
RESEARCH ARTICLE

A network analysis of problematic

smartphone use in Japanese young adults

Masaru TatenoID
1,2, Takahiro A. Kato3, Tomohiro Shirasaka4, Junichiro Kanazawa5,

Wataru Ukai2, Tomoya HirotaID
6*

1 Department of Child and Adolescent Psychiatry, Tokiwa Child Development Center, Tokiwa Hospital, Miki,

Japan, 2 Department of Neuropsychiatry, Graduate School of Medicine, Sapporo Medical University,

Sapporo, Japan, 3 Department of Neuropsychiatry, Graduate School of Medical Sciences, Kyushu

University, Fukuoka, Japan, 4 Department of Psychiatry, Teine Keijinkai Medical Center, Sapporo, Japan,

5 Department of Clinical Psychology, Health Sciences University of Hokkaido, School of Psychological

Science, Tobetsu, Japan, 6 Department of Psychiatry and Behavioral Sciences, University of California San

Francisco, San Francisco, California, United States of America

* tomoya.hirota@ucsf.edu

Abstract

Background

We aimed to explore the overall network structure of problematic smartphone use symp-

toms assessed by smartphone addiction scale-short version (SAS-SV) and to identify which

items could play important roles in the network.

Methods

487 college and university students filled out the study questionnaire, including SAS-SV.

We constructed a regularized partial correlation network among the 10 items of SAS-SV.

We calculated three indices of node centrality: strength, closeness, and betweenness, to

quantify the importance of each SAS-SV item.

Results

We identified 34 edges in the estimated network. In the given network, one item pertaining

to withdrawal symptom hadthe highest strength and high closeness centrality. Additionally,

one item related to preoccupation was also found to have high centrality indices.

Conclusion

Our results indicating the central role of one withdrawal symptom and one preoccupation

symptom in the symptom network of problematic smartphone use in young adults were in

line with a previous study targeting school-age children. Longitudinal study designs are

required to elicit the role of these central items on the formation and maintenance of this

behavioral problem.
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Introduction

The penetration rate of the Internet in Japan has increased dramatically over the last two

decades, from 9.1% in 1997 to 89.8% in 2019 [1]. One of the characteristic features of the latest

changes in the Internet environment is the wide and rapid distribution of smartphones in all

age groups, especially among young generations. In recent years, the number of internet users

who access the Internet through a smartphone (63.3%) is higher than those who use the Inter-

net via desktop and/or laptop computers (50.4%) [1].

Smartphones were launched in Japan in 2007, and three years later, the rate of smartphone

users remained only 9.7% [1]. However, in accordance with the improvements in information

and communication technology, the rate of smartphone users reached 83.4% in 2019. As the

number of smartphone users becomes higher, problems related to smartphone overuse have

become more serious.

As a historical standard, addiction is commonly referred to as, and associated with, sub-

stance abuse. However, the connotation of the term has been expanded since the 1990s to

include behaviors that may lead to rewards (e.g., gambling, shopping, sex) [2]. In 2011, the

American Society of Addiction Medicine (ASAM) released an official statement defining all

addictions, including behavioral addictions, in terms of brain changes [3]. In the statement,

ASAM provided a clear definition, namely that "Addiction is a major chronic disease of the

brain’s reward, motivation, memory, and related circuits." Although the diverse positions

taken by various proponents have yet to culminate in a complete consensus [4, 5], in general,

problematic smartphone use is considered as a subtype of behavioral addiction in which a per-

son is excessively engaged in challenging behaviors that are not substance-related, even though

they have a negative impact on the person’s physical, social, economic and mental well-being

[6, 7].

Problematic smartphone use is considered the result of excessive and ultimately destructive

smartphone overuse and is characterized by clinical features of behavioral addiction; preoccu-

pation, compulsive behavior, lack of control, functional impairment, withdrawal and tolerance

[8, 9]. In response to the increase of smartphone users, studies regarding problematic smart-

phone use have been reported from various countries [10–12].

Several research groups developed questionnaires to screen for and assess problematic

smartphone use, including the Smartphone Addiction Scale (SAS) [13–16]. The short version

of SAS (SAS-SV) consists of 10 items selected by a consensus among experts in addiction psy-

chiatry from the original version of SAS which is composed of 33 items [13, 17]. At present,

SAS and SAS-SV are widely used self-rating scales to assess the severity of smartphone addic-

tion in the world, and have been translated into several languages [18].

Historically, researchers have used a latent variable model, where the items (symptoms,

signs) are manifestations of a particular underlying attribute (problematic smartphone use, for

example) to understand the disease model. In this model, the observed items are independent

of each other given an individual’s score on the latent variable (local independence) [19]. How-

ever, behavioral addiction is a complex human behavior phenomenon, and is composed of

heterogeneous observable signs and symptoms. Therefore, treating problematic smartphone

use within a latent variable model may overshadow meaningful associations existing between

individual symptoms.

