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ARTICLE INFO ABSTRACT

Keywords: The penetration of smartphones into human life finds expression in problematic smartphone use, particularly
Bedtime smartphone use under the Covid-19 home confinement. Problematic smartphone use is accompanied by adverse impacts on
Nomophobia

personal wellbeing and individual performance. However, little is known about the mechanism of such adverse
impacts. Motivated by this, the present study strives to answer (i) how bedtime smartphone use impacts students’
academic performance through wellbeing-related strains; (ii) how to mitigate the adverse consequences of
bedtime smartphone use. Drawing upon the stressor-strain-outcome paradigm, the current work presents a
comprehensive understanding of how smartphone use indirectly deteriorates college students’ academic per-
formance through the mediators of nomophobia — “the fear of being unavailable to mobile phones” (Lin et al.,
2021) — and sleep deprivation. This allows a more flexible remedy to alleviate the adverse consequences of
smartphone use instead of simply limiting using smartphones. This study collects a two-year longitudinal dataset
of 6093 college students and employs the structural equation modeling technique to examine the stressor-strain-
outcome relationship among bedtime smartphone use, nomophobia, sleep deprivation, and academic perfor-
mance. This study finds robust evidence that wellbeing-related strains (i.e., nomophobia and sleep deprivation)
mediate the negative relationship between bedtime smartphone use and academic performance. Furthermore,
engaging in physical activity effectively mitigates the adverse effects of bedtime smartphone use upon nom-
ophobia and sleep deprivation. This study not only enriches the current literature regarding the indirect effect
mechanism of smartphone use but also provides valuable insights for academics and educational policymakers.

Sleep deprivation
Academic performance
Stressor-strain-outcome

1. Introduction

Smartphones have become a ubiquitous and indispensable part of
our daily lives and professional activities [1,2]. However, the increasing
penetration of smartphones into people’s lives gives rise to public
concern about problematic smartphone use. Problematic smartphone
use finds expression in excessive and uncontrolled smartphone use that
fuels a number of physical and mental problems [3,4]. As a significant
indicator of problematic smartphone use, bedtime smartphone use has
been found prevalent among users [4]; related statistics by Alshobaili
and AlYousefi [5] document that nine out of ten respondents have
bedtime smartphone use habits in Saudi Arabia. An increasing amount
of time spent on the smartphone before sleep directly makes the user
more susceptible to sleep disorders and psychological unease [5,6]. It is
particularly noteworthy that the adverse consequences of smartphone
use would be further intensified under the Covid-19 pandemic home
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confinement (see, [7,8]).

Discussions regarding the potential outcomes of (problematic)
smartphone use have occupied an increasingly important place in either
societal debates [9] or academic research [10]. Bedtime smartphone use
leads to a growing public health concern and an urgent need to under-
stand its impacts on personal wellbeing and individual performance [11,
4]. A vast majority of the existing literature has focused on the direct
impacts of smartphone use based on cross-sectional analysis. Evidence
has been found that the general use of smartphones or the use of specific
mobile applications can cause users’ physical and mental discomfort (e.
g., [12,13]), as well as impaired academic performance (e.g., [14,15]).
However, few studies have examined the indirect impacts of bedtime
smartphone use on individual performance via potential mediators. This
is clearly a research gap to be bridged, as a comprehensive under-
standing of the effect mechanism of smartphone use is critically
important for both individual and organizational performance.
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Furthermore, by addressing this research gap, this study also echoes the
call for disentangling how smartphone use interferes with students’
educational life, especially in light of health indicators, as indicated in
the systematic literature review by Amez and Baert [10].

Under such circumstances, we employ the stressor-strain-outcome
(SSO) theory to consolidate bedtime smartphone use, wellbeing-
related variables, and academic performance in an integrated manner.
This offers a complete view of the indirect effect of bedtime smartphone
use on students’ academic performance through wellbeing-related fac-
tors. In contrast with cross-sectional results in most past studies, the
present work seeks longitudinal evidence to empirically verify the
mediating effects of wellbeing-related strains on the relationship be-
tween the external stressor (i.e., bedtime smartphone use) and its
outcome (i.e., academic performance). The wellbeing-related strains
considered here include two indicators related to bedtime smartphone
use — nomophobia, referring to “the fear of being out of mobile phone
contact” ([16], p. 1322), and sleep deprivation, conceptualized as no
sleep or reduced sleep time than required to keep the individual awake
and alert [17] — as discussed in prior works (e.g., [18,19]).

The present study also contributes to effective interventions to
mitigate the adverse impacts of bedtime smartphone use on college
students’ wellbeing and academic performance. Heated discussions
have emerged that people, particularly students, should restrict or even
ban their access to smartphones (e.g., [20,21]). Furthermore, past
studies also offer quasi-experimental evidence on the favorable effects of
banning smartphones in schools on students’ academic outcomes [22,
23]. However, merely limiting smartphone use could not be feasible for
alleviating the adverse effects because of the indispensable role the
smartphone plays in social and professional lives. A failed trial can
exemplify this by teens in Finland who tried to cut back on their
smartphone use [24]. Are there any possible practical treatments for
adverse consequences derived from bedtime smartphone use beyond
simply cutting off smartphone use? This study aims to tackle this issue,
which is valuable to academics and educational policymakers.

In sum, to answer the call for unraveling the indirect effect mecha-
nism of smartphone use on academic performance [10,25] and
exploring feasible ways to mitigate the adverse consequences of smart-
phone use (see, [26,27]), this study strives to answer the following
questions:

Research question 1: How does bedtime smartphone use impact aca-
demic performance through health indicators, i.e., nomophobia and
sleep deprivation?

Research question 2: How to alleviate the adverse effects of bedtime
smartphone use?

1.1. The dark side of smartphone use

The use of smartphones has dramatically changed the way we live,
learn, and work. On the bright side, for example, the smartphone acts as
an essential channel for mobile learning and social interactions [28,29]
as well as remote working [30]. Everyday smartphone use among
organizational employees for social, informative, and entertainment
purposes benefits their affective wellbeing at the end of workdays [31].
Despite the benefits deriving from smartphones, a large body of the
current literature has documented adverse outcomes of smartphone use
on personal wellbeing (e.g., [12,32]), as well as academic performance
of student groups (e.g., [15,33]). Appendix A summarizes previous
studies over the past five years investigating the adverse impacts of
smartphones, the so-called dark side of smartphone use.

Scholars have identified that problematic mobile phone use signifi-
cantly contributes to decreased physical fitness. For instance, time spent
on mobile phones is found to be positively linked to college students’
worse cardiorespiratory status, increased sedentary behavior, and
decreased health status [34]. Night-time use of mobile phones is iden-
tified as a cause of obesity [35]. Many other pieces of evidence support
that mobile phone use before sleep is capable of triggering insomnia
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[36], delaying bedtime [37], increasing sleep latency [38], and
decreasing sleep duration [39,37].

Further, the existing literature indicates that smartphone use is a
precondition for cultivating nomophobia (e.g., [15,40]). Nomophobia, or
no-mobile-phobia, conceptually similar to mobile phone addiction, has
been identified as one of the most direct adverse outcomes of mobile
phone use [40,41]. Several researchers have found that nomophobia or
smartphone addiction contributes to the development of psychological
unease, including anxiety [42,43], stress ([44]; [45]), depression [46,
471, loneliness ([42, 48]), to name but only a few.

While several studies subscribe that using mobile devices affords
several advantages for students’ academic achievement, numerous
adverse consequences also come with its use (e.g., [49,50]). When used
appropriately, smartphones can positively contribute to students’ aca-
demic performance [10]. For instance, the high degree of flexibility
afforded by smartphones enables students to bridge the learning gap due
to diverse geographical locations [28] and easily access network-based
learning materials and services anytime and anywhere [51]. Further,
the smartphone is a multi-platform hub with rich functionalities,
allowing individuals to quickly access and share information and effi-
ciently interact and collaborate with peers and teachers [52,53]. On the
contrary, more researchers endorse that smartphone use can cause
distraction during students’ learning process, leading to a detrimental
impact on their academic achievements (e.g., [54,551). For instance, cell
phone use can deteriorate students’ concentration and the amount of
information received during a specific class [51], develop distracted
behaviors, and further cause worse learning outcomes and academic
performance [56,57]. The work by Tossell et al. [58] reveals that even
though students thought smartphones use for studying purposes was
beneficial before use, unfortunately, they later viewed smartphone use
as harmful to their academic development. This is because respondents
self-reported that their smartphones were more like a distraction than a
helpful tool, and it was easy to develop nomophobic symptoms such as
habitually checking their smartphones though without any purpose.
Students with smartphone overuse in-class sessions are more likely to
spend more time on non-academic uses (e.g., improper social media use
during class) [59] and suffer from distraction [60], thereby being
distracted from their academic tasks [61]. The empirical literature also
has shown that smartphone addiction is negatively associated with
university students’ academic performance evaluated by their grade
point averages (GPAs) [62,63]. Even outside class sessions, students
with smartphone addiction tend to develop procrastination on extra-
curricular learning and homework [64].

1.2. Stressor-strain-outcome (SSO) theory

The SSO theory offers accounts for the process that environmental
stimuli influence users’ psychological and behavioral outcomes via
generated strain(s) [65]. Notably, the SSO model indicates that a
stressor indirectly impacts the outcome, and the strain typically plays a
mediating role between stressors and outcome variables [65]. Stressor
refers to an external/environmental stimulus that an individual en-
counters and influences individual internal states [66], which is gener-
ally perceived as troublesome, disruptive, and irksome [67,68]. Strain
can be conceptualized as both the internal processes and consequences
resulting from external stimuli, whereby outcome acts as the final
consequence of stressor and strain [67]. Accordingly, strain arises from
stressors and predisposes the subject being stimulated to adverse out-
comes [69]. Both strain and outcome can be defined as individual psy-
chological and/or behavioral responses to stressors [70,71].

