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Background/Objective: There are inadequate screening instruments for assessing
specific internet-related addictions among mainland Chinese primary school students.
Therefore, the present study validated the psychometric properties of three simplified
Chinese online-related addictive behavior instruments among mainland Chinese primary
school students.

Method: Fourth to sixth graders (n = 1108; 48.3% males; mean [SD] age = 10.37 years
[0.95]) completed the nine-item Internet Gaming Disorder Scales-Short Form (IGDS-SF9),
Bergen Social Media Addiction Scale (BSMAS), and Smartphone Application-Based
Addiction Scale (SABAS) in a classroom. The factorial structures and the
unidimensionality of the three scales were examined using confirmatory factor analyses
(CFAs). Measurement invariance of the three scales was examined using multigroup
confirmatory factor analyses (MGCFAs) across gender.

Results: The findings demonstrated that the three scales (Cronbach’s a = 0.73 to 0.84)
had unidimensional structure as supported by satisfactory fit indices (comparative fit
index = 0.98 to 1.00). The MGCFA findings indicated that the unidimensional structures of
the three scales were invariant across gender.

Conclusions: The findings indicate that the three simplified Chinese scales (IGDS-SF9,
BSMAS, and SABAS) are valid instruments for assessing online-related addictive
behaviors among mainland Chinese primary school students irrespective of their gender.

Keywords: child technology use, gaming addiction, psychometrics, social media addiction, smartphone addiction
g September 2020 | Volume 11 | Article 8751

https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00875/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00875/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00875/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00875/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00875/full
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles
http://creativecommons.org/licenses/by/4.0/
mailto:cylin36933@gmail.com
https://doi.org/10.3389/fpsyt.2020.00875
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2020.00875
https://www.frontiersin.org/journals/psychiatry
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2020.00875&domain=pdf&date_stamp=2020-09-03


Chen et al. Simplified Chinese Addictive Behavior Tools
HIGHLIGHTS

The present study tested the appropriateness of three online-related
addictive behavior instruments (i.e., Internet Gaming Disorder
Scales-Short Form [IGDS-SF9], Bergen Social Media Addiction
Scale [BSMAS], and Smartphone Application-Based Addiction
Scale [SABAS]), and they were found to be suitable for use
among Chinese children. These instruments will be of importance
to researchers and clinicians as they may help ascertain the risk of
online-related addictions among these children.
INTRODUCTION

Internet use has become an important part in individuals’ daily lives,
especially during the past decade given the rapid growth of modern
technology. With the emergence of new technologies, internet
accessibility and the availability via Wi-Fi enabled devices such as
smartphones, tablets, laptops, and desk computers have become
widespread. This technological advancement has eliminated
geographical barriers between people by facilitating communication,
business transactions, online games, online shopping, and other
forms of entertainment (1). While there are many benefits
associated with internet use (e.g., communication, information
searching, and entertainment), use of such technology may lead to
mental health challenges such as addiction, alexithymia, and suicide
risk (2, 3) for a small minority of individuals if not properly managed.

Internet-related addiction has been a notable problem among
young people and increasingly among children given that children
are now being given access to tablets and smartphones (4). Internet-
related addiction basically involves problematic overuse of the
internet for various activities such as online gaming, chatting (e.g.,
Facebook, Twitter, QQ, and Wechat), and gambling purposes (5).
For some individuals, such internet-related activities may seem
entertaining and benign at first. However, with poor self-control, it
may become an addictive behavior and may subsequently lead to
serious and negative psychosocial effects (e.g., preoccupation and
cognitive distortions, worsening social behaviors, and unpleasant
feelings or physical discomfort) (6). In addition, there are significant
associations between internet-related addiction and poor mental
health (e.g., depression, anxiety, and stress) (7–9). It has further been
reported that in China (where the present study was carried out)
there is a pooled internet addiction prevalence rate of 7.5% among
Chinese adolescents (10) and approximately 11% among college
students (11). These rates were higher in males than in females (11,
12). The relatively high prevalence rate in China demonstrates a
worrisome situation. Therefore, there is a need for effective
measures to prevent further internet addiction.

