(Sohn et al., 2019).  

Social networking sites (SNSs) are defined as web-based services that allow 

individuals to construct personal profiles and display and share personal connections 

within a bounded system (Boyd & Ellison, 2007). SNSs have become highly popular in 

China and worldwide more generally in recent years. QQ, WeChat and Weibo (a 

micro blog) are the three most frequently used SNSs among Chinese people. 

Although SNS use and social media use are not the same (Kuss & Griffiths, 2017), 

they are often used interchangeably in China because SNSs (i.e., QQ and WeChat) 

include powerful functions alongside instant messages, such as microblogging, 

playing music and videos, gaming, and showing photos. QQ and WeChat, both 

popular instant message platforms, have increasingly attracted the attention of 

individuals of different ages, gender, and occupational groups (CNNIC, 2020). 
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According to the CNNIC (2020), the number of users (older than six years) who used 

instant messaging (IM) services exceeded 0.978 billion (99.3% of smartphone users) 

in December 2020. The number of QQ and WeChat monthly active users were both 

more than 980 million by the end of 2020 (Statista.com, 2020b).  

Some scholars have indicated that FoMO is related to excessive social networking 

site usage and SNS addiction (Kuss & Griffiths, 2017; Blackwell et al., 2017; Casale et 

al., 2018). In addition, problematic smartphone use has also been found to be related 

to FoMO (Wang et al., 2019; Elhai et al., 2016). Gezgin (2018) investigated the 

relationship between FoMO, smartphone addiction, and excessive SNS use among 

Turkish high school students and reported a significant and positive correlation 

between the three variables.  

Although the relationship between FoMO, SNS use and/or smartphone addiction 

has been studied utilizing correlation analysis or latent class analysis, few studies 

have used social network analysis as a radically new method of understanding the 

relationships between these variables. Therefore, network analysis was utilized in the 

present study to better explain the relationship between FoMO, smartphone 

addiction, and SNS use among a sample of Chinese university students. A more visual 

depiction of the variables’ associations may help to elaborate the theoretical links 

between FoMO, smartphone addiction, and SNS use. 

2. Theoretical background  

2.1 Related theories on the relationship between FoMO, smartphone addiction and 

SNS use 
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 Self-determination theory (SDT) proposes that individual psychological needs 

include autonomy, competence, and relatedness (Deci & Ryan, 1985), which may 

explain the motives for SNS use among adolescents and young adults by who are 

expressing/presenting themselves through social networking sites/platforms (e.g., 

photo/video-sharing, sharing internet memes, blogging, etc.), accessing updated 

information from media or others, and building and maintaining interpersonal 

relationships, Daily frustration of basic psychological needs and stronger SNS use 

motivations may lead to high levels of FoMO and excessive smartphone 

use/smartphone addiction. In addition, people’s need to belong is an innate drive 

which impacts on most individuals’ behaviors. Based on the Belongingness 

Hypothesis (Kim, Wang, & Oh, 2016), individuals may yearn for more communication 

with others through social media use and/or face-to-face interaction for better 

integration into the collective. With the development of mobile smart devices, online 

social activities are easier facilitated and more convenient. In addition, the 

Interaction of Person-Affect-Cognition-Execution (I-PACE) model also posits that 

negative affect and cognitive responses may be important factors in developing 

addictive behaviors (e.g., smartphone addiction and gaming disorder) through the 

interactions between multiple variables (Brand et al., 2019). Moreover, Billieux (2012) 

posited that the pathway of problematic mobile phone use included the reciprocal 

influence between negative affect and executive function (i.e., poor self-control), 

which may cause problematic mobile phone/smartphone use. In turn, negative 

outcomes from excessive or uncontrolled mobile phone use also may increase 
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negative affect (FoMO, depression and anxiety) and impulsive SNS use or gaming. 

2.2 Network analysis 

Network analysis has been used widely in the fields of natural science and social 

science over the past two decades, and is characterized by “structure, positions, and 

dyadic properties and the overall ‘shape’ of ties on graph-theoretic properties” 

(Borgatti et al., 2009, p 894.). Network analysis can quickly establish a relationship 

model between numerous variables and provide the possibility of exploring complex 

psychological systems. Moreover, network analysis focuses on how variables relate to 

each other and reveals data models which are difficult to show when utilizing latent 

variable models. The interaction of variables may be a more suitable explanation to 

the occurrence and development of some social phenomena or disease symptoms. 

The core idea is that an episode of mental disorder originates from causal 

interactions between symptomatic elements has resonated with some clinical 

scientists. This has led to the social network analysis approach being applied widely 

to psychopathology (McNally, 2021). Structural equation modeling (SEM) and 

principal component analysis (PCA) are mainly used to study latent variables and 

have explicit direction rather than reciprocal action between variables. Furthermore, 

network analysis can be used to study different time nodes of observed variables and 

its process of change over time through longitudinal study (Schmittmann et al., 

2013). 

For instance, Isvoranu et al. (2016) used a longitudinal network analysis to 

examine the relationship between childhood trauma and psychotic symptoms, and 

Jo
urn

al 
Pre-

pro
of



 8 

reported close connections between all types of childhood trauma and positive and 

negative psychotic symptoms through symptoms of general psychopathology. The 

use of network analysis helped investigate and identify pathways that were involved 

in the relationship between childhood trauma and psychosis, and which may be 

helpful in mapping potential trans-diagnostic processes. In a different study, network 

analysis of dark personality traits indicated that callousness and interpersonal 

manipulation were central traits in the dark personality network. The benefit of 

network analysis was in using a graphical and quantitative method which may better 

describe the centrality of dark personality traits (Marcus, Preszle, & Zeigler-Hill, 

2018). In addition, social network analysis has been utilized to demonstrate that 

social anxiety disorder is a densely interconnected network of fear and avoidance in 

social situations, which was consistent with the network theory of mental disorders 

(i.e., that networks with strong symptom connectivity were considered as more 

pathogenic than networks with weaker connectivity) (Heeren & McNally, 2018). The 

network analysis used here was the first study in this area to adopt graph theory to 

visually verify the core concept of social anxiety disorder.  

Some scholars have carried out research into smartphone addiction and FoMO on 

graph theoretic approach, respectively. For example, Andrade et al. (2020) validated 

the Brazilian short version of Smartphone Addiction Scale (SAS-SV) and found that 

withdrawal and preoccupation symptoms had the strongest influence in the 

smartphone addiction network when presented visually. Huang et al. (2021) explored 

the network of problematic smartphone use and found that loss of control was the 
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key feature of this construct, which suggests preventive actions focused on 

self-regulation. In addition, in relation to the Big Five personality traits, FoMO was 

positively associated with neuroticism and negatively correlated with agreeableness, 

conscientiousness, extraversion and openness based on exploratory graph analysis 

(EGA), and which investigated the relationship between FoMO and personality at a 

more detailed level (Rozgonjuk et al., 2021). However, there is a lack of research on 

the relationship between FoMO, smartphone addiction, and SNS utilizing networking 

analysis. 

3. Hypotheses development  

3.1. The relationship between FoMO and smartphone addiction 

Higher levels of FoMO may also contribute to addictive behaviors (e.g., internet 

addiction, gaming disorder, and impulsive buying) (Pontes, Taylor, & Stavropoulos, 

2018; Long et al., 2019; Wang et al., 2019; Yuan, Elhai, & Hall, 2021; Aydin et al., 

2019). A significant positive correlation between FoMO and problematic mobile 

phone use was found among Turkey high school students (Coskun, & Muslu, 2019). In 

addition, Wolniewicz et al. (2018) also indicated that FoMO was strongly related to 

problematic and social smartphone use. Moreover, among adolescents, sensation 

seeking was reported as a predictor of smartphone addiction in which FoMO and 

procrastination have been identified as mediators (Wang et al., 2019). However, 

cross-lagged findings of the relationship between FoMO and smartphone addiction 

has not received support at different time-points (Coco et al., 2020). 