Although not mutually exclusive, a network model has been recently gaining attention as

an alternative approach to the latent variable model in understanding the psychopathology of

mental disorders [20, 21], including behavioral addiction [22, 23]. In the network model, prob-

lematic smartphone use is not an underlying latent unobservable disease entity. Rather, it is

considered to be a complex network of mutually reinforcing symptoms [24]. This approach
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allows for identifying the overall network structure of disorders by quantifying associations

among observable symptoms. Additionally, the network approach allows for identifying the

most central symptom(s) that potentially play a critical role in the onset and maintenance of

disorders. Two research groups have recently employed this approach to elucidate the network

structure of problematic smartphone use in preadolescents and adolescents, where symptoms

pertaining to withdrawal, loss of control, and continued excessive use were deemed as central

symptoms [18, 25]. However, no network studies in this field have focused on individuals tran-

sitioning to adulthood, a population which is considered uniquely vulnerable to mental health

disorders, including addiction problems [26]. Nearly everyone in this age group possesses

smartphones with scant or no parental controls, and thus behaviors related to smartphone use

in this population would not be directly influenced by family factors (parenting style, for

example).

In this study, we aimed to: 1) explore the overall network structure of problematic smart-

phone use symptoms in Japanese college students, and 2) identify the most central symptoms

in the network.

Materials and methods

Participants

The subjects of the study were 487 private college and university students in Sapporo city and

its environs in Japan. Study participation rate was 81.2% (487/600). Their academic deviation

scores were average or a little below the average compared to the national standard in Japan.

Research collaborators for data collection were recruited through personal connections of the

first author of this paper (MT). Nine teachers from three universities and six colleges agreed to

voluntarily support our investigation. This study is a secondary data analysis using data

obtained for a study focusing on internet addiction, smartphone addiction, and the Hikiko-

mori trait that was conducted between July and October 2018 and was previously reported

elsewhere [27]. Characteristics of the study participants are summarized in Table 1. In this

study, the participants received the questionnaire sheets and filled out the questionnaire in the

classroom.

Table 1. Characteristics of the study participants.

Whole (n = 487)

(Male 132, Female 355)

Age (mean ± SD) 19.6±1.5

SAS-SV (mean ± SD) 29.6±8.8

Internet use (hours) (mean ± SD)

Weekdays 4.86±3.1

Weekend 6.82±4.1

Purpose (%)

Gaming 42 (8.6)

SNS 303 (62.2)

Video-sharing 101 (20.7)

Music 23 (4.7)

Web searches 13 (2.7)

Others 5 (1.0)

SAS-SV: Smartphone Addiction Scale–Short Version, SD: Standard Deviation, SNS: Social Network Service

https://doi.org/10.1371/journal.pone.0272803.t001
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Measures

Smartphone addiction scale–short version. The original version of the SAS was devel-

oped as a self-report scale in South Korea [13]. The SAS includes 33 questions that assess six

domains relating to smartphone overuse (continued overuse, loss of control, preoccupation,

withdrawal, tolerance, and functional impairment) on a six-point Likert scale ranging from 1

(strongly disagree) to 6 (strongly agree). The Japanese-version of the SAS was developed, and

its reliability and factor validity were assessed in 1,037 youth aged 15–24 years [28]. Kwon

et al. also developed the short version of SAS (SAS-SV) by extracting 10 questions from the

SAS to use it as a smartphone addiction screener and confirmed its validity [17]. In translating

the SAS-SV into Japanese, our research team made a minor modification by inserting the term

LINE [29] into the sentence of SA8 (Constantly checking my smartphone so as not to miss

conversations between other people on Twitter or Facebook); however, the Japanese version of

the SAS-SV has not yet been validated in Japanese youth.

The 10 items in the SAS-SV are listed in Table 2. The researchers in the present study dis-

cussed and defined the function of each SAS-SV item by referencing diagnostic criteria of

gaming disorder found in the International Classification of Diseases, 11th Revision (ICD-11)

and internet gaming disorder of Diagnostic and Statistical Manual of Mental Disorders, Fifth

Edition (DSM-5) to assist readers in interpreting the findings of this study. The internal con-

sistency of the Japanese-version SAS-SV for the participants in the present study was rated

good, with Cronbach’s alpha being 0.83.

Data analyses

Network estimation. In the present study, we constructed a regularized partial correlation

network using a Graphical Gaussian Model between the 10 symptoms of problematic smart-

phone use. In this network model, nodes represent individual items, and relationships between

nodes are defined as edges. Edges are understood as partial associations between two nodes

while controlling for all other nodes in the network, and their thickness or weights reflect the

strength of association (an estimation of partial correlations coefficients). The lack of edge

Table 2. Ten items of smartphone addiction scale—Short version and mean scores in this study.