The SSO paradigm has been adopted as an underlying theory to
explore the social impacts of information technologies on human ac-
tivities. Specifically, Shi et al. [72] find that social media-oriented
overload (i.e., information overload, communication overload, and so-
cial overload) acts as a significant stressor to induce technostress,
thereby further exerting a negative impact on academic achievement. By
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applying the SSO model, the work by Cao et al. [67] manifests that
overuse of mobile social networks causes psychological strain (e.g., life
invasion, techno-exhaustion, and privacy invasion), and in turn, de-
teriorates academic performance as an outcome. Malik et al. [73] show
evidence that three types of external stressors, including intensity of
mobile instant messaging (MIM) apps use, social comparison, and
self-disclosure, significantly yield the strain of MIM fatigue, which
further results in academic performance decrement. Likewise, excessive
social networking site (SNS) use significantly decreases students’ aca-
demic performance by inducing cognitive distraction [74]. Late-night
use of smartphone-based SNS negatively affects academic performance
through the intervening effect of worse sleep quality and cognitive
function depletion [75]. While the current literature primarily adopts
the SSO model as the theoretical underpinning for understanding the
impact of improper (e.g., excessive or late-night) social media use, it
calls for an extension of the SSO paradigm to examine the impact of
overall smartphone use. Given that the smartphone acts as a hub
consolidating a variety of functionalities and uses, we stress that scru-
tinizing the impact of general problematic smartphone use, e.g., bedtime
smartphone use, may offer a more comprehensive understanding of
smartphone use consequences.

Whereas past studies apply SSO to investigate the adverse outcomes
of mobile application use via mediating strains in the educational
context, we argue that the SSO paradigm can be applied to explain the
effect mechanism of general problematic smartphone use, mental strain,
and academic outcomes. As suggested in past studies, substantial envi-
ronmental inputs play a crucial role in cultivating addictive behaviors
[76]; these behaviors are ultimately linked to habitual control by stimuli
from the environment [74,77]. With this in mind, bedtime smartphone
use can be viewed as an external stimulus deriving from personal
experience of using smartphones from an information systems view-
point. It will affect personal mental states (e.g., triggering psychological
fatigue and stress) [72,73], which can further result in behavioral con-
sequences [67,69]. In addition, previous studies have highlighted that
smartphone use plays an important role in the cultivation of nom-
ophobia [36,61] and sleep deprivation [35,32]. Accordingly, the present
study bases the research model on the SSO paradigm to understand the
effect mechanism of bedtime smartphone use and gain insights into the
mediating effects of wellbeing-related strains (i.e., nomophobia and
sleep deprivation) between bedtime smartphone use and academic
performance.

1.3. Hypotheses development and research model

1.3.1. SSO-related hypotheses

The current literature subscribes that cultivating nomophobia is one
of the most direct consequences of smartphone use [41]. Not only can
general phone use prompt nomophobia (Joel [50,78]), but also partic-
ular mobile applications use, e.g., mobile communication and social
media, provokes the development of nomophobia [79,80]. There is ev-
idence showing that prolonged bedtime smartphone use is closely linked
to the proneness of smartphone addiction [4]. As an important agent of
problematic smartphone use [4], the habit of smartphone use before
sleep can be a significant antecedent that predicts smartphone addiction
[81]. Further, Paik et al. [[4], p. 1] point out that “prolonged bedtime
smartphone use was associated with higher smartphone addiction proneness
scale score” than daytime smartphone use. In this vein, bedtime smart-
phone use can be a significant precondition to trigger nomophobia. Once
a user develops the habit of bedtime smartphone use, there is a high risk
that nomophobia will take place. In other words, the inclination toward
nomophobia goes up along with growing bedtime smartphone use.

Nomophobia, as a mental strain, can further lead to psychological or
behavioral consequences. Students with nomophobic symptoms are
more likely to spend more time on non-academic smartphone use daily
[15]. The proximity of smartphones is a tempting distraction [10],
particularly during students’ studying sessions, which deteriorates their
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academic performance [60]. Furthermore, the symptom of habitually
checking smartphones due to nomophobia can cause cognitive costs
[82], thereby giving rise to difficulties in studying processes and
reducing academic achievements [61]. Accordingly, it is conceivable
that students with nomophobia are more dependent on their smart-
phones, and they would check their smartphones more frequently and
gradually develop into habitually compulsive behaviors, even during
in-class sessions. As a result, problematic smartphone use distracts stu-
dents’ concentration on studying and increases the possibility of missing
critical knowledge, thereby impairing academic performance.

Based on the SSO framework, we contend that nomophobia mediates
the negative effect of bedtime smartphone use on academic perfor-
mance. Specifically, smartphones expose students to frequent commu-
nication, social requests, and entertainment applications. However,
when smartphone use exceeds students’ processing capability, they
quickly lose self-control and get addicted [36,83]. Such nomophobic
situations can consume their attention [61], induce cognitive costs [82],
and result in adverse academic outcomes [15]. The SSO model effec-
tively integrates bedtime smartphone use, nomophobia, and academic
performance, highlighting the dark side of external stimulus in influ-
encing college students’ psychological states and academic outcomes.
We hypothesize that:

Hypothesis 1. Nomophobia mediates the relationship between
bedtime smartphone use and academic performance.

Bedtime smartphone use is closely associated with sleep deprivation,
such as sleep disturbances [37] and insomnia [49,84]. Many researchers
endorse the salient effect of bedtime smartphone use on sleep problems.
For example, Dissing et al. [85] suggest that smartphone use during the
pre-sleep period, compared with other dimensions of smartphone use (e.
g., daytime smartphone use), is the most substantial factor associated
with sleep disturbance. Huang et al. [86] conclude that prolonged
smartphone use, especially bedtime smartphone use, directly decreases
the sleep duration of Chinese college students. Lin et al. [11] find that
smartphone use before sleep significantly leads to delayed sleep onset
and reduced total sleep time. Likewise, Krishnan et al. [87] reveal that
bedtime smartphone use is closely related to increased sleep problems,
e.g., drawn-out sleep latency, decreased sleep duration, and sleep in-
efficiency. Considering sleep quality is necessary for cognition process-
ing, decent sleep quality is beneficial for academic development [88,
89]. In other words, sleep deprivation is harmful to students’ cognitive
abilities and academic development. Previous studies subscribe to this
assertion by showing that both insufficient sleep duration and low sleep
quality play significant roles in deteriorating students’ learning capacity
and academic development [90,89].

Along this line of thought, bedtime smartphone use can impair ac-
ademic performance by inducing sleep deprivation. Evidence emerges
that excessive smartphone use impairs individual cognition through its
adverse impacts on mood and sleep [91]. College students tend to spend
much time on their phones before sleep and have prolonged bedtime
[86]. Under the SSO paradigm, such environmental stimulus of smart-
phone use before sleep (stressor) inevitably compromises sleep and
causes sleep deprivation (strain), which in turn weakens students’
learning ability and will be reflected in decreased academic performance
(outcome). Therefore, we hypothesize that:

Hypothesis 2. Sleep deprivation mediates the relationship between
bedtime smartphone use and academic performance.

1.3.2. Moderating effect

The pivotal role of physical activity has been highly acknowledged in
improving mental health and physical wellbeing [92,93]. Following the
World Health Organization [94], physical activity is conceptualized as
“several entities, including light individual exercise, collective training, indi-
vidual or team sports participation” [95]. As numerous researchers assert
that physical activity is an excellent practice for consolidating mental
and physical resources [96,97], individuals who engage in physical ac-
tivity more actively tend to have more available resources [98]. In other
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words, with higher engagement in physical activity, people would be
able to gain more psychological resources to maintain dynamic and
mental optimism and deal with external interferences [98,99]. More
specifically, problematic smartphone use resembles a behavioral activity
that consumes physiological and psychological resources [100]. Phys-
ical activity engagement, on the one hand, offers individuals an op-
portunity to divert themselves away from negative stimuli, e.g.,
problematic smartphone use, and turn to positive stimuli; on the other
hand, it helps individuals to accumulate their physiological and psy-
chological resources by building up physical strength [101] and trig-
gering positive emotions [102]. In response to the resource consumption
caused by problematic smartphone use, participating in physical activity
allows smartphone users to not only bolster resources of availability but
also harmonize resource reserve. As such, those negative consequences
due to smartphone use, e.g., anxiety and fear, could be mitigated and
hardly trigger nomophobic symptoms among individuals with resilience
to mental discomfort induced by using smartphones. In this sense,
physical activity engagement can be viewed as a favorable external
stimulus that can reap benefits or alleviate adverse outcomes from
outside stressors [103]. That is, the adverse consequences, including
nomophobia and sleep deprivation caused by bedtime smartphone use,
can be less salient. Oppositely, with less or without engaging in physical
activity, it would be harder for users to remit the adverse impacts of
smartphone use on individual psychological states [98]. We argue that
engaging in physical activity enables users to mitigate the negative
outcomes resulting from bedtime smartphone use. Therefore, we hy-
pothesize the following:

Hypothesis 3. Physical activity engagement weakens the effect of
bedtime smartphone use on nomophobia.

Hypothesis 4. Physical activity engagement weakens the effect of
bedtime smartphone use on sleep deprivation.

Fig. 1 illustrates the research model based on the SSO framework.
Note that this model also concatenates nomophobia and sleep depriva-
tion because past studies explicate that nomophobia (or mobile phone
addiction) places a significant burden on decreased sleep duration and
sleep quality [104,105]. The proposed research model also considers
several control variables. For instance, in line with past studies, daily
time spent on the computer [106], smartphone use for learning purposes
[15], age [107], and gender [108] of respondents might affect academic
performance, and hence are considered as control variables in the pre-
sent study. Additionally, the grade is also taken into account as a control
variable because academic performance may be affected by the year of
study, considering such factors as enrollment pressure, course burden,
pressure from job-hunting, etc. [44].