H1. FoMO will be positively associated with smartphone addiction. 
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3.2. The relationship between FoMO and SNS use 

Some studies have reported that individuals with low psychological need 

satisfaction (Oberst et al., 2017; Przybylski et al., 2013; Xie et al., 2018) and who use 

social media frequently (Andreassen et al., 2016; Błachnio & Przepiorka, 2018; 

Primack et al., 2017) experience severe FoMO. Roberts and David (2020) reported 

that FoMO had a positive indirect effect on social connection via social media 

intensity. In a longitudinal study, Buglass et al. (2017) indicated that SNSs may impact 

on online vulnerability through FoMO and that decreased self-esteem may facilitate a 

potentially detrimental cycle of FoMO-inspired SNS use. In addition, recent 

meta-analyses have reported a positive association between FoMO and SNS use, as 

well as between FoMO and problematic SNS use (Fioravanti et al., 2021; Zhang, Li, & 

Yu, 2021). Some scholars have also reported that FoMO is associated with social 

media addiction utilizing cross-sectional research (Blackwell et al., 2017; Elhai et al., 

2016).  

H2. FoMO will be positively associated with SNS use. 

3.3. The relationship between smartphone addiction and SNS use 

Excessive smartphone use has been associated with addiction to social networking 

site use (Cha, & Seo, 2018; Haug et al., 2015; Barnes, Pressey, & Scornavacca, 2019). 

Investigations into SNS use has also stimulated important research for scholars in the 

field of behavioral addiction. For example, a survey of Taiwanese children reported 

that excessive SNS use may increase the risk of smartphone addiction (Chang et al., 

2019). In addition, Noë et al. (2019) indicated that the excessive use of social media 
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apps generally was associated with smartphone addiction. Moreover, in another 

study, SNS use, game use, and entertainment-related use were positive predictors of 

smartphone addiction, while SNS use may better predict smartphone addiction than 

game use among elementary school students in South Korea (Jeong et al., 2016).  

H3. Smartphone addiction will be positively associated with SNS use. 

3.4. FoMO, smartphone addiction and SNS use 

The rapid growth of the internet has increased interpersonal communication 

among individuals. However, overuse of the internet may also result in some 

negative outcomes for a minority of individuals, including smartphone addiction and 

gaming disorder, as well as negative emotional states (e.g., FoMO, depression, and 

anxiety). In addition, excessive social media users may spend less and less time 

offline to participate in real-life activities (Duvenage et al., 2020), which can cause 

FoMO when they are not online. Moreover, among Chinese adolescents, social media 

use has also given rise to upward social comparisons, in which FoMO and daily 

duration of SNS use on smartphones were risk factors for smartphone addiction and 

FoMO was associated with SNS addiction among Chinese adolescents (Yin et al., 

2019). In a study of Turkish university students, a significant positive association 

between Facebook intensity, FoMO, and smartphone addiction was reported, with 

FoMO and smartphone addiction possibly being predictive of Facebook intensity 

(Traş & Öztemel, 2019). Another study reported a bidirectional relationship between 

compulsive internet use and psychological problems, especially the reciprocal 

relationship between mobile phone addiction and depression (Van den Eijnden et al., 
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2008; Jun, 2016; Billieux, 2012). These previous studies suggest a complex interactive 

relationship between SNSs, FoMO, and smartphone addiction.  

H4. There will be a close and reciprocal relationship between FoMO, SNS use, and 

smartphone addiction. 

3.5 Gender differences in FoMO, smartphone addiction and SNS use 

Przybylski et al. (2013) reported that males had higher levels of FoMO than 

females, while some studies have reported the opposite or no gender differences at 

all (Stead & Bibby, 2017; Beyens, Frison, & Eggermont, 2016; Tomczyk & 

Selmanagic-Lizde, 2018). Gender differences in FoMO need to be examined. Studies 

have reported females with smartphone addiction used more multimedia application 

and problematic SNS use was associated with depression, anxiety, and sleep 

problems and being more responsive to internal motives, whereas males were more 

sensitive to external motives and used more gaming apps which were associated 

with anxiety and sleep problems (Chen et al., 2017a, 2017b). Moreover, motivation 

of SNS use has been found to be significantly different between gender, with females 

using SNSs to gain social information and males using them to gain general 

information (Krasnova et al., 2017). Blomfield Neira and Barber (2014) found that 

compared with male adolescents, female adolescents reported more negative 

indicators (e.g., depressed mood and low self-esteem) in relation to their SNS use. 

Moreover, females give and receive greater social support than men (Tifferet, 2020). 

Considering the inconsistencies in FoMO, smartphone addiction, and SNS use in 

relation to gender, the structure network and the global strength among gender 
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groups was compared.  

H5. There will be gender differences in the network structure and the global strength 

among Chinese university students.  

4. Methods 

4.1. Participants and procedure 

The present study adopted a cross-sectional design and comprised a sample of 

1258 university students from two provinces in China by utilizing convenience 

sampling. An online survey was completed by participants on the Wenjuanxing 

platform (a popular Chinese survey website). After excluding participants providing 

incomplete data, 1143 participants remained for analysis (502 males [43.9%] and 641 

females [56.1%]). All participants owned a smartphone and used social media. The 

mean age of participants was 20.2 years (SD = 1.6, aged 18 to 25 years). From 

October 2019 to April 2020, participants were recruited from three universities (731, 

418 and 298 participants, respectively) in Jiangxi and Liaoning provinces. The 

participants completed the survey for course credit after a detailed explanation of 

the research purpose. The online survey took approximately five minutes to 

complete.  

4.2. Measures 

Chinese Trait-State Fear of Missing Out Scale (T-SFoMOSC) 

The Trait-State Fear of Missing Out Scale (T-SFoMOS; Wegmann et al., 2017) 

Jo
urn

al 
Pre-

pro
of



 14 

assesses the level of fear of missing out and the Chinese version of T-SFoMOS was 

validated by Li et al. (T-SFoMOSC, 2020). The T-SFoMOSC includes 12 items and two 

factors, comprising trait-FoMO (e.g., “I fear others have more rewarding experiences 

than me”) and state-FoMO (e.g., “I continuously consult my smartphone, in order not 

to miss out on anything”), which is consistent with the original T-SFoMOS. Each item 

is assessed on a five-point Likert scale from 1 (totally disagree) to 5 (totally agree). A 

higher total score indicates a higher level of FoMO. The Cronbach’s alpha and 

McDonald's ω in the present study were 0.82 and 0.82 (total scale), 0.76 and 0.78 

(trait-FoMO), and 0.79 and 0.80 (state-FoMO).  

Mobile Phone Addiction Index (MPAI) 

The Mobile Phone Addiction Index (MPAI) (Leung, 2008) assesses the severity of 

smartphone addiction and the Chinese version was validated by Huang et al. (2014). 

The MPAI has 17 items with four factors, comprising inability to control craving, 

feeling anxious and lost, withdrawal/escape, and productivity loss. Each item is 

assessed on a five-point Likert scale from 1 (“not at all”) to 5 (“always”). Higher total 

scores indicate higher severity of smartphone addiction. The Cronbach’s alpha and 

McDonald's ω of the total MPAI were 0.86 and 0.86 in the present study. The 

Cronbach’s alpha and McDonald's ω for inability to control craving were 0.75 and 

0.76, 0.74 and 0.76 for feeling anxious and lost, 0.72 and 0.77 for withdrawal/escape, 

and 0.71 and 0.75 for productivity loss. 

Social Network Site Intensity Scale (SNSIS)   

The SNSIS assesses SNS intensity, and was adapted from the Facebook Intensity 
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Scale (Ellison, Steinfield, & Lampe, 2007) and the Chinese version was validated by 

Sun et al. (2016). The SNSIS contains eight items, two items of which assess the 

extent of SNS activities among participants (i.e., “About how many total SNSs [e.g., 

QQ or Wechat] friends do you have?”[SNSI1; 1 = “10 or less”, 2 = “11～50”, 3 = “51～

100”, 4 = “101～150”, 5 = “151～200”, 6 = “201～250”, 7 = “251～300”, 8 = “301～

400”, 9 = “more than 400”] and “In the past week, on average, approximately how 

many minutes per day have you spent on SNSs” [SNSI2; 1 = “less than 10 minutes”, 2 

= “10～30 minutes”, 3 = “31～60 minutes”, 4 = “1～2 hours”, 5 = “2～3 hours”, 6 = 

“more than 3 hours”]) and the other six items assess individual attitude to SNS 

activities (SNSI3; e.g., “I would be sorry if SNSs [e.g., QQ or Wechat] shut down”). The 

six items are assessed on a five-point Likert scale from 1 (“totally disagree”) to 5 

(“totally agree”). Higher total scores indicate higher intensity of SNS use. In the 

present study, the Cronbach’s alpha and McDonald's ω for the total SNSIS were .74 

and .80, respectively.  