SAS-SV Items Consensus among authors of

this study

Mean scores (mean ± SD)

(n = 487)

SA1 Missing planned work due to smartphone use functional impairment

(occupational)

3.5 ± 1.4

SA2 Having a hard time concentrating in class, while doing assignments, or while working due

to smartphone use

functional impairment

(academic)

3.3 ± 1.4

SA3 Feeling pain in the wrists or at the back of the neck while using a smartphone functional impairment (physical) 2.3 ± 1.4

SA4 Won’t be able to stand not having a smartphone withdrawal 3.1 ± 1.6

SA5 Feeling impatient and fretful when I am not holding my smartphone withdrawal 2.2 ± 1.3

SA6 Having my smartphone in my mind even when I am not using it preoccupation 2.1 ± 1.2

SA7 I will never give up using my smartphone even when my daily life is already greatly affected

by it.

loss of control 3.2 ± 1.5

SA8 Constantly checking my smartphone so as not to miss conversations between other people

on LINE, Twitter or Facebook

loss of control 2.9 ± 1.4

SA9 Using my smartphone longer than I had intended continued overuse 4.5 ± 1.2

SA10 The people around me tell me that I use my smartphone too much. continued overuse 2.5 ± 1.4

SAS-SV: Smartphone Addiction Scale–Short Version

SD: Standard Deviation

https://doi.org/10.1371/journal.pone.0272803.t002
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between two nodes means conditional independence relationships among the nodes. The net-

work was estimated and visualized using the R-package ‘qgraph’ in the statistical program ‘R

version 4.0.3’ [30, 31]. In order to create a more parsimonious network and minimize the like-

lihood of type-I errors, the graphical LASSO (Least Absolute Shrinkage and Selection Opera-

tor), reducing the edges by shrinking the smallest edges exactly to zero, in the R package

qgraph. This process of regularization is coupled with best fit model selection, by minimizing

an information criterion, in this case, Extended Bayesian Information Criterion (EBIC) [32].

We used the Fruchterman-Reingold algorithm for network visualization, a force-directed algo-

rithm that encourages closely related nodes to be plotted near each other [33].

Centrality. We calculated three indices of node centrality to quantify the importance of

each of the 10 symptoms in the SAS-SV network [34]: closeness (the average shortest path

between a given node and the remaining nodes in the network); betweenness (the number of

times that a node lies on the shortest path between two other nodes); and strength (the sum of

the absolute value of its connections with other nodes in the network). Previous research

showed strength to be the most robust centrality measure [35]. These centrality values are typi-

cally presented as standardized Z-scores, with higher values reflecting greater overall impor-

tance of a symptom to the network.

Network stability. To investigate the reliability and robustness of the study results, we

assessed the accuracy and stability of network edges and centrality indices using the R package

‘bootnet’ [19]. More specifically, using nonparametric bootstrap methods, we estimated net-

work stability as follows: 1) constructed a 95% bootstrapped confidence interval around the

regularized edge weights, 2) computed an edge-weight difference test, and 3) estimated the

correlation stability coefficient of centrality indices (via a case-dropping bootstrap procedure).

Centrality indices were considered strongly stable if the values of the correlation stability coef-

ficient were over 0.5, while values below 0.25 indicated inadequate stability [35].

Ethical issues. This study was approved by the ethics committee of Tokiwa Hospital. The

study’s aim was stated on the cover page of the questionnaire sheets that requested voluntary

respondents to answer all questions anonymously. Answering the questions was deemed to

constitute consent.

Results

Characteristics of the study participants

Table 1 shows the characteristics of the study participants (n = 487). 355 female students

(mean years of age: 19.4, standard deviation (SD): 1.4) and 132 male students (mean years of

age: 20.2, SD: 1.8) completed the questionnaire. More than half of participating students used

the internet primarily for social networking services (SNSs) (female: 70%, male: 40.9%). The

rate of gaming was higher in males compared to that in females, 18.9% and 4.8%, respectively.

Network structure and centrality

Fig 1 depicts the network structure of relations among SA symptoms in study participants. We

identified 34 edges in the estimated network, among which the weights of the edges between

the items SA1 (Miss planned work due to smartphone use) and SA2 (Difficulty focusing on

assignments/work due to smartphone use) and those between the items SA5 (Feel impatient

and uneasy when not holding my smartphone) SA6 (Having my smartphone in my mind even

when I am not using it) were large (0.49 and 0.41, respectively). Other strong associations

include those between SA4 (Unable to stand not carrying a smartphone) and SA7 (Continued

use of my smartphone despite its negative impact on daily life) (0.33) and between SA4 and

SA5 (0.27). All edge weights of this network are listed in S1 File.
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In the given network, SA5 was considered a central node with the highest strength and high

closeness (Fig 2). SA6 (Have my smartphone on my mind even when not using it) was with

the highest closeness and relatively high strength in centrality indices. In particular, while this

item was strongly associated with SA5, it also had the moderate association with SA10 (People

around me tell me that I use my smartphone too much) that was only weakly associated with

the central node (SA5). Both SA3 (Feel pain in the wrists or the neck while using a smart-

phone) and SA8 (Constantly check my smartphone not to miss information on SNS) were two

items that notably had low centrality indices.