Notwithstanding these negative effects, apart from Internet
Gaming Disorder (IGD) being in the appendix of the Diagnostic
and Statistical Manual of Mental Disorders, fifth edition (DSM-5)
(13), internet-related disorders are not officially recognized.
Consequently, more studies are needed to establish the diagnostic
criteria and course descriptions required to identify problematic
internet-related behaviors as mental disorders (13). Since 2013,
increasingly more studies have been conducted to identify these
Frontiers in Psychiatry | www.frontiersin.org 2
behaviors and to establish how to accurately assess and diagnose the
subcategories of internet-related addictive disorders.

The broad content area of online-related addictive behaviors
(e.g., gaming, social media) has led several studies to focus on
developing and/or standardizing scales that can reliably and validly
assess an aspect of internet-related behavior (or disorder) to help
establish diagnostic criteria [e.g., Leung et al. (14); Yam et al. (15)].
Also, knowing that specific internet-related addictions such as
smartphone addiction, social media addiction, and internet
gaming disorder do not share similar features with generalized
internet addiction (5, 16, 17), helps researchers and practitioners to
better understand general and specific internet-related addictive
behaviors so as to better diagnose and offer effective treatment
strategies. Additionally, there is very limited research on
understanding of addictive behaviors related to internet and
smartphone use among mainland Chinese children (18–20),
taking into consideration that China has one of the highest
prevalence rates for internet-related addictions such as internet
gaming (13). Therefore, there is a need to validate culturally-specific
instruments that are brief enough to assess some specific internet-
related addictions among mainland Chinese children. More
specifically, the simplified Chinese versions of the nine-item
Internet Gaming Disorder Scale (IGDS-SF9), the Bergen Social
Media Addiction Scale (BSMAS), and the Smartphone Application-
Based Addiction Scale (SABAS) were the main instruments of
validation in this study. Consequently, the major aims of the
present study were to translate these three internet-related
instruments into simplified Chinese versions and to validate these
translated versions among children and to examine its relationships
with different types of psychological distress (i.e., depression,
anxiety, and stress).
METHODS

Translation Procedure
Because the three instruments have already been translated into
traditional Chinese character versions (14, 15, 21), these versions
were used to create simplified Chinese character versions. More
specifically, the first step was to convert every traditional Chinese
character into its corresponding simplified Chinese character. The
second step was to modify some terms to make the simplified
Chinese character versions be better understood by mainland
Chinese individuals. For example, mainland Chinese rarely use
Facebook or Twitter (in fact, using Facebook or Twitter is not
officially allowed in mainland China). Therefore, commonly used
social media likeQQ andWechatwere used instead in the simplified
Chinese character versions. The final step was to ask five primary
school teachers to evaluate the simplified Chinese character versions
and to ensure their readability.

Participants and Procedure
The study was approved by the ethics committee of the Hong
Kong Polytechnic University (IRB ref: HSEARS20190718001)
before the targeted participants (i.e., primary school children in
the fourth to sixth grades) were approached. Three primary
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schools in Sichuan were contacted and agreed to assist in this
study. Teachers in the three schools further helped in
distributing the study information to children in the fourth to
sixth grades. After ensuring the willingness to participate from
both the primary school students and their parents, several scales
together with a background information sheet were given to the
students to complete. Also, written informed consent was
obtained for every participant (and one of their parents) who
agreed to participate. The survey was conducted in the classroom
under the supervision of the school teachers in the precise order
outlined in the ‘Measures’ section. The inclusion criteria for
participants were that they had to (i) understand written Chinese
in simplified characters; (ii) understand spoken Mandarin; (iii)
have had their smartphone with internet access over three
months; and (iv) have the ability to complete the survey
without difficulties. Out of 1,150 participants, 1,108 (96.35%
response rate) participated in the present study. The participants
did not receive any incentive; however, the present authors
expressed appreciation to the participants.

Measures
Internet Gaming Disorder Scale-Short Form
(IGDS-SF9)
The nine-item IGDS-SF9 developed by Pontes and Griffiths (22) is a
short self-report scale that is used to assess Internet Gaming
Disorder based on DSM-5 criteria (13). It uses a five-point Likert-
scale response format that ranges from 1 (Never) to 5 (Very often)
with a higher sum of item scores indicating a greater degree of
internet gaming disorder. An example item is “Do you systematically
fail when trying to control or cease your gaming activity?”. The
confirmatory factor analysis (CFA) of the IGDS-SF9 demonstrated
a unidimensional structure with satisfactory psychometric
properties which include internal consistency (Cronbach’s a of
0.9), criterion and construct validity especially among Hong Kong
university students (15). It also has acceptable psychometric
properties in different languages including English (22, 23),
Persian (24), Portuguese (25), Spanish (26), Slovenian (27), Italian
(28), Malaysian (29), and Turkish (30, 31), making it one of the best
scales for assessing IGD.