4.3. Statistical analysis 

Descriptive statistics, Pearson’s correlation and eta-squared (η2) were performed 

using SPSS 25. The Cronbach's alpha, McDonald's ω, Cohen's d, Bayesian correlation, 

and network analysis were conducted using JASP (Jeffrey’s Amazing Statistics 

Program). The network comparison test (NCT) was adopted using the R package (van 

Borkulo, 2016). 

Visualized network analysis was performed in the present study. A graphical least 
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absolute shrinkage and selection operator (LASSO; Friedman et al., 2008) 

regularization based on the Extended Bayesian Information Criterion (EBIC; Chen & 

Chen, 2008), called the EBICglasso model and calculated using JASP. The tuning 

parameter was set to 0.5 for a more parsimonious and easier explainable network 

(i.e., fewer edges, higher specificity and sensitivity). The centrality of codes in the 

network represented study variables, which were calculated including betweenness 

(degree of connectivity), closeness (the distance centrality), and strength (degree 

centrality) (Epskamp et al., 2012). Correlation stability coefficient (CS-coefficient) 

was used to describe the node centrality stability, which was suggested to be 

preferably above 0.5 for interpretability and stability (Epskamp et al., 2018). The 

connection of codes was described using edges. Stronger correlation and weaker 

correlation were drawn by thicker edges and thinner edges, respectively. 

Bootstrapped 95% confidence intervals were utilized for estimating edge stability 

(the number of bootstrap samples is 1000) and fewer overlaps indicate higher 

stability. The structure network and the global network strengths were compared 

across gender utilizing the network comparison test (NCT).  

4.4. Ethics 

The study was approved by the research team’s University Research Ethics 

Committee, and all procedures were performed in line with the Declaration of 

Helsinki. All participants provided oral informed consent. 
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5. Results 

5.1. Descriptive statistics and correlation analyses 

Descriptive statistics and groups comparison for the study variables are shown in 

Table 1. The SNS use scores were significantly different for gender (t = 2.79, p = 0.005) 

and grades (F = 4.63, p = 0.003). However, the effect sizes for gender (Cohen’s d = 

0.166) and grade (η2 = 0.012) were both small (i.e., less than 0.20). 

As shown in Table 2, total scores on FoMO, state-FoMO, and smartphone addiction 

scales were significantly positively associated with SNS use (All p <. 01). Trait-FoMO 

and four factors of smartphone addiction were significantly positively associated with 

SNS use (p <. 01) except for Item SNSI1 (numbers of SNS friends) (p >. 05). The 

correlation coefficients of state-FoMO with SNS use, smartphone addiction, and total 

FoMO were higher than those of trait-FoMO with SNS use, smartphone addiction, 

and total FoMO. The Bayesian correlation test found that most of log(BF10) were 

more than 3. The effect sizes of the relationship between FoMO, smartphone 

addiction, and SNS use were verified effectively by Bayesian correlation analysis. 

5.2. EBICglasso network analysis  

  The EBICglasso network including trait-FoMO, state-FoMO, SNS use (total score on 

the SNSIS), and four factors of smartphone addiction for the 1143 university students 

are presented based on the domain-level network in Figure 1A. There were seven 

nodes and 18 non-zero edges in the network. Nodes S1 (inability to control craving) 

and S4 (productivity loss) had the strongest edge intensity (r = 0.43). Node F2 
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(state-FoMO) had a direct association with the intensity of SNS use (r = 0.28), F1 

(trait-FoMO, r = 0.28), and S2 (feeling anxious and lost, r = 0.23). Node S2 had a direct 

association with S3 (withdrawal/escape, r = 0.26), S1 (r = 0.21), and intensity of SNS 

use (r = 0.16). Item-level FoMO, smartphone addiction, and SNS use data are shown 

in Figure 1B. The network analysis showed that FoMO was positively connected with 

SNS use and smartphone addiction.  

In the domain-level network, the edge stability estimation showed that fewer 

overlaps indicated a moderate stability of the network (Appendix S1). The 

CS-coefficients of trait-FoMO, state-FoMO, SNS use, and four factors of smartphone 

addiction including inability to control craving, feeling anxious and lost, 

withdrawal/escape, and productivity loss were 0.50, 0.93, 0.55, 0.80, 0.97, 0.72, and 

0.71, respectively (Appendix S2). The centrality stability of nodes was considered 

preferable in the network (i.e., all CS ≥ 0.5). Table 3 and Figure 2 shows the study 

variables’ betweenness, closeness and strength (degree) for the 1143 university 

students. S2 was the most central node and had the strongest betweenness (1.903) 

and closeness (1.853), as well as the highest level of strength centrality (1.287).  

In the item-level network, items s10 (“You feel anxious if you have not checked for 

messages or switched on your mobile phone for some time”) and s14 (“You have used 

your mobile phone to talk to others when you were feeling lonely”) had higher level 

of strength centrality (1.893 and 1.45) in smartphone addiction. Items x6 (“I am 

continuously online in order not to miss out on anything”) and x7 (“It is important 

that I have a say about the latest issues in my online social networks [videos, images, 
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posts, etc.]”) had higher level of strength centrality (1.624 and 1.417) in FoMO, while 

y8 (“I would be sorry if SNSs shut down”) had the highest level of strength centrality 

(0.938) in SNS use (Appendix S3). 

5.3. EBICglasso network analysis for gender 

Nodes S1 and S4 had the strongest edge intensity among males (r = 0.41) and 

females (r = 0.42). S2 had the strongest betweenness, closeness, and strength among 

males (1.668, 1.872, and 1.586). For females, S2 also had the strongest betweenness 

(1.903 and 1.816) and closeness (1.777 and 1.720), and state-FoMO had the highest 

strength coefficient (1.277). (Appendix S4 and S5). 

5.4. Comparison of network between gender 

The network comparison test (NCT) showed the network structure had no 

significant difference between males and females (M = 0.106, p = 0.66). The edge 

invariance test was not conducted to avoid an increased Type I error when the 

network structure is invariant (i.e., the NCT proved slightly too liberal for the edge 

strength test relative to the network structure invariance test) (van Borkulo et al., 

2017). The network comparison test (NCT) showed the global edge strengths had no 

significant difference among gender group (males = 2.447 vs. females = 2.536, p = 

0.696).   

6. Discussion  

The present study examined gender differences for FoMO, SNS use, and 

smartphone addiction (using t-tests alongside effect sizes). The results were 

consistent with Tomczyk and Selmanagic-Lizde’ (2018) who reported that FoMO was 
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not associated with gender. Some studies have indicated that males and females 

have different motives concerning SNS use for self-presentation (e.g., Huang, Kumar, 

& Hu, 2018). However, there was no significant difference between males and 

females in relation to their SNS use in the present study. Moreover, the present study 

found there was no gender difference concerning smartphone addiction, which was 

similar to Chen et al.’s (2017) findings among Chinese medical college students.  

There were significant positive associations between smartphone addiction and 

FoMO and SNS use. These results supported Hypotheses 1-3, which concur with 

Gezgin (2018). FoMO and SNS use may better predict than duration of smartphone 

ownership smartphone addiction, and FoMO was the strongest predictive variable 

for smartphone addiction among high school students in a Turkish study (Gezgin, 

2018). Significant positive associations between FoMO, smartphone addiction, and 

Facebook intensity have also been reported among Turkish university students (Traş 

& Öztemel, 2019). A recent study also indicated that FoMO was related to 

problematic use of WhatApp, Facebook, Instagram, and Snapchat (Rozgonjuk et al., 

2020). In addition, state-FoMO had higher correlation coefficients with other 

variables than trait-FoMO in the present study. These findings are similar to those of 

Balta et al. (2020) who reported significant associations between state-FoMO and 

problematic Instagram use and trait-FoMO and problematic Instagram use.  

As emerging adults, Chinese university students regard social network sites (mainly 

QQ, WeChat and Weibo) as part of their daily lifestyle. SNS use may facilitate 

interpersonal communication, provide entertainment (e.g., music, videos, books, or 
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games), and help in the completion of academic work (e.g., sending and receiving 

homework or online surveys). However, excessive SNS use may increase the level of 

FoMO. The feeling of fear of missing out important information or instant 

communication with others is often experienced. Greater fear and anxiety, especially 

state-FoMO as a specific context cognition, may in turn increase SNS use. Therefore, 

state-FoMO is closely related to feeling anxious and lost (i.e., one factor of 

smartphone addiction) as well as excessive SNS use. The node of SNS use also had an 

important role in the nodes of the network connection (i.e., closely associated with 

S2,S3 and state-FoMO, Figure 1), which indicated greater SNS use was associated 

with a higher level of FoMO.  

