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Abstract
Background With the advent of the new media era, the understanding of adolescent internet addiction needs to 
be enriched. It is also necessary to distinguish the related factors of adolescent internet addiction at different levels to 
clarify the mechanisms of this phenomenon.

Methods This study used hierarchical linear model analysis to explore the effects of student-level factors and school-
level factors on adolescent internet addiction, along with cross-level moderating effects. A total of 1,912 students 
between the 4th and 8th grades in China participated in the study. Participants completed the Self-Esteem Scale, 
Parents Phubbing Scale, Classroom Environment Scale, and the Diagnostic Questionnaire of Internet Addiction.

Results Correlational analyses revealed that internet addiction was found to be negatively correlated with both 
self-esteem and the teacher-student relationship (p < 0.01), while father phubbing, mother phubbing, and learning 
burden were shown to positively correlate with internet addiction (p < 0.01). Hierarchical linear model analysis 
suggested that student-level variables, including self-esteem, and mother phubbing, were significant predictors of 
internet addiction (β = −0.077, p < 0.001 and β = 0.028, p < 0.01, respectively). At the school level, learning burden 
significantly and negatively predicted internet addiction (β = 0.073, p < 0.05). Furthermore, the relationship between 
self-esteem and internet addiction was significantly moderated by learning burden (β = −0.007, p < 0.05). Meanwhile, 
the teacher-student relationship also had a significant moderating effect on the association between mother 
phubbing and internet addiction (β = −0.005, p < 0.01).

Conclusions This study revealed the relationships between self-esteem, parental phubbing, and classroom 
environment with adolescent internet addiction, and these findings could provide insights into reducing adolescent 
internet addiction from the perspective of individuals, families, and schools.
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Introduction
In the era of developed internet and network technol-
ogy, the internet is used for communication, education, 
and entertainment, having become a necessary part of 
people’s daily lives. However, with the advantages of con-
venience and multi-functions, the challenges that indi-
viduals can easily become addicted to online activities 
are emerging. One of the most harmful instances of this 
phenomenon is often known as internet addiction (IA). 
According to the diagnostic criteria of pathological gam-
bling in the Diagnostic and Statistical Manual of Mental 
Disorders, 4th Edition (DSM-IV), Young defined IA as an 
impulsive control disorder characterized by an inability 
to inhibit internet surfing drives that damages major life 
domains and social functions [1]. Because of the topic’s 
complex nature, related terms such as “internet behavior 
dependence” [2] and “pathological internet use” [3] are 
usually regarded as synonyms for IA.

Adolescents are highly predisposed to IA. Nowadays, 
it is becoming more common and inevitable for young 
people to use the internet for communication, leisure 
and recreation, and completing learning tasks [4, 5]. At 
the same time, adolescents are in a psychological period 
in which they desire independence and autonomy, while 
their self-control and self-regulation are poorer than 
those of adults, which makes them more prone to IA [6]. 
The prevalence of IA among adolescents in China is dis-
quieting, ranging from 8.8 to 12.2% [7, 8], and the preva-
lence rates might further increase in the coming years. 
Besides, excessive internet use may also increase the risk 
of negative psychosomatic symptoms and conduct prob-
lems, such as anxiety, depression, academic difficulties, 
poor interpersonal relationships, and even a high risk of 
suicide [9–11]. Therefore, many scholars have strongly 
suggested the classification of IA as an adolescent risk 
behavior [12], and that specific attention needs to be paid 
to adolescent IA in China [13].

According to Ecological Systems Theory [14], individ-
ual behavior is a result of the interaction between humans 
and their environment, which means that, in addition to 
the individual’s development, the ecological environment 
in which an individual lives also has a significant impact 
on individual development. For adolescents, the family 
and the school are the earliest and closest environmental 
systems, and their key members (i.e., parents and teach-
ers) can help shape their behavior through communica-
tion and interaction. However, to our knowledge, current 
studies are more based on individual characteristics, 
family components, school climate, and other single fac-
tors or two factors to explore. There is an urgent need for 

the measurement and screening of data from joint sys-
tems, including individual-level and school-level data, to 
ultimately promote the involvement of multi-level stake-
holders [15]. Therefore, our research used a large sample 
of Chinese adolescents to analyze the associations of 
individual- and school-level factors with adolescent IA, 
as well as any interactions between these factors.

