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A B S T R A C T   

In this cross-sectional study, we explored the relationship between loneliness and problematic mobile phone use 
among Chinese adolescents during the COVID-19 pandemic, considering the effects of escape motivation and 
self-control. We recruited 1034 adolescents (mean age 15.76 ± 1.20 years) from China. The results showed that 
loneliness was positively associated with escape motivation and adolescent problematic mobile phone use. 
Furthermore, when controlling for gender, escape motivation mediated the relationship between loneliness and 
problematic mobile phone use, and self-control moderated the relationship between escape motivation and 
problematic mobile phone use. Specifically, as self-control increased, escape motivation was less likely to induce 
problematic mobile phone use. Thus, loneliness and escape motivation may be factors that increase the risk of 
problematic mobile phone use, and self-control should be considered in prevention and intervention strategies 
aimed at attenuating adolescent problematic mobile phone use.   

1. Introduction 

According to the China Internet Development Statistical Report, 
China had 940 million Internet users as of September 2020. Among 
them, mobile phone users accounted for 99.2%, and middle and high 
school students accounted for 14.8% (The 46th China Internet Devel
opment Statistical Report, 2020). The report indicated that personal life 
and mobile phone use are becoming more intertwined. Mobile phone 
overuse by adolescents is a problem not only in China, but globally. A 
report from App Annie showed that globally, teenage mobile phone 
users have high levels of engagement with mobile applications, and 
compared with older mobile phone users, teenagers open popular ap
plications 60 times more often per person (Mobile Market Report, 2020). 
Excessive mobile phone use can severely affect adolescent mental health 
and well-being (Busch & McCarthy, 2021). Particularly during the 
COVID-19 pandemic, adolescent mobile phone use differs from that 
during normal school time. This increase in mobile phone use time may 
increase the risk of problematic mobile phone use (PMPU) among ado
lescents and affect their physical and mental health and academic per
formance (Arpaci & Kocadag Unver, 2020). Therefore, the mechanism of 
PMPU among adolescents during this period must be explored. 

1.1. Loneliness and PMPU 

As the COVID-19 outbreak has become a global public health crisis, 
an increasing number of people are being affected psychologically, and 
some reports have suggested that loneliness has increased during this 
pandemic (Killgore, Cloonan, Taylor, Lucas, & Dailey, 2020; Li & Wang, 
2020). The Compensatory Internet Use theory (Kardefelt-Winther, 
2014) suggests that when individuals have psychosocial problems in the 
real world, they may use virtual networks or mobile phones to escape 
negative feelings (i.e., loneliness). Loneliness is a psychological feeling 
in which one is unhappy because their perceived social status and ex
pected social interactions do not match their actual levels (Kagan, 2009; 
Russell, 1996). Many cross-sectional studies have shown that loneliness 
is an important predictor of PMPU (Bian & Leung, 2015; Kim, LaRose, & 
Peng, 2009; Ma, Huang, & Ma, 2020). For example, a survey of 4509 
middle school students in China revealed that loneliness and smart
phone overuse were positively correlated (Zhen, Liu, Hong, & Zhou, 
2019). A similar result was found among Chinese college students (Cui, 
Peng, Han, & Huang, 2015; Shen & Wang, 2019). A longitudinal study 
also showed that loneliness positively predicted levels of problematic 
smartphone use (Kim, 2019). 

Theoretically, the Interaction of Person-Affect-Cognition-Execution 
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(I-PACE) model for problematic and addictive behaviors explains this 
relationship (Brand et al., 2019; Brand, Young, Laier, Woelfling, & 
Potenza, 2016). I-PACE consists of two major processes: specific prob
lematic behaviors (early stages) and specific addictive behaviors (later 
stages). In the early stages, a person’s characteristics (e.g., personality, 
specific needs) may influence their internal responses (affect, cognitive 
responses and execution), and the person may decide to use the Internet 
for gratification, which in turn affects their appraisal and decision pro
cesses, leading to establishment and intensification of problematic 
behavioral outcomes. In the later stages, these associations between 
affective and cognitive responses, decisions to behave in specific ways, 
experiences of gratification and compensation and behavior-specific 
expectancies can become increasingly stronger, resulting in addictive 
behaviors. Loneliness is assumed to be a core characteristic during pe
riods such as the COVID-19 pandemic (Killgore et al., 2020); thus, ac
cording to the I-PACE, loneliness can influence PMPU. 

Previous studies have focused mainly on the direct relationship be
tween loneliness and PMPU in college students, but the underlying 
mechanisms (e.g., how loneliness is associated with PMPU) and the 
relationship between loneliness and PMPU in adolescents have rarely 
been studied. During the COVID-19 pandemic, because of disease con
trol measures such as social distancing and quarantine (Li & Wang, 
2020; Tull et al., 2020), middle and high school students have had to 
reduce their outdoor activities and in-person communication with their 
classmates; therefore, whether and how the resulting loneliness in
creases the risk of PMPU requires further study. 

1.2. Escape motivation as a potential mediator 

How does loneliness affect individual PMPU? Burglass (1985) stated 
that the main motivations of addictive behavior (e.g., PMPU) are to 
reduce pain, anxiety, and other negative emotions (e.g., loneliness), in 
other words, to escape. The stimulation hypothesis (Kerkhof, Finke
nauer, & Muusses, 2011) states that mobile phone users rely on instant 
messaging applications to establish online social relationships with 
others, which can increase social channels, improve friendship quality, 
and reduce negative feelings such as loneliness. Therefore, the loneliness 
of staying at home during the COVID-19 pandemic (Killgore et al., 2020) 
may induce adolescents to escape from reality and use mobile phones for 
entertainment to reduce the psychological experience of loneliness. In
dividuals suffering from frustrations in the real world often have an 
internal drive to escape reality; hence, the motivation to use mobile 
phones is called escape motivation (Kim, 2017). These theories and 
concepts suggest that escape motivation may be a product of loneliness. 
Previous studies support this association. For example, loneliness, 
caused by unsatisfying interpersonal relationships, could activate 
adolescent escape motivation (Zhen et al., 2019). Shen and Wang (2019) 
found a positive association between loneliness and escape motivation 
among college students. Furthermore, reduced interaction with others in 
the real world and offline can increase people’s loneliness and thus in
crease their evasive tendencies (Morahan-Martin & Schumacher, 2000). 