Internet addiction and psychiatric symptoms may interact and precipitate each 

other (Beranuy et al., 2009). Chotpitayasunondh and Douglas (2016) reported that 

smartphone addiction may predict phubbing behavior and phubbee experiences, 

whereas the potential influence of emotional support from social media on phubbing 

behavior has been reported (Fang et al., 2020). The Dynamic Motivation Activation 

(DMA) model Wang et al., 2011; Wang & Tchernev, 2012) proposes that users’ 

motivation may be changed by motivated media choices and use in real time, which 

further influences subsequent media choice and use. The reciprocal causality or 

mutual influence was useful in the present study. FoMO and excessive SNS usage 

may result in smartphone addiction and form a vicious ccle between FoMO, SNS use, 

and smartphone addiction.  

The relationship between FoMO, SNS use, and smartphone addiction also was 
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explored using network analysis among a sample of Chinese university students. The 

network structure and the global strength of gender groups were compared by 

examining the invariance of network connectivity across gender. Consequently, the 

present study is the first to explore network connectivity between FoMO, SNS use, 

and smartphone addiction among a sample of Chinese university students, and 

verified the close and reciprocal relationship between aforementioned variables (i.e., 

Hypothesis 4).  

In the domain-level network, inability to control craving (S1) and productivity loss 

(S4) had the strongest edge intensity. This indicated that university students spend 

large amounts of time on their smartphone and had an inability to control impulsive 

thoughts and behavior concerning their smartphone use, and triggering unavoidable 

negative outcomes (i.e., impairment of academic performance and working 

competency, and compromising interpersonal relationship). Huang et al. (2021) also 

reported that loss of control and excessive use were the core symptoms of 

problematic smartphone use utilizing network analysis among Grade 4 and Grade 8 

students in China. In addition, feeling anxious and lost (S2) and state-FoMO (F2) were 

the core nodes. The S2 factor of smartphone addiction reflected the inability of 

adolescents to switch off their smartphone and was associated with intense 

emotional experience (anxiety, feeling lost, and total preoccupation) (Leung, 2008). 

The main characteristics of anxiety are fear and/or worry. Anxiety and fear are 

interrelated and often overlap. FoMO is considered as a type of social anxiety. 

State-FoMO especially stresses the importance of the special context, in which an 
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internet-communication application (e.g., QQ and WeChat) is used (Wegmann et al., 

2017). In addition, state-FoMO is also similar to state-anxiety, which has been found 

to be significantly and positively associated with excessive smartphone use (Shen et 

al., 2019). Some scholars have found that anxiety and depression may predict 

smartphone addiction (Kim & Koh, 2018; Chiu, 2014). On the contrary, smartphone 

addiction may also predict anxiety and depression (Hawi & Samaha, 2017; Geng et al., 

2021). The present network analysis also demonstrated a reciprocal relationship 

between FoMO and smartphone addiction and SNS use, which is consistent with 

Billieux’s (2012) pathway model. 

In the item-level network, items s10 (“You feel anxious if you have not checked for 

messages or switched on your mobile phone for some time”; the factor of feeling 

anxious and lost) and s14 (“You have used your mobile phone to talk to others when 

you were feeling lonely”; the factor of withdrawal/escape) had a higher level of 

strength centrality in smartphone addiction. This indicated smartphone addiction 

was more closely associated with FoMO (i.e., anxiety check) and SNS use (i.e., SNS 

use for avoiding loneliness). Huang et al. (2021) also indicated that 

anxiety/restlessness and boredom had strong centrality which may be next only to 

central symptoms. The items x6 (“I am continuously online in order not to miss out on 

anything”) and x7 (“It is important that I have a say about the latest issues in my 

online social networks [videos, images, posts, etc.]”) were both in the state-FoMO 

dimension and had higher strength centrality in FoMO, which indicated FoMO, 

especially state-FoMO, more closely associated with smartphone addiction (i.e., 
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continuously online) and SNS use (i.e., engage in online social networks). As Balta et 

al. (2020)’ reported, state-FoMO was directly associated with problematic Instagram 

use, while trait-FoMO was indirectly associated with problematic Instagram use via 

state-FoMO. In addition, y8 (“I would be sorry if SNSs shut down”; attitude to SNS 

activities) had the highest level of strength centrality in SNS use. This indicated SNS 

use was more closely associated with the fear of missing out on important events 

and being eager to communicate with others, and excessive/problematic SNS use 

was more likely lead to smartphone addiction. Smartphone addiction in turn may 

affect SNS use and FoMO, which further verified the reciprocal model of 

multivariables.  

Although gender differences have been reported in posttraumatic stress disorder 

and social anxiety disorder symptoms (Cao et al., 2019; Heeren & McNally, 2018) 

using the network comparison test (NCT), the relationship in the present study 

between FoMO, SNS use, and smartphone addiction found no significant differences 

for gender, which means Hypothesis 5 was not supported. Mitchell and Hussain 

(2018) reported that no significant gender difference was found for problematic 

smartphone use, which is similar to the findings of the present study. However, some 

scholars have reported that there are significant gender differences concerning the 

motivations of social media use (Barker, 2009; Huang, Kumar, & Hu, 2018). Therefore, 

the relationship between FoMO, motivation of SNS use, and smartphone addiction 

requires further research to further delineate these relationships. 

The present study has several limitations that should be considered. One of the 
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main limitations is the use of cross-sectional data, which might cannot determine 

causality between the variables. Therefore, a longitudinal network analysis should be 

conducted on the relationship between FoMO, SNS use, and smartphone addiction. 

Moreover, all data were collected by survey utilized self-report, which might result in 

well-known participant biases. More objective study methods and measurement 

tools (e.g., clinical diagnosis of smartphone addiction) should be used in future 

studies. Finally, convenience sampling was used to collect the data. In future research, 

a more representative sample should be considered. In addition, future research 

needs to examine the interaction of different levels of FoMO and different intensity 

of SNS use to smartphone addiction and the effect of different degrees of 

smartphone addiction to FoMO and SNS use. Moreover, gender as moderator 

impacting the relationship between FoMO and smartphone addiction and SNS use 

require further investigation. Potential bidirectional influences between smartphone 

addiction, SNS use and FOMO using cross-lagged/longitudinal network analysis 

should also be considered. 

Conclusions 

The relationship between FoMO, SNS use, and smartphone addiction was 

examined using network analysis. These results indicated that feeling anxious and 

lost, and state-FoMO were the core nodes in the relationship network between 

FoMO, SNS use, and smartphone addiction. A new perspective in the prevention of 

smartphone addiction is suggested by these findings. More specifically, practitioners 

developing interventions to overcome smartphone addiction should consider aspects 
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aimed at regulating and/or reducing excessive SNS use and controlling feelings of 

FOMO. In turn, prevention of smartphone addiction may also decrease excessive SNS 

use and relieve high levels of FoMO. 

 

  

 

Availability of data and materials 

The datasets supporting the conclusions of this article are available from the 

corresponding author upon reasonable request. 

 

 

Competing interests 

There are no financial or non-financial competing interests. None of the research 

staff received incentives for recruiting participants or for any other purpose directly 

associated with the study. 

 

Consent for publication 

Not applicable. 

 

 

References 

 

1. Alt, D. (2017). Students’ social media engagement and fear of missing out (FoMO) in 

Jo
urn

al 
Pre-

pro
of



 27 

a diverse classroom. Journal of Computing in Higher Education, 29(2), 388-410. 

2. Andrade, A. L. M., Scatena, A., Martins, G. D. G., de Oliveira Pinheiro, B., da Silva, A. 

B., Enes, C. C., ... & Kim, D. J. (2020). Validation of Smartphone Addiction Scale-Short 

Version (SAS-SV) in Brazilian adolescents. Addictive Behaviors, 110, 106540. 

3. Andreassen, C. S., Billieux, J., Griffiths, M. D., Kuss, D. J., Demetrovics, Z., Mazzoni, E., 

& Pallesen, S. (2016). The relationship between addictive use of social media and 

video games and symptoms of psychiatric disorders: A large-scale cross-sectional 

study. Psychology of Addictive Behaviors, 30(2), 252–262.  