Self-esteem and adolescent internet addiction
Self-esteem is an individual psychological trait that can 
be described as a self-evaluation of one’s image and 
part of the self-concept made up of the positive terms 
that people use to describe themselves [16]. According 
to Rosenberg [17], self-esteem has always been closely 
linked to physical and psychological factors and behavior 
problems. Similarly, self-esteem may also have a signifi-
cant impact on adolescent IA [18]. Specifically, teenagers 
who have low self-esteem in general lack self-confidence 
and avoid interactions with others in the real world. They 
prefer communicating online to keep their confidence 
intact, thus deepening their dependence on the internet 
[19]. Many studies have shown that self-esteem is nega-
tively correlated with IA, but the association between 
them may be moderated by other factors, and this is an 
area that still needs further clarification. For example, 
one review suggested that variables such as gender and 
age may affect the strength and even the nature of this 
relationship [20]. Therefore, it is necessary to further 
investigate the relationship and underlying mechanisms 
between them to deploy the favorable role of self-esteem.

Parental phubbing and adolescent internet addiction
Family and parent-child relationships can also provide 
an important contribution to understanding the patho-
genesis of adolescent IA, especially at a pubescent age [5, 
21]. As an emerging phenomenon, parental phubbing has 
also attracted attention and has been found to positively 
predict adolescent IA in some empirical studies. Paren-
tal phubbing refers to a social behavior whereby parents 
neglect their children, focusing on their mobile phones 
instead during parent-child interactions [22–24], which 
emphasizes the children’s negative experience of being 
ignored [25]. A study of primary school students in China 
showed that children felt discontented with their parents’ 
phubbing because it conveyed a signal of alienation from 
parents, which aggravated children’s dependence on the 
internet [26]. Geng et al. verified that adolescents who 
perceived more parental phubbing in the early inter-
action will experience more feelings of loneliness and 
eventually become addicted to the internet [27]. Some 
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scholars considered working from home would increase 
the time of parent-child interaction during the COVID-
19 pandemic, and their study design demonstrated that 
frequent parent phubbing would mislead adolescents to 
think that phubbing is socially accepted, which would 
induce adolescent IA [28]. Given the results of previ-
ous research, parental phubbing may increase the risk 
of adolescent IA, and further testing for the mechanism 
underlying this relationship is needed. However, parental 
phubbing was mostly measured as a whole in previous 
studies, rather than father’s and mother’s phubbing [24, 
29]. Family system theory points out that the family is a 
hierarchical system in which the interactions between 
each member are complex, and there are mutual influ-
ences and interactions between them [30]. Meanwhile, in 
consideration of the different family functions of the fam-
ily members, the mother often plays a more important 
role in nurturing the child’s emotions, while the father is 
more about guiding social rules and contact [27, 31]. It 
is necessary to explore the relationships between fathers’ 
and mothers’ phubbing and adolescent IA separately.

Classroom environment and adolescent internet addiction
Classroom environment is also a significant factor asso-
ciated with adolescent IA [32, 33]. The classroom envi-
ronment refers to a relatively stable environment state of 
class that includes all the student’s perceptions of their 
class and which influences the students differently at the 
same time [34]. In other words, it is a multi-level con-
struct that contains an overall organizational structure, 
norms, and culture and can represent the interaction 
quality of all the school members [35]. As its important 
components, learning burden and teacher-student rela-
tionships have been examined by scholars in the field of 
IA.

Because of the particular cultural and educational 
background that requires taking a highly competitive 
college entrance examination in China, Chinese teenag-
ers spend most of their time in school, striving for better 
academic performance, which means that most of them 
bear a very large learning burden [36]. Prior empirical 
studies have indicated that academic pressure is one of 
the main sources of personal life pressure for adolescents, 
and adolescents that fail to cope with their negative emo-
tions (e.g., depression, anxiety and feeling of inferiority) 
and cognition (e.g., perception, attention, memory and 
intelligence) caused by academic stress often develop IA 
[36, 37]. Thus, there is an urgent need to further clarify 
the relationship between learning burden and IA for ado-
lescents, especially based on the perspective of the class-
room environment.

Along with parents, teachers are key figures who guide 
and support the growth of teenagers, and the adults who 
accompany teenagers for a long period [38]. Attachment 

theory points out that the relationship between teachers 
and students is a continuation of parent-child attachment 
relationships [39]. Empirical evidence has shown that the 
more intimate the relationship that adolescents establish 
with their teachers, the less likely they are to engage in 
excessive internet use [40]. Other studies with a sample 
of Chinese middle school students have also confirmed 
the protective effect of teacher-student relationships on 
IA [36, 41]. Therefore, it is essential to investigate the 
relationship between teacher-student relationship and IA 
for the prevention and intervention of IA.