Bergen Social Media Addiction Scale (BSMAS)
The BSMAS, developed by Andreassen et al. (32), is a six-item scale
used to assess the risk of social media addiction based on the
addiction component model (i.e., salience, mood modification,
tolerance, withdrawal conflict and relapse) (6, 33). It uses a five-
point Likert-scale response format that ranges from 1 (Very rarely)
to 5 (Very often) with a higher sum of item scores indicating a
greater degree of social media addiction. An example item is “How
often during the last year have you felt an urge to use social media
more and more?”. A CFA of the BSMAS demonstrated a
unidimensional structure with satisfactory psychometric
properties which include internal consistency (Cronbach’s a of
0.82), criterion and construct validity among Hong Kong university
students (15). A national representative study among 5,961
Hungarian adolescents proposed a cutoff score of 19 out of 30 to
indicate problematic use of social media (34). It has acceptable
Frontiers in Psychiatry | www.frontiersin.org 3
psychometric properties in different languages including English
(32), Persian (35), and Italian (36).

Smartphone Application-Based Addiction
Scale (SABAS)
The SABAS, developed by Csibi, Demetrovics, and Szabo (35), is
a six-item scale that is used to assess the risk of smartphone
addiction and is also based on addiction components model (i.e.,
salience, mood modification, tolerance, withdrawal conflict and
relapse) (6, 33). Its items (e.g., “My smartphone is the most
important thing in my life.”) are on a six-point Likert-scale
response format that ranges from 1 (Strongly disagree) to 5
(Strongly agree) with a higher sum of item scores indicating a
greater degree of smartphone addiction. A CFA of SABAS
demonstrated a unidimensional structure with satisfactory
psychometric properties which include internal consistency
(Cronbach’s a of 0.75), criterion and construct validity among
Hong Kong university students (15). Furthermore, other studies
reported acceptable psychometric properties in different
languages which includes Persian (37), English (38), Turkish
(39, 40), Italian (41), Serbian (42), and Hungarian (35).

Depression, Anxiety, Stress Scale-21 (DASS-21)
The DASS-21, developed by Lovibond and Lovibond (43), is a
21-item scale that is used to assess three types of psychological
distress (i.e., depression, anxiety, and stress). Each type of
distress (depression, anxiety, and stress) is assessed by seven
items rated on a four-point Likert scale response format ranging
from 0 (Did not apply to me at all) to 3 (Applied to me very much,
or most of the time). A higher sum of item score for each type of
distress indicates that an individual suffers more from that
specific distress. It has been reported to have high internal
consistency indices among adolescents (44, 45).

Data Analysis
The participants’ characteristics were analyzed using descriptive
statistics, including means (and SDs) for continuous variables,
and frequency (%) for categorical variables. The associations
between the studied variables (including IGDS-SF9, BSMAS,
SABAS, DASS-21, and time spent on gaming, social media,
and smartphone) were analyzed using Pearson’s correlation.
Psychometric properties of the three instruments in scale level
were analyzed using floor and ceiling effects (acceptable effects
were <20.0%) (46), internal consistency by Cronbach’s a
(acceptable value was >.7) (47), and CFA. Psychometric
properties of the three instruments in item-level were analyzed
using corrected item-total correlation (acceptable correlation was
>.4) (48) and factor loadings derived from CFA.

CFA with diagonally weighted least squares (DWLS) estimator
was applied to test whether the three psychometric instruments
were unidimensional, according to the literature (27, 36, 38). Several
fit indices were accordingly used to evaluate the unidimensionality
of the three instruments: a nonsignificant c2, the comparative fit
index (CFI) > 0.9, the root mean square error of approximation
(RMSEA) < 0.08, and the standardized root mean square residual
(SRMR) <0.08 (49, 50). After ensuring the unidimensionality of the
three instruments, measurement invariance across gender was
September 2020 | Volume 11 | Article 875
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carried out to examine whether male and female primary school
students interpreted the three instruments similarly. Multigroup
CFA (MGCFA) was used by three nested models to determine
whether measurement invariance was supported. The nested
models were a configural model, a model with factor loadings
constrained equal across gender, and a model with factor loadings
and item thresholds constrained equal across gender (51, 52). Two
comparisons were conducted in the nested models (i.e., configural
model vs.model with factor loadings constrained equal, and model
with factor loadings constrained equal vs. model with factor
loadings and item thresholds constrained equal) to examine
whether measurement invariance was supported. The following
indices were used for the evaluation: DCFI > −0.01 (53), DRMSEA <
0.02 (54), and DSRMR < 0.03 (for invariant loadings) or 0.01 (for
invariant thresholds) (55). The analyses were performed using
LISREL 8.8 (Scientific Software International, Lincolnwood, IL,
USA) for CFA and MGCFA; IBM SPSS Statistic version 24.0
(IBM Corp., Armonk, NY) for the rest of the analyses.
RESULTS