Stressor

Strain
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2. Method
2.1. Research context and sample

The two-year longitudinal dataset was collected from un-
dergraduates of a top-ranking public university in Central China by
distributing a large-scale questionnaire survey twice to the same student
group. The survey, aiming to investigate the effects of smartphone use
on college students’ wellbeing and academic performance, was designed
to obtain information concerning students’ smartphone use habits,
health-related psychology and physiology, and academic records.
Considering that the questionnaire was conducted in the local language
(Chinese), back-translation was performed for the original English-
based measurement items to guarantee translation consistency be-
tween different-language versions as suggested by prior work (e.g.,
[109]). Further, a pilot test with 30 students was conducted before the
formal survey to improve the readability and face validity of the mea-
surements. Concretely, an open-ended question was attached at the end
of the pilot questionnaire to collect respondents’ feedback on the
wording and content. As such, we were able to collect questions reported
by the respondents (e.g., expressive ambiguity, inappropriate termi-
nology), which were then addressed to produce the final version.

Supported by the university administration, the questionnaires were
released via the surveyed universitys’ official website. Once students
logged into the universitys’ web portal using their username and pass-
word, the notification for filling out the questionnaire would show.
Before filling out the survey questionnaire, consent to participate in the
surveys was first sought from respondents, and those who completed the
surveys gained access to the data analysis report as compensation. The
surveys were advertised, respectively, from December 2017 to January
2018 (Time 1) and from December 2018 to January 2019 (Time 2). The
student number of each respondent was required in the surveys for the
sole purpose of identifying the same respondent. The first survey had
10,352 students responded to the inquiries. Those incomplete responses
with missing values or unmindful responses with almost the same scale
chosen for each question were removed. Consequently, we retained
9256 valid records for the first survey. These 9256 students received the
notification for participating in the second survey, and 6719 responses
were received. As a result, a final sample size of 6093 valid responses
remains for preliminary analysis after removing invalid records, just as
in the case of the first survey.

The demographic information of the sample cases is presented in
Table 1. There are 3501 males (57.5% of the sample) and 2592 females
(42.5%). Most participants report their daily smartphone use for more
than 2 hours (Time 1: 4355, 71.5%; Time 2: 4517, 74.1%). Notably,
delaying bedtime is quite common among the participants: over 40% of
respondents (Time 1: 2563, 42.1%; Time 2: 2467, 40.5%) reported a
frequency of delaying bedtime 6-7 times per week, indicating that

Outcome

Nomophobia

Bedtime smartphone
use

Academic performance

Sleep deprivation |

Fig. 1. Research model.
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Table 1
Demographic information of participants (N = 6093).
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Variables Sample composition
Categories Time 1 Time 2

Age Between 16 and 31 (based on the first survey); Mean = 20.03; Std. Dev. = 1.20

Gender Male 3501 (57.5%)
Female 2592 (42.5%)

Grade Enrolled in 2014 82 (1.3%)
Enrolled in 2015 1741 (28.6%)
Enrolled in 2016 1683 (27.6%)
Enrolled in 2017 2587 (42.5%)

Frequency Percentage (%) Frequency Percentage (%)

Daily smartphone use in hours Less than 0.5 h 306 5.0 148 2.4
0.5-1h 359 5.9 327 5.4
1-2h 1073 17.6 1101 18.1
2-4h 1832 30.1 2045 33.6
4-6h 1513 24.8 1604 26.3
7-8h 410 6.7 452 7.4
More than 8 h 600 9.8 416 6.8

Daily computer use in hours Less than 0.5 h 891 14.6 972 16.0
0.5-1h 1173 19.3 1451 23.8
1-2h 1840 30.2 1618 26.6
2-4h 1337 21.9 1218 20.0
4-6h 552 9.1 533 8.7
7-8 h 101 1.7 164 2.7
More than 8 h 199 3.3 137 2.2

Bedtime smartphone use for non-academic purposes 1 (Never) 426 7.0 222 3.6
2 331 5.4 379 6.2
3 480 7.9 451 7.4
4 752 12.3 684 11.2
5 680 11.2 790 13.0
6 793 13.0 845 13.9
7 (Very often) 2631 43.2 2722 44.7

Smartphone use for learning purposes 1 (Never) 311 5.1 178 2.9
2 331 5.4 946 15.5
3 1632 26.8 1331 21.8
4 2734 44.8 2385 39.1
5 (Very often) 1085 17.8 1253 20.6

Frequency of delaying bedtime’ Never 364 6.0 210 3.4
1-2 times per month 358 5.9 378 6.2
1-2 times per week 1398 229 1383 22.7
3-5 times per week 1410 23.1 1655 27.2
6-7 times per week 2563 42.1 2467 40.5

! Delaying bedtime here refers to going to bed after 23:00, given the fact that sharp 23:00 is the regulated lights-out time of student dormitory at most Chinese

Universities, including the surveyed university.

staying up and delaying bedtime is typical among Chinese college
students.

2.2. Measures

Existing validated scales are adapted to measure the constructs in
this study (see Appendix B). Bedtime smartphone use is measured via the
frequency of non-academic smartphone use before sleep via a seven-
Likert scale from 1 (never) to 7 (very often) [110,111], while sleep
deprivation is measured via two dimensions — the frequencies of
insomnia and delaying bedtime [112,113]. Nomophobia is measured via
the existing scale from Yildirim and Correia [114]. The measurement
items of physical activity engagement are adopted from the scale
developed by Booth et al. [115]. In line with prior studies [62,116],
academic performance is measured by the ranking of academic records
self-reported by students. Notably, the university information system
allows students to log in via their username and password anytime and
check their transcripts, including academic scores and rankings in their
classes.

2.3. Data analysis

The current study employs change values to validify our hypotheses.
For example, we calculate the first difference (labeled A) of bedtime
smartphone use as the value of Time 2 minus that of Time 1. The change
values are preferred because the first differencing removes the time-

invariant individual differences (unobserved heterogeneity) between
subjects, thereby promoting the strength of the statistical test [117]. In
light of this advantage, change values have been extensively used in
existing psychology-related research (see, e.g., [118,119]).

The proposed hypotheses were tested using the structural equation
modeling (SEM) technique. More specifically, the partial least squares
(PLS)-based SEM has been employed because, according to Gefen et al.
[120], it can not only readily handle both reflective and formative
constructs, but also simultaneously tackle multiple regressands (namely,
dependent variables), mediators, and moderators, just as is the case in
the current study. In line with Hulland [121], the measurement model
has been first verified by examining the reliability and validity of latent
variables. Then the structural model has been assessed with path co-
efficients and their significance levels.

3. Results
3.1. Reliability and validity

The verification of the measurement model involves estimating the
measurement items’ reliability and validity in the survey instrument.
Because reflective items are capturing the construct’s effects under
scrutiny [122], we evaluate reliability with three indicators, including
standard estimates of Cronbachs’ alpha, composite reliability (CR), and
average variance extracted (AVE) [123]. As illustrated in Table 2, the
values of Cronbach’s alpha, CR, and AVEs for either Anomophobia or
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Table 2
Reliability and validity.

Reliability and convergent validity for reflective variables

Latent variable Minimalfactor- Cronbach’salpha  CR AVE
loading
ANomophobia 0.880 0.873 0.922 0.797
APhysical 0.860 0.715 0.875 0.777
activity
engagement
Weights and t-statistics for the formative variable
Construct Measurement Weights t- p-
statistics value
ASleep ADelaying * 29.849 P<
deprivation bedtime 0.001
A Insomnia 0.521%** 17.830 P <
0.001

Notes: A means the value difference between Time 1 and Time 2.
" means the significant level at 0.001.

Aphysical activity engagement are above-suggested thresholds of 0.7,
0.7, and 0.5, respectively [124,125]. Further, the convergent validity
and discriminant validity of latent variables are assessed. To determine
convergent validity, each constructs’ measurement items need to load
greatly among these items themselves. As can be seen from Table 2, all
the factor loadings of our latent constructs exceed prescribed thresholds
of 0.7 [126], confirming sufficient convergent validity. For holding
adequate discriminant validity, the AVEs’ square root for each construct
should be greater than its correlations with any other construct [123].
Under the inter-construct correlation matrix shown in Table 3, all the
unique bivariate correlations among all the latent constructs in our
measurement model are much lower than the square root of
intra-construct AVE for each, suggesting sufficient discriminant validity.
This indicates that respondents can differentiate among our research
model constructs when responding to the questionnaire. Additionally,
the factor loading of every item above 0.5 on its associate construct
further confirms discriminant validity and convergent validity (see
Table 2).

ASleep deprivation is a formative construct measured by Adelaying
bedtime and Ainsomnia. Following Petter et al. [127], we assess the
formative items by examining their weights and significant levels. As
presented in Table 2, both Adelaying bedtime and Ainsomnia are highly
significant at the 99.9% confidence level, suggesting sufficient mea-
surement reliability [128]. In addition, multicollinearity among all
variables is checked through the Variance Inflation Factors (VIFs); all
the VIFs are below the suggested threshold of 0.5 [129], indicating
multicollinearity is not a concern in this study.

3.2. Hypotheses testing

The test of the structural model involves estimates of both the path
coefficients and R? values. The path coefficients present relationship
strengths between the independent and dependent variables; R? values
represent the proportion of variance explained by the independent

Table 3
Discriminant validity.