In addition, research on the conduct of moderators 
across the individual-level is still emerging. Jia and Li 
insisted that students are more likely to experience differ-
ences in the way they are impacted by the same adverse 
event in the classroom [40]. Their finding showed that 
harmonious teacher-student relationships moderated 
the negative impact of peer victimization on IA, which 
revealed that the classroom environment is a more com-
plex property in reality that various parts of factors may 
perform different functions. Meanwhile, Chang and Kim 
also identified many two-level interaction effects between 
individual variables (including gender, delinquency, 
and self-esteem) and school climate on internet gaming 
addiction [18]. Thus, based on previous findings, it was 
necessary for this study to analyze the specific effects of 
cross-level (e.g., student and school level) interactions on 
adolescent IA.

The current study
Adolescent IA has earned substantial attention from 
scholars, and there are abundant research achieve-
ments in related fields. However, previous studies have 
also demonstrated that there existed remarkably differ-
ent influences between individual factors and external 
environmental factors on adolescent IA [42], but few 
studies examined specific joint mechanisms of the two 
aspects of factors and seldom analyzed both the family 
environmental system and school environmental system 
[36]. The interaction between the environmental system 
and adolescent IA may provide a special perspective to 
complement existing knowledge. Furthermore, it is also 
a meaningful design to divide parental phubbing into 
mother’s and father’s phubbing. As we knew that the dif-
ferent divisions of family labor cannot be ignored [43].

As mentioned above, diverse findings in these studies 
were likely caused by their discrepant inclusion of influ-
encing factors, lack of group perspectives, and different 
cultural contexts, which may influence relevant associa-
tions with adolescent IA. To date, most of the existing 
research does not provide adequate evidence to dem-
onstrate the combined effect of individual and environ-
mental factors on adolescent IA, since the classroom 
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environment was often analyzed only as a student-level 
variable rather than as a group factor [44].

Therefore, to better understand the various factors 
and complex mechanisms acting on adolescent IA, this 
study was designed to construct a two-level linear model 
with a large student sample located in mainland China. 
Accordingly, we aimed to identify some of the student-
related factors (self-esteem and parental phubbing) and 
school-related factors (learning burden and teacher-stu-
dent relationship) linked to adolescent IA via multilevel 
analysis. Furthermore, we aimed to examine the moder-
ating effects underlying these relationships via cross-level 
analysis.

Hypotheses
The current study aimed to contribute to a more com-
prehensive understanding of IA among Chinese adoles-
cents and help relevant departments develop education 
programs to prevent IA. The hypotheses that we pro-
posed are as below (see Fig.  1). It should be noted that 
due to the complexity of cross-level interactions (i.e., the 
interactions between the school-level variables and the 
student-level variables may exist many possibilities), the 
present study treats them as open questions for which no 
specific hypotheses are evident.

H1: At the student level (level 1), self-esteem would 
negatively and significantly predict adolescent IA.

H2: At the student level (level 1), father phubbing (H2a) 
and mother phubbing (H2b) would positively and signifi-
cantly predict adolescent IA.

H3: At the school level (level 2), the learning burden 
would positively and significantly predict adolescent IA.

H4: At the school level (level 2), the teacher-student 
relationship would negatively and significantly predict 
adolescent IA.

H5: The interactions between learning burden and 
variables at the student level, including self-esteem (H5a), 
father phubbing (H5b), and mother phubbing (H5c), 
would be significantly associated with adolescent IA.

H6: The interactions between the teacher-student 
relationship and variables at the student level, including 
self-esteem (H6a), father phubbing (H6b), and mother 
phubbing (H6c), would be significantly linked to adoles-
cent IA.

Method
Participants and procedure
To ensure the inclusion of a range of socioeconomic 
backgrounds, we gathered students through conve-
nience sampling across mainland China in East China 
(e.g., Jiangsu and Zhejiang Province), South China (e.g., 
Guangdong and Fujian Province), and Central China 
(e.g., Henan Province) from November 2021 to Feb-
ruary 2022. We obtained informed consent from the 
school principal, students, and their parents before our 
investigation. We asked teachers in sample schools to 
distribute paper-and-pencil questionnaires to students 
after the training. Participating students completed 
this anonymous questionnaire during a self-study ses-
sion and were encouraged to ask questions if anything 
was unclear. A total of 2,082 students from grade four 
to grade eight participated in the current study, and 170 
(8.2%) were removed because the unfilled part of their 
questionnaire exceeded 20%. The remaining 1,912 stu-
dents from 50 classes contained 1,004 boys (52.5%) and 
908 girls (47.5%); 1,603 (83.8%) were from urban regions, 

Fig. 1 The conceptual framework of the study
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while 309 (16.2%) were from rural regions. Among them, 
the mean age was 11.03 (SD = 1.13) years, and the num-
ber of students in grades four, five, six, seven, and eight 
accounted for 28.0%, 25.9%, 36.6%, 4.6%, and 5.0%, of the 
total, respectively. The present survey was also approved 
by the corresponding author’s university institutional 
ethics board (KNLL-20,211,011,002).