Fig 1. Regularized partial correlation network of smartphone addiction scale short-version in university and

college students in Japan (n = 478). Green lines indicate a positive association. Line thickness reflects the strength of

association, controlling for all other symptom nodes in the network. SA: Smartphone Addiction Scale–Short version

item SA1: Missing planned work due to smartphone use, SA2: Having a hard time concentrating in class, while doing

assignments, or while working due to smartphone use, SA3: Feeling pain in the wrists or at the back of the neck while

using a smartphone, SA4: Won’t be able to stand not having a smartphone, SA5: Feeling impatient and fretful when I

am not holding my smartphone, SA6: Having my smartphone on my mind even when I am not using it, SA7: I will

never give up using my smartphone even when my daily life is already greatly affected by it, SA8: Constantly checking

my smartphone so as not to miss conversations between other people on Twitter or Facebook, SA9: Using my

smartphone longer than I had intended, SA10: The people around me tell me that I use my smartphone too much.

https://doi.org/10.1371/journal.pone.0272803.g001
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Network stability

The edge weights bootstrap (S2 File) showed that the 95% confidence intervals for many of the

edges were overlapping. Additionally, there were few significant differences between the strong

edges (S3 File). These findings indicate the most of the edges do not significantly differ and

that the ranking of edge weights should be interpreted with care.

As shown in S4 File, examination of the stability of centrality indices was satisfactory for

strength but not for other indices (the correlation stability coefficient of strength: 0.75, close-

ness: 0.44, and betweenness: 0.05).

Discussion

In the present study, we estimated the network structure of problematic smartphone use symp-

toms among college students in Japan and identified the central (or “core”) symptoms in the

smartphone addiction psychopathology network. Although two recent studies examined the

network structure of problematic smartphone use and smartphone addiction in school-age

children in China [25] and Brazil [18], this is the first study that employed the network

approach in understanding psychopathology of problematic smartphone use in college stu-

dents in Japan who were transitioning to adulthood. This population has higher possession

rates of smartphones and quite likely has scant or fewer parental controls compared to the

school-age-sample previously studied [18, 25]. In fact, the survey conducted in Japan exhibited

more maladaptive and excessive use of smartphones in college students compared to middle

and high school students [36]. Thus, findings from the present study could further our

Fig 2. Network centrality. Values presented as standardized Z-scores, with higher scores indicative of greater influence within the overall network. SA:

Smartphone Addiction Scale—Short version item.

https://doi.org/10.1371/journal.pone.0272803.g002
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understanding of the network structure of problematic smartphone use psychopathology at

this important developmental stage and could become the foundation for future research.

Our findings that identified one withdrawal symptom (SA5) and one preoccupation symp-

tom (SA6) as central items in the network of problematic smartphone use were in line with

those of the study conducted by Andrade et al. [18]. Consistent findings in the two studies tar-

geting different age groups suggest these two symptoms play pivotal roles in the psychopathol-

ogy of problematic smartphone use for a wide range of ages (from school-age children and

adolescents to young adults). Furthermore, these central items and the strong edge (connec-

tion) between these two items in our study would support the three-stage model of addiction,

where three stages of binge/intoxication (overuse of smartphone), withdrawal/negative affect,

and preoccupation/anticipation, feed into each other to produce the addiction cycle [37].

Although we did not identify strong centrality in items pertaining to continued overuse of the

smartphone (SA9 and SA10 items), it is still possible that these symptoms contribute to either

the development or maintenance of the network of problematic smartphone use via the associ-

ations between these overuse symptoms and preoccupation symptoms (edge weight 0.21

between SA6 and SA10, for example) based on the above-mentioned three-stage model of

addiction. It would be meaningful to examine the directionality among symptoms in order to

better understand how the symptoms spread in the network of problematic smartphone use.

However, doing so is beyond the scope of this study given our cross-sectional design. Future

studies may be able to address this by using advanced data collection methods (intensive longi-

tudinal data through the use of ecological momentary assessment [38], for example) that allow

us to elucidate the directionality among symptoms and symptom dynamics in problematic

smartphone use.