Construct AACP ANOM APHA ASDE  ABSU
AAcademic performance 1.000
(AACP)
ANomophobia (ANOM) -0.221 0.893
APhysical activity engagement ~ 0.179 —0.155  0.882
(APHA)
ASleep deprivation (ASDE) -0.260  0.284 -0.363 —
ABedtime smartphone use —-0.290  0.300 -0.142  0.367 1.000

(ABSU)

Notes: The diagonal row with boldfaced numbers reports AVEs’ square roots. As
a formative variable, ASDE has no AVE value.
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variables on its dependent variable. The path coefficients (including
correlations and statistical significance), along with R? values, suggest
how well the data substantiates the hypothesized model.

Fig. 2 and Table 4 depict the analysis results of the structural model.
All four hypotheses are verified by empirical evidence. To begin with,
increasing bedtime smartphone use significantly contributes to the
development of nomophobia (f = 0.273, p < 0.001), which further
causes more sleep deprivation (f = 0.149, p < 0.001) and impaired
academic performance (f = —0.120, p < 0.001). Second, time increase
in bedtime smartphone use is positively related to sleep deprivation ( =
0.270, p < 0.001), which further exerts a negative effect on academic
performance (f = —0.153, p < 0.001). Moreover, physical activity
engagement weakly moderates the positive effects of bedtime smart-
phone use on both nomophobia (f = —0.053, p < 0.001) and sleep
deprivation (f = —0.046, p < 0.001), confirming Hypothesis 3 and Hy-
pothesis 4. Taken together, our model explains 10.7%, 25.8%, and 13.3%
of the variance in nomophobia, sleep deprivation, and academic per-
formance, respectively. They are all above the suggested threshold of
10%, indicating that the research model is acceptable [130].

The two-step approach prescribed by Nitzl et al. [131] is applied to
verify the mediating effects of nomophobia and sleep deprivation. We
first need to verify the significance of the particular indirect relationship
through the mediators. After confirming a significant result in the first
step, we can then test the direct relationship between the independent
and dependent variables. If the relationship between the independent
variable (bedtime smartphone use) and the dependent variable (aca-
demic performance) is insignificant, we can conclude a full mediation;
otherwise, it is a partial mediation. Table 5 summarizes the mediation
analysis results. The particular indirect effects for both mediators, i.e.,
nomophobia (f = —0.028, p < 0.001) and sleep deprivation (f =
—0.041, p < 0.001) are significant. Further, bedtime smartphone use has
a significantly negative direct influence on academic performance (f =
—0.140, p < 0.001). As a result, sleep deprivation and nomophobia
partially rather than fully mediate the negative effect of bedtime
smartphone use on academic performance, supporting Hypothesis 1 and
Hypothesis 2. The partial mediation indicates that bedtime smartphone
use can not only exert a direct impact on academic performance but also,
simultaneously, indirectly affect academic performance through the
mediating effects of nomophobia and sleep deprivation. Moreover, the
direct impact of bedtime smartphone use on academic performance is
more potent than either indirect effect via the mediator of nomophobia
or sleep deprivation.

Following Mackinnon and Dwyer [132], the ratio of the specific in-
direct effects to the total effect is utilized as an agent of the effect size for
mediation. Even though a few studies, e.g., Preacher and Kelley [133],
criticized this measure, more scholars (e.g., [134,135]) defend this agent
and assert that “if accompanied by the total effect, the ratio of the indirect
effect to the total effect is meaningful where the indirect effect and the direct
effect have the same sign in a basic mediation model” ([134], p. 61). As
shown in Table 5, we can conclude that the indirect effect size of
mediation via sleep deprivation exceeds the effect size of mediation via
nomophobia.

The results summarized in Table 4 show that the effects of age and
grade on academic performance are insignificant. Gender is a significant
factor that affects academic performance, and female academic records
are significantly higher than males. Interestingly, the increasing time
spent on computer use and smartphone use for learning purposes
contribute to decreased academic performance. This is opposite to many
studies showing that mobile use for learning can benefit students by
improving academic achievements (e.g., [14,136]). A possible expla-
nation for this lies in that mobile information technologies, like smart-
phones, may have immediate improvement on learning performance.
However, the decreased overall performance takes time to reflect. This is
consistent with the work of Tossell et al. [58]: albeit students considered
smartphone use for tertiary education as beneficial before use, they later
deemed it as impaired to their educational goals because of distraction
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Fig. 2. Model test.

(Notes: A means value difference between Time 1 and Time 2; ™ means correlation is not insignificant at 0.05; *** means correlation is significant at 0.001).

Table 4
Results of hypotheses test.
Relationship Direct CI [lower, Indirect Total
effect upper] effect effect
SSO related effects
ABedtime smartphone 0.273%%* [0.245, 0.273%%*
use — ANomophobia 0.299]
ABedtime smartphone 0.270%** [0.237, 0.041%** 0.311%**
use — ASleep 0.303]
deprivation
ANomophobia — 0.149%** [0.122, 0.149%**
ASleep deprivation 0.177]
ANomophobia — —0.120%** [-0.148, —0.023%*** —0.143%**
AAcademic —0.092]
performance
ASleep deprivation — —0.153%** [-0.182, —0.153***
AAcademic —0.125]
performance
Moderating effects
ABedtime smartphone —0.053%** [-0.078,
use * APhysical —0.027]
activity engagement
— ANomophobia
ABedtime smartphone —0.046%** [-0.071,
use * APhysical —0.022]
activity engagement
— ASleep deprivation
Control effects
APhysical activity —0.105%** [-0.134,
engagement — —0.077]
ANomophobia
APhysical activity —0.292%** [-0.323,
engagement — —0.260]
ASleep deprivation
AComputer use — —0.119%** [-0.146,
AAcademic —0.091]
performance
ASmartphone use for —0.154%** [0.182,
learning purposes— .0127]
AAcademic
performance
Gender - AAcademic 0.044** [0.021,
performance 0.067]
Age — AAcademic —0.004"*
performance
Grade — AAcademic 0.013™*
performance

Notes: A means the value difference between Time 1 and Time 2, A = Time 2
Timel. CI means confidence interval. > means correlation is not insignificant at
0.05; ** means correlation is significant at 0.01; *** means correlation is sig-
nificant at 0.001.

and altered habitual behaviors due to smartphone use.
4. Discussion

Despite numerous studies discussing the direct adverse impacts of
smartphones, limited studies consolidate improper smartphone-using
habits, individual wellbeing, and academic achievement into an inte-
grated model, particularly based on longitudinal analysis. By employing
the SSO paradigm, this study illustrates the underlying mechanism of
bedtime smartphone use on college students’ academic performance,
and how to alleviate the adverse effect of bedtime smartphone use on
individual wellbeing.

This study verifies the applicability of the SSO paradigm on the in-
direct effect of bedtime smartphone use on academic performance by
demonstrating that both nomophobia and sleep deprivation act as par-
tial in the relationship between bedtime smartphone use and students’
academic performance. Specifically, bedtime smartphone use, as a sig-
nificant index of problematic smartphone use [11], contributes to
nomophobia development, thereby resulting in more sleep deprivation
and worse academic performance. This evidence resonates with previ-
ous findings: nomophobia induces individual anxiety and fatigue, hence
reducing self-control [83,137]. The depletion of self-control causes
decreased cognitive abilities and academic performance [138,139]. We
also find that bedtime smartphone use, as an external stimulus con-
cerning personal experience, directly triggers students’ sleep depriva-
tion by causing delaying bedtime habits and insomnia. Deprived sleep
subsequently leads to decreased academic performance. In other words,
the development of unhealthy behavioral habits with regard to sleep
disturbance can easily reflect on impaired academic performance. This
finding echoes past studies that improperly using smartphones can lead
to prolonged bedtime and sleep disturbance [140,37]; sleep deprivation
is significantly associated with academic performance decrement [88,
89].

In addition to the mediating effects, this study empirically confirms
that promoting students’ participation in physical activity can work well
in mitigating the negative consequences of problematic smartphone use,
including sleep disorders and psychological addiction. This finding is
consistent with the previous study that engaging in physical activity
contributes to decreasing university students’ mobile phone dependence
and increasing their self-control [141]. The situation can be explained as
follows: physical activity engagement can be regarded as a favorable
external stimulus to consolidate mental or physical resources [96,97].
Through actively engaging in physical activity, individuals reap and
reserve more mental capital to maintain an optimal state of mind and
withstand external distractions in light of the view of Halbesleben et al.
[98]. According to Zhang et al. [100], problematic smartphone use can
significantly decrease psychological capital, which in turn leads to
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Table 5
Mediation analysis results.

Computers and Education Open 3 (2022) 100110

Direct effect without mediatorsABSU — AACP Mediation analysis

Mediator ABSU — AACP ABSU — Mediator — AACP Mediation Effect size
—0.211%*** ANomophobia —0.140%*** —0.028%*** Partial 13.4%
ASleep deprivation —0.140%** —0.041%** Partial 29.3%

Notes: BSU means bedtime smartphone use; ACP means academic performance.

decreased academic performance, i.e., learning burnout. By partici-
pating in physical activities, people can generate energy by distracting
themselves from problematic smartphone use and shift to pleasant
stimuli of consolidating and restoring resources by strengthening
physical capabilities and engendering psychological optimism. There-
fore, engaging in physical activity enables smartphone users to mitigate
the adverse consequence of problematic smartphone use on psycholog-
ical wellbeing. In this vein, increasing physical activity engagement al-
lows college students to bounce from negative psychological
experiences deriving from smartphone use [99,103]. On the contrary,
decreasing such an advantageous external stimulus prevents in-
dividuals’ psychological resources acquisition, thus lacking the capa-
bility to arm themselves for subsequent adverse outcomes [99,103]. Asa
result, the adverse health-related consequences due to bedtime smart-
phone use can be mitigated with higher engagement in physical activity.