Measures
Three measures served as independent variables at the 
student level in the current study, including socio-demo-
graphic variables (i.e., age and gender), self-esteem, and 
parental phubbing. Besides, the independent variables 
at the school level were mainly obtained from the class-
room environment scale, which contained the learning 
burden and the teacher-student relationship. The depen-
dent variable was adolescent IA.

Self-esteem scale
The 10-item Rosenberg Self-Esteem Scale was used to 
assess one’s character of self-esteem [45]. Items were 
rated on a 4-point Likert scale ranging from 1 (strongly 
disagree) to 4 (strongly agree). A sample item was “I feel 
that I am a person of worth, at least on an equal plane 
with others”. Higher scores reflected a higher level of self-
esteem. The Cronbach’s α of the scale was 0.849 in this 
study.

Parents phubbing scale
In the current study, a revised version of the 9-item 
Parents Phubbing Scale was used to measure students’ 
perceived parental phubbing behavior [46]. Items were 
scored on a 5-point Likert scale ranging from 1 (never) 
to 5 (all the time), and the phubbing behavior of both 
parents was collected (e.g., “My parent glances at his/her 
cell phone when talking to me”). Higher scores indicated 
greater degrees of paternal/maternal phubbing behavior. 
In this study, the Cronbach’s α of paternal and maternal 
phubbing behavior were 0.858 and 0.851, respectively.

Classroom environment scale
Two dimensions of the “My Class” Questionnaire, includ-
ing “learning burden” and “teacher-student relationship” 
were selected to evaluate students’ classroom environ-
ment in this study [47]. The sub-scales comprised 15 
items rated on a 5-point Likert scale ranging from 1 
(never) to 5 (all the time). Sample items were “Students 
feel a lot of pressure to study” and “The headteacher 
genuinely cares about classmates.” Higher scores of 
sub-scales signified the heavier learning burden, and 
the better relationships between teachers and students, 
respectively. In this study, the Cronbach’s α of the two 
sub-scales were 0.774 and 0.912.

The diagnostic questionnaire of internet addiction
The measurement of adolescent generalized IA was con-
ducted using Young’s 8-item Diagnostic Questionnaire 
of Internet Addiction (IAD-DQ) which was based on the 
criteria for pathological gambling in DSM-IV [1]. The 8 
items were rated 0 (No) or 1 (Yes), and higher scores indi-
cated a more serious degree of one’s IA (e.g., “Do you use 
the internet as a way of escaping from problems or of 
relieving a dysphoric mood?”). The Chinese version has 
been tested for good reliability [48], and Cronbachʼs α of 
IAD-DQ was 0.752 in our study.

Data analysis
Descriptive statistics, which included means and stan-
dard deviations (SD), were calculated, and a correlation 
analysis was also conducted to explore the associations 
among variables.

Hierarchical Linear Modeling (HLM), also called 
muti-level modeling, is a cross-level analysis that intui-
tively presents the influence of independent variables 
on dependent variables [49]. It is especially suitable for 
nested data structures, such as students nested within a 
class or a school, in educational research [50]. Consid-
ering the collected data was characteristic of the hier-
archical structure [51], a two-level multilevel analysis 
was adopted in the current study. Therefore, we utilized 
HLM 6.08 multilevel modeling software for data analy-
sis in which the student-level variables (i.e., self-esteem, 
father and mother phubbing) are based on individual stu-
dents’ responses, while school-level variables are based 
on aggregated responses of students within a class (i.e., 
class-aggregated learning burden and class-aggregated 
teacher-student relationships), and the specific steps 
were as follows:

Step 1 Null model (Model 1). To identify significant differ-
ences in students’ IA between classes and whether HLM 
is adequate and suitable for our research, we calculated a 
null model without predictive variables at all levels, which 
only includes the dependent variable, IA. Meanwhile, we 
examined the intra-class correlation coefficients (ICC), 
ICC1 and ICC2. ICC1 compares the between-group vari-
ance to the within-group variance to indicate the portion 
of the variance in individual responses that is accounted 
for by between-group differences [52]. ICC2 reveals the 
reliability of the mean of a level 2 variable [53, 54].