Regarding the association between escape motivation and PMPU, 
according to the I-PACE, motivation as an internal trigger can influence 
problematic and addictive behaviors (Brand et al., 2019). Escapism- 
oriented motivation can be a powerful predictor of problematic use of 
video game live-streaming services (Chen & Chang, 2019) and Internet 
gaming disorder (Kircaburun et al., 2020). Such effects may also occur 
with PMPU (Kim, 2017; Park & Lee, 2012). For example, studies on 
Chinese college students have shown that escape motivation is positively 
correlated with excessive use of social networks and PMPU (Liu & Yu, 
2011; Shen & Ran, 2018; Wang, Jackson, Wang, & Gaskin, 2015). Re
searchers have found similar results regarding escape motivation and 
mobile phone overuse among South Korean (Park, 2003) and British 
(Young, Kuss, Griffiths, & Howard, 2017) college students. However, 
because these studies focused on adult college students, it is unclear 
whether the results can be generalized to 12- to 19-year-old adolescents. 

Additionally, some studies have concluded that escape motivation me
diates the associations between people’s characteristics and problematic 
behaviors, such as trait emotional intelligence, Internet gaming disorder 
(Kircaburun et al., 2020), social anxiety, and smartphone overuse (Shen 
& Ran, 2018). Therefore, escape motivation may mediate the associa
tion between loneliness and PMPU during the COVID-19 pandemic. 

1.3. Self-control as a potential moderator 

Although escape motivation significantly affects PMPU, not all ad
olescents are equally affected by escape motivation induced by loneli
ness. Studies have shown that general inhibitory control moderates the 
relationship between craving and behavior (Ma, Huang, & Ma, 2020; 
Markowitz, Hancock, Bailenson, & Reeves, 2019). According to the I- 
PACE (Brand et al., 2019), in the process of problematic behaviors (e.g., 
PMPU), the associations between craving (e.g., escape motivation) and 
diminished inhibitory control (e.g., self-control) contribute to devel
oping habitual behaviors. This model suggests that users’ self-control 
may moderate the association between escape motivation and PMPU. 

Self-control is the ability of an individual to consciously control their 
inner impulses and resist external temptations (Li & Huang, 2012). 
According to the dual-mode of self-control model, the complete self- 
control model includes an impulse system and a self-control system 
(Hofmann, Friese, & Strack, 2009). In the face of temptation, the im
pulse system may produce a positive approach to temptation, while the 
self-control system can reject temptation through thoughtful consider
ation and standards. Therefore, different levels of self-control influence 
problematic behavior to different degrees. Previous studies showed that 
highly self-controlled individuals were more effective than impulsive 
individuals in regulating their problematic behaviors (Gao, Liu, Gao, & 
Li, 2020) and reducing the occurrence of PMPU (Duckworth, 2011). 
High levels of self-control were negatively associated with PMPU 
(Khang, Woo, & Kim, 2012; Kim, Min, Min, Lee, & Yoo, 2018; Liu et al., 
2018), while lower levels of self-control were a main pathway leading to 
PMPU (Billieux, 2012; Billieux, Maurage, Lopez-Fernandez, Kuss, & 
Griffiths, 2015). Moreover, empirical studies have demonstrated a 
relationship between self-control and PMPU. For example, self-control 
enables individuals to effectively cope with bad experiences and regu
late their emotions, cognition and behavior (Li & Huang, 2012; Niu 
et al., 2020); that is, self-control may reduce the adverse effects of risk 
factors (e.g., escape motivation) on internalization and externalization 
of problems (e.g., PMPU). 

The Deficient Self-regulation Model (Tokunaga & Rains, 2010) states 
that individuals with insufficient self-regulation and self-control may be 
unable to restrain their inner craving to use mobile phones (e.g., escape 
motivation), which may lead to an uncontrolled increase in mobile 
phone use time, eventually leading to PMPU. Studies have indicated that 
self-control plays a significant role in moderating adolescent behavioral 
problems (Li, Zhou, Li, & Zhou, 2016; Niu et al., 2020; Park, Kang, & 
Kim, 2014). For example, self-control is a protective factor of adolescent 
PMPU (Niu et al., 2020), and adolescents with low levels of self-control 
are more likely to develop problematic Internet use (Park et al., 2014). 
Specifically, during the COVID-19 pandemic, adolescents needing to 
escape reality may choose to use their smartphones to communicate 
with others online or watch videos for entertainment. During this time, 
adolescents with greater self-control can effectively adjust the duration 
of their mobile phone use, while those with less self-control may be 
immersed in the virtual world of mobile phones, leading to a tendency 
toward PMPU. These findings suggest that self-control may play 
different roles in the relationship between escape motivation and PMPU. 

1.4. The present study 

Building on these theories, we attempted to expand on the previous 
literature by testing a model that explores the relationship between 
loneliness and adolescent PMPU and its internal mechanisms (i.e., 
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escape motivation and self-control) during the COVID-19 pandemic 
while seeking methods to guide the targeted intervention and correction 
of adolescent PMPU. As an integrated model, this study was developed 
to test the following hypotheses (Fig. 1). 

H1: Loneliness is positively associated with adolescent PMPU during 
the COVID-19 pandemic. 

H2: Escape motivation partially mediates the relationship between 
loneliness and adolescent PMPU. 

H3: Impulse and self-control moderate the effect of escape motiva
tion on adolescent PMPU. 

2. Methods 

2.1. Participants and procedures 

Using cluster sampling, a series of self-reported questionnaires were 
distributed to 1094 adolescents from three high schools in Sichuan and 
Chongqing, China, between May 22, 2020 and May 29, 2020. Of the 
participants, 38 did not complete the surveys, and 22 answered all 
questions with the same response (i.e., they selected the same number) 
and were excluded from the analysis. Thus, the final sample included 
1034 participants (valid response rate: 94.52%) comprising 633 boys 
and 401 girls aged 12–19 years (mean: 15.76 ± 1.20 years). No partic
ipants were suspected, confirmed, or cured of COVID-19. 

The Human Investigations Committee of Southwest University 
approved the study. Before the investigation, all students were told that 
the study was being conducted anonymously and that their information 
would remain confidential. All students, their parents, and teachers gave 
their informed consent. Trained research assistants introduced the sur
vey guidelines to the participants. All participants were volunteers and 
could withdraw from the study at any time. 

