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Social media addiction has been a hot issue in scientific research in recent years, its

antecedents and consequences have been extensively studied. Among these studies,

Bergen Social Media Addiction Scale (BSMAS) is one of the most commonly used

instruments. However, little is known about whether this scale has the equivalent

psychometric properties for men and women. The purpose of the current study is to

examine the measurement invariance (including configural invariance, metric invariance,

scalar invariance, and error variance invariance) of the BSMAS across genders. In total,

1,120 participants were recruited from 5 universities. R program was applied to conduct

the single-group and multiple-group confirmatory factor analysis (CFA) based on the

social media addiction symptom ratings. The results demonstrated that BSMAS was

a valid and psychometrically robust instrument for assessing the risk of social media

addiction among university students, and that the four types of measurement invariance

of the BSMAS across genders were confirmed. Consequently, gender differences in the

BSMAS scores are likely to reflect the genuine differences between men and women,

and comparisons on the level of social media addiction of university students between

gender groups can be interpreted meaningfully.

Keywords: measurement invariance, Bergen Social Media Addiction Scale, social media addiction, gender

difference, college students

INTRODUCTION

Social media has brought great convenience to our daily life. It integrates many interesting and
useful functions such as instant messaging, games, music, short video, and so on. These services
not only allow individuals to connect with others irrespective of the constraints of time and space;
but also provide numerous leisure activities, and make life rich and colorful. Therefore, many
people tend to spend lots of time on social media, under this circumstance, they may be very likely
to develop the problematic behavior–social media addiction. Social media addiction refers to the
behavior characterized by being excessively concerned about social media activities and spending
too much time and effort on these activities, at last, the work, study, interpersonal relationship
relationships, mental health, and other important life areas were impaired (Schou Andreassen
and Pallesen, 2014). At present, social media addiction has attracted the attention of both social
scientists and the general public. In 2021, a meta-analysis across 32 countries revealed that the
average prevalence rate of social media addiction had reached 24% (Cheng, 2021). The detrimental
consequences of this addictive behavior have been confirmed as well. Previous studies indicated
that social media addiction was positively associated with anxiety, depression, and other forms
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of psychological distress (Keles, 2020). Researchers have found
that problematic social media use is related to sleep disturbances
(Wong et al., 2020). Moreover, evidence also suggests that
overreliance on social media brings about the impoverishment of
social skills, short-term attention, and the decrease of the ability
to keep information (Kuss and Griffiths, 2017). Therefore, it is
of significant importance and has been an urgent problem to
conduct in-depth research and seek feasible coping strategies on
social media addiction.

In order to assess individuals’ levels of social media
addiction, some measurement instruments have been developed
by scholars, such as Risk of Addiction to Social Networks
Scale (Vilca and Vallejos, 2015), Social Media Disorder Scale
(van den Eijnden et al., 2016), Addictive Tendencies Scale
(Wilson et al., 2010), and Bergen Social Media Addiction Scale
(BSMAS) (Andreassen et al., 2016). Among these instruments,
BSMAS has been the most widely used. Up to now, this scale
has been translated and applied in different languages, for
instance, English (Andreassen et al., 2016), Italian (Monacis
et al., 2017), Persian (Lin et al., 2017), and Chinese (Leung
et al., 2020; Luo et al., 2021), the reliability and validity has
been supported in these cultural contexts as well. BSMAS was
adapted from the Bergen Facebook Addiction Scale (BFAS)
(Andreassen et al., 2012), and the latter was developed based on
the six core components (including salience, mood modification,
tolerance, withdrawal, conflict, and relapse) of addictive behavior
(Griffiths, 2005), and each item of BSMAS reflected one of these
components. The higher the sum score of BSMAS, the greater the
severity of being a social media addict.