Huang and his colleagues conducted a network analysis of problematic smartphone use,

measured by using the Smartphone Addiction Proneness Scale, a self-rating scale, in grade 4

and 8 students in China [25]. They reported that loss of control and continued excessive use

were the central symptoms of problematic smartphone use. Differences in the symptom cen-

trality between the study above and our study may be attributed to the difference in the scale

used for each study as the functions of the scale modified by researchers in the above-men-

tioned study did not have withdrawal as one of the scale dimensions. Additionally, the differ-

ence could be due to the participants’ age in the two studies given that the ability of self-

control generally improves with age [39]. It is also reported that the older the age, the more

people use their smartphones for social purposes, such as SNS [40]. When smartphone users

communicate on SNS applications, message senders who do not receive a response sometimes

perceive themselves as being neglected or ignored. Conversely, message recipients may

become obsessive about checking and immediately replying to messages and keep their smart-

phones by their side during all their waking hours. Thus, such smartphone users could have

difficulties leaving their smartphones out of reach and feel anxious without the smartphone in

close proximity. Accordingly, we believe that young adult population, compared to school age

population, might have withdrawal symptoms as more central in the network than overuse

symptoms in the present study.

In the present study, more than half of the participants reported SNS as their primary use of

the smartphone (62.2%), the percentage of which was higher than that of other reasons (gam-

ing, for example). This raises a potential hypothesis that different smartphone usages lead to

different network structures. Future studies with larger sample sizes would allow researchers

to examine if the smartphone usage is an important factor contributing to network structures

of problematic smartphone use.

This study has several limitations. The sample size was modest. Given that the stability of

centrality indices in the network analysis is affected by the study sample size, larger sample-
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sized studies are desirable. However, in the present study, the stability of strength, one of the

centrality indices, was satisfactory. Regarding our sampling method, we recruited study partic-

ipants only from colleges in one region in Japan, and the gender ratio was far from even, affect-

ing the generalizability of our study findings. Additionally, our cross-sectional study design

prohibited us from elucidating temporal relationships among individual symptoms of prob-

lematic smartphone use. As stated above, future studies may clarify the temporality of symp-

toms in problematic smartphone use by employing advanced data collection methods

(intensive longitudinal data, for example) and analytic methods. Further investigations should

be conducted to clarify the deeper mechanisms of problematic smartphone use in order to

establish future effective prevention strategies, as well as possible treatment paradigms.

Conclusions

Our results suggest that both withdrawal and preoccupation symptoms play pivotal roles in

the psychopathology of problematic smartphone use in young adults. Longitudinal study

designs are required to elucidate the role of these central items on the formation and mainte-

nance of this behavioral problem.
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SAS-SV: Smartphone Addiction Scale–Short Version.

(DOCX)
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values, the black dots represent the bootstrap means, and the gray areas indicate the boot-
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with the highest edge-weight to the edge with the lowest edge-weight. The y-axis labels were
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CIs imply that interpreting the order of most edges in the network should be done with care.
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S3 File. Edge difference test. In this graph, each point on the x and y axes represents a pair of

edges identified in a given network. Black boxes indicate significant differences between two

edges (a bootstrap stability difference test: alpha = 0.05), whereas gray boxes do not indicate

any significant differences. The diagonal represents the edge strength, where white indicates

weak edge strengths, while blue indicates strong edge strengths.
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S4 File. Stability of network centrality. The figure above presents the centrality stability as
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S5 File. R code used for data analysis in the present research.

(DOCX)

S1 Data.

(XLSX)

PLOS ONE A network analysis of problematic smartphone use

PLOS ONE | https://doi.org/10.1371/journal.pone.0272803 August 8, 2022 9 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272803.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272803.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272803.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272803.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272803.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272803.s006
https://doi.org/10.1371/journal.pone.0272803


Author Contributions

Conceptualization: Masaru Tateno, Takahiro A. Kato, Tomoya Hirota.

Data curation: Masaru Tateno, Takahiro A. Kato, Tomohiro Shirasaka, Junichiro Kanazawa,

Wataru Ukai.

Formal analysis: Tomoya Hirota.

Funding acquisition: Takahiro A. Kato.

Investigation: Masaru Tateno, Takahiro A. Kato.

Methodology: Tomoya Hirota.

Project administration: Masaru Tateno, Takahiro A. Kato, Tomoya Hirota.

Software: Tomoya Hirota.

Supervision: Takahiro A. Kato, Tomoya Hirota.

Visualization: Tomoya Hirota.

Writing – original draft: Masaru Tateno.

Writing – review & editing: Takahiro A. Kato, Tomohiro Shirasaka, Junichiro Kanazawa,

Wataru Ukai, Tomoya Hirota.

References
1. Information-and-Communications-Bureau (2020) Survey on Trends of information and communication

Useage in 2019 (Jouhou tsushin doukou hakusyo) [in Japanese]. Tokyo: Japan Ministry of Internal

Affairs and Communications.

2. Griffiths MD (1998) Internet addiction: does it really exist? In: Gackenbach J, editor. Psychology and the

Internet: Intrapersonal, interpersonal, and transpersonal implications. San Diego, CA: Academic

Press. Pp. 61–75.