2.2. Measures 

2.2.1. Loneliness 
Loneliness was measured by a validated Chinese version of the UCLA 

loneliness self-report scale (Liu & Wang, 2012) compiled by Russell 
(1996). This measure comprises 20 items (e.g., “Do you often feel 
lonely?”), including 11 positive and 9 negative scores. All items are 
scored on a 5-point Likert scale (1 = never, 5 = always), and higher total 
scores reflect higher loneliness levels. Cronbach’s α was 0.90. 

2.2.2. Escape motivation 
Six items on escape motivation were drawn from Motivations for 

Smartphone Use adapted by Kim (2017) from Leung and Wei (2000). 
The scale has been demonstrated to have good reliability and validity in 
Chinese adolescents (Fu et al., 2020). A sample item is “It makes me feel 
less alone.” All items are scored on a 5-point Likert scale (1 = totally 
disagree, 5 = totally agree). Higher scores indicate more escape moti
vation to use smartphones. Cronbach’s α was 0.82. 

2.2.3. Self-control 
Self-control was measured using the Chinese version (Xie, Wang, 

Tao, Fan, & Gao, 2014) of the Dual-Mode of Self-Control Scale (DMSC-S) 
by Dvorak and Simons (2009). The 21-item scale measures two factors of 

self-control: impulse (e.g., “I am an impulsive person”) and self-control 
(e.g., “When encountering problems, I will seriously think about what 
measures should be taken”). All items are scored on a 5-point Likert scale 
(1 = totally disagree, 5 = totally agree). Higher scores indicate higher 
levels of impulse or self-control. Cronbach’s α was 0.87 for the whole 
scale and 0.86 each for the impulse and self-control subscales. 

2.2.4. Problematic mobile phone use 
PMPU was evaluated via the Mobile Phone Addiction Index (Leung, 

2008). This scale contains 17 items (e.g., “You can never spend enough 
time on your mobile phone”) evaluating the four dimensions of PMPU (i. 
e., losing control and receiving complaints, anxiety and craving, with
drawal/escape, and productivity loss). The scale has been demonstrated 
to have good reliability and validity in Chinese adolescents (Yang, Zhou, 
Liu, & Fan, 2019). All items are scored on a 5-point Likert scale (1 =
never, 5 = always), with higher scores indicating higher PMPU levels. 
Cronbach’s α was 0.88. 

2.3. Data analysis 

Data entry and analysis were conducted using SPSS 25.0 and the 
PROCESS macro (http://www.afhayes.com) (Hayes, 2013). First, 
descriptive statistics, correlational analysis, and independent-samples t- 
tests were conducted on the main variables. Second, we used the PRO
CESS macro for SPSS (model 4) to examine the mediating effects of 
escape motivation in the relationship between loneliness and PMPU. 
Third, model 14 of the PROCESS macro was applied to investigate the 
moderating roles of impulse and self-control in the relationship between 
escape motivation and PMPU. The bootstrapping method was used to 
examine whether the mediating and moderating effects were significant 
based on 5000 bootstrapping samples. The 95% bias-corrected confi
dence intervals (95% CIs) did not contain zero, indicating that the effect 
was significant. P-values < 0.05 were considered significant. 

3. Results 

3.1. Preliminary analyses 

Table 1 shows the correlations between study variables. Loneliness 
was positively associated with escape motivation, impulse, and PMPU, 
and negatively associated with self-control. Escape motivation was 
positively associated with impulse and PMPU and negatively associated 
with self-control. Impulse was positively associated with PMPU, and 
negatively associated with self-control. Self-control was negatively 
associated with PMPU. An independent-samples t-test revealed signifi
cant differences between men and women for the variables of escape 
motivation (t = − 2.50, p < 0.05), self-control (t = − 2.17, p < 0.05), and 
PMPU (t = − 3.77, p < 0.001). No significant differences were found for 
loneliness (t = − 1.57, p > 0.05) or impulse (t = − 1.78, p > 0.05). 
Therefore, gender was used as a covariate in subsequent analyses. 

Fig. 1. Conceptual model.  

Table 1 
Correlations and means of study variables (N = 1034).   

M ± SD 1 2 3 4 5 

Loneliness 44.88 
± 10.19 

1     

Escape 
motivation 

18.26 
± 5.39 

0.23*** 1    

Impulse 29.08 
± 8.17 

0.23*** 0.29*** 1   

Self-control 30.69 
± 5.95 

− 0.14*** − 0.03 − 0.25*** 1  

Problematic 
mobile phone 
use 

2.45 ±
0.72 

0.14*** 0.52*** 0.41*** − 0.07* 1 

Notes. *p < 0.05, ***p < 0.001. 
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3.2. Mediating role of escape motivation 

To test the mediating role of escape motivation between loneliness 
and PMPU, we ran the PROCESS macro, model 4, in SPSS with 5000 
bootstrapping samples, using gender as a covariate (Hayes, 2013). All 
data were standardized. Escape motivation (0.11) exhibited a significant 
mediating effect (see Table 2 and Fig. 2). Loneliness affected PMPU only 
through the mediating role of escape motivation, accounting for 83.55% 
of the total effect. Thus, escape motivation fully, rather than partially, 
mediates the relationship between loneliness and adolescent PMPU. 

3.3. Moderating effect of impulse and Self-control 

To test the moderating roles of impulse and self-control, we ran the 
PROCESS macro (model 14) with gender as a covariate (Hayes, 2013). 
Self-control had a significant moderating effect in the relationship be
tween escape motivation and PMPU (Table 3, Fig. 2). The moderating 
effect of impulse was not significant. 

To better explain self-control in moderating escape motivation and 
PMPU, we divided self-control into high (M + 1SD) and low (M − 1SD) 
groups, with gender as a covariate. Simple slope tests suggested that at 
both levels of self-control, escape motivation had a significant positive 
predictive effect on PMPU (Fig. 3; low self-control individuals: β = 0.56, 
SE = 0.03, t = 16.20; high self-control individuals: β = 0.46, SE = 0.03, t 
= 13.79; all p < 0.001), indicating that self-control reduced the influ
ence of escape motivation on PMPU. 