4. Aydin, D., Selvi, Y., Kandeger, A., & Boysan, M. (2021). The relationship of consumers’ 

compulsive buying behavior with biological rhythm, impulsivity, and fear of missing 

out. Biological Rhythm Research, 10(52), 1514-1522. 

5. Balta, S., Emirtekin, E., Kircaburun, K., & Griffiths, M. D. (2020). Neuroticism, trait 

fear of missing out, and phubbing: The mediating role of state fear of missing out and 

problematic Instagram use. International Journal of Mental Health and 

Addiction, 18(3), 628-639. 

6. Barker, V. (2009). Older adolescents' motivations for social network site use: The 

influence of gender, group identity, and collective self-esteem. CyberPsychology & 

Behavior, 12(2), 209-213. 

7. Barnes, S. J., Pressey, A. D., & Scornavacca, E. (2019). Mobile ubiquity: Understanding 

the relationship between cognitive absorption, smartphone addiction and social 

network services. Computers in Human Behavior, 90, 246-258. 

8. Beranuy, M., Oberst, U., Carbonell, X., & Chamarro, A. (2009). Problematic Internet 

Jo
urn

al 
Pre-

pro
of



 28 

and mobile phone use and clinical symptoms in college students: The role of 

emotional intelligence. Computers in Human Behavior, 25(5), 1182-1187. 

9. Beyens, I., Frison, E., & Eggermont, S. (2016). “I don’t want to miss a thing”: 

Adolescents’ fear of missing out and its relationship to adolescents’ social needs, 

Facebook use, and Facebook related stress. Computers in Human Behavior, 64, 1-8. 

10. Billieux, J. (2012). Problematic use of the mobile phone: A literature review and a 

pathways model. Current Psychiatry Reviews, 8(4), 299-307. 

11. Błachnio, A., & Przepiorka, A. (2018). Facebook intrusion, fear of missing out, 

narcissism, and life satisfaction: A cross-sectional study. Psychiatry Research, 259, 

514–519. 

12. Blackwell, D., Leaman, C., Tramposch, R., Osborne, C., & Liss, M. (2017). Extraversion, 

neuroticism, attachment style and fear of missing out as predictors of social media 

use and addiction. Personality and Individual Differences, 116, 69-72. 

13. Blomfield Neira, C. J., & Barber, B. L. (2014). Social networking site use: Linked to 

adolescents' social self‐concept, self‐esteem, and depressed mood. Australian 

Journal of Psychology, 66(1), 56-64. 

14. Borgatti, S. P., Mehra, A., Brass, D. J., & Labianca, G. (2009). Network analysis in the 

social sciences. Science, 323(5916), 892–895.  

15. Boyd, D. M., & Ellison, N. B. (2007). Social network sites: Definition, history, and 

scholarship. Journal of Computer-Mediated Communication, 13(1), 210-230. 

16. Brand, M., Wegmann, E., Stark, R., Müller, A., Wölfling, K., Robbins, T. W., & Potenza, 

M. N. (2019). The Interaction of Person-Affect-Cognition-Execution (I-PACE) model for 

Jo
urn

al 
Pre-

pro
of



 29 

addictive behaviors: Update, generalization to addictive behaviors beyond 

internet-use disorders, and specification of the process character of addictive 

behaviors. Neuroscience & Biobehavioral Reviews, 104, 1-10. 

17. Buglass, S. L., Binder, J. F., Betts, L. R., & Underwood, J. D. (2017). Motivators of 

online vulnerability: The impact of social network site use and FOMO. Computers in 

Human Behavior, 66, 248-255. 

18. Cao, X., Wang, L., Cao, C., Fang, R., Chen, C., Hall, B. J., & Elhai, J. D. (2019). Sex 

differences in global and local connectivity of adolescent posttraumatic stress 

disorder symptoms. Journal of Child Psychology and Psychiatry, 60(2), 216-224. 

19. Casale, S., Rugai, L., & Fioravanti, G. (2018). Exploring the role of positive 

metacognitions in explaining the association between the fear of missing out and 

social media addiction. Addictive Behaviors, 85, 83–87.  

20. Cha, S. S., & Seo, B. K. (2018). Smartphone use and smartphone addiction in middle 

school students in Korea: Prevalence, social networking service, and game 

use. Health Psychology Open, 5(1), 2055102918755046. 

21. Chang, F. C., Chiu, C. H., Chen, P. H., Chiang, J. T., Miao, N. F., Chuang, H. Y., & Liu, S. 

(2019). Children's use of mobile devices, smartphone addiction and parental 

mediation in Taiwan. Computers in Human Behavior, 93, 25-32. 

22. Chen, J., and Chen, Z. (2008). Extended Bayesian information criteria for model 

selection with large model spaces. Biometrika, 95, 759–771.  

23. Chen, B., Liu, F., Ding, S., Ying, X., Wang, L., & Wen, Y. (2017a). Gender differences in 

factors associated with smartphone addiction: a cross-sectional study among medical 

Jo
urn

al 
Pre-

pro
of



 30 

college students. BMC Psychiatry, 17(1), 1-9. 

24. Chen, C., Zhang, K. Z., Gong, X., Zhao, S. J., Lee, M. K., & Liang, L. (2017b). Examining 

the effects of motives and gender differences on smartphone addiction. Computers 

in Human Behavior, 75, 891-902. 

25. Chen, I. H., Strong, C., Lin, Y. C., Tsai, M. C., Leung, H., Lin, C. Y., ... & Griffiths, M. D. 

(2020). Time invariance of three ultra-brief internet-related instruments: 

Smartphone application-based addiction scale (SABAS), Bergen social media 

addiction scale (BSMAS), and the nine-item internet gaming disorder scale-short 

form (IGDS-SF9)(study Part B). Addictive Behaviors, 101, 105960. 

26. China Internet Network Information Center (2020). The 47th Statistical report on 

internet development in China. Retrieved October 5, 2021 from: 

http://www.cnnic.net.cn/hlwfzyj/hlwxzbg/hlwtjbg/202102/P0202102033346334801

04.pdf 

27. Chiu, S. I. (2014). The relationship between life stress and smartphone addiction on 

Taiwanese university student: A mediation model of learning self-efficacy and social 

self-efficacy. Computers in Human Behavior, 34, 49-57. 

28. Chotpitayasunondh, V., & Douglas, K. M. (2016). How “phubbing” becomes the norm: 

The antecedents and consequences of snubbing via smartphone. Computers in 

Human Behavior, 63, 9-18. 

29. Coco, G. L., Salerno, L., Franchina, V., La Tona, A., Di Blasi, M., & Giordano, C. (2020). 

Examining bi-directionality between Fear of Missing Out and problematic 

smartphone use. A two-wave panel study among adolescents. Addictive 

Jo
urn

al 
Pre-

pro
of

http://www.cnnic.net.cn/hlwfzyj/hlwxzbg/hlwtjbg/202102/P020210203334633480104.pdf
http://www.cnnic.net.cn/hlwfzyj/hlwxzbg/hlwtjbg/202102/P020210203334633480104.pdf


 31 

Behaviors, 106, 106360. 

30. Coskun, S., & Muslu, G. K. (2019). Investigation of problematic mobile phones use 

and fear of missing out (FoMO) level in adolescents. Community Mental Health 

Journal, 55(6), 1004-1014. 

31. Deci, E. L., & Ryan, R. M. (1985). Intrinsic motivation and self-determination in human 

behaviour. New York: Plenum. 

32. Duvenage, M., Correia, H., Uink, B., Barber, B. L., Donovan, C. L., & Modecki, K. L. 

(2020). Technology can sting when reality bites: Adolescents’ frequent online coping 

is ineffective with momentary stress. Computers in Human Behavior, 102, 248-259. 

33. Elhai, J. D., Levine, J. C., Dvorak, R. D., & Hall, B. J. (2016). Fear of missing out, need 

for touch, anxiety and depression are related to problematic smartphone 

use. Computers in Human Behavior, 63, 509-516. 

34. Elhai, J. D., Yang, H., Fang, J., Bai, X., & Hall, B. J. (2020). Depression and anxiety 

symptoms are related to problematic smartphone use severity in Chinese young 

adults: Fear of missing out as a mediator. Addictive Behaviors, 101, 105962. 