By using BSMAS, researchers surveyed teenagers and draw
the conclusion that the level of addiction in women were higher
than men (Andreassen et al., 2016; Bányai et al., 2017; Chae
et al., 2018; Su et al., 2020). The reason may lie in the fact that
social interaction and cooperation are the main activities of their
social media use (Andreassen et al., 2016), compared with men,
women tend to seek feedback from social media, spend more
time managing their online image, and soliciting assistance from
their friends (Yau and Reich, 2019; Twenge and Martin, 2020),
besides, women are more prone to acquire social media addiction
when they experience empty and depression (Chae et al., 2018;
Su et al., 2020). In this way, they are more likely to excessively
use social media and ultimately develop social media addiction.
Some scholars also applied this instrument to conduct their study
in adolescent samples, the results demonstrated that males were
more likely to be addicted in social media (Altin and Kivrak,
2018; Azizi et al., 2019; Shibli and Akhtar, 2020; Luo et al., 2021;
Gao and Eissenstat, 2022). In these scholars’ opinion, men may
experience more negative effects and be more likely to have a
poor academic performance, which will lead men to use social
media for longer time as opposed to their female counterparts
and contribute to their vulnerability of social media addiction
(Shen, 2019; Bhandarkar et al., 2021; Gao and Eissenstat, 2022).
Moreover, some studies also contended that there was no
significant association between gender and the severity of social
media addiction (Kirik et al., 2015; Ahmed et al., 2021; Cheng,
2021; Mahmood et al., 2022). This indicates that on average,
men and women may have the identical level of social media

addiction or exhibit the similar addictive symptoms, regardless
of the motivations and justifications of their usage behavior.

However, these conclusions may be doubtable, because the
perquisite of the comparison between men and women is that the
measurement of the construct is equivalent in both the genders.
In previous studies, due to the fact that measurement invariance
tests of the BSMAS had not been conducted, the differences
between men and women may come from the measurement
bias, for example, the meaning of the BSMAS items may be
different between genders. Therefore, researchers cannot draw
the conclusion that gender disparities in social media addiction
represent the real differences between men and women before
establishing the measurement invariance, as they may be the
result of systematic biases that men and women reply to the
BSMAS items. From what has been mentioned earlier, it is
necessary to examine the cross-gender measurement invariance
of the BSMAS.

Measurement invariance refers the degree to which the
contents of the scale are being perceived and interpreted in
the identical way across different samples (Byrne and Watkins,
2003). Other scholars also indicated thatmeasurement invariance
could be considered as the extent to which measurements
performed under different circumstances exhibit the same
psychometric properties (Meade et al., 2008). Although there
are some distinctions between the definitions, measurement
invariance is regarded as the premise for comparing the
differences across genders, ages, ethnicities, cultures, and so
on (Chen, 2007). Because inference problems may occur and
conclusions resulted from a study may be inaccurate or invalid
if the measurement instruments we depend on do not have
the identical meanings across different groups (Chen, 2007).
In practice, measurement invariance is conducted via an
iterative process, a series of hierarchically nested models is
examined across meaningful participant groups, or across time,
to determine to what extent the proposed factor structure fits
across these populations (Collison et al., 2021). The procedures
for assessing themeasurement equivalence in the CFA framework
has been classified into two parts: measurement invariance
and structural invariance (Byrne et al., 1989; Vandenberg
and Lance, 2000; Mengcheng, 2014). Measurement invariance
tests the relationships between the observed variables and the
latent constructs, this part includes four processes: configural
invariance, metric invariance, scalar invariance, and error
variance invariance; structural invariance examines the latent
variables themselves; this part includes three processes: factor
variance invariance, factor covariance invariance, and latent
mean invariance (Byrne et al., 1989; Vandenberg and Lance, 2000;
Mengcheng, 2014). Due to the fact that structural invariance
represents very strict criterion that are often hardly to be
satisfied in practice, therefore, measurement invariance is the
most frequently examined part of equivalence (Chen, 2007).
According to this, in the present study, we will test the four
processes of measurement invariance in the statistical analysis
part as well.

Previous studies examined the cross-culture and cross-time
invariance of the BSMAS in university students (Chen et al.,
2020a; Leung et al., 2020), results of these studies confirmed the
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measurement invariance of this inventory, in terms of cross-
gender invariance of this scale, one study had verified the
measurement equivalence of BSMAS between genders in primary
school students (Chen et al., 2020b). Nevertheless, because there
was a high-prevalence rate of social media addiction among
college students (Tang and Koh, 2017), they had been the focus
group of social media addiction (Ya-li et al., 2021), moreover,
participants enrolled in most studies were college students
(Cheng, 2021). Therefore, the aim of the present study is to test
the cross-gender measurement invariance of BSMAS in college
student populations.