5. Conclusion
5.1. Implications

This study offers several theoretical implications. First, by answering
the first research question, the current study presents a more compre-
hensive and robust understanding of the dark side of smartphone use by
consolidating bedtime smartphone use, wellbeing-related strains, and
academic outcomes. We have quantified the level of smartphone use and
impacted variables for two continuous time periods and utilized the first
difference of two-year longitudinal data to test the proposed hypotheses.
The first-difference estimator can eliminate, to a large degree, the
interference of unobserved individual differences and hence yield more
accurate results. Despite a relative sparsity in SEM of using first-
difference estimators from a longitudinal dataset to deal with this
question in the existing literature, its advantages have been understood
recently (see, e.g., [142,143]). In particular, when exploring the nega-
tive effect of smartphone use on academic performance, Bjerre-Nielsen
et al. [143] find that the effect magnitude is substantially lower in a
fixed-effects model (identical to the first-difference estimator based on
the within transformation (c.f., [144])), where the longitudinal data is
leveraged to control for all stable characteristics concerning student
background, including those beyond observation by researchers.
Accordingly, it is concluded that “the size of the effect of smartphone usage
on academic performance has been overestimated in studies that controlled
for only observed student characteristics” ([143], p. 1351). Using the
first-difference estimator based on a longitudinal dataset yields the
major virtue of controlling for individual traits out of observation [142,
145], thereby eliminating the individual effects [144], which can easily
emerge in cross-sectional studies due to without controlling for unob-
served fixed traits [143]. This study enriches the state-of-the-art in this
realm by answering the call for requiring such research design in the
examination of negative effects of smartphone use on learning [60].

Second, this study innovatively employs the SSO paradigm to illus-
trate the indirect impacts of mobile technology on college students’
academic outcomes, especially with regard to deteriorated individual
well-being. As indicated in the literature review by Chen and Yan [60],
the question of how smartphone use affects students learning deserves
sophisticated answers instead of straightforward ones. The present study
shows evidence regarding the usefulness of the SSO theory in reasonably
explaining the underlying mechanism of problematic smartphone use on

* means the significant level at 0.001.

academic performance, especially in light of inducing wellbeing-related
problems. While the previous studies typically concentrate on investi-
gating the direct effects of general mobile phone use (e.g., [54,55]) or
specific mobile applications [146,147] on academic performance or
individual fitness, our findings underline the mediating effect of
wellbeing-related strains. On the one hand, this study corroborates
previous work that identifies smartphone misuse before sleep as an
important stressor [,6]. On the other hand, this study enriches the
existing literature by echoing the call for more research into the indirect
effect of smartphone use on individual performance through
health-related indicators [10].

Another contribution of this study is to answer the call for research
concerning prevention and intervention strategies that would help stu-
dents mitigate adverse outcomes of using their smartphones (see, e.g.,
[148,149]). By addressing the second research question, this study offers
and verifies a possible treatment, i.e., engaging in physical activity, for
alleviating the adverse impact of bedtime smartphone use on individual
wellbeing. Albeit existing studies proposed several solutions to tackle
the dark side of mobile information technology use, such as restricting or
even forbidding access to mobile devices. However, such solutions
inevitably leave users in a dilemma because simply restricting smart-
phone use is impracticable considering its indispensability in daily life
and work scenarios. Notably, this study offers robust empirical evidence
in favor that promoting students’ engagement in physical activity
weakens the adverse consequences of bedtime smartphone use. Pro-
moting participation in physical activity, as a positive external stimulus,
can not only directly bring beneficial outcomes, e.g., direct improve-
ment of psychological wellbeing [150] and prevention of chronic dis-
eases [151], but also alleviate adverse consequences caused by outside
stressors, e.g., mood instability [152] and depression [153].

A number of practical suggestions can be drawn from this study.
First, bedtime smartphone use is closely linked to nomophobia and sleep
deprivation. This study proclaims that increasing time on bedtime
smartphone use adds to the possibility of smartphone addiction and
sleep deprivation, which plays a significant role for educational poli-
cymakers to further monitor the mental indications of smartphone usage
and its consequence on academic achievement. Accordingly, bedtime
smartphone usage would be a visible sign to diagnose nomophobic
symptoms, and thus altering college students’ sleep habits would
significantly mitigate the subsequent adverse impacts of bedtime
smartphone use on individual wellbeing and academic performance.
Second, taking the mediating effect of nomophobia and sleep depriva-
tion into account, regulating sleep habits and treating nomophobic be-
haviors may cut off the partial affecting channel of smartphone use on
academic performance. Third, the findings of our study on nomophobia
and sleep deprivation will provide sufficient awareness regarding the
harms caused by smartphone use to the university student group to
tertiary education policymakers towards advancing educational pol-
icies, as well as feasible solutions at different phases of prevention and
intervention. The present study offers educational policymakers and
educators helpful knowledge about the effect mechanism on how daily
smartphone use harms college students’ academic performance through
mental wellbeing. More importantly, this study provides educational
policymakers with feasible measures to treat students’ overdependence
on smartphones and its adverse consequence on sleep. Specifically,
while it is almost impossible to ban smartphone use in universities,
educational institutions should make practical measures to promote
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students’ engagement in various recreational and sports activities, tak-
ing physical activity as an example, to alleviate the adverse impacts of
smartphone usage. On the one hand, taking part in beneficial activities
help to decrease the time that would otherwise be spent on smartphones;
on the other hand, engaging in beneficial activities can be viewed as an
excellent external stimulus to integrate psychological or physical re-
sources [96,97].

5.2. Limitations and future research

There are a few research limitations that warrant future improve-
ment. First, since all the respondents in this study are from China, we
encourage a prospective study extending to multiple cultural back-
grounds, as well as a comparison study among various cultural groups.
Second, the dataset of this study came from self-reported surveys.
Considering that self-reported data is a norm instead of an exception
[60], we recommend using smartphone-activity tracking apps or
smartphone sensors for more accurate data collection in future studies,
consistent with the suggestion from Bjerre-Nielsen et al. [143] and Parry
et al. [154]. Furthermore, it is also suggested to make a meta-analysis of
the literature regarding the effect of mobile devices on academic out-
comes and to have standardized effect measures for future work.

Third, this study investigates only bedtime smartphone use and two
main wellbeing-related variables, i.e., nomophobia and sleep depriva-
tion, in the SSO structural equation model. A natural extension would be
to apply the SSO framework to other smartphone use scenarios, such as
smartphone use after wake-up or during in-class sessions, and many
different psychological strains, such as stress and depression. Never-
theless, although the SSO framework proves useful in explaining the
effect mechanism of problematic smartphone use on academic perfor-
mance via mental-orientated strains, its generalization might be limited
when considering other smartphone use types, learning tasks, or subject
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areas. Since the present study concentrates on one crucial measure of
problematic smartphone use, i.e., bedtime smartphone use, another
fascinating avenue for future research is to take into account the content
viewed during bedtime smartphone use and investigate whether the
content dimensions of viewing during bedtime smartphone use could
moderate the adverse impacts of bedtime smartphone use. Furthermore,
in addition to problematic smartphone use, there are other factors that
may affect students’ sleep quality and academic performance, such as
students’ psychological and physical indications, which deserve more
attention in future research. As indicated by Chen and Yan [60], it is
reasonable that multitasking with smartphones does distract students’
learning through different mechanisms. Future studies are encouraged
to base research frameworks on theories drawn from other fields to
disentangle the sophisticated process of how smartphone use affects
academic performance via different pathways and mechanisms. There-
fore, more reliable strategies would be expected to prevent and inter-
vene in those adverse consequences due to smartphone use.

Fourth, although using the first difference in this longitudinal study
has several advantages, as mentioned above in comparison with cross-
sectional studies, its usefulness can be largely compromised in the
case of reversed causality. Therefore, a longitudinal study spanning
more periods is promising to allow more possibilities of causal inference
(e.g., difference-in-differences, propensity score matching) and improve
the generalization of our findings.
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Appendix A. Summary of critical empirical studies between 2016 and 2021 on the dark side of smartphone use regarding personal

wellbeing and academic performance

Source Sampling Antecedents Consequences
Psychological Physiological Academic
wellbeing wellbeing performance
Lin et al. (2021)[15] Online survey (N = 9256); college students ~ Mobile applications use Nomophobia Insomnia; Academic ranking
in China Late sleep
Troll et al. [33] Surveys (N1 = 446, N2 = 431, N3 = 106); Smartphone use Trait self-control; GPA
university students from Germany, Smartphone
Switzerland, and Austria procrastination
Abbasi et al. [155] Survey (N = 250); Undergraduates at Study related/ entertainment Smartphone addiction Cumulative GPA
Universities in Malaysia related/ SNS related/ game
related smartphone use
Fu et al. [36] Online survey (N = 6855); college students ~ Smartphone overuse Nomophobia Insomnia; Class ranking
in China Poor eyesight according to GPAs
Zhang and Wu [32] Online survey (N = 427); university Smartphone addiction Self-regulation; Long sleep latency;

Volungis et al. [156]
Baert et al. [157]
Lim et al. [47]

Kim et al. [158]

Horwood and
Anglim [12]

Tan and Arshat [45]

Durak [40]

students in China

Survey (N = 150); undergraduate college
students in the Northeast, U.S.