4. Discussion 

We constructed a moderated mediation model based on the I-PACE 
model to explore the underlying mechanisms between loneliness and 
adolescent PMPU during the COVID-19 pandemic. Escape motivation 
was a potential mediator, and self-control (not impulse) was a potential 
moderator in explaining this relationship. 

4.1. Relationship between loneliness and PMPU 

Loneliness was significantly and positively associated with PMPU 
during the COVID-19 pandemic, thus supporting H1. This is consistent 
with previous findings (Hilal, Yeliz, & Emin, 2018; Liu, Yang, Zhu, & 
Zhang, 2019). For example, some lonely adolescents may satisfy their 
individual social needs through social relationships on the Internet 
(Kardefelt-Winther, 2014). Further, the results verified the I-PACE 
model (Brand et al., 2019, 2016); that is, loneliness may influence one’s 
decision to use the Internet for gratification, which will in turn influence 
PMPU. With COVID-19, because of the need to prevent furthering the 
epidemic (Killgore et al., 2020), adolescents have fewer opportunities 

for outdoor activities; hence, mobile phone applications may be one of 
their main approaches to temporarily reducing inner emptiness and 
loneliness. Additionally, our studies revealed that a complex relation
ship exists between loneliness and PMPU, and loneliness is not the only 
factor influencing PMPU. 

4.2. The mediating role of escape motivation 

Escape motivation fully, rather than partially mediated the effects of 
loneliness on PMPU. That is, adolescents who were lonelier were more 
likely to experience increased escape motivation, indirectly resulting in 
PMPU. Although the results did not support H2, we found a more 
important role than expected for escape motivation on the relationship 
between loneliness and PMPU, which is similar to previous findings that 
escape motivation may mediate the relationship between one’s char
acteristics and problematic behaviors (Kircaburun et al., 2020; Shen & 
Wang, 2019), further supporting the I-PACE model (Brand et al., 2019). 

Table 2 
Escape motivation mediated the effects of loneliness on problematic mobile 
phone use.  

Path β SE t 95% CI 

Total effect model 
Loneliness → problematic mobile phone 

use 
0.14 0.03  4.47*** (0.08, 

0.20)  

Direct effects 
Loneliness → problematic mobile phone 

use 
0.03 0.03  0.83 (− 0.03, 

0.08) 
Loneliness → escape motivation 0.23 0.03  7.48*** (0.17, 

0.29) 
Escape motivation → problematic 

mobile phone use 
0.44 0.03  18.47*** (0.39, 

0.49) 
Indirect effects ab SE  95% CI 
Loneliness → escape motivation → 

problematic mobile phone use 
0.11 0.02  (0.08, 

0.15) 

Notes. ***p < 0.001. 

Fig. 2. The relationship between loneliness and problematic mobile phone use 
Notes. *p < 0.05, **p < 0.01, ***p < 0.001. 

Table 3 
The moderating effect of impulse and self-control on the escape motivation and 
problematic mobile phone use.  

Path β SE t 95%CI 

Impulse → Problematic mobile phone 
use  

0.28 0.03  10.40*** (0.23, 
0.33) 

Escape motivation × Impulse → 
Problematic mobile phone use  

0.03 0.03  1.25 (-0.02, 
0.07) 

Gender  0.14 0.05  2.64** (0.04, 
0.24)   

R2 = 0.34, F = 107.78***  

Self-control → Problematic mobile 
phone use  

− 0.07 0.03  − 2.65** (− 0.13, 
− 0.02) 

Escape motivation × Self-control → 
Problematic mobile phone use  

− 0.05 0.02  − 2.27* (− 0.09, 
− 0.01) 

Gender  0.16 0.05  2.88** (0.05, 
0.27)   

R2 = 0.28, F = 80.05*** 

Notes. *p < 0.05, **p < 0.01, ***p < 0.001. 

Fig. 3. The moderating effect of self-control.  
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Escape motivation is one predictor of PMPU, and its full mediating 
effect confirmed that it is an important risk factor for adolescent PMPU, 
which is similar to those of previous studies on Chinese college students 
(Shen & Wang, 2019; Wang, Wang, Gaskin, & Wang, 2015). On the one 
hand, the main motivation for addictive behavior is to reduce negative 
emotions by escaping (Burglass, 1985). As a type of media, smart phones 
can allow people to escape negative emotions induced by the real world 
(Shen & Ran, 2018), such as loneliness caused by the COVID-19 
pandemic. Some studies have demonstrated that loneliness is an 
important factor affecting the level of escape motivation that people 
experience (Kim, 2017; Zhen et al., 2019). During the COVID-19 
pandemic, individuals who are very lonely have strong negative expe
riences with real-life interpersonal relationships (Bu et al., 2020) and 
may use virtual networks to escape their loneliness and depression in the 
real world (Fu et al., 2020; Yang, Liu, Lian, & Zhou, 2020), which may 
cause problems with smartphone use (Wang et al., 2015). On the other 
hand, especially for adolescents, because of COVID-19, middle and high 
school students cannot go to school or communicate in person with their 
classmates, which may make them feel lonelier (Bu, Steptoe, & Fan
court, 2020; Killgore et al., 2020). Therefore, to escape the loneliness of 
this reality, these students may choose to use mobile phones to 
communicate with others online and listen to music and watch videos to 
relieve stress, which may increase the risk of PMPU. 

4.3. The moderating role of self-control 

Consistent with H3, we found that the moderating role of self-control 
on escape motivation and PMPU was significant, but the role of impulse 
was not, which partially supports H3. As mentioned, the impulse system 
may be positively associated with problematic behaviors (Hofmann 
et al., 2009; Li & Huang, 2012), making it more likely to lead to PMPU. 
However, during the COVID-19 pandemic, if adolescents want to 
communicate with their friends to escape the loneliness caused by the 
disease control measures (Tull et al., 2020), they must use mobile 
phones online regardless of whether their individual impulse is high or 
low. Thus, escape motivation was positively associated with PMPU 
regardless of impulse level. 