Step 2 Random coefficients regression model (Model 2). 
To measure the effects of student-level factors (i.e., self-
esteem, father, and mother phubbing) on IA, all predictive 
variables at the student level were brought into the level 
one equation, and some of the demographic variables (i.e., 
age and gender) were controlled as they might particularly 
salient for IA.
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Step 3 Full model (Model 3). All class-level predictive 
variables were added to the level two equation of the 
model from step 2, to determine the effects of school-
level predictors (i.e., learning burden and teacher-student 
relationship) on adolescent IA, as well as the cross-level 
interaction effects between student- and school-level 
predictors.

Results
Descriptive statistics and correlation analysis
Table 1 gives the correlation matrix, means, and standard 
deviations for the variables. IA was found to be negatively 
correlated with both self-esteem and the teacher-student 
relationship, while father phubbing, mother phubbing, 
and learning burden were shown to positively correlate 
with IA.

HLM analysis
Results for the null model
The Model 1 is as follows:

Level 1 (student-level):

 Yij = β0j + εij, εij ∼ N(0, σ2)

Level 2 (school-level):

 β0j = γ00 + µ0j, µ0j ∼ N(0, τ00)

Where Yij is the IA of student i in class j; β0j is the mean 
IA of class j; γ00 is the grand mean of IA across all classes; 
εij and µ0j are the random error of the student and school 
level, respectively; and σ2 and τ00 are the variations at the 
two levels, respectively.

Table 2 shows the parameter estimation results of the 
multilevel modeling analysis. According to Cohen, an 
ICC1 lower than 0.059 indicates a weak intra-group cor-
relation, the range from 0.059 to 0.138 suggests a moder-
ate correlation and an ICC1 higher than 0.138 indicates 
a strong correlation. In general, as long as ICC1 exceeds 
0.059, it is necessary to consider inter-group effects in 
statistical modeling processing [55]. Meanwhile, ICC2 
greater than 0.70 indicates good reliability of group mean 

scores [56]. Model 1 demonstrated that ICC1 = 0.269 / 
(0.269 + 2.635) = 0.093 and ICC2 = 0.785. This indicates 
that about 9.30% of the total variation in IA was caused 
by differences between classes, which required cross-
level data analysis.

Results for the model with student-level variables only
The Model 2 is as follows:

Level 1 (student-level):

 
Yij = β0j + β1j (Gender) + β2j (Age) + β3j (Self − esteem)

+β4j (Father phubbing) + β5j (Mother phubbing) + εij

Level 2 (school-level):

 β0j = γ00 + µ0j

 β1j = γ10 + µ1j

 β2j = γ20 + µ2j

 β3j = γ30 + µ3j

 β4j = γ40 + µ4j

 β5j = γ50 + µ5j

From the parameter estimation results of the multilevel 
modeling analysis presented in Table  2, it was found 
that student-level variables (i.e., gender, self-esteem, 
and mother phubbing) had significant predictive effects 
on students’ IA, except for age and father phubbing. 
The positive coefficient of gender indicated that boys 
are more likely than girls to be addicted to the Internet. 
The positive coefficient of mother phubbing showed that 
the higher the level of mother phubbing, the higher the 
probability of children developing IA. Meanwhile, the 
negative coefficient of self-esteem demonstrated that 
adolescents with lower levels of self-esteem were more 
prone to IA.

Table 1 The correlations among variables, means, and standard deviation
Variables 1 2 3 4 5 6
1. Internet addiction 1

2. Self-esteem −0.315** 1

3. Father phubbing 0.210** −0.193** 1

4. Mother phubbing 0.241** −0.204** 0.708** 1

5. Learning burden 0.242** −0.184** 0.222** 0.237** 1

6. Teacher-student relationship −0.226** 0.237** −0.135** −0.146** −0.387** 1

M 1.196 30.263 20.760 19.585 17.007 33.400

SD 1.703 5.733 7.891 7.458 2.805 3.789
Note: * p < 0.05, ** p < 0.01
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Results for the model with both student- and school-level 
variables
The final Model 3 is as follows:

Level 1 (student-level):

 
Yij = β0j + β1j (Gender) + β2j (Age) + β3j (Self − esteem)

+β4j (Father phubbing) + β5j (Mother phubbing) + εij

Level 2 (school-level):

 

β0j =γ00 + γ01 (Learning burden)

+ γ02 (Teacher− student relationship) + µ0j

 β1j = γ10 + µ1j

 β2j = γ20 + µ2j

 

β3j =γ30 + γ31 (Learning burden)

+ γ32 (Teacher− student relationship) + µ3j

 β4j = γ40 + µ4j

 

β5j =γ50 + γ51 (Learning burden)