35. Ellison, N., Steinfield, C., & Lampe, C. (2007). The benefits of Facebook “friends”: 

Exploring the relationship between college students’ use of online social networks 

and social capital. Journal of Computer-mediated Communication, 12(4), 1143-1168. 

36. Epskamp, S., Borsboom, D., & Fried, E. I. (2018). Estimating psychological networks 

and their accuracy: A tutorial paper. Behavior Research Methods, 50(1), 195–212.  

37. Epskamp, S., Cramer, A. O., Waldorp, L. J., Schmittmann, V. D., & Borsboom, D. (2012). 

qgraph: Network visualizations of relationships in psychometric data. Journal of 

Jo
urn

al 
Pre-

pro
of



 32 

Statistical Software, 48(4), 1-18. 

38. Fang, J., Wang, X., Wen, Z., & Zhou, J. (2020). Fear of missing out and problematic 

social media use as mediators between emotional support from social media and 

phubbing behavior. Addictive Behaviors, 107, 106430. 

39. Fioravanti, G., Casale, S., Benucci, S. B., Prostamo, A., Falone, A., Ricca, V., & Rotella, F. 

(2021). Fear of Missing Out and Social networking sites use and abuse: A 

Meta-analysis. Computers in Human Behavior, 122, 106839. 

40. Friedman, J., Hastie, T., and Tibshirani, R. (2008). Sparse inverse invariance 

estimation with the graphical lasso. Biostatistics, 9, 432–441. 

41. Geng, Y., Gu, J., Wang, J., & Zhang, R. (2021). Smartphone addiction and depression, 

anxiety: The role of bedtime procrastination and self-control. Journal of Affective 

Disorders, 293, 415-421. 

42. Gezgin, D. M. (2018). Understanding patterns for smartphone addiction: age, sleep 

duration, social network use and fear of missing out. Cypriot Journal of Educational 

Sciences, 13(2), 166-177. 

43. Haug, S., Castro, R. P., Kwon, M., Filler, A., Kowatsch, T., & Schaub, M. P. (2015). 

Smartphone use and smartphone addiction among young people in 

Switzerland. Journal of Behavioral Addictions, 4(4), 299-307. 

44. Hawi, N. S., & Samaha, M. (2017). Relationships among smartphone addiction, 

anxiety, and family relations. Behaviour & Information Technology, 36(10), 

1046-1052. 

45. Heeren, A., & McNally, R. J. (2018). Social anxiety disorder as a densely 

Jo
urn

al 
Pre-

pro
of



 33 

interconnected network of fear and avoidance for social situations. Cognitive Therapy 

and Research, 42(1), 103-113. 

46. Horvath, J., Mundinger, C., Schmitgen, M. M., Wolf, N. D., Sambataro, F., Hirjak, D., ... 

& Wolf, R. C. (2020). Structural and functional correlates of smartphone 

addiction. Addictive Behaviors, 105, 106334. 

47. Huang, J., Kumar, S., & Hu, C. (2018). Gender differences in motivations for identity 

reconstruction on social network sites. International Journal of Human–Computer 

Interaction, 34(7), 591-602. 

48. Huang, S., Lai, X., Xue, Y., Zhang, C., & Wang, Y. (2021). A network analysis of 

problematic smartphone use symptoms in a student sample. Journal of Behavioral 

Addictions, 9(4), 1032-1043. 

49. Huang, H., Niu, L. Y., Zhou, C. Y., & Wu, H. M. (2014). Reliability and validity of 

mobile phone addiction index for Chinese college students. Chinese Journal of 

Clinical Psychology, 22(5), 835-838. 

50. Hussain, Z., Griffiths, M. D., & Sheffield, D. (2017). An investigation into 

problematic smartphone use: The role of narcissism, anxiety, and personality 

factors. Journal of Behavioral Addictions, 6(3), 378-386. 

51. Isvoranu, A. M., van Borkulo, C. D., Boyette, L. L., Wigman, J. T., Vinkers, C. H., 

Borsboom, D., & Group Investigators. (2016). A network approach to psychosis: 

pathways between childhood trauma and psychotic symptoms. Schizophrenia 

Bulletin, 43(1), 187-196. 

52. Jeong, S. H., Kim, H., Yum, J. Y., & Hwang, Y. (2016). What type of content are 

Jo
urn

al 
Pre-

pro
of



 34 

smartphone users addicted to?: SNS vs. games. Computers in Human Behavior, 54, 

10-17. 

53. Jun, S. (2016). The reciprocal longitudinal relationships between mobile phone 

addiction and depressive symptoms among Korean adolescents. Computers in 

Human Behavior, 58, 179-186. 

54. Kim, E., & Koh, E. (2018). Avoidant attachment and smartphone addiction in college 

students: The mediating effects of anxiety and self-esteem. Computers in Human 

Behavior, 84, 264-271. 

55. Kim, H. J., Min, J. Y., Kim, H. J., & Min, K. B. (2017). Accident risk associated with 

smartphone addiction: A study on university students in Korea. Journal of Behavioral 

Addictions, 6(4), 699–707.  

56. Kim, S. G., Park, J., Kim, H. T., Pan, Z., Lee, Y., & McIntyre, R. S. (2019). The 

relationship between smartphone addiction and symptoms of depression, anxiety, 

and attention-deficit/hyperactivity in South Korean adolescents. Annals of General 

Psychiatry, 18, 1.   

57. Kim, Y., Wang, Y., & Oh, J. (2016). Digital media use and social engagement: How 

social media and smartphone use influence social activities of college 

students. Cyberpsychology, Behavior, and Social Networking, 19(4), 264-269. 

58. Krasnova, H., Veltri, N. F., Eling, N., & Buxmann, P. (2017). Why men and women 

continue to use social networking sites: The role of gender differences. The Journal of 

Strategic Information Systems, 26(4), 261-284. 

59. Kuss, D. J., & Griffiths, M. D. (2017). Social networking sites and addiction: Ten 

Jo
urn

al 
Pre-

pro
of



 35 

lessons learned. International Journal of Environmental Research and Public 

Health, 14(3), 311.  

60. Kwon, M., Lee, J. Y., Won, W. Y., Park, J. W., Min, J. A., Hahn, C., Gu, X., Choi, J. H., & 

Kim, D. J. (2013). Development and validation of a Smartphone Addiction Scale 

(SAS). PloS One, 8(2), e56936.  

61. Leung, L. (2008). Linking psychological attributes to addiction and improper use of 

the mobile phone among adolescents in Hong Kong. Journal of Children and 

Media, 2(2), 93-113. 

62. Li, L., Griffiths, M. D., Niu, Z., & Mei, S. (2020). The trait-state fear of missing out scale: 

Validity, reliability, and measurement invariance in a Chinese sample of university 

students. Journal of Affective Disorders, 274, 711–718.  

63. Long, J., Liu, T. Q., Liao, Y. H., Qi, C., He, H. Y., Chen, S. B., & Billieux, J. (2016). 

Prevalence and correlates of problematic smartphone use in a large random sample 

of Chinese undergraduates. BMC Psychiatry, 16(1), 408.  

64. Long, J., Wang, P., Liu, S., & Lei, L. (2019). Materialism and adolescent problematic 

smartphone use: The mediating role of fear of missing out and the moderating role 

of narcissism. Current Psychology, 38, 1–9. 

65. Lopez-Fernandez, O., Kuss, D. J., Romo, L., Morvan, Y., Kern, L., Graziani, P., ... & 

Billieux, J. (2017). Self-reported dependence on mobile phones in young adults: A 

European cross-cultural empirical survey. Journal of Behavioral Addictions, 6(2), 

168-177. 

66. Marcus, D. K., Preszler, J., & Zeigler-Hill, V. (2018). A network of dark personality traits: 

Jo
urn

al 
Pre-

pro
of



 36 

What lies at the heart of darkness? Journal of Research in Personality, 73, 56-62. 

67. Matar Boumosleh, J., & Jaalouk, D. (2017). Depression, anxiety, and smartphone 

addiction in university students - A cross sectional study. PloS One, 12(8), e0182239.  

68. McGinnis, P. J. (2004). Social theory at HBS: McGinnis’ two FOs. The Harbus, May 10. 

Retrieved January 13, 2021, from:  

http://harbus.org/2004/Social-Theory-at-HBS-2749/  

69. McMally, R. J. (2021). Network analysis of psychopathology: Controversies and 

challenges. Annual Review of Clinical Psychology, 7(17), 31-53. 