Table 1 shows the participant characteristics (N = 1,108) whose
mean age was 10.37 years (SD = 0.95). Nearly half of the
participants were males (48.3%), and the participants were
roughly equally distributed in three grades (fourth graders =
30.9%; fifth graders = 35.5%; sixth graders = 32.3%). On average,
the participants spent 1.11 h/day (SD = 1.64) on their
smartphone, 0.40 h/day (SD = 0.89) on social media, and 0.76
h/day (SD = 1.52) on gaming. Additionally, their psychological
distress scores were 2.51 (SD = 3.61) for depression; 3.92 (SD =
3.86) for anxiety; and 4.31 (SD = 4.10) for stress.

Table 2 shows the satisfactory properties of the IGDS-SF9,
BSMAS, and SABAS at the scale level among the primary school
students, except for the slightly high proportion in floor effects
(IGDS-SF9 = 24.6%; BSMAS = 28.2%; SABAS = 25.7%). More
specifically, all the fit indices used in the CFA supported the
unidimensional structure for IGDS-SF9, BSMAS, and SABAS.
Additionally, Cronbach’s a was satisfactory in all three scales: a =
0.84 for IGDS-SF9; 0.73 for BSMAS; and 0.81 for SABAS.Moreover,
the IGDS-SF9, BSMAS, and SABAS were mutually significantly
Frontiers in Psychiatry | www.frontiersin.org 4
correlated (r = 0.55–0.69; all p-values < 0.01). Scores on the
subscales for depression (r = 0.34–0.55; p-values < 0.01), anxiety
(r = 0.35–0.47; p-values < 0.01), and stress (r = 0.37–0.52; p-values <
0.01) were all significantly correlated to scores on the IGDS-SF9,
BSMAS, and SABAS as well as the daily time spent on smartphone,
social media and gaming (Table 3).

The item properties were all satisfactory in the IGDS-SF9,
BSMAS, and SABAS. In the IGDS-SF9, all factor loadings
derived from the CFA were between 0.60 and 0.80; corrected
item-total correlations between 0.55 and 0.76. In the BSMAS, all
factor loadings derived from the CFA were between 0.59 and
0.73; corrected item-total correlations between 0.61 and 0.68. In
the SABAS, all factor loadings derived from the CFA were
between 0.63 and 0.80; corrected item-total correlations
between 0.66 and 0.76 (Table 4).

After ensuring that both scale-level and item-level of the
IGDS-SF9, BSMAS, and SABAS were satisfactory and all had a
unidimensional structure, the MGCFAs were applied to evaluate
whether male and female primary school students interpreted
the scales differently. All three instruments had their
measurement invariance supported at factor loadings and item
thresholds without relaxing any parameters (Table 5).
DISCUSSION

The present study validated three instruments that are brief enough
to assess some specific (i.e., IGDS-SD9 and BSMAS) or general (i.e.,
SABAS) internet-related addictions among mainland Chinese
children. The results demonstrated that the IGDS-SF9, BSMAS,
and SABAS all had robust psychometric properties among
mainland Chinese primary school students. Furthermore, all three
scales demonstrated a unidimensional structure which is consistent
with previous studies (14, 15). Moreover, there were significant
intercorrelations between all the variables including IGDS-SF9,
BSMAS, SABAS, DASS-21 subscales, and the time spent on
gaming, social media, and smartphones.
TABLE 1 | Participant characteristics (n = 1,108).