Compared with that of adolescents with high levels of self-control, 
escape motivation more effectively predicts PMPU in those with lower 
self-control, indicating that escape motivation may exert an increased 
influence on the behavior of adolescents with lower self-control. That is, 
those with lower self-control are at higher risk of PMPU owing to their 
idea of escaping from reality (Tangney, Baumeister, & Boone, 2010). It 
also confirms the Deficient Self-regulation Model (Tokunaga & Rains, 
2010) in that good self-regulation and self-control may reduce the risk of 
PMPU. For example, during the COVID-19 pandemic, people with high 
levels of self-control may partly overcome the escape motivation 
induced by loneliness by chatting with family members and learning to 
cook homemade food (Killgore et al., 2020), thereby reducing mobile 
phone use time and avoiding excessive mobile phone use. These results 
are similar to those of previous studies, which showed that individuals 
with high levels of self-control were less likely to escape the real world 
by immersing themselves in a virtual world and thus less likely to use 
their mobile phones indiscriminately (Li et al., 2016). Adolescents with 
low self-control may be unable to resist the temptation of mobile phones 
and eventually show a tendency toward PMPU (Khang et al., 2012; 
Wilson, Fornasier, & White, 2010). Thus, whether it’s during the COVID- 
19 pandemic or in normal life before it, self-control could alleviate the 
influences of escape motivation on PMPU. 

4.4. Limitations, implications, and future directions 

This study had some limitations. First, by the time we collected the 
data, COVID-19 was mostly under control in China, and some students 
had returned to school; therefore, these data may differ from other 
regional data during the COVID-19 pandemic. Second, response bias 

may exist in self-reporting, although we took measures to reduce ado
lescents’ worries about participating, such as giving them clear in
structions, telling them there were no right or wrong answers to the 
questions, and emphasizing the confidentiality of the results. Future 
research should include experimental methods to measure variables, or 
include third-party evaluations from parents, teachers, and classmates. 
Third, escape motivation was the only motivational factor considered in 
the study; no relationships between other motivational factors and 
PMPU were evaluated. Finally, a cross-sectional study cannot determine 
a causal relationship between loneliness and PMPU. Future studies 
should explore other motivations and use a longitudinal approach. 

Despite these limitations, and regarding the theoretical and practical 
implications for intervention, first, we reiterate the importance of 
loneliness caused by lockdown restrictions, which may be a significant 
mental health concern during the COVID-19 pandemic (Killgore et al., 
2020; Li & Wang, 2020). Second, when exploring the relationship be
tween personal characteristics and problematic behaviors, the reasons 
for individual overuse (e.g., motivation) should be examined. Here, the 
combination of loneliness and escape motivation helped further clarify 
the causes of adolescent PMPU. Third, improving self-control, such as 
maintaining a regular academic study program (Oaten & Cheng, 2006), 
may be instrumental in decreasing the likelihood of adolescent PMPU. 

Compliance with Ethical Standards 

Ethical Approval 

The Human Investigations Committee of Southwest University 
approved this research. The groups were tested prior to obtaining con
sent from the students, parents, and teachers. 

CRediT authorship contribution statement 

Jiayu Li: Conceptualization, Data curation, Formal analysis, Inves
tigation, Methodology. Danni Zhan: Investigation, Methodology, Data 
curation. Yuhong Zhou: Data curation. Xuemei Gao: Conceptualiza
tion, Funding acquisition. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgments 

This research was funded by the National social Science Foundation 
of China (Grant No. 19BSH112), Chongqing Research Program of Basic 
Research and Frontier Technology (cstc2018jcyjAX0480), the Funda
mental Research Funds for the Central Universities (Grant No. 
SWU1909226). 

References 

Arpaci, I., & Kocadag Unver, T. (2020). Moderating role of gender in the relationship 
between big five personality traits and smartphone addiction. Psychiatric Quarterly, 
91(2), 577–585. https://doi.org/10.1007/s11126-020-09718-5. 

Bian, M., & Leung, L. (2015). Linking loneliness, shyness, smartphone addiction 
symptoms, and patterns of smartphone use to social capital. Social Science Computer 
Review, 33(1), 61–79. https://doi.org/10.1177/0894439314528779. 

Billieux, J. (2012). Problematic use of the mobile phone: A literature review and a 
pathways model. Current Psychiatry Reviews, 8, 299–307. https://doi.org/10.2174/ 
157340012803520522. 

Billieux, J., Maurage, P., Lopez-Fernandez, O., Kuss, D. J., & Griffiths, M. D. (2015). Can 
disordered mobile phone use be considered a behavioral addiction? An update on 
current evidence and a comprehensive model for future research. Current Addiction 
Reports, 2, 156–162. https://doi.org/10.1007/s40429-015-0054-y. 

Brand, M., Wegmann, E., Stark, R., Muller, A., Wolfling, K., Robbins, T. W., & 
Potenza, M. N. (2019). The Interaction of Person-Affect-Cognition-Execution (I- 

J. Li et al.                                                                                                                                                                                                                                         

https://doi.org/10.1007/s11126-020-09718-5
https://doi.org/10.1177/0894439314528779
https://doi.org/10.2174/157340012803520522
https://doi.org/10.2174/157340012803520522
https://doi.org/10.1007/s40429-015-0054-y


Addictive Behaviors 118 (2021) 106857

6

PACE) model for addictive behaviors: Update, generalization to addictive behaviors 
beyond internet-use disorders, and specification of the process character of addictive 
behaviors. Neuroscience and Biobehavioral Reviews, 104, 1–10. https://doi.org/ 
10.1016/j.neubiorev.2019.06.032. 

Brand, M., Young, K. S., Laier, C., Woelfling, K., & Potenza, M. N. (2016). Integrating 
psychological and neurobiological considerations regarding the development and 
maintenance of specific Internet-use disorders: An Interaction of Person-Affect- 
Cognition-Execution (I-PACE) model. Neuroscience and Biobehavioral Reviews, 71, 
252–266. https://doi.org/10.1016/j.neubiorev.2016.08.033. 

Bu, F., Steptoe, A., & Fancourt, D. (2020). Who is lonely in lockdown? Cross-cohort 
analyses of predictors of loneliness before and during the COVID-19 pandemic. 
Public Health, 186, 31–34. https://doi.org/10.1016/j.puhe.2020.06.036. 

Burglass, E., & M.. (1985). The meaning of addiction: Compulsive experience and its 
interpretation. Journal of Studies on Alcohol, 49(1), 107–108. 

Busch, P. A., & McCarthy, S. (2021). Antecedents and consequences of problematic 
smartphone use: A systematic literature review of an emerging research area. 
Computers in Human Behavior, 114. https://doi.org/10.1016/j.chb.2020.106414. 