Survey (N = 696); first-year university
students in Belgium

Survey (N = 140); patients diagnosed with
major depressive disorder in Malaysia
Web-based nationally representative
survey (N = 62,276), adolescent in Korean
Survey (N = 539); an undergraduate
psychology unit of an Australian
University

Survey (N = 400); undergraduate student
in Malaysia

Survey (N = 612); secondary and high
school students in Turkey

Smartphone addiction
Smartphone use
Smartphone use
Smartphone use

Smartphone use

Smartphone Addiction

Smartphone use

Bedtime procrastination

Social-emotional
distress

Smartphone addiction;
Depression
Suicide attempts

Subjective wellbeing;
Psychological wellbeing

Stress

Smartphone addiction;
Nomophobia

Short sleep
duration;
Poor sleep quality

Average exam
score

Academic
impairment

(continued on next page)
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(continued)
Source Sampling Antecedents Consequences
Psychological Physiological Academic
wellbeing wellbeing performance
Grant et al. [159] Survey (N = 3425); college and graduate Problematic smartphone use Alcohol use disorders; Scholastic
students at Midwestern University, U.S. Attention-deficit performance
hyperactivity disorder;
Anxiety;
Depression;
Post-traumatic stress
disorder
Winskel et al. [160] Onsite and online survey (N = 389); Smartphone use Smartphone addiction Academic

Demir and Siimer
[161]
Alhassan et al. [46]

Rod et al. [35]

Elhai et al. [162]

Chung et al. [163]

Kim et al. [164]

Nayak [63]

Mendoza et al. [61]

Firat et al. [165]
Gezgin et al. [166]
Chen et al. [167]
Tao et al. [168]

Kim et al. [169]

Hawi and Samaha
[43]

Lin and Chiang [57]

Mohammadbeigi
et al. [170]

Gokgearslan et al.
[50]

Barkley et al. [34]

Darcin et al. [42]

Hawi and Samaha
[62]
Chen et al. [41]

Samaha and Hawi
[105]

college students in South Korea and
Australia

Survey (N = 123); patients who were
diagnosed with migraine

Online survey (N = 935); Saudi Arabian
population

Survey (N = 815); college students in
Denmark

Web survey (N = 299); colleges students in
u.s.
Survey (N = 1745); Korean adolescents

Web-based survey (N = 4854); Korean
adults

Survey (N = 429); higher education
students in India

Experiments (N1 = 140; N2 = 152);
undergraduate in Southeastern Arkansas
and west Arkansas, respectively

Survey (N = 150); adolescents in Ankara

Survey (N = 818); pre-service teachers in
Turkey

Survey (N = 1441); medical college
students in China

Survey (N = 4747); college students.

Online survey (N = 608); college students
in South Korean

Online survey (N = 381); university
students in Lebanon

Web survey (N = 438); undergraduate in
Singapore

Survey (N = 380); undergraduate students
in Iran

Online survey via emails (N = 895); college
students in Ankara

Survey (N = 236); college students in U.S.
Survey (N = 367); university students in
Turkey

Survey (N = 249); college students in
Lebanon

Survey (N = 1087); college students in
China

Survey (N = 249); college students in
Lebanon

Smartphone use

Smartphone addiction

Overnight smartphone use

Smartphone use

Smartphone use

Smartphone addiction

Smartphone use

Cell phone use

Problematic smartphone use
Smartphone use

Smartphone addiction
Problematic mobile phone use

Smartphone overuse

Smartphone addiction

Smartphone activities

Cell-Phone Over-Use

Smartphone use

Cell phone use

Smartphone use

Smartphone use

Mobile phone addiction

Smartphone addiction

Depression

Smartphone addiction

Depression;
Anxiety

Lack of control;
Neglect work;
Feeling anxious
Nomophobia;
Distraction

Depression;
Anxiety
Nomophobia

Anxiety;

Depression

Anxiety;

Depression

Stress;
Depression/anxiety
symptom/suicidal
ideation

Anxiety;
Problematic family
relations
Smartphone
dependency symptom,;
Improper phone use;
Sociability

Smartphone addiction

Smartphone addiction;
Social anxiety;
Loneliness
Smartphone addiction

Interpersonal problem;
Depression;

Social anxiety
Perceived stress;
Satisfaction with life

Headache duration
and frequency;

Poor sleep quality;
Daytime sleepiness

Shorter sleep
duration;

Higher body mass
index

Sleep quality;
Self-perceived
health level

Sleep quality

Usual health status

Sleep quality

Sedentary activity

performance costs

School
performance

Academic
performance

Class attention and
learning

GPA

GPA

GPA

10
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Appendix B. Measurement items
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Instrument and measurement item
Bedtime smartphone use

Frequency of non-academic related smartphone use before sleep?
Sleep deprivation

“Do you have any insomnia problems?”

“How often do you stay up at night (that is, going to bed after 23:00).”

Nomophobia

“If my mobile phone were low on power or could not connect to the network, I would feel restless,
moody, depressed, or irritable.”

“If I did not have a mobile phone with me, I would feel anxious because my friends would find it
hard to get in touch with me.”

“If I forgot to take my mobile phone with me, I would feel unsettled.”

Physical activity engagement
Frequency of engaging in exercising

Time spent on exercise per week

Academic performance
“What is the ranking of your academic records?”

Source
Reich and Subrahmanyam [110]; Rosen
etal. [111]

Source/Scale

Never 1 23 45 6 7 Very often

Edinger et al. [112]; Liu and Liu [113]
Never 1 2 3 45 6 7 Very often
A. Never
B. 1-2 times a month
C. 1-2 times a week
D. 3-5 times a week
E. 6-7 times a week

Yildirim and Correia [114]
Strongly disagree 1234567
Strongly agree
Strongly disagree 1234567
Strongly agree
Strongly disagree 1234567
Strongly agree

Booth et al. [115]

Never
Less than once per week
1-2 times a week
3-5 times a week
6-7 times a week
Less than 0.5 h
0.5-1h
1-2h
3-4h
5-6h
7-8h
More than 8 h

QEEODOFEEHIOE >

Hawi and Samaha [62]; Wong [116]
Top 5%
Top 10%
Top 25%
. Top 50%
After 50%

HOOw>

References

[1

—

[2

—

[3

—

[4

=

[5

o)

[6

—

[7

—

8

i

[9

—_

[10]

[11]

[12]

Marchant C, O’Donohoe S. Homo prostheticus? Intercorporeality and the
emerging adult-smartphone assemblage. Inf Technol People 2019;32(2):453-74.
Skafupova K, Olafsson K, Blinka L. The effect of smartphone use on trends in
European adolescents’ excessive Internet use. Behav Inf Technol 2016;35(1):
68-74.

Billieux J, Maurage P, Lopez-Fernandez O, Kuss DJ, Griffiths MD. Can disordered
mobile phone use be considered a behavioral addiction? An update on current
evidence and a comprehensive model for future research. Curr Addict Rep 2015;2
(2):156-62.

Paik SH, Park C, Kim JY, Chun JW, Choi JS, Kim DJ. Prolonged bedtime
smartphone use is associated with altered resting-state functional connectivity of
the insula in adult smartphone users. Front Psychiatry 2019;10. Article 516.
Alshobaili F, AlYousefi N. The effect of smartphone usage at bedtime on sleep
quality among Saudi non- medical staff at King Saud University Medical City.

J Fam Med Prim Care 2019;8(6):1953-7.

Wang PY, Chen KL, Yang SY, Lin PH. Relationship of sleep quality, smartphone
dependence, and health-related behaviors in female junior college students. PLoS
One 2019;14(4):1-12.

Elhai JD, Yang H, McKay D, Asmundson GJG. COVID-19 anxiety symptoms
associated with problematic smartphone use severity in Chinese adults. J Affect
Disord 2020;274:576-82.

Sanudo B, Fennell C, Sanchez-Oliver AJ. Objectively-assessed physical activity,
sedentary behavior, smartphone use, and sleep patterns preand during-COVID-19
quarantine in young adults from Spain. Sustainability 2020;12(15):1-12.
Eliahu, Jeremy. (2014). 10 ways smartphones have completely ruined our lives.
Thought Catalog. Retrieved Semptember 11, 2021, from https://thoughtcatalog.
com/jim-eliahu/2014/04/10-ways-smartphones-have-completely-ruined-our-1
ives/.

Amez S, Baert S. Smartphone use and academic performance: a literature review.
Int J Educ Res 2020;103:10618. https://doi.org/10.1016/j.ijer.2020.101618.
Lin YH, Wong BY, Lin SH, Chiu YC, Pan YC, Lee YH. Development of a mobile
application (App) to delineate “digital chronotype” and the effects of delayed
chronotype by bedtime smartphone use. J Psychiatr Res 2019;110:9-15.
Horwood S, Anglim J. Problematic smartphone usage and subjective and
psychological well-being. Comput Hum Behav 2019;97:44-50.

11

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Schneider C, Wang XA. Technology addictions and technostress: an examination
of Hong Kong and the U.S. In: Proceedings of the 22nd Americas conference on
information systems; 2016. p. 1-10.

Han S, Yi YJ. How does the smartphone usage of college students affect academic
performance? J Comput Assist Learn 2018;35:13-22.

Lin Y, Liu Y, Fan W, Tuunainen VK, Deng S. Revisiting the relationship between
smartphone use and academic performance: A large-scale study. Comput Hum
Behav 2021;122:106835.

Yildirim C, Sumuer E, Adnan M, Yildirim S. A growing fear: prevalence of
nomophobia among Turkish college students. Inf Dev 2016;32(5):1322-31.
AlDabal L. Metabolic, endocrine, and immune consequences of sleep deprivation.
Open Respir Med J 2011;5(1):31-43.

Chang AM, Aeschbach D, Duffy JF, Czeisler CA. Evening use of light-emitting
eReaders negatively affects sleep, circadian timing, and next-morning alertness.
Proc Natl Acad Sci 2015;112(4):1232-7.

Kara M, Baytemir K, Inceman-Kara F. Duration of daily smartphone usage as an
antecedent of nomophobia: exploring multiple mediation of loneliness and
anxiety. Behav Inf Technol 2021;40(1):85-98.

Bates, T. (2019). Should university and college instructors ban cell phones in their
classes? Online Learning and Distance Education Resources. Retrieved September
30, 2019, from https://www.tonybates.ca/2019/03/15/should-university-and-
college-instructors-ban-cell-phones-in-their-classes/.