Mean (SD) or n (%) Missing n

Age (Year) 10.37 (0.95) 46
Gender (male) 513 (48.3%) 9
Grade 15
Grade 4 328 (30.9%)
Grade 5 377 (35.5%)
Grade 6 343 (32.3%)

Time on smartphone (hours per day) 1.11 (1.64) 27
Time on using social media (hours per day) 0.40 (0.89) 43
Time on gaming (hours per day) 0.76 (1.52) 38
Depression scorea 2.51 (3.61) 94
Anxiety scorea 3.92 (3.86) 82
Stress scorea 4.31 (4.10) 94
aAssessed using the Depression, Anxiety, Stress Scale (DASS-21).
TABLE 2 | Psychometric properties of the three scales in scale level (n = 1,108).

Psychometric testing IGDS-SF9 BSMAS SABAS Suggested
cutoff

Ceiling effects (%) 0 0 0 <20
Floor effects (%) 24.6 28.2 25.7 <20
Internal consistency
(Cronbach’s a)

0.84 0.73 0.81 >0.7

Confirmatory factor analysis
(CFA)
c2 (df) 200.71(27) 25.93 (9) 19.51 (9) Nonsignificant
Comparative fit index 0.98 0.99 1.00 >0.9
Tucker-Lewis index 0.98 0.99 1.00 >0.9
RMSEA 0.076 0.041 0.032 <0.08
SRMR 0.067 0.033 0.023 <0.08
Septem
ber 2020
 | Volume
IGDS-SF9, Internet Gaming Disorder Scale–Short-Form; no modification indices were
done in the CFA; BSMAS, Bergen Social Media Addiction Scale; no modification indices
were done in the CFA; SABAS, Smartphone Application-Based Addiction Scale; no
modification indices were done in the CFA; RMSEA, Root-mean square error of
approximation; SRMR, Standardized root mean square residual.
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The results for IGDS-SF9 specifically showed that the scale had a
unidimensional structure with acceptable internal consistency (a =
0.84). This indicates that IGDS-SF9 is reliable in assessing the risk of
IGD among primary school students. These findings
Frontiers in Psychiatry | www.frontiersin.org 5
(unidimensional structure and reliability) are similar to previous
studies [e.g., Arıcak et al. (30); Beranuy et al. (26); Monacis et al.
(28); Pontes & Griffiths (22); Pontes et al. (25, 27); T’ng & Pau (29);
Wu et al. (24); Yam et al. (15)]. Also, the floor effect (24.6%) was
higher than the suggested cut-off although similar to a study by Yam
et al. (15). This is possible because the students spent little time on
internet gaming. Indeed, the present study’s sample spent
approximately 0.76 hours per day playing games, a shorter
duration as compared with other studies (mean hours per day =
1.09 to 10.99) (15, 24, 56). The reasons for so little time spent on
internet gaming may include parental restrictions on the use of
gaming devices (and the like) as children. However, this floor effect
finding is contrary to a study which found low floor and ceiling
TABLE 3 | Correlation matrix among the studied factors (n = 1,065–1,108).

r

1.IGDS-SF9 2.BSMAS 3.SABAS 4.Depression 5.Anxiety 6.Stress 7.Time on smartphone 8.Time on social media 9.Time on gaming

1. –

2. 0.55 –

3. 0.69 0.55 –

4. 0.55 0.34 0.44 –

5. 0.47 0.35 0.39 0.69 –

6. 0.52 0.37 0.42 0.69 0.75 –

7. 0.29 0.20 0.30 0.19 0.17 0.21 –

8. 0.16 0.16 0.15 0.13 0.17 0.17 0.60 –

9. 0.20 0.16 0.23 0.17 0.13 0.19 0.70 0.59 –
September 2020 | Volu
All p-values < 0.01.
Depression, Anxiety, and Stress were assessed using Depression, Anxiety, Stress Scale (DASS-21); IGDS-SF9, Internet Gaming Disorder Scale–Short-Form; BSMAS, Bergen Social
Media Addiction Scale; SABAS, Smartphone Application-Based Addiction Scale.
TABLE 4 | Item properties and internal consistency (n = 1,108).