METHOD

Participants
Participants were recruited from five universities in Inner
Mongolia China. In total, 1,500 questionnaires were sent out
during the participants’ spare time, and 1,260 were returned. In
total, 140 invalid ones were removed because these participants
failed to complete their questionnaires or they did not provide
their age or genders. Finally, data from 1,120 participants were
used for the final analysis. There were 513 men and 607 women,
the average age of the participants was 20.89± 1.40 years, ranging
from 18 to 26 years of age.

Measurement
Bergen Social Media Addiction Scale (BSMAS) was administered
to assess the level of one’s social media addiction. Participants
were asked to report their experiences in the use of social media
within a 12-month period. The BSMAS consisted of 6 items (e.g.,
“How often during the last year have you tried to cut down on
the use of social media without success?”), each item reflected one
of the core addiction components (salience, mood, modification,
tolerance, withdrawal conflict, and relapse) proposed by Griffiths
(Griffiths, 2005). A 5-point Likert scale was adopted for rating
(from 1 = “very rarely” to 5 = “very often”), a higher sum
score obtained from the BSMAS indicated a higher likelihood
of being addicted to social media. In the present study, the
Cronbach’s alpha coefficient for the scale in the overall sample
was 0.822, in male sample was 0.828; and in female sample
was 0.817.

Procedure
The current study was performed in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of the College of Psychology Inner Mongolia Normal
University. All the participants were randomly selected from
five universities in Inner Mongolia; they should be older than
or equal to 18 years and they should have at least one social
media account (such as WeChat, QQ, Weibo, and other social
media platform). Before sending out the questionnaires, all
the participants were informed that the data were only used
to conduct scientific research, they were not compelled to
participate in the study; their responses were anonymous; they
could drop out at anymoment they would like and this would not
impact their life and their performance in the final examination.
Finally, after acquiring the informed consent of the participants

and their teachers or supervisors, questionnaires were merely
distributed to the students who were willing to participate in
this study.

Statistical Analysis
Microsoft Excel 2016 was employed to input the data, SPSS 25.0
was applied to conduct descriptive statistics, test the normality
of the data, and calculate the Cronbach’s alpha coefficient for
the overall sample and each gender group. RStudio with the
packages “lavaan” (Rosseel, 2012) and “semTools” (Jorgensen
et al., 2018) was applied to perform the confirmatory factor
analysis (CFA) and assess the measurement invariance. The
normality of the data was evaluated by the values of skewness
and kurtosis, the absolute values of the two indices smaller
than 2 indicated that the scores of the items are normally
distributed (Pituch and Stevens, 2015). Due to the ordinal nature
of the BSMAS, according to the suggestions of the previous
scholars, weighted least squares with mean and variance adjusted
(WLSMV) estimator was employed to assess the model fit
indexes (Wu and Estabrook, 2016). The goodness of model fit
of CFA was estimated by multiple indices: χ2 statistic, Root
Mean Square Error of Approximation (RMSEA), Comparative
Fit Index (CFI) and Standardized Root Mean Square Residual
(SRMR). For RMSEA, a value smaller than 0.05 represented
a close fit; a value ranging from 0.07 to 0.08 indicated a fair
fit; a value in the range of 0.08 to 0.10 denoted a mediocre
fit (Browne and Cudeck, 1992; MacCallum RC, 1996). For
CFI, the value above 0.90 was considered as acceptable (Hu
and Bentler, 1999). For SRMR, the value smaller than 0.05
signified acceptable fit (Hu and Bentler, 1999; Shi and Maydeu-
Olivares, 2020). Multiple-group CFA was conducted to test
the measurement invariance of the social media addiction
scale across groups of men and women. Four increasingly
constrained multiple-group CFA processes were performed in
an iterative manner. First, the configural invariance model was
established as the baseline model to investigate whether the
same factor structure was equivalent across groups. Second,
the metric (or “weak”) invariance model was established to
test whether the factor loadings of the items were the same
for both men and women. Metric invariance is an important
prerequisite for the meaningful comparison between gender
groups (Bollen, 1989). Third, the scalar (or “strong”) invariance
model was established to estimate whether the factor loadings
and the intercepts were equivalent across men and women.
Forth, the strict invariance model was established to test
whether the items have the same factor loadings, intercepts,
and residual variances in both gender groups. Because the four
models mentioned earlier were nested hierarchically within the
previous ones, measurement invariance was assessed by the
overall model fit for each model and the changes in fit indices
between the nested models. Due to the ordinal nature of the
BSMAS, according to the recommendations of previous studies,
measurement invariance was supported if the comparison
between the two models fulfilled these criteria: a non-significant
1χ2, 1RMSEA < 0.050, 1CFI < 0.004, and 1SRMR ≤ 0.01
(Rutkowski and Svetina, 2017; Clark, 2020).
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TABLE 1 | Descriptive statistics of the BSMAS.