Bin, M., & Jun, L. (2021). China bans classroom mobile phone use over addiction
concerns. People’s Daily Online. Retrieved February 17, 2021, from http://en.peo
ple.cn/n3/2021/0201/c90000-9815129.html.

Belanda LP, Murphy R. Ill communication: technology, distraction & student
performance. Labour Econ 2016;41:61-76.

Kessel D, Hardardottir HL, Tyrefors B. The impact of banning mobile phones in
Swedish secondary schools. Econ Educ Rev 2020;77:102009. https://doi.org/
10.1016/j.econedurev.2020.

Yle. (2019). Teens trying to cut back on smartphone use. Yle news, Retrieved
Semptember 17, 2021, from https://yle.fi/uutiset/osasto/news/teens_trying
_to_cut_back_on_smartphone_use/10791779.

Ramjan LM, Salamonson Y, Batt S, Kong A, McGrath B, Richards G, Roach D,
Wall P, Crawford R. The negative impact of smartphone usage on nursing
students: an integrative literature review. Nurse Educ Today 2021;102:104909.
Lian SL, Sun XJ, Niu GF, Yang XJ, Zhou ZK, Yang C. Mobile phone addiction and
psychological distress among Chinese adolescents: the mediating role of


http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0111
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0111
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0139
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0139
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0139
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0019
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0019
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0019
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0019
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0121
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0121
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0121
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0007
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0007
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0007
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0152
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0152
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0152
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0051
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0051
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0051
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0136
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0136
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0136
https://thoughtcatalog.com/jim-eliahu/2014/04/10-ways-smartphones-have-completely-ruined-our-lives/
https://thoughtcatalog.com/jim-eliahu/2014/04/10-ways-smartphones-have-completely-ruined-our-lives/
https://thoughtcatalog.com/jim-eliahu/2014/04/10-ways-smartphones-have-completely-ruined-our-lives/
https://doi.org/10.1016/j.ijer.2020.101618
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0103
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0103
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0103
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0074
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0074
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0137
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0137
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0137
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0069
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0069
http://refhub.elsevier.com/S2666-5573(22)00038-6/optXgBuV0baFr
http://refhub.elsevier.com/S2666-5573(22)00038-6/optXgBuV0baFr
http://refhub.elsevier.com/S2666-5573(22)00038-6/optXgBuV0baFr
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0163
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0163
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0004
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0004
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0028
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0028
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0028
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0082
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0082
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0082
https://www.tonybates.ca/2019/03/15/should-university-and-college-instructors-ban-cell-phones-in-their-classes/
https://www.tonybates.ca/2019/03/15/should-university-and-college-instructors-ban-cell-phones-in-their-classes/
http://en.people.cn/n3/2021/0201/c90000-9815129.html
http://en.people.cn/n3/2021/0201/c90000-9815129.html
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0015
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0015
https://doi.org/10.1016/j.econedurev.2020
https://doi.org/10.1016/j.econedurev.2020
https://yle.fi/uutiset/osasto/news/teens_trying_to_cut_back_on_smartphone_use/10791779
https://yle.fi/uutiset/osasto/news/teens_trying_to_cut_back_on_smartphone_use/10791779
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0130
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0130
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0130
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0098
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0098

Y. Lin and X. Zhou

[27]

[28]
[29]
[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]
[56]

[57]

rumination and moderating role of the capacity to be alone. J Affect Disord 2021;
279:701-10.

Liu Q, Zhou Z, Niu G, Fan C. Mobile phone addiction and sleep quality in
adolescents: mediation and moderation analyses. Acta Psychol Sin 2017;49(12):
1524.

Ally M, Samaka M. Open education resources and mobile technology to narrow
the learning divide. Int Rev Res Open Distance Learn 2013;14(2):14-27.

Zhang X. Preparing first-year college students’ academic transition: what is the
value of complementary web-based learning? Comput Educ 2021;172:104265.
Rysavy MDT, Michalak R. Working from home: how we managed our team
remotely with technology. J Libr Adm 2020;60(5):532-42.

Kim S, Park Y. A daily investigation of smartphone use and affective well-being at
work. Acad Manag Proc 2017;2017(1):15780.

Zhang MX, Wu AMS. Effects of smartphone addiction on sleep quality among
Chinese university students: the mediating role of self-regulation and bedtime
procrastination. Addict Behav 2020;111:106552.

Troll ES, Friese M, Loschelder DD. How students’ self-control and smartphone-use
explain their academic performance. Comput Hum Behav 2021;117:106624.
Barkley JE, Lepp A, Salehi-Esfahani S. College students’ mobile telephone use is
positively associated with sedentary behavior. Am J Lifestyle Med 2016;10(6):
437-41.

Rod NH, Dissing AS, Clark A, Gerds TA, Lund R. Overnight smartphone use: a new
public health challenge? A novel study design based on high-resolution
smartphone data. PLoS One 2018;13(10):1-12.

Fu S, Chen X, Zheng H. Exploring an adverse impact of smartphone overuse on
academic performance via health issues: a stimulus-organism-response
perspective. Behav Inf Technol 2021;40(7):663-75.

Lemola S, Perkinson-Gloor N, Brand S, Dewald-Kaufmann JF, Grob A.
Adolescents’ electronic media use at night, sleep disturbance, and depressive
symptoms in the smartphone age. J Youth Adolesc 2014;44(2):405-18.

Adams SK, Daly JF, Williford DN. Adolescent sleep and cellular phone use: recent
trends and implications for research. Health Serv Insights 2013;6:6-99.

Gamble AL, D’Rozario AL, Bartlett DJ, Williams S, Bin YS, Grunstein RR,
Marshall NS. Adolescent sleep patterns and night-time technology use: results of
the Australian Broadcasting Corporation’s Big Sleep survey. PLoS One 2014;9
(11):e111700.

Durak HY. Investigation of nomophobia and smartphone addiction predictors
among adolescents in Turkey: demographic variables and academic performance.
Soc Sci J 2019;56(4):492-517.

Chen L, Yan Z, Tang W, Yang F, Xie X, He J. Mobile phone addition levels and
negative emotions among Chinese young adults: the mediating role of
interpersonal problems. Comput Hum Behav 2016;55:856-66.

Darcin AE, Kose S, Noyan CO, Nurmedov S, Dilbaz N. Smartphone addiction and
its relationship with social anxiety and loneliness. Behav Inf Technol 2016;35(7):
520-5.

Hawi NS, Samaha M. Relationships among smartphone addiction, anxiety, and
family relations. Behav Inf Technol 2017;36(10):1046-52.

Lin, Y., Liu, Y., & Fan, W. (2020). How does Mobile ICT Affect Psychological
Unease? A Longitudinal Study. Twenty-Fourth Pacific Asia Conference on
Information Systems, Dubai, UAE, 1-14.

Tan PS, Arshat Z. Parental attachment, smartphone addiction and stress among
undergraduate students. Int J Educ Psychol Couns 2019;4(32):149-63.
Alhassan AA, Alqadhib EM, Taha NW, Alahmari RA, Salam M, Almutairi AF. The
relationship between addiction to smartphone usage and depression among
adults: a cross sectional study. BMC Psychiatry 2018;18(1):1-8.

Lim PK, Amer Nordin AS, Yee A, Tan SB. Prevalence of smartphone addiction in
patients with depression and its association with depression severity: a cross-
sectional study. Int J Ment Health Addict 2020. https://doi.org/10.1007/s11469-
019-00203-0.

Lin, Y. (2019). How does Nomophobia Impact Life Satisfaction? Exploring the
Mediating Effect of Psychological Disorders. Selected Papers of the IRIS, Issue Nr 10
(2019). 7..

Demirci K, Akgoniil M, Akpinar A. Relationship of smartphone use severity with
sleep quality, depression, and anxiety in university students. J Behav Addict
2015;4(2):85-92.

Gokgearslan S, Mumcu FK, HasLaman T, Cevik YD. Modelling smartphone
addiction: the role of smartphone usage, self-regulation, general self-efficacy and
cyberloafing in university students. Comput Hum Behav 2016;63:639-49.

Lepp A, Barkley JE, Karpinski AC. The relationship between cell phone use,
academic performance, anxiety, and satisfaction with life in college students.
Comput Hum Behav 2014;31(1):343-50.

Chen RS, Ji CH. Investigating the relationship between thinking style and
personal electronic device use and its implications for academic performance.
Comput Hum Behav 2015;52:177-83.

Lepp A, Barkley JE, Karpinski AC. The relationship between cell phone use and
academic performance in a sample of U.S. college students. SAGE Open 2015;5
(1):1-9. https://doi.org/10.1177/2158244015573169.

Junco R, Cotten SR. Perceived academic effects of instant messaging use. Comput
Educ 2011;56(2):370-8.

Junco R, Cotten SR. No A 4 U: the relationship between multitasking and
academic performance. Comput Educ 2012;59(2):505-14.

Kates AW, Wu H, Coryn CLS. The effects of mobile phone use on academic
performance: a meta-analysis. Comput Educ 2018;127:107-12.

Lin TTC, Chiang YH. Investigating predictors of smartphone dependency
symptoms and effects on academic performance, improper phone use and
perceived sociability. Int J Mob Commun 2017;15(6):655-76.

12

[58]

[59]
[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

Computers and Education Open 3 (2022) 100110

Tossell CC, Kortum P, Shepard C, Rahmati A, Zhong L. You can lead a horse to
water but you cannot make him learn: smartphone use in higher education. Br J
Educ Technol 2015;46(4):713-24.

Kibona L, Mgaya G. Smartphones’ effects on academic performance of higher
learning students. J Multidiscip Eng Sci Technol 2015;2(4):777-84.