3. ASAM (2011) Definition of Addiction. Rockville, MD: American Society of Addiction Medicine.

4. Yu S, Sussman S (2020) Does Smartphone Addiction Fall on a Continuum of Addictive Behaviors? Int J

Environ Res Public Health 17. https://doi.org/10.3390/ijerph17020422 PMID: 31936316

5. Panova T, Carbonell X (2018) Is smartphone addiction really an addiction? J Behav Addict 7: 252–259.

https://doi.org/10.1556/2006.7.2018.49 PMID: 29895183

6. Horvath J, Mundinger C, Schmitgen MM, Wolf ND, Sambataro F, et al. (2020) Structural and functional

correlates of smartphone addiction. Addict Behav 105: 106334. https://doi.org/10.1016/j.addbeh.2020.

106334 PMID: 32062336

7. Wacks Y, Weinstein AM (2021) Excessive Smartphone Use Is Associated With Health Problems in

Adolescents and Young Adults. Front Psychiatry 12: 669042. https://doi.org/10.3389/fpsyt.2021.

669042 PMID: 34140904

8. Jameel S, Shahnawaz MG, Griffiths MD (2019) Smartphone addiction in students: A qualitative exami-

nation of the components model of addiction using face-to-face interviews. J Behav Addict 8: 780–793.

https://doi.org/10.1556/2006.8.2019.57 PMID: 31619046

9. Tateno M, Kim DJ, Teo AR, Skokauskas N, Guerrero APS, et al. (2019) Smartphone Addiction in Japa-

nese College Students: Usefulness of the Japanese Version of the Smartphone Addiction Scale as a

Screening Tool for a New Form of Internet Addiction. Psychiatry Investig 16: 115–120. https://doi.org/

10.30773/pi.2018.12.25.2 PMID: 30808117

10. Haug S, Castro RP, Kwon M, Filler A, Kowatsch T, et al. (2015) Smartphone use and smartphone addic-

tion among young people in Switzerland. J Behav Addict 4: 299–307. https://doi.org/10.1556/2006.4.

2015.037 PMID: 26690625

11. Jiang Q, Li Y, Shypenka V (2018) Loneliness, Individualism, and Smartphone Addiction Among Interna-

tional Students in China. Cyberpsychol Behav Soc Netw 21: 711–718. https://doi.org/10.1089/cyber.

2018.0115 PMID: 30328694

PLOS ONE A network analysis of problematic smartphone use

PLOS ONE | https://doi.org/10.1371/journal.pone.0272803 August 8, 2022 10 / 12

https://doi.org/10.3390/ijerph17020422
http://www.ncbi.nlm.nih.gov/pubmed/31936316
https://doi.org/10.1556/2006.7.2018.49
http://www.ncbi.nlm.nih.gov/pubmed/29895183
https://doi.org/10.1016/j.addbeh.2020.106334
https://doi.org/10.1016/j.addbeh.2020.106334
http://www.ncbi.nlm.nih.gov/pubmed/32062336
https://doi.org/10.3389/fpsyt.2021.669042
https://doi.org/10.3389/fpsyt.2021.669042
http://www.ncbi.nlm.nih.gov/pubmed/34140904
https://doi.org/10.1556/2006.8.2019.57
http://www.ncbi.nlm.nih.gov/pubmed/31619046
https://doi.org/10.30773/pi.2018.12.25.2
https://doi.org/10.30773/pi.2018.12.25.2
http://www.ncbi.nlm.nih.gov/pubmed/30808117
https://doi.org/10.1556/2006.4.2015.037
https://doi.org/10.1556/2006.4.2015.037
http://www.ncbi.nlm.nih.gov/pubmed/26690625
https://doi.org/10.1089/cyber.2018.0115
https://doi.org/10.1089/cyber.2018.0115
http://www.ncbi.nlm.nih.gov/pubmed/30328694
https://doi.org/10.1371/journal.pone.0272803


12. Randler C, Wolfgang L, Matt K, Demirhan E, Horzum MB, et al. (2016) Smartphone addiction prone-

ness in relation to sleep and morningness-eveningness in German adolescents. J Behav Addict 5:

465–473. https://doi.org/10.1556/2006.5.2016.056 PMID: 27499228

13. Kwon M, Lee JY, Won WY, Park JW, Min JA, et al. (2013) Development and validation of a smartphone

addiction scale (SAS). PloS One 8: e56936. https://doi.org/10.1371/journal.pone.0056936 PMID:

23468893

14. Kim D, Lee Y, Lee J, Nam JK, Chung Y (2014) Development of Korean Smartphone addiction prone-

ness scale for youth. PloS One 9: e97920. https://doi.org/10.1371/journal.pone.0097920 PMID:

24848006

15. Li G, Xie J, An L, Hou G, Jian H, et al. (2019) A Generalizability Analysis of the Mobile Phone Addiction

Tendency Scale for Chinese College Students. Front Psychiatry 10: 241. https://doi.org/10.3389/fpsyt.