Sample Item Mean SD Skewness Kurtosis

Total (n = 1120) 1 2.95 1.093 −0.013 −0.583

2 2.69 1.082 0.210 −0.532

3 2.93 1.072 0.135 −0.541

4 3.00 1.028 −0.036 −0.465

5 2.88 1.012 0.011 −0.361

6 2.52 1.079 0.531 −0.303

Male (n = 513) 1 2.91 1.132 0.023 −0.692

2 2.65 1.085 0.184 −0.566

3 2.92 1.089 0.222 −0.577

4 2.96 1.055 −0.021 −0.533

5 2.86 0.994 −0.015 −0.330

6 2.50 1.072 0.457 −0.417

Female (n = 607) 1 2.99 1.058 −0.036 −0.474

2 2.72 1.080 0.235 −0.505

3 2.93 1.057 0.056 −0.501

4 3.04 1.004 −0.040 −0.402

5 2.90 1.027 0.028 −0.385

6 2.54 1.086 0.591 −0.216

RESULTS

Descriptive Statistics
Results of descriptive statistics for the total sample and both
gender groups were presented in Table 1. In the overall sample,
the ranges of means and SDs for the BSMAS item scores ranged
from 2.52 to 3.00 and 1.012 to 1.093, separately. In the male
group, the means and SDs ranged from 2.50 to 2.96 and 0.994
to 1.132, separately; in the female group, the means and SDs
ranged from 2.54 to 2.99 and 1.004 to 1.086, separately. All the
absolute values of skewness and kurtosis were smaller than 2,
this suggested the scores of the items approximately normally
distributed (Pituch and Stevens, 2015). Because the maximum
likelihood estimation was robust when the data followed an
approximately normal distribution (Finney and DiStefano, 2006;
Kaplan, 2008), therefore, the maximum likelihood estimation
would be employed in the (multiple-group) CFA.

Single-Group Confirmatory Factor Analysis
Single-group CFA was conducted for the overall sample and
individually for each gender. The unidimensional model was
tested in the overall sample, male and female groups separately.
Results of single-group CFA in the overall sample and each
subsample were presented in Table 2. In the overall sample, the
results indicated that the model fitted the data adequately, the
fit indices were as follows: χ2 = 39.016, RMSEA = 0.055 (90%
CI, 0.038–0.073), CFI = 0.994, SRMR = 0.018, the standardized
factor loadings ranged from 0.637 to 0.753. In the male sample,
fit indices of CFA suggested the model was appropriate: χ2 =

10.837, RMSEA = 0.020 (90%[CI], 0.000–0.056), CFI = 0.999,
SRMR = 0.013, the standardized factor loadings ranged from
0.653 to 0.770. In the female sample, the outcomes also showed
an acceptable model fit: χ2 = 51.820, RMSEA= 0.089 (90%[CI],

0.066–0.113), CFI = 0.983, SRMR = 0.030, the standardized
factor loadings ranged from 0.629 to 0.735. In summary, results
of CFA indicated the unidimensional model of BSMAS was
acceptable for both gender groups.

Measurement Invariance Across Genders
Multiple-group CFA was performed to examine the
measurement invariance across genders. Fit indices for the
four models and the differences between the pairs of nested
models were displayed in Table 3.