Scale or
Item #

Item description Mean (SD) Factor
loadinga

Item-total
correlation

IGD9-SF
I1 Preoccupied with gaming

behavior
1.63 (0.88) 0.60 0.63

I2 Feel more irritability, anxiety
when reduce

1.46 (0.86) 0.78 0.71

I3 Spend more time to achieve
pleasure

1.61 (0.91) 0.80 0.76

I4 Systematically fail when trying
to control gaming activity

1.61 (0.95) 0.64 0.63

I5 Lost interests in previous
hobbies

1.39 (0.85) 0.75 0.69

I6 Continued your gaming
activity despite knowing it was
causing problems

1.35 (0.73) 0.77 0.68

I7 Deceived about the amount of
gaming activity

1.22 (0.66) 0.74 0.60

I8 Temporarily escape or relieve
a negative mood

1.79 (1.12) 0.68 0.69

I9 Jeopardized or lost an
important relationship

1.27 (0.74) 0.70 0.55

BSMAS
B1 Salience 1.62 (0.88) 0.73 0.68
B2 Craving/tolerance 1.67 (0.91) 0.70 0.67
B3 Mood modification 1.36 (0.75) 0.67 0.61
B4 Relapse/loss of control 1.74 (1.06) 0.65 0.68
B5 Withdrawal 1.65 (1.02) 0.68 0.68
B6 Conflict/functional impairment 1.56 (1.01) 0.59 0.61
SABAS
S1 Most important thing 2.00 (1.32) 0.63 0.66
S2 Conflicts have arisen 1.63 (1.21) 0.77 0.70
S3 Preoccupying myself 2.15 (1.42) 0.69 0.71
S4 Fiddle around more 1.82 (1.24) 0.79 0.76
S5 Irritable 1.78 (1.30) 0.80 0.76
S6 Fail to use less 1.90 (1.41) 0.75 0.73
IGDS-SF9, Internet Gaming Disorder Scale–Short-Form; BSMAS, Bergen Social Media
Addiction Scale; SABAS, Smartphone Application-Based Addiction Scale.
aFactor loadings were derived from confirmatory factor analysis.
TABLE 5 | Measurement invariance of the IGDS-SF9, BSMAS, and SABAS
across gender (n = 1,099).

Configural
modela

Loadings
constrained

equala

Loadings and
thresholds
constrained

equala

BSMAS
c2 (df) or Dc2 (Ddf) 33.16 (18) 8.30 (5) 5.16 (5)
p-value 0.016 0.011 0.015
CFI or DCFI 0.99 0.000 0.000
RMSEA or DRMSEA 0.039 −0.001 −0.003
SRMR or DSRMR 0.040 0.010 0.000
SABAS
c2 (df) or Dc2 (Ddf) 32.43 (18) 5.80 (5) 4.37 (5)
p-value 0.019 0.024 0.038
CFI or DCFI 1.00 0.000 0.000
RMSEA or DRMSEA 0.038 −0.003 −0.004
SRMR or DSRMR 0.030 0.003 0.000
IGDS-SF9
c2 (df) or Dc2 (Ddf) 199.61 (54) 21.15 (8) 19.24 (8)
p-value <0.001 <0.001 <0.001
CFI or DCFI 0.98 0.000 0.000
RMSEA or DRMSEA 0.070 −0.002 −0.001
SRMR or DSRMR 0.053 0.003 0.000
m

BSMAS, Bergen Social Media Addiction Scale; SABAS, Smartphone Application-Based
Addiction Scale; IGDS-SF9, Internet Gaming Disorder Scale-Short Form; CFI,
comparative fit index; RMSEA, root mean square error of approximation; SRMR,
standardized root mean square residual; aConfigural models are reported using c2 (df),
CFI, RMSEA, and SRMR; other models are reported using Dc2 (Ddf), DCFI, DRMSEA, and
DSRMR.
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effects for quality of life instruments among children (57).
Therefore, a possible reason for the higher floor effect in the
present study as compared with the quality of life instruments
(57) may be due to the difficulty accessing technology among
children. Additionally, measurement invariance across gender was
supported for IGDS-SF9, indicating that both genders had similar
interpretations on the item content in the IGDS-SF9.

The findings for BSMAS also indicated that the scale had a
unidimensional structure with acceptable internal consistency (a =
0.73). This indicates that the BSMAS is reliable in assessing the
students’ challenges with social media use. These findings
(unidimensional structure and reliability) are similar to previous
studies (15, 36, 58). Results also showed the floor effect (28.2%) was
higher than the suggested cut-off and that in previous studies (15,
35). This may be because the students spent little time on social
media. Indeed, the present study’s sample spent about 0.40 h per
day on social media, a shorter duration as compared with past
studies (mean hours per day = 3.11 to 3.75) (15, 58). This finding is
contrary to a study by Lin et al. (57) which reported low floor and
ceiling effects for quality of life instruments among children. Similar
to the explanation for the IGDS-SF9, the higher floor effect in the
present study as compared with the quality of life instruments (57)
may be due to the difficulty accessing technology among children. In
addition, measurement invariance across genders was supported for
the BSMAS, indicating that both genders had similar interpretations
on the item content in the BSMAS (58).