Chen, C. Y., & Chang, S. L. (2019). Moderating effects of information-oriented versus 
escapism-oriented motivations on the relationship between psychological well-being 
and problematic use of video game live-streaming services. Journal of Behavioral 
Addictions, 8(3), 564–573. https://doi.org/10.1556/2006.8.2019.34. 

Cui, Y. L., Peng, M., Han, Y. L., & Huang, M. X. (2015). Relationship between mobile 
phone dependence, self-esteem and loneliness in college students. China Journal of 
Health Psychology. In Chinese., 23(8), 1193–1196. https://doi.org/10.15288/ 
jsa.1988.49.107. 

Duckworth, A. L. (2011). The Significance of Self-control. Proceedings of the National 
Academy of Science, 108(7), 2639–2640. https://doi.org/10.1073/ 
pnas.1019725108. 

Dvorak, R. D., & Simons, J. S. (2009). Moderation of resource depletion in the self- 
control strength model: Differing Effects of Two Modes of Self-Control. Personality 
and Social Psychology Bulletin, 35(5), 572–583. https://doi.org/10.1177/ 
0146167208330855. 

Fu, X., Liu, J., Liu, R., Ding, Y., Wang, J., Zhen, R., & Jin, F. (2020). Parental monitoring 
and adolescent problematic mobile phone use: The mediating role of escape 
motivation and the moderating role of shyness. International Journal of Environmental 
Research and Public Health, 17(5). https://doi.org/10.3390/ijerph17051487. 

Gao, X. Q., Liu, C., Gao, G., & Li, J. (2020). The relationship between college students’ 
sense of emptiness and mobile phone dependence: The mediating effect of self- 
control. Chinese Journal of Health Psychology. In Chinese., 28(10), 1548–1552. 
https://doi.org/10.13342/j.cnki.cjhp.2020.10.025. 

Hayes, A. F. (2013). Introduction to mediation, moderation, and conditional process analysis: 
A regression-based approach. New York: Guilford Press.  

Hilal, Y. E., Yeliz, S. D., & Emin, D. M. (2018). The effects of technology use on working 
young loneliness and social relationships. Perspectives in Psychiatric Care, 55(2), 
194–200. https://doi.org/10.1111/ppc.12318. 

Hofmann, W., Friese, M., & Strack, F. (2009). Impulse and self-control from a dual- 
systems perspective. Perspectives on Psychological Science, 4(2), 162–176. https://doi. 
org/10.1111/j.17456924.2009.01116.x. 

Kagan, J. (2009). Loneliness: Human nature and the need for social connection. American 
Journal of Psychiatry, 166(3), 375–376. https://doi.org/10.1176/appi. 
ajp.2008.08091320. 

Kardefelt-Winther, D. (2014). A conceptual and methodological critique of internet 
addiction research: Towards a model of compensatory internet use. Computers in 
Human Behavior, 31, 351–354. https://doi.org/10.1016/j.chb.2013.10.059. 

Kerkhof, P., Finkenauer, C., & Muusses, L. D. (2011). Relational consequences of 
compulsive internet use: A longitudinal study among newlyweds. Human 
Communication Research, 37(2), 147–173. https://doi.org/10.1111/j.1468- 
2958.2010.01397.x. 

Khang, H., Woo, H. J., & Kim, J. K. (2012). Self as an antecedent of mobile phone 
addiction. International Journal of Mobile Communications, 10(1), 65–84. https://doi. 
org/10.1504/IJMC.2012.044523. 

Killgore, W. D. S., Cloonan, S. A., Taylor, E. C., Lucas, D. A., & Dailey, N. S. (2020). 
Loneliness during the first half-year of COVID-19 Lockdowns. Psychiatry research, 
294, 113551-113551. 10.1016/j.psychres.2020.113551. 

Kim, H. J., Min, J. Y., Min, K. B., Lee, T. J., & Yoo, S. (2018). Relationship among family 
environment, self-control, friendship quality, and adolescents’ smartphone addiction 
in South Korea: Findings from nationwide data. PLoS One, 13(2). https://doi.org/ 
10.1371/journal.pone.0190896. 

Kim, J. (2017). Smartphone-mediated communication vs. face-to-face interaction: Two 
routes to social support and problematic use of smartphone. Computers in Human 
Behavior, 67(2), 282–291. https://doi.org/10.1016/j.chb.2016.11.004. 

Kim, J. (2019). Longitudinal associations among psychological issues and problematic 
use of smartphones a two-wave cross-lagged study. Journal of Media Psychology- 
Theories Methods and Applications, 31(3), 117–127. https://doi.org/10.1027/1864- 
1105/a000234. 

Kim, J., LaRose, R., & Peng, W. (2009). Loneliness as the cause and the effect of 
problematic internet use: The relationship between internet use and psychological 
well-being. Cyberpsychology & Behavior, 12(4), 451–455. https://doi.org/10.1089/ 
cpb.2008.0327. 

Kircaburun, K., Demetrovics, Z., Griffiths, M. D., Kiraly, O., Kun, B., & Tosuntas, S. B. 
(2020). Trait emotional intelligence and internet gaming disorder among gamers: 
The mediating role of online gaming motives and moderating role of age groups. 
International Journal of Mental Health and Addiction, 18(5), 1446–1457. https://doi. 
org/10.1007/s11469-019-00179-x. 

Leung, L. (2008). Linking psychological attributes to addiction and improper use of the 
mobile phone among adolescents in Hong Kong. Journal of Children and Media, 2(2), 
93–113. https://doi.org/10.1080/17482790802078565. 

Leung, L., & Wei, R. (2000). More than just talk on the move: Uses and gratifications of 
the cellular phone. Journalism & Mass Communication Quarterly, 77(2), 308–320. 
https://doi.org/10.1177/107769900007700206. 

Li, D., Zhou, Y., Li, X., & Zhou, Z. (2016). Perceived school climate and adolescent 
internet addiction: The mediating role of deviant peer affiliation and the moderating 
role of effortful control. Computers in Human Behavior, 60, 54–61. https://doi.org/ 
10.1016/j.chb.2016.02.015. 

Li, L., & Wang, S. (2020). Prevalence and predictors of general psychiatric disorders and 
loneliness during COVID-19 in the United Kingdom. Psychiatry Research, 291. 
https://doi.org/10.1016/j.psychres.2020.113267. 