First, configural invariance was conducted by estimating the
two gender groups with no equality constraint. The results
indicated the configural invariance model (M1) fit the data well
(χ2 = 64.947, RMSEA = 0.068 (90%[CI], 0.051–0.087), CFI =
0.991, SRMR = 0.023). Therefore, the configural invariance of
the BSMAS was confirmed.

Second, metric invariance was performed through
constraining the factor loadings to be the same between
male and female groups. The fit indices suggested an acceptable
model fit. Compared withM1, the metric invariance model (M2),
1χ2 was not significant, value changes of RMSEA (1RMSEA),
CFI (1CFI), and SRMR (1SRMR) were −0.026 < 0.050, 0.002
< 0.004, −0.001 < 0.01, respectively, this indicated that the
metric invariance of the BSMAS held across genders.

Third, scalar invariance was evaluated by restricting the factor
loadings and intercepts of the items to be equal across the two
gender groups. The results of the scalar invariance model (M3)
demonstrated that the model fitted the data well (χ2 = 71.020,
RMSEA = 0.037 (90%[CI], 0.023–0.051), CFI = 0.994, SRMR =

0.023). Compared with M2, the values of 1RMSEA, 1CFI, and
1SRMR were all smaller than the recommended cutoff values
for rejecting measurement invariance. The satisfaction of scalar
invariance implied that the factor loadings and item intercepts
were invariant for men and women.

Forth, strict invariance estimated through forcing the factor
loadings, intercepts, and residual variances of the items to be
the same across genders. The strict invariance model (M4)
provided satisfactory fit indices (χ2/df= 71.681, RMSEA= 0.032
(90%[CI], 0.016–0.045), CFI= 0.995, SRMR= 0.023). Compared
with M3, the values of 1RMSEA, 1CFI, and 1SRMR were all
within the recommended guidelines for supporting the strict
invariance. Therefore, the strict invariance of the BSMAS across
genders was confirmed.

DISCUSSION

Bergen Social Media Addiction Scale has been one of the
most frequently used instruments for estimating the level
of individuals’ social media addiction. However, the cross-
gender measurement invariance of this scale still needed to be
investigated by the researchers. The present study examined the
equivalence of psychometric properties of the BSMAS between
men and women. The main findings and implications are
presented as follows.

Outcomes from single-group CFA for the total sample, male
and female sample all suggested that the unidimensionalmodel of
BSMAS provided a relatively good fit to the data. Similar to what
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TABLE 2 | Results of single-group confirmatory factor analysis.

Robust Model Fit Indices Standardized Item Factor Loadings

Sample χ2 df RMSEA RMSEA(90%CI) CFI SRMR Item1 Item2 Item3 Item4 Item5 Item6

Total (n = 1120) 39.016 9 0.055 0.038–0.073 0.994 0.018 0.656 0.736 0.637 0.753 0.693 0.698

Male (n = 513) 10.837 9 0.020 0.000–0.056 0.999 0.013 0.667 0.753 0.653 0.770 0.697 0.694

Female (n = 607) 51.820 9 0.089 0.066–0.113 0.983 0.030 0.648 0.722 0.629 0.735 0.691 0.702

TABLE 3 | Fit indices for measurement invariance tests.

Robust Model Fit Indices Model Difference

Model χ2 df RMSEA RMSEA (90%CI) CFI SRMR 1M 1χ2 1df 1RMSEA 1CFI 1SRMR

M1 64.947 18 0.068 0.051–0.087 0.991 0.023 – – – – – –

M2 70.005 35 0.042 0.028–0.057 0.993 0.022 M2 VS. M1 5.058 17 −0.026 0.002 −0.001

M3 71.020 40 0.037 0.023–0.051 0.994 0.023 M3 VS. M2 1.015 5 −0.005 0.001 0.001

M4 71.681 46 0.032 0.016–0.045 0.995 0.023 M4 VS. M3 0.661 6 −0.005 0.001 0.000

M1, configural invariance; M2, metric invariance; M3, scalar invariance; M4, strict invariance. All the 1χ
2 was not significant.