2019.00241 PMID: 31105601

16. Chen IH, Strong C, Lin YC, Tsai MC, Leung H, et al. (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). Addict Behav 101: 105960. https://doi.org/10.1016/j.addbeh.2019.04.018 PMID:

31072648

17. Kwon M, Kim DJ, Cho H, Yang S (2013) The smartphone addiction scale: development and validation

of a short version for adolescents. PloS One 8: e83558. https://doi.org/10.1371/journal.pone.0083558

PMID: 24391787

18. Andrade ALM, Scatena A, Martins GDG, Pinheiro BO, Becker da Silva A, et al. (2020) Validation of

smartphone addiction scale–Short version (SAS-SV) in Brazilian adolescents. Addict Behav 110:

106540. https://doi.org/10.1016/j.addbeh.2020.106540 PMID: 32682269

19. Epskamp S, Rhemtulla M, Borsboom D (2017) Generalized Network Psychometrics: Combining Net-

work and Latent Variable Models. Psychometrika 82: 904–927. https://doi.org/10.1007/s11336-017-

9557-x PMID: 28290111

20. Weiss NH, Contractor AA, Raudales AM, Greene T, Short NA (2020) Extending our understanding of

the association between posttraumatic stress disorder and positive emotion dysregulation: A network

analysis approach. J Anxiety Disord 71: 102198. https://doi.org/10.1016/j.janxdis.2020.102198 PMID:

32109828

21. Afzali MH, Sunderland M, Teesson M, Carragher N, Mills K, et al. (2017) A network approach to the

comorbidity between posttraumatic stress disorder and major depressive disorder: The role of overlap-

ping symptoms. J Affect Disord 208: 490–496. https://doi.org/10.1016/j.jad.2016.10.037 PMID:

27810269

22. Hirota T, McElroy E, So R (2021) Network Analysis of Internet Addiction Symptoms Among a Clinical

Sample of Japanese Adolescents with Autism Spectrum Disorder. J Autism Dev Disord 51: 2764–

2772. https://doi.org/10.1007/s10803-020-04714-x PMID: 33040268

23. Rhemtulla M, Fried EI, Aggen SH, Tuerlinckx F, Kendler KS, et al. (2016) Network analysis of substance

abuse and dependence symptoms. Drug Alcohol Depend 161: 230–237. https://doi.org/10.1016/j.

drugalcdep.2016.02.005 PMID: 26898186

24. Borsboom D, Cramer AO (2013) Network analysis: an integrative approach to the structure of psycho-

pathology. Annu Rev Clin Psychol 9: 91–121. https://doi.org/10.1146/annurev-clinpsy-050212-185608

PMID: 23537483

25. Huang S, Lai X, Xue Y, Zhang C, Wang Y (2020) A network analysis of problematic smartphone use

symptoms in a student sample. J Behav Addict 9: 1032–1043. https://doi.org/10.1556/2006.2020.

00098 PMID: 33372911

26. Padilla-Walker LM, Nelson LJ, Carroll JS, Jensen AC (2010) More than a just a game: video game and

internet use during emerging adulthood. J Youth Adolesc 39: 103–113. https://doi.org/10.1007/s10964-

008-9390-8 PMID: 20084557

27. Tateno M, Teo AR, Ukai W, Kanazawa J, Katsuki R, et al. (2019) Internet Addiction, Smartphone Addic-

tion, and Hikikomori Trait in Japanese Young Adult: Social Isolation and Social Network. Front Psychia-

try 10: 455. https://doi.org/10.3389/fpsyt.2019.00455 PMID: 31354537

28. Otsuka Y, Kaneita Y, Itani O, Matsumoto Y (2022) The Japanese Youth Version of the Smartphone

Addiction Scale Among the Youth in Japan: Reliability and Validity Assessment. Int J Ment Health

Addict 20: in press.

29. Tateno M, Teo AR, Kato TA (2018) Does LINE addiction exist? Potential concerns about Japan’s most

popular form of social media on smartphones. Psychiatry Clin Neurosci.

30. The-R-Foundation-Core-Team (2021) R: A language and environment for statistical computing.

Vienna, Austria: R Foundation for Statistical Computing.