70. Mitchell, L., & Hussain, Z. (2018). Predictors of problematic smartphone use: An 

examination of the integrative pathways model and the role of age, gender, 

impulsiveness, excessive reassurance seeking, extraversion, and 

depression. Behavioral Sciences, 8(8), 74. doi:10.3390/bs8080074 

71. Montag, C., Bey, K., Sha, P., Li, M., Chen, Y. F., Liu, W. Y., ... & Reuter, M. (2015). Is it 

meaningful to distinguish between generalized and specific Internet addiction? 

Evidence from a cross‐cultural study from Germany, Sweden, Taiwan and 

China. Asia‐Pacific Psychiatry, 7(1), 20-26. 

72. Montag, C., Wegmann, E., Sariyska, R., Demetrovics, Z., & Brand, M. (2021). How to 

overcome taxonomical problems in the study of Internet use disorders and what to 

do with “smartphone addiction”? Journal of Behavioral Addictions, 9(4), 908-914. 

doi.org/10.1556/2006.8.2019.59  

73. Noë, B., Turner, L. D., Linden, D. E., Allen, S. M., Winkens, B., & Whitaker, R. M. (2019). 

Identifying indicators of smartphone addiction through user-app 

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1556/2006.8.2019.59


 37 

interaction. Computers in Human Behavior, 99, 56-65. 

74. Oberst, U., Wegmann, E., Stodt, B., Brand, M., & Chamarro, A. (2017). Negative 

consequences from heavy social networking in adolescents: The mediating role of 

fear of missing out. Journal of Adolescence, 55, 51–60. 

75. Panova, T., & Carbonell, X. (2018). Is smartphone addiction really an 

addiction? Journal of Behavioral Addictions, 7(2), 252-259. 

76. Pontes, H. M., Taylor, M., & Stavropoulos, V. (2018). Beyond “Facebook addiction”: 

The role of cognitive-related factors and psychiatric distress in social networking site 

addiction. Cyberpsychology, Behavior, and Social Networking, 21(4), 240–247. 

77. Primack, B. A., Shensa, A., Escobar-Viera, C. G., Barrett, E. L., Sidani, J. E., Colditz, J. B., 

& James, A. E. (2017). Use of multiple social media platforms and symptoms of 

depression and anxiety: A nationally-representative study among U.S. young adults. 

Computers in Human Behavior, 69, 1–9. 

78. Przybylski, A. K., Murayama, K., DeHaan, C. R., & Gladwell, V. (2013). 

Motivational, emotional, and behavioral correlates of fear of missing out. 

Computers in Human Behavior, 29(4), 1841-1848. 

79. Roberts, J. A., & David, M. E. (2020). The social media party: Fear of missing out 

(FoMO), social media intensity, connection, and well-being. International Journal of 

Human–Computer Interaction, 36(4), 386-392. 

80. Rozgonjuk, D., Sindermann, C., Elhai, J. D., & Montag, C. (2020). Fear of Missing Out 

(FoMO) and social media’s impact on daily-life and productivity at work: Do 

WhatsApp, Facebook, Instagram, and Snapchat Use Disorders mediate that 

Jo
urn

al 
Pre-

pro
of



 38 

association? Addictive Behaviors, 110, 106487. 

81. Rozgonjuk, D., Sindermann, C., Elhai, J. D., & Montag, C. (2021). Individual differences 

in fear of missing out (FoMO): Age, gender, and the Big Five personality trait domains, 

facets, and items. Personality and Individual Differences, 171, 110546. 

82. Schmittmann, V. D., Cramer, A. O., Waldorp, L. J., Epskamp, S., Kievit, R. A., & 

Borsboom, D. (2013). Deconstructing the construct: A network perspective on 

psychological phenomena. New Ideas in Psychology, 31(1), 43-53. 

83. Scott, H., & Woods, H. C. (2018). Fear of missing out and sleep: Cognitive behavioural 

factors in adolescents' nighttime social media use. Journal of Adolescence, 68, 61-65. 

84. Shen, X., Wang, H. Z., Rost, D. H., Gaskin, J., & Wang, J. L. (2021). State anxiety 

moderates the association between motivations and excessive smartphone 

use. Current Psychology, 40, 1973-1945. 

85. Sohn, S., Rees, P., Wildridge, B., Kalk, N. J., & Carter, B. (2019). Prevalence of 

problematic smartphone usage and associated mental health outcomes amongst 

children and young people: a systematic review, meta-analysis and GRADE of the 

evidence. BMC Psychiatry, 19(1), 356.  

86. Statista.com (2020a). Number of smartphone users worldwide from 2016 to 2021 (in 

billions). Retrieved October 5, 2021, from: 

https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide

/ 

87. Statista.com (2020b). Leading apps by monthly active users in China 2020. Retrieved 

October 5, 2021, from: 

Jo
urn

al 
Pre-

pro
of

https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/


 39 

https://www.statista.com/statistics/1032630/china-leading-apps-by-monthly-active-u

sers/ 

88. Stead, H., & Bibby, P. A. (2017). Personality, fear of missing out and problematic 

internet use and their relationship to subjective well-being. Computers in Human 

Behavior, 76, 534-540. 

89. Sun, X. J., Lian, S. L., Niu, G. F., et al. (2016). Social network site use and depression in 

adolescents: Mediating of upward social comparison. Chinese Journal of Clinical 

Psychology, 24(1), 32-35. 

90. Tifferet S. (2020). Gender differences in social support on social network sites: A 

meta-analysis. Cyberpsychology, Behavior and Social Networking, 23(4), 199–209.  

91. Tomczyk, Ł., & Selmanagic-Lizde, E. (2018). Fear of missing out (FOMO) among youth 

in Bosnia and Herzegovina—Scale and selected mechanisms. Children and Youth 

Services Review, 88, 541-549. 

92. Traş, Z., & Öztemel, K. (2019). Examining the relationships between Facebook 

intensity, fear of missing out, and smartphone addiction. Addicta, 6, 91-113. 

93. van Borkulo, C.D. (2016). NetworkComparisonTest: Statistical comparison of two 

networks based on three invariance measures. Retrieved October 5, 2021 from: 

https://cran.r-project.org/web/packages/NetworkComparisonTest/index.html 

94. Van Borkulo, C. D., Boschloo, L., Kossakowski, J., Tio, P., Schoevers, R. A., Borsboom, 

D., & Waldorp, L. J. (2017). Comparing network structures on three aspects: A 

permutation test. Unpublished manuscript. doi:10.13140/RG.2.2.29455.38569 

95. Van den Eijnden, R. J., Meerkerk, G. J., Vermulst, A. A., Spijkerman, R., & Engels, R. C. 

Jo
urn

al 
Pre-

pro
of

https://www.statista.com/statistics/1032630/china-leading-apps-by-monthly-active-users/
https://www.statista.com/statistics/1032630/china-leading-apps-by-monthly-active-users/
https://cran.r-project.org/web/


 40 

(2008). Online communication, compulsive internet use, and psychosocial well-being 

among adolescents: A longitudinal study. Developmental Psychology, 44(3), 655-665. 

96. Wang, Z., Lang, A., & Busemeyer, J. R. (2011). Motivational processing and choice 

behavior during television viewing: An integrative dynamic approach. Journal of 

Communication, 61(1), 71-93. 

97. Wang, Z., & Tchernev, J. M. (2012). The “myth” of media multitasking: Reciprocal 

dynamics of media multitasking, personal needs, and gratifications. Journal of 

Communication, 62(3), 493-513. 

98. Wang, P., Wang, X., Nie, J., Zeng, P., Liu, K., Wang, J., ... & Lei, L. (2019). Envy and 

problematic smartphone use: The mediating role of FOMO and the moderating role 

of student-student relationship. Personality and Individual Differences, 146, 136-142. 

99. Wang, J., Wang, P., Yang, X., Zhang, G., Wang, X., Zhao, F., ... & Lei, L. (2019). Fear of 

missing out and procrastination as mediators between sensation seeking and 

adolescent smartphone addiction. International Journal of Mental Health and 

Addiction, 17(4), 1049-1062. 

100. Wang, P., Zhao, M., Wang, X., Xie, X., Wang, Y., & Lei, L. (2017). Peer relationship 

and adolescent smartphone addiction: The mediating role of self-esteem and the 

moderating role of the need to belong. Journal of Behavioral Addictions, 6(4), 

708–717.  