+ γ52 (Teacher− student relationship) + µ5j

At the school level, it was found that only the learning 
burden was significantly and positively related to adoles-
cents’ IA. The heavier the classes’ learning burden, the 
more likely they are to become addicted to the Internet. 
While the teacher-student relationship had no significant 
negative relationship with IA. Notably, there were sig-
nificant interactions between school-level variables and 
student-level indicators in relationship to IA. First, the 
relationship between self-esteem and IA was significantly 
moderated by the learning burden. Second, the teacher-
student relationship had a significant moderating effect 
on the association between mother phubbing and IA. 
Specifically, the learning burden strengthened the nega-
tive relationship between self-esteem and IA, while the 
teacher-student relationship weakened the positive cor-
relation between mother phubbing and IA (see Table 2). 
According to Preacher, Curran [57], simple slope tests 
were adopted and one standard deviation above and 
below the mean (M ± 1SD) represented high and low val-
ues for the moderator variable. The significant moderat-
ing effects are shown graphically in Figs. 2 and 3.

Discussion
Based on Ecological Systems Theory [14], this study 
aims to understand the effects of multi-level factors (i.e., 
student and school levels) on adolescent IA by using a 
HLM approach. The student-level variables include self-
esteem, father phubbing, and mother phubbing. Learning 
burden and teacher-student relationship were included 
as school-level variables. The findings indicated that 
both student-level variables and school-level variables 
have predictive effects on adolescent IA. Meanwhile, 

Table 2 The unconditional model and conditional models
Parameter            IA

Model 1 Model 2 Model 3
Fixed effect
Student-level variables

 Intercept (γ00) 1.197*** 1.195*** 1.193***

 Gender (γ10) 0.277*** 0.273***

 Age (γ20) 0.028 0.032

 Self-esteem (γ30) −0.078*** −0.077***

 Father phubbing (γ40) 0.007 0.008

 Mother phubbing (γ50) 0.028** 0.028**

School-level variables

 Learning burden (γ01) 0.073*

 Teacher-student relationship (γ02) -0.032

Interaction between student- and 
school-level variables

 Learning burden × Self-esteem 
(γ31)

−0.007*

 Teacher-student relationship × 
Mother phubbing (γ52)

−0.004**

Random effect variance 
component
U0 0.269*** 0.282*** 0.214***

R 2.635 2.235 2.231

Deviance 7356.896 7127.746 7157.645
Notes: Only variables that have statistically significant interactions are listed

* p < 0.05, ** p < 0.01, *** p < 0.001

Fig. 2 Moderating effect of learning burden in the association between 
self-esteem and internet addiction

 



Page 8 of 12Dai et al. BMC Psychiatry           (2024) 24:55 

school-level variables also moderated the association 
between student-level variables and IA.

Student level (level 1) variables and adolescent internet 
addiction
At the student level, self-esteem was significantly asso-
ciated with adolescent IA, and H1 was supported. This 
result is in line with that of a previous study [58], which 
demonstrated that students with low self-esteem are at 
higher risk of IA compared to adolescents with high self-
esteem. This may be because high self-esteem individuals 
can evaluate themselves in a relatively objective and posi-
tive way and establish higher self-worth in the real world. 
When faced with stress, they can cope constructively 
and use the internet appropriately [59]. On the contrary, 
adolescents with low self-esteem usually have a negative 
self-concept and typically experience more negative emo-
tions; therefore, when faced with stress, they tend to seek 
self-affirmation and approval from others on the internet 
[60]. Previous research has shown that the internet can 
fill a psychological need that people cannot meet in real 
life by elevating a sense of accomplishment and worth 
in the virtual world, which can significantly increase the 
likelihood of IA among low self-esteem adolescents [19].

We also found that mother phubbing could significantly 
predict adolescents’ IA, while father phubbing cannot, 
and thus H2b was supported. Social learning theory sug-
gests that individuals’ social behaviors are obtained by 
observation and imitation, and when people lack relevant 
experiences or knowledge, they are inclined to look for 
alternative experiences from others who are important 
in their lives [61]. As mothers often take on the role of 
nurturer and caregiver in the family system, they invest 

more time in caring for the family and child-rearing, and 
adolescents may often spend more time with their moth-
ers [31, 62]. This means that mothers, as role models, are 
more likely to have an intergenerational association with 
adolescents, and their behaviors may be more easily imi-
tated and internalized by adolescents [61, 63]. Therefore, 
mother phubbing could have a negative effect on adoles-
cent IA.

In contrast, due to work, the family division of labor, 
and culture, many Chinese fathers tend to serve as the 
breadwinners and are responsible for dealing with exter-
nal issues; thus, they relatively have less time to partici-
pate in child-rear and often play more of a supportive 
role in family education [64]. We speculated that this may 
be the main explanation for the lack of a direct effect of 
father phubbing on IA in the present study. That is, H2a 
was not supported.