Li, Q., & Huang, X. T. (2012). Self-control: Connotation, mechanism and prospect. 
Journal of Southwest University (Social Science edition). In Chinese., 38(2), 41-52+
173. 10.13718/j.cnki.xdsk.2012.02.022. 

Liu, H., & Wang, H. L. (2012). Mobile phone addiction and loneliness of college students. 
Chinese Mental Health Journal. In Chinese., 26(1), 66–69. 

Liu, H., & Yu, H. L. (2011). The Relationship among University Students’ Mobile Phone 
Addiction and Mobile Phone Motive. Psychological Science. In Chinese., 34(6), 
1453-1457. 10.16719/j.cnki.1671-6981.2011.06.01. 

Liu, Q. Q., Yang, X. J., Zhu, X. W., & Zhang, D. J. (2019). Attachment anxiety, loneliness, 
rumination and mobile phone dependence: A cross-sectional analysis of a moderated 
mediation model. Current Psychology, 11. https://doi.org/10.1007/s12144-019- 
00464-x. 

Liu, Q. Q., Zhang, D. J., Yang, X. J., Zhang, C. Y., Fan, C. Y., & Zhou, Z. K. (2018). 
Perceived stress and mobile phone addiction in Chinese adolescents: A moderated 
mediation model. Computers in Human Behavior, 87, 247–253. https://doi.org/ 
10.1016/j.chb.2018.06.006. 

Ma, S. T., Huang, Y. H., & Ma, Y. K. (2020). Childhood maltreatment and mobile phone 
addiction among chinese adolescents: Loneliness as a mediator and self-control as a 
moderator. Frontiers in Psychology, 11, 8. https://doi.org/10.3389/ 
fpsyg.2020.00813. 

Markowitz, D. M., Hancock, J. T., Bailenson, J. N., & Reeves, B. (2019). Psychological 
and physiological effects of applying self-control to the mobile phone. PLoS One, 14 
(11), 20. https://doi.org/10.1371/journal.pone.0224464. 

Mobile Market Report. (2020). Retrieved from App Annie. https://www.appannie.com/ 
cn/. 

Morahan-Martin, J., & Schumacher, P. (2000). Incidence and correlates of pathological 
Internet use among college students. Computers in Human Behavior, 16(1), 13-29. 
10.1016/S0747-5632(99)00049-7. 

Niu, G., Yao, L., Wu, L., Tian, Y., Xu, L., & Sun, X. (2020). Parental phubbing and 
adolescent problematic mobile phone use: The role of parent-child relationship and 
self-control. Children and Youth Services Review, 116. https://doi.org/10.1016/j. 
childyouth.2020.105247. 

Oaten, M., & Cheng, K. (2006). Improved self-control: The benefits of a regular program 
of academic study. Basic and Applied Social Psychology, 28(1), 1–16. https://doi.org/ 
10.1207/s15324834basp2801_1. 

Park, N., & Lee, H. (2012). Social implications of smartphone use: Korean College 
Students’ Smartphone Use and Psychological Well-Being. Cyberpsychology Behavior 
and Social Networking, 15(9), 491–497. https://doi.org/10.1089/cyber.2011.0580. 

Park, S., Kang, M., & Kim, E. (2014). Social relationship on problematic Internet use 
(PIU) among adolescents in South Korea: A moderated mediation model of self- 
esteem and self-control. Computers in Human Behavior, 38, 349–357. https://doi.org/ 
10.1016/j.chb.2014.06.005. 

Park, W. K. (2003). The mobile phone addiction among korean college students. Korean 
Journal of Journalism & Communication Studies, 47(2), 10–280. 

Russell, D. W. (1996). UCLA Loneliness Scale (Version 3): Reliability, validity, and factor 
structure. Journal of Personality Assessment, 66(1), 20–40. https://doi.org/10.1207/ 
s15327752jpa6601_2. 

Shen, X., & Ran, G. M. (2018). The relationship between social anxiety and smartphone 
overuse: Mediating effects of loneliness and motivation. Psychological Research. In 
Chinese., 11(6), 570–576. 

Shen, X., & Wang, J. L. (2019). Loneliness and excessive smartphone use among Chinese 
college students: Moderated mediation effect of perceived stressed and motivation. 
Computers in Human Behavior, 95, 31–36. https://doi.org/10.1016/j. 
chb.2019.01.012. 

Tangney, J. P., Baumeister, R. F., & Boone, A. L. (2010). High self-control predicts good 
adjustment, less pathology, better grades, and interpersonal success. Journal of 
Personality, 72(2), 271–324. https://doi.org/10.1111/j.0022-3506.2004.00263.x. 

The 46th China Internet Development Statistical Report. (2020). Retrieved from China 
Internet Information Center: https://www.cnnic.net.cn/. 

Tokunaga, R. S., & Rains, S. A. (2010). An evaluation of two characterizations of the 
relationships between problematic internet use, time spent using the internet, and 
psychosocial problems. Human Communication Research, 36(4), 512–545. https:// 
doi.org/10.1111/j.1468-2958.2010.01386.x. 

Tull, M. T., Edmonds, K. A., Scamaldo, K. M., Richmond, J. R., Rose, J. P., & Gratz, K. L. 
(2020). Psychological outcomes associated with stay-at-home orders and the 
perceived impact of COVID-19 on Daily Life. Psychiatry research, 289. https://doi. 
org/10.1016/j.psychres.2020.113098. 

Wang, J. L., Jackson, L. A., Wang, H. Z., & Gaskin, J. (2015). Predicting Social 
Networking Site (SNS) use: Personality, attitudes, motivation and Internet self- 
efficacy. Personality and Individual Differences, 80, 119–124. https://doi.org/ 
10.1016/j.paid.2015.02.016. 