101. Wegmann, E., Oberst, U., Stodt, B., & Brand, M. (2017). Online-specific fear of 

missing out and Internet-use expectancies contribute to symptoms of internet 

communication disorder. Addictive Behaviors Reports, 5, 33–42. 

Jo
urn

al 
Pre-

pro
of



 41 

102. Wolniewicz, C. A., Tiamiyu, M. F., Weeks, J. W., & Elhai, J. D. (2018). Problematic 

smartphone use and relations with negative affect, fear of missing out, and fear of 

negative and positive evaluation. Psychiatry Research, 262, 618-623. 

103. Xie, X., Wang, Y., Wang, P., Zhao, F., & Lei, L. (2018). Basic psychological needs 

satisfaction and fear of missing out: Friend support moderated the mediating effect 

of individual relative deprivation. Psychiatry Research, 268, 223–228. 

104. Xinli001. (2016). How to say goodbye to the fear of missing out. China: 

Guangzhou Renxin Network Technology Co. LTD. Retrieved October 5, 2020, from: 

http://www.xinli001.com/info/100001714/  

105. Yin, L., Wang, P., Nie, J., Guo, J., Feng, J., & Lei, L. (2021). Social networking sites 

addiction and FoMO: The mediating role of envy and the moderating role of need to 

belong. Current Psychology, 40, 3879-3887. 

106. Yuan, G., Elhai, J. D., & Hall, B. J. (2021). The influence of depressive symptoms 

and fear of missing out on severity of problematic smartphone use and Internet 

gaming disorder among Chinese young adults: A three-wave mediation 

model. Addictive Behaviors, 112, 106648. 

107. Zhang, Y. L., Li, S, & Yu, G. L. (2021). The relationship between social media use 

and fear of missing out: A meta-analysis. Acta Psychologica Sinica, 53(3), 273-290. 

 

 

 

 

Jo
urn

al 
Pre-

pro
of



 42 

 

Table 1  Sociodemographic characteristics 

  N (100%)/ 

Mean±SD 

FoMO 

Mean±SD 
t/F p 

Cohen’s

 d/η2 

SAS 

Mean±SD 
t/F p 

Cohen’

s d/η2 

SNS use 

Mean±SD 
t/F p 

Cohen’s 

d/η2 

               

Owned a 

smartphone 

Yes 1143 (100%) 29.02±6.94    42.15±10.24    29.57±5.97    

Age  20.2±1.6             

Gender    1.78 0.075 0.106  0.97 0.335 0.057  2.79 0.005 0.166 

 Male 502 (43.9%) 28.61±6.92    41.82±10.51    29.01±6.28    

 Female 641 (56.1%) 29.35±6.94    42.41±10.03    30.00±5.68    

Grade    2.62 0.05 0.007  1.81 0.143 0.005  4.63 0.003 0.012 

 Freshmen 426 (37.3%) 29.76±6.91    42.19±10.38    29.41±5.93    

 Sophomore 149 (13%) 28.48±6.76    40.72±10.08    28.19±6.41    

 Junior 70 (6.1%) 28.46±8.26    40.91±11.53    29.16±7.03    

 Senior 498 (43.6%) 28.63±6.78    42.71±9.95    30.17±5.62    

Family 

structure 

   0.13 0.876 0.000  2.67 0.07 0.005  1.04 0.355 0.002 

 parents 1011 (88.5%) 29.01±6.96    41.96±10.31    29.55±6.03    

 Single parent or stepparents  121 (10.6%) 29.03±6.71    43.98±9.69    29.93±5.46    

 Others (e.g., raised by grandparents or 

relatives) 

11 (0.9%) 30.09±8.12    38.91±8.18    27.27±5.16    

Note: FoMO = Fear of missing out,  SAS = Smartphone addiction,  SNS use= Intensity of social networking site use; η2 = effect size calculated by using eta-squared test
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Table 2   Correlation analysis of the study variables 

 T-FoMO S-FoMO S1 S2 S3 S4 SNSI1 SNSI2 SNSI3 SNS use FoMO SAS 

T-FoMO 1.00            

S-FoMO 0.40** 1.00           

log(BF10) 97.85            

S1 0.23** 0.26** 1.00          

log(BF10) 27.03 35.01           

S2 0.27** 0.45** 0.43** 1.00         

log(BF10) 39.52 127.99 112.10          

S3 0.26** 0.35** 0.34** 0.47** 1.00        

log(BF10) 35.21 70.93 66.29 140.45         

S4 0.22** 0.14** 0.54** 0.34** 0.30** 1.00       

log(BF10) 23.70 8.02 194.43 65.18 50.78        

SNSI1 0.04 0.14** -0.01 0.07 0.05 0.02 1.00      

log(BF10) -2.43 8.62 -3.28 -0.41 -2.09 -3.06       

SNSI2 0.07* 0.24** 0.17** 0.25** 0.21** 0.06* 0.28** 1.00     

log(BF10) -0.84 29.06 13.40 33.79 21.63 -1.30 42.00      

SNSI3 0.21** 0.46** 0.21** 0.41** 0.35** 0.19** 0.25** 0.31** 1.00    

log(BF10) 22.20 128.62 21.21 102.64 71.26 18.45 31.88 55.94     

SNS use 0.18** 0.44** 0.19** 0.39** 0.32** 0.16** 0.60** 0.57** 0.89** 1.00   

log(BF10) 15.91 118.64 17.24 88.47 58.76 11.93 252.21 217.90 ∞    

FoMO 0.79** 0.88** 0.29** 0.44** 0.37** 0.21** 0.12** 0.19** 0.41** 0.39** 1.00  

log(BF10) ∞ ∞ 46.46 121.34 79.03 21.44 4.46 17.86 103.01 89.61   

SAS 0.32** 0.42** 0.81** 0.80** 0.68** 0.66** 0.04 0.25** 0.40** 0.36** 0.45** 1.00 

log(BF10) 59.72 109.24 ∞ ∞ 347.95 316.44 -2.20 32.50 93.48 77.11 126.66  

Note: ** p<.01. T-FoMO = Trait-FoMO, S-FoMO = State-FoMO, S1= Inability to control craving, S2= Feeling anxious and lost, S3 = Withdrawal / escape, S4 = Productivity loss, SNSI1 

=Numbers of SNS friends, SNSI2 = Time on SNS, SNSI3 = Attitude on SNS use, SNS use = intensity of Social networking site use, SAS = Smartphone addiction. 
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Table 3   Centrality study variables relationship network  

 Betweeness Closeness Strength 

T-FoMO -0.696 -0.824 -1.364 

S-FoMO 0.603 0.809 1.087 

S1 0.278 -0.145 0.356 

S2 1.903 1.853 1.287 

S3 -0.696 -0.460 -0.114 

S4 -0.696 -0.961 -0.190 

SNS use -0.696 -0.271 -1.062 

Note: T-FoMO = Trait-FoMO, S-FoMO = State-FoMO, S1= Inability to control craving, S2= Feeling anxious and lost, S3 = Withdrawal / escape, S4 = Productivity loss, SNS use = 

Intensity of social networking site use. 
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Figure 1. EBICglasso model based on the domain-level (A) and the item-level (B) network analysis according to the relationships between FoMO, smartphone addiction and SNSs 

among 1143 participants. Note: A: F1 = Trait-FoMO, F2 = State-FoMO, SNSI = Intensity of social networking site use, S1 = Inability to control craving, S2 = Feeling anxious and lost, 

S3 = Withdrawal / escape, S4 = Productivity loss; B: y1-y12 = Fear of missing out (FoMO), s1-s17 = Smartphone addiction, x1-x8 = Intensity of social networking site use. 
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Figure 2. Centrality Plots for EBICglaaso network depicting the betweenness, closeness, and degree (strength) of each node (variable) among 1143 university students. Note: F1 = 

Trait-FoMO, F2 = State-FoMO, SNSI = Intensity of social networking site use, S1= Inability to control craving, S2= Feeling anxious and lost, S3 = Withdrawal / escape, S4 = 

Productivity loss. 
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Highlights 

 

 Network analysis has rarely been used to examine smartphone addiction 

 Inability to control craving and productivity loss had the closest edge intensity 

 Feeling anxious and lost was the strongest central node in the domain-level 

network. 

 The relationship between FoMO, SNS use, and smartphone addiction was 

close in the item-level network. 

 There were no significant gender differences in the network structure and the 

global edge strength. 
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