PLOS ONE A network analysis of problematic smartphone use

PLOS ONE | https://doi.org/10.1371/journal.pone.0272803 August 8, 2022 11 / 12

https://doi.org/10.1556/2006.5.2016.056
http://www.ncbi.nlm.nih.gov/pubmed/27499228
https://doi.org/10.1371/journal.pone.0056936
http://www.ncbi.nlm.nih.gov/pubmed/23468893
https://doi.org/10.1371/journal.pone.0097920
http://www.ncbi.nlm.nih.gov/pubmed/24848006
https://doi.org/10.3389/fpsyt.2019.00241
https://doi.org/10.3389/fpsyt.2019.00241
http://www.ncbi.nlm.nih.gov/pubmed/31105601
https://doi.org/10.1016/j.addbeh.2019.04.018
http://www.ncbi.nlm.nih.gov/pubmed/31072648
https://doi.org/10.1371/journal.pone.0083558
http://www.ncbi.nlm.nih.gov/pubmed/24391787
https://doi.org/10.1016/j.addbeh.2020.106540
http://www.ncbi.nlm.nih.gov/pubmed/32682269
https://doi.org/10.1007/s11336-017-9557-x
https://doi.org/10.1007/s11336-017-9557-x
http://www.ncbi.nlm.nih.gov/pubmed/28290111
https://doi.org/10.1016/j.janxdis.2020.102198
http://www.ncbi.nlm.nih.gov/pubmed/32109828
https://doi.org/10.1016/j.jad.2016.10.037
http://www.ncbi.nlm.nih.gov/pubmed/27810269
https://doi.org/10.1007/s10803-020-04714-x
http://www.ncbi.nlm.nih.gov/pubmed/33040268
https://doi.org/10.1016/j.drugalcdep.2016.02.005
https://doi.org/10.1016/j.drugalcdep.2016.02.005
http://www.ncbi.nlm.nih.gov/pubmed/26898186
https://doi.org/10.1146/annurev-clinpsy-050212-185608
http://www.ncbi.nlm.nih.gov/pubmed/23537483
https://doi.org/10.1556/2006.2020.00098
https://doi.org/10.1556/2006.2020.00098
http://www.ncbi.nlm.nih.gov/pubmed/33372911
https://doi.org/10.1007/s10964-008-9390-8
https://doi.org/10.1007/s10964-008-9390-8
http://www.ncbi.nlm.nih.gov/pubmed/20084557
https://doi.org/10.3389/fpsyt.2019.00455
http://www.ncbi.nlm.nih.gov/pubmed/31354537
https://doi.org/10.1371/journal.pone.0272803


31. Epskamp S, Cramer AOJ, Waldorp LJ, Schmittmann VD, Borsboom D (2012) qgraph: Network visuali-

zations of relationships in psychometric data. J Stat Softw 48: 1–18.

32. Chen J, Chen Z (2008) Extended Bayesian information criteria for model selection with large model

spaces. Biometrika 95: 759–771.

33. Fruchterman TMJ, Reingold EM (1991) Graph drawing by force-directed placement. Software: Practice

and Experience 21: 1129–1164.

34. Opsahla T, Agneessensb F, Skvoretzc J (2010) Node centrality in weighted networks: Generalizing

degree and shortest paths. Social Networks 32: 245–251.

35. Epskamp S, Borsboom D, Fried EI (2018) Estimating psychological networks and their accuracy: A tuto-

rial paper. Behav Res Methods 50: 195–212. https://doi.org/10.3758/s13428-017-0862-1 PMID:

28342071

36. Institute-for-Information-and-Communications-Policy (2013) A survey on internet use and internet

addiction in the youth (Seishonen no internet riyou to izonkeikou ni kansuruchousa) [in Japanese].

Tokyo: Ministry of Internal Affairs and Communications.

37. George O, Koob GF (2017) Individual differences in the neuropsychopathology of addiction. Dialogues

Clin Neurosci 19: 217–229. https://doi.org/10.31887/DCNS.2017.19.3/gkoob PMID: 29302219

38. Dunton GF, Rothman AJ, Leventhal AM, Intille SS (2021) How intensive longitudinal data can stimulate

advances in health behavior maintenance theories and interventions. Transl Behav Med 11: 281–286.

https://doi.org/10.1093/tbm/ibz165 PMID: 31731290

39. Hsieh KY, Hsiao RC, Yang YH, Liu TL, Yen CF (2018) Predictive Effects of Sex, Age, Depression, and

Problematic Behaviors on the Incidence and Remission of Internet Addiction in College Students: A

Prospective Study. Int J Environ Res Public Health 15.

40. Cabinet-Office (2020) Survey on the Internet use environment of the youth (Seishonen no internet riyou-

kankyoujittaichosa) [in Japanese]. Tokyo: The Cabinet Office of the Japanese government.

PLOS ONE A network analysis of problematic smartphone use

PLOS ONE | https://doi.org/10.1371/journal.pone.0272803 August 8, 2022 12 / 12

https://doi.org/10.3758/s13428-017-0862-1
http://www.ncbi.nlm.nih.gov/pubmed/28342071
https://doi.org/10.31887/DCNS.2017.19.3/gkoob
http://www.ncbi.nlm.nih.gov/pubmed/29302219
https://doi.org/10.1093/tbm/ibz165
http://www.ncbi.nlm.nih.gov/pubmed/31731290
https://doi.org/10.1371/journal.pone.0272803