J. Li et al.                                                                                                                                                                                                                                         

https://doi.org/10.1016/j.neubiorev.2019.06.032
https://doi.org/10.1016/j.neubiorev.2019.06.032
https://doi.org/10.1016/j.neubiorev.2016.08.033
https://doi.org/10.1016/j.puhe.2020.06.036
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0040
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0040
https://doi.org/10.1016/j.chb.2020.106414
https://doi.org/10.1556/2006.8.2019.34
https://doi.org/10.15288/jsa.1988.49.107
https://doi.org/10.15288/jsa.1988.49.107
https://doi.org/10.1073/pnas.1019725108
https://doi.org/10.1073/pnas.1019725108
https://doi.org/10.1177/0146167208330855
https://doi.org/10.1177/0146167208330855
https://doi.org/10.3390/ijerph17051487
https://doi.org/10.13342/j.cnki.cjhp.2020.10.025
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0080
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0080
https://doi.org/10.1111/ppc.12318
https://doi.org/10.1111/j.17456924.2009.01116.x
https://doi.org/10.1111/j.17456924.2009.01116.x
https://doi.org/10.1176/appi.ajp.2008.08091320
https://doi.org/10.1176/appi.ajp.2008.08091320
https://doi.org/10.1016/j.chb.2013.10.059
https://doi.org/10.1111/j.1468-2958.2010.01397.x
https://doi.org/10.1111/j.1468-2958.2010.01397.x
https://doi.org/10.1504/IJMC.2012.044523
https://doi.org/10.1504/IJMC.2012.044523
https://doi.org/10.1371/journal.pone.0190896
https://doi.org/10.1371/journal.pone.0190896
https://doi.org/10.1016/j.chb.2016.11.004
https://doi.org/10.1027/1864-1105/a000234
https://doi.org/10.1027/1864-1105/a000234
https://doi.org/10.1089/cpb.2008.0327
https://doi.org/10.1089/cpb.2008.0327
https://doi.org/10.1007/s11469-019-00179-x
https://doi.org/10.1007/s11469-019-00179-x
https://doi.org/10.1080/17482790802078565
https://doi.org/10.1177/107769900007700206
https://doi.org/10.1016/j.chb.2016.02.015
https://doi.org/10.1016/j.chb.2016.02.015
https://doi.org/10.1016/j.psychres.2020.113267
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0170
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0170
https://doi.org/10.1007/s12144-019-00464-x
https://doi.org/10.1007/s12144-019-00464-x
https://doi.org/10.1016/j.chb.2018.06.006
https://doi.org/10.1016/j.chb.2018.06.006
https://doi.org/10.3389/fpsyg.2020.00813
https://doi.org/10.3389/fpsyg.2020.00813
https://doi.org/10.1371/journal.pone.0224464
https://doi.org/10.1016/j.childyouth.2020.105247
https://doi.org/10.1016/j.childyouth.2020.105247
https://doi.org/10.1207/s15324834basp2801_1
https://doi.org/10.1207/s15324834basp2801_1
https://doi.org/10.1089/cyber.2011.0580
https://doi.org/10.1016/j.chb.2014.06.005
https://doi.org/10.1016/j.chb.2014.06.005
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0230
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0230
https://doi.org/10.1207/s15327752jpa6601_2
https://doi.org/10.1207/s15327752jpa6601_2
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0240
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0240
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0240
https://doi.org/10.1016/j.chb.2019.01.012
https://doi.org/10.1016/j.chb.2019.01.012
https://doi.org/10.1111/j.0022-3506.2004.00263.x
https://doi.org/10.1111/j.1468-2958.2010.01386.x
https://doi.org/10.1111/j.1468-2958.2010.01386.x
https://doi.org/10.1016/j.psychres.2020.113098
https://doi.org/10.1016/j.psychres.2020.113098
https://doi.org/10.1016/j.paid.2015.02.016
https://doi.org/10.1016/j.paid.2015.02.016


Addictive Behaviors 118 (2021) 106857

7

Wang, J. L., Wang, H. Z., Gaskin, J., & Wang, L. H. (2015). The role of stress and 
motivation in problematic smartphone use among college students. Computers in 
Human Behavior, 53, 181–188. https://doi.org/10.1016/j.chb.2015.07.005. 

Wilson, K., Fornasier, S., & White, K. M. (2010). Psychological Predictors of Young 
Adults’ Use of Social Networking Sites. Cyberpsychology Behavior and Social 
Networking, 13(2), 173–177. https://doi.org/10.1089/cyber.2009.0094. 

Xie, D. J., Wang, L. G., Tao, T., Fan, C. L., & Gao, W. B. (2014). The validity and 
reliability of the Chinese version of the Adolescent Dual-Mode of Self-Control Scale. 
Chinese Mental Health Journal. In Chinese., 28(5), 386–391. 

Yang, X. J., Liu, Q. Q., Lian, S. L., & Zhou, Z. K. (2020). Are bored minds more likely to be 
addicted? The relationship between boredom proneness and problematic mobile 
phone use. Addictive Behaviors, 108. https://doi.org/10.1016/j. 
addbeh.2020.106426. 

Yang, X. J., Zhou, Z. K., Liu, Q. Q., & Fan, C. Y. (2019). Mobile Phone Addiction and 
Adolescents’ Anxiety and Depression: The Moderating Role of Mindfulness. Journal 
of Child and Family Studies, 28(3), 822–830. https://doi.org/10.1007/s10826-018- 
01323-2. 

Young, N. L., Kuss, D. J., Griffiths, M. D., & Howard, C. J. (2017). Passive Facebook use, 
Facebook addiction, and associations with escapism: An experimental vignette 
study. Computers in Human Behavior, 71, 24–31. https://doi.org/10.1016/j. 
chb.2017.01.039. 

Zhen, R., Liu, R. D., Hong, W., & Zhou, X. (2019). How do Interpersonal Relationships 
Relieve Adolescents’ Problematic Mobile Phone Use? The Roles of Loneliness and 
Motivation to Use Mobile Phones. International Journal of Environmental Research 
Public Health., 16(13). https://doi.org/10.3390/ijerph16132286. 

J. Li et al.                                                                                                                                                                                                                                         

https://doi.org/10.1016/j.chb.2015.07.005
https://doi.org/10.1089/cyber.2009.0094
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0285
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0285
http://refhub.elsevier.com/S0306-4603(21)00042-3/h0285
https://doi.org/10.1016/j.addbeh.2020.106426
https://doi.org/10.1016/j.addbeh.2020.106426
https://doi.org/10.1007/s10826-018-01323-2
https://doi.org/10.1007/s10826-018-01323-2
https://doi.org/10.1016/j.chb.2017.01.039
https://doi.org/10.1016/j.chb.2017.01.039
https://doi.org/10.3390/ijerph16132286