The SABAS had similar psychometric properties like IGDS-SF9
and BSMAS. The scale had a unidimensional structure with
acceptable internal consistency (a = 0.81). This indicates that the
SABAS is reliable in assessing the students’ challenges with
smartphone use. These findings (unidimensional structure and
reliability) are similar to previous studies (15, 35, 37–39, 41). Also,
the floor effect (25.7%) was higher than the suggested cut-off and
that in previous studies (15, 37, 57). This may be possible because
the students had low levels of smartphone use. The present study’s
sample spent about 1.11 h per day on smartphones, a shorter
duration as compared with previous research (mean hours per day
= 5.29) (15). This may have accounted for the increased floor effect
because they did not use smartphones excessively. Nonetheless, the
ceiling effects were as anticipated. In addition, measurement
invariance across genders was supported for the SABAS,
indicating that both genders had similar interpretations on the
item content in the SABAS.

In addition, there were significant positive relationships between
the three scales (IGDS-SF9, BSMAS, and SABAS) and psychological
distress (depression, anxiety, stress; r = 0.34–0.55), as well as
interrelationships between IGDS-SF9, BSMAS, and SABAS (r =
0.55–0.69). These results confirm the criterion validity of IGDS-SF9,
BSMAS, and SABAS. Also, the results re-affirm the association
between individuals who are addicted to online-related activities
and possibilities of them also having psychological distress (i.e.,
depression, anxiety, and stress). Although the present study was
unable to establish cause-and-effect relationship, possible reasons
for these associations among heavy-using children may be that they
are using online-related activities as a coping mechanism or they
encounter challenges with the use of digital devices. This is similar
Frontiers in Psychiatry | www.frontiersin.org 6
to other studies (9, 15) except that the students used in this present
study were children.

This study has practical implications for researchers and
clinicians. The results indicate that future researchers in China
may use these three scales for further studies of addiction risk to
internet-related activities among Chinese children. Clinicians may
also use it to assess the risk of online-related addictive behaviors
among children. Although these scales are acceptable for assessing
the risk of online-related addictive behaviors, they cannot be used as
diagnostic tools. Consequently, further studies may be needed to
help develop diagnostic criteria (or clinical cut-off scores) for the
online-related behaviors examined in the present study.

The present study also has some limitations that should be
considered when interpreting the findings. First, the study used
mainland Chinese children. Therefore, the results cannot be
generalized to other age groups. Moreover, most of the
participants in the present study were Han Chinese. Therefore,
the psychometric findings in the present study may not be able to
generalize to other ethnic groups in mainland China. It is
therefore recommended that this study be replicated in other
ethnicities and age groups in China. Second, the study utilized
self-reported instruments, and there is the chance that the
findings may have been affected by social desirability biases or
poor memory recall, especially given that children’s cognition is
still in development. Third, the study did not collect data on
participants’ psychiatric history which has the potential of
confounding study findings. Fourth, the study did not examine
the effect that the length of time that the student had owned a
smartphone might have had on the results. This may have
contributed to the slightly high floor effect found in the study.
Future studies are thus needed to examine whether the length of
time a student has owned a smartphone contributes to the high
floor effect for the instruments. Future studies should take the
recommendations into consideration when replicating this
study. More specifically, future studies may consider using
diagnostic measures (e.g., diagnosis using DSM-5 or Structured
Clinical Interview for DSM-5 [SCID-5]) to examine the
psychometric properties of the three online-related addiction
behavior instruments. Also, respondents’ psychiatric history
should be collected in the future study to avoid the influence
of inherent confounding psychiatric variables.
CONCLUSION

The findings of the present study indicated that the simplified
Chinese IGDS-SF9, BSMAS, and SABAS had robust psychometric
properties. Therefore, they are reliably and validly capable of
assessing internet-related addictions among mainland Chinese
children. These scales are, to date, the shortest and easiest to use
instruments for assessing specific internet-related addictions.
Furthermore, the items of all the three specific scales contributed
significantly to the derived factor loadings. There were significant
positive relationships between these scales and depression, anxiety,
and stress as well as other variables such as time spent on these
behaviors or activities demonstrating good construct validity.
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