Besides, it is worth noting that parent who spends long 
hours looking down at their mobile phone may not be 
able to give timely attention and respond to their chil-
dren’s emotional expressions, resulting in lower quality 
of parent-child interactions and weaker emotional con-
nections between parents and children [65, 66]. Adoles-
cents without family support are more likely to spend a 
vast amount of time seeking psychological comfort on 
the internet, which increases their risk of IA. Therefore, 
it is necessary to pay attention to the impact of parental 
phubbing behavior, especially mothers’ phubbing behav-
ior, on adolescent IA.

School level (level 2) variables and adolescent internet 
addiction
At the school level, learning burden significantly pre-
dicted adolescent IA, and H3 was supported. Classes 
with a higher learning burden tended to have more 
coursework and more tests and quizzes than classes with 
a lower learning burden, and this competition-oriented 
classroom environment may lead to adolescents gradu-
ally losing interest in learning, indulgence in the internet, 
and the development of IA. In addition, a phenomenon 
called “Neijuan” has recently emerged in China, which 
can be seen as a social condition that efforts becoming 
“inflation”, i.e., people have to invest more effort and time 
in study or work to compete for limited resources [67], 
which means that students have to face even greater aca-
demic burden in a “Neijuan” environment. Therefore, 
adolescents are prone to use the internet as a way to 
release their stress, which further increases their likeli-
hood of developing IA [37].

Moreover, the current study showed that the teacher-
student relationship could not predict adolescent IA, thus 
H4 was not supported. This result may be explained by 
the buffering effect theory of social support which holds 
that only when an individual is in a state of stress social 

Fig. 3 Moderating effect of the teacher-student relationship in the asso-
ciation between mother phubbing and internet addiction
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support can play a beneficial buffer role, protecting the 
individual from the damage of stress [68]. In other words, 
social support is more likely to act as a moderating effect, 
not as a main effect. In the context of youth social net-
works in schools, good teacher-student relationships are 
an important source of social support for students [69]. 
This implies that the teacher-student relationship may 
only have a significant protective effect on IA when stu-
dents experience negative pressure to a certain extent, 
rather than directly predict IA at the class level.

Interaction effects between student-level and school-level 
variables on internet addiction
The interaction between self-esteem and school-level 
variable was significantly associated with adolescent IA, 
which supported H5a. Students in classes with higher 
learning burdens were more likely to be negatively 
affected by low self-esteem when it came to IA than those 
in classes with lower learning burdens. In China, aca-
demic achievement is often regarded as the main means 
to achieve life goals, and most adolescents experience 
academic pressure. Especially in recent years, the “Nei-
juan” phenomenon in education has become more pro-
nounced, which forces young people to be in a further 
state of high pressure and competition [70]. In this case, 
individuals with higher self-esteem may view the high 
learning burden in a positive light at this time and tend 
to treat learning issues such as school assignments, study 
materials, and exams as challenges and see themselves 
as capable of meeting the tasks and demands of learning 
without escaping to the virtual world [71, 72]. In contrast, 
low self-esteem adolescents often underestimate their 
abilities, lack confidence in themselves, and are prone to 
have negative emotions, which is more likely to lead them 
to IA in a highly competitive environment [19, 73].

Besides, the interaction between mother phubbing and 
school-level variable had a significantly related to ado-
lescent IA. Thus, H6c was supported. More specifically, 
the teacher-student relationship significantly moderated 
the association between mother phubbing and IA, and a 
classroom atmosphere with good teacher-student rela-
tionships can alleviate the detrimental effect of mother 
phubbing on IA. Mothers and teachers are often the 
most important adults in providing comfort, guidance, 
and support for adolescents [38, 74]. When adolescents 
are negatively impacted in the family, compared to a class 
with a poor teacher-student relationship, if they perceive 
the teacher-student atmosphere in the class as under-
standing, warm, and caring, then this will provide a safe 
harbor for adolescents and give them the courage to face 
their difficulties [74], which may compensate to some 
extent for the adverse effects of the mother’s phubbing 
behavior. Therefore, good teacher-student relationships 
could reduce the likelihood of IA in adolescents from the 

family environment with high level of mother phubbing 
behaviors.