has been reported in previous two studies (Leung et al., 2020;
Huang et al., 2021), evidences yielded by the current research
still indicated that the unidimensional factor structure of this
scale was robust across genders. However, participants in one
previous study were restricted to be university students from
Hong Kong and Taiwan, understanding and writing Chinese
traditional characters was one of the inclusion criteria (Leung
et al., 2020). Although all of them are Chinese, there might still
be some cultural differences between Hong Kong, Taiwan, and
mainland China. Therefore, it was necessary to test the factor
structure of BSMAS with participants who resided in mainland
China. In fact, in the other previous study, researchers enrolled
adolescents in mainland China to assess the factor structure of
BSMAS. Nevertheless, when they performed CFA, they added
the residual covariance path of item 1 and item 2 (Huang et al.,
2021). From the viewpoint of statistics, this operation was not
appropriate, because there was no theoretically defensible reason,
and allowing correlated residuals mightmask the latent pattern of
the data (Landis et al., 2009). Therefore, the results of the present
study still have significant importance.

In terms of the measurement invariance, results of single-
group CFA and configural invariance analysis suggested that
the BSMAS assessed the equivalent construct across genders.
Findings from the multiple-group CFA demonstrated that the
metric invariance of BSMAS between men and women was also
held, this indicated that one unit change of the latent variable
would be translated into the equivalent change of the particular
observed variable in both the male and female groups (Widaman
and Grimm, 2014). In practice, this meant that the differences of
the severity of social media addiction between men and women
could be interpreted directly, the same scores represented the
identical meaning across genders (Fen, 2019). Scalar invariance
of BSMAS was also supported across the two gender groups, this
not only demonstrated that the item thresholds were invariant
for men and women; but also indicated that a score of the

latent variable would be converted into the same score on a
particular observed variable in the two gender groups (Widaman
and Grimm, 2014). Strict invariance of BSMAS was acceptable
as well, this suggested that the residual variances of the manifest
variables were homogeneous between the two groups. In other
words, this meant that when predicting a given observed variable
from the latent variable, the items of BSMAS had the identical
error terms across the gender groups.

Results of the current study indicated that the unidimensional
structure of the BSMAS was gender-invariant, and evidences
of measurement invariance (including configural, metric, scalar,
and strict invariance) of the BSMAS also suggested that the
psychometric properties of this instrument were equivalent
in both male and female groups. The same scores of the
BSMAS reflected the identical severity of social media addiction
across genders, and this might not be affected by the artifacts
of measurement bias. Therefore, in Chinese college student
populations, it is acceptable to use the BSMAS to compare
the levels of social media addiction in different genders. This
conclusion was similar to one previous study in which primary
school students were enrolled as the participants (Chen et al.,
2020b), although there are differences between the ages of the
participants, the two studies all demonstrated the measurement
invariance of the BSMAS across genders; and this further
indicated that the discrepancies between men and women came
from the differences of the latent construct, rather than the
measurement bias of the BSMAS items. Besides, BSMAS was
developed on the basis of the “components” model of addiction,
therefore, results of the present study provide empirical evidence
for this theory as well. On one hand, this study confirmed
that social media addiction indeed shared these commonalities
proposed by this theory, and these symptoms together with
the structure of this model were shared and verified robust
in mainland Chinese university students as well; on the other
hand, these components were identical in both male and

Frontiers in Psychology | www.frontiersin.org 5 June 2022 | Volume 13 | Article 879259

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Yue et al. Measurement Invariance of BSMAS

female genders, demonstrated that both groups had parallel
interpretations on the item content in the BSMAS. The current
study also had practical implications for researchers, clinicians,
and the general public. They could compare the severity of social
media addiction between the two gender groups directly without
concerning about the measurement deviation.

CONCLUSIONS

In the present study, the factor structure and the cross-
gender measurement invariance of the BSMAS were examined,
results indicated that the unidimensional structure and the
measurement invariance of the BSMAS were supported. The
differences of the BSMAS between gender groups are due to the
differences of the latent construct, rather than the measurement
bias of the items. Gender differences in the BSMAS are likely
to reflect the genuine differences between men and women,
and comparisons on the level of social media addiction of
university students between gender groups can be interpreted
meaningfully. Results of the current not only provides the
empirical evidences for the structural validity of the BSMAS and
for the “components” model of addiction in Chinese mainland
culture, but also makes the researchers and the clinicians be more
confident in the diagnosis, treatment and the related scientific
research works of the addictive behavior between male and
female university students.
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