Limitations and implications
Our study has several limitations. First, due to the cross-
sectional research design, the findings can only provide 
predictions of the relationships among variables. Causal 
relationships between variables and data results from 
interaction effects should be further tested in a longitudi-
nal follow-up study with repeated measures. Second, all 
data were collected through self-report questionnaires, 
and biases in recall and/or social desirability cannot be 
ruled out as influences on the results. Data could be col-
lected from multiple sources of information (e.g. teacher 
evaluations, parental reports) to increase its representa-
tiveness and reliability in future studies. Third, we found 
two moderating effects of school-level variables on stu-
dent-level variables, and the remaining four moderating 
effects were not significant in this study. Future research 
is necessary to further investigate the reasons for the non-
significant effects and the potential mechanisms that may 
exist. Fourth, the dependent variable of IA was analyzed 
as a continuous variable in the present study, which may 
ignore the information of comparison between different 
groups. Future studies may consider using clinical sam-
ples to divide subjects into IA and normal groups, to fur-
ther expand and verify the results of this study. Fifth, this 
study was discussed based on general IA. Previous stud-
ies have shown that distinguishing specific subtypes of IA 
is also a valuable research perspective, as predisposition 
factors may vary by IA types (e.g., there may be signifi-
cant gender differences between online game addiction 
and social media addiction [75, 76]. In addition, to bet-
ter understand the impact of internet use on individu-
als, future research needs to include more information, it 
will be beneficial to take into account what kind of device 
with what kind of applications in what kind of context is 
used and how often. Because the use of the internet may 
also include positive aspects (e.g., online learning, online 
interpersonal communication), this study only focused 
on the negative side. Future research needs to combine 
these different dimensions, which might contribute to 
getting a more fine-grained understanding of how inter-
net use influences on our lives. Finally, the participants 
were all adolescent students from China. Considering 
the role of cultural factors on individual psychology and 
behavior, the model should be tested within different cul-
tures, including collectivist and individualist societies.

The theoretical and practical implications of this study 
are as follows. From a theoretical perspective, it examines 
the factors related to adolescent IA from ecological sys-
tems theory based on multilevel data analysis and deep-
ens the understanding of ecological systems theory and 
the formation mechanism of IA. Specifically, not only 
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do different levels of ecological systems (i.e., individual 
factors, class factors) have an effect on adolescent IA, 
but also different ecological systems play a linkage role 
in adolescent IA (i.e., the interaction between mother 
phubbing and class teacher-student relationship). From 
a practical perspective, our study explores the issue from 
individual, family, and school contexts that may help 
guide the prevention and intervention of adolescent IA. 
The findings suggest that a three-pronged approach and 
collaborative effort could be more effectively used to 
reduce the risk of IA, namely, increasing adolescent self-
esteem levels (individual), decreasing mother phubbing 
(family), and reducing the learning burden and fostering 
good teacher-student relationships (school). First, par-
ents and schools can consider fostering children’s self-
esteem in daily life and providing training on self-esteem. 
For example, mindfulness practice is an option to con-
sider. Previous studies have shown that mindfulness exer-
cises can help individuals with low self-esteem focus their 
attention on the direct experiences they experience, with-
out being overly influenced by negative beliefs or critical 
thoughts, which has a positive impact on the improve-
ment of their self-esteem [77, 78]. Second, the positive 
role of a warm and harmonious family environment in 
the development of adolescents needs to be noted. We 
encourage parents to develop good smartphone use hab-
its and pay more attention to their children’s psychologi-
cal needs to improve parent-child communication skills 
[79]. Furthermore, it is recommended that family therapy 
be considered when intervening in adolescent IA [80]. 
Third, schools need to be concerned about the impact 
of the teacher-student relationship and learning burden 
on adolescents in the classroom. As important guides on 
students’ learning paths, teachers should strive to provide 
a supportive environment for students so that they can 
grow up in a relaxed and happy classroom atmosphere. 
At the same time, the education department should for-
mulate relevant policies to address the problem of high 
schoolwork pressure among adolescents. For example, to 
reduce the current degree of “Neijuan”, the performance-
oriented evaluation system in families and schools should 
be weakened, and an educational environment suitable 
for the all-round development of the adolescents should 
be created, which will help to reduce the problem of ado-
lescent IA.

Conclusions
In conclusion, this study explored the factors linked to 
Chinese adolescents’ IA from a multilevel perspective 
using a HLM. Notably, the relationship between student-
level variables and IA can be moderated by class-level 
variables. The learning burden can exacerbate the prob-
ability of low self-esteem adolescents developing IA, 
while the teacher-student relationship can moderate 

the adverse effects of mothers’ phubbing behavior on 
adolescent IA. This study provides a reference value for 
understanding the mechanism of adolescent IA, thereby 
supporting the development of targeted interventions to 
jointly improve the status of adolescent IA from the per-
spective of individuals, families, and schools.
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