Chen Q, Yan Z. Does multitasking with mobile phones affect learning? A review.
Comput Hum Behav 2016;54:34-42.

Mendoza JS, Pody BC, Lee S, Kim M, Mcdonough IM. The effect of cellphones on
attention and learning: the influences of time, distraction, and nomophobia.
Comput Hum Behav 2018;86:52-60.

Hawi NS, Samaha M. To excel or not to excel : strong evidence on the adverse
effect of smartphone addiction on academic performance. Comput Educ 2016;98:
81-9.

Nayak JK. Relationship among smartphone usage, addiction, academic
performance and the moderating role of gender: a study of higher education
students in India. Comput Educ 2018;123:164-73.

King ALS, Valenca AM, Silva ACO, Baczynski T, Carvalho MR, Nardi AE.
Nomophobia: dependency on virtual environments or social phobia? Comput
Hum Behav 2013;29(1):140-4.

Koeske GF, Koeske RD. A preliminary test of a stress-strain-outcome model for
reconceptualizing the burnout phenomenon. J Soc Serv Res 1993;17(3-4):
107-35.

Ayyagari R, Grover V, Purvis RL. Technostress: technological antecedents and
implications. MIS Q 2011;35(4):831-58.

Cao X, Masood A, Lugman A, Ali A. Excessive use of mobile social networking
sites and poor academic performance: antecedents and consequences from
stressor-strain-outcome perspective. Comput Hum Behav 2018;85:163-74.
Cheung FYL, Cheung RYH. Effect of emotional dissonance on organizational
citizenship behavior: testing the stressor-strain-outcome model. J Psychol
Interdiscip Appl 2013;147(1):89-103.

Um MY, Harrison DF. Role stressors, burnout, mediators, and job satisfaction: a
stress-strain-outcome model and an empirical test. Soc Work Res 1998;22(2):
100-15.

Ragu-Nathan TS, Tarafdar M, Ragu-nathan BS. The consequences of technostress
for end users in organizations : conceptual development and empirical validation.
Inf Syst Res 2008;19(4):417-33.

Tarafdar M, Cooper CL, Stich JF. The technostress trifecta - techno eustress,
techno distress and design: theoretical directions and an agenda for research. Inf
Syst J 2019;29(1):6-42.

Shi C, Yu L, Wang N, Cheng B, Cao X. Effects of social media overload on
academic performance: a stressor—strain—outcome perspective. Asian J Commun
2020;30(2):179-97.

Malik A, Dhir A, Kaur P, Johri A. Correlates of social media fatigue and academic
performance decrement: a large cross-sectional study. Inf Technol People 2020.
https://doi.org/10.1108/ITP-06-2019-0289. ahead-of-p.

Masood A, Lugman A, Feng Y, Ali A. Adverse consequences of excessive social
networking site use on academic performance: explaining underlying mechanism
from stress perspective. Comput Hum Behav 2020;113:106476.

Lugman A, Masood A, Shahzad F, Shahbaz M, Feng Y. Untangling the adverse
effects of late-night usage of smartphone-based SNS among University students.
Behav Inf Technol 2020. https://doi.org/10.1080/0144929X.2020.1773538.
Turley LW, Milliman RE. Atmospheric effects on shopping behavior: a review of
the experimental evidence. J Bus Res 2000;49(2):193-211.

Hogarth L, Chase HW. Parallel goal-directed and habitual control of human drug-
seeking: implications for dependence vulnerability. J Exp Psychol Anim Behav
Process 2011;37(3):261-76.

Billieux J, Linden MVD, Rochat L. The Role of impulsivity in actual and
problematic use of the mobile phone. Appl Cogn Psychol 2008;22:1195-210.
Csibi S, Griffiths MD, Cook B, Demetrovics Z, Szabo A. The psychometric
properties of the smartphone application-based addiction scale (SABAS). Int J
Ment Health Addict 2018;16:393-403.

Lin C, Imani V, Brostrom A, Nilsen P, Fung XCC, Griffiths MD, Pakpour AH.
Smartphone application-based addiction among Iranian adolescents: a
psychometric study. Int J Ment Health Addict 2018;12:1-16.

Liu H, Zhou Z, Zhu E, Huang L, Zhang M. Smartphone addiction and its associated
factors among freshmen medical students in China: a cross-sectional study. BMC
Psychiatry 2022;22:308. https://doi.org/10.1186/512888-022-03957-5.

Ward AF, Duke K, Gneezy A, Bos MW. Brain drain: the mere presence of one’s
own smartphone reduces available cognitive capacity. J Assoc Consum Res 2017;
2(2):140-54.

Tams S, Legoux R, Pierre-Majorique L. Smartphone withdrawal creates stress: a
moderated mediation model of nomophobia, social threat, and phone withdrawal
context. Comput Hum Behav 2018;81:1-9.

Tamura H, Nishida T, Tsuji A, Sakakibara H. Association between excessive use of
mobile phone and insomnia and depression among Japanese adolescents. Int J
Environ Res Public Health 2017;14(7):1-11.

Dissing AS, Andersen TO, Ngrup LN, Clark A, Nejsum M, Rod NH. Daytime and
nighttime smartphone use: a study of associations between multidimensional
smartphone behaviours and sleep among 24,856 Danish adults. J Sleep Res 2021;
30(6):e13356.

Huang Q, Li Y, Huang S, Qi J, Shao T, Chen X, Liao Z, Lin S, Zhang X, Cai Y,
Chen H. Smartphone use and sleep quality in Chinese college students: a
preliminary study. Front Psychiatry 2020;11 (Ariticle 352).

Krishnan B, Sanjeev R, Latti R. Quality of sleep among bedtime smartphone users.
Int J Prev Med 2020;11:1-5.


http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0098
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0098
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0106
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0106
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0106
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0006
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0006
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0168
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0168
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0134
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0134
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0089
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0089
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0167
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0167
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0167
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0147
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0147
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0013
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0013
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0013
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0132
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0132
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0132
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0059
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0059
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0059
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0095
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0095
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0095
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0002
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0002
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0060
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0060
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0060
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0060
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0048
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0048
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0048
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0030
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0030
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0030
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0039
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0039
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0039
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0071
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0071
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0143
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0143
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0005
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0005
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0005
https://doi.org/10.1007/s11469-019-00203-0
https://doi.org/10.1007/s11469-019-00203-0
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0043
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0043
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0043
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0065
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0065
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0065
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0096
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0096
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0096
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0032
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0032
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0032
https://doi.org/10.1177/2158244015573169
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0080
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0080
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0081
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0081
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0083
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0083
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0101
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0101
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0101
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0146
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0146
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0146
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0086
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0086
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0031
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0031
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0113
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0113
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0113
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0070
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0070
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0070
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0116
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0116
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0116
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0091
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0091
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0091
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0093
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0093
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0093
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0011
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0011
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0025
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0025
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0025
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0034
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0034
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0034
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0149
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0149
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0149
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0129
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0129
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0129
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0145
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0145
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0145
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0138
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0138
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0138
https://doi.org/10.1108/ITP-06-2019-0289
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0112
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0112
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0112
https://doi.org/10.1080/0144929X.2020.1773538
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0148
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0148
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0073
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0073
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0073
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0018
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0018
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0037
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0037
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0037
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0100
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0100
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0100
https://doi.org/10.1186/s12888-022-03957-5
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0154
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0154
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0154
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0141
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0141
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0141
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0142
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0142
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0142
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0047
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0047
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0047
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0047
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0077
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0077
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0077
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0094
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0094

Y. Lin and X. Zhou

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]
[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]
[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

Dewald JF, Meijer AM, Oort FJ, Kerkhof GA, Bogels SM. The influence of sleep
quality, sleep duration and sleepiness on school performance in children and
adolescents: a meta-analytic review. Sleep Med Rev 2010;14(3):179-89.

Piro RS, Alhakem SSM, Azzez SS, Abdulah DM. Prevalence of sleep disorders and
their impact on academic performance in medical students/University of Duhok.
Sleep Biol Rhythm 2018;16(1):125-32.

Curcio G, Ferrara M, De Gennaro L. Sleep loss, learning capacity and academic
performance. Sleep Med Rev 2006;10(5):323-37.

Wilmer HH, Sherman LE, Chein JM. Smartphones and cognition: a review of
research exploring the links between mobile technology habits and cognitive
functioning. Front Psychol 2017;8:1-16.

Diamond R, Byrd E. Standing up for health — improving mental wellbeing during
COVID-19 isolation by reducing sedentary behaviour. J Affect Disord 2020;277:
232-4.

Wright KA, Everson-Hock ES, Taylor AH. The effects of physical activity on
physical and mental health among individuals with bipolar disorder: a systematic
review. Ment Health Phys Act 2009;2(2):86-94.

WHO. Physical activity factsheets for the 28 European Union Member States of
the WHO European Region. World Health Organization; 2018. Overview (2018),
https://www.euro.who.int/en/health-topics/disease-prevention/physical-activit
y/publications/2018/factsheets-on-health-enhancing-physical-activity-in-the-
28-eu-member-states-of-the-who-european-region.

Pigozzi F, Denaro V. Elderly or ageless? Physical activity in the aged orthopaedic
patient. J Clin Med 2020;9(10):1-2.

Bloodworth A, McNamee M, Bailey R. Sport, physical activity and well-being: an
objectivist account. Sport Educ Soc 2012;17(4):497-514.

Whelan E, Clohessy T. How the social dimension of fitness apps can enhance and
undermine wellbeing: a dual model of passion perspective. Inf Technol People
2020. https://doi.org/10.1108/ITP-04-2019-0156. ahead-of-p(ahead-of-print).
Halbesleben JRB, Neveu JP, Paustian-Underdahl SC, Westman M. Getting to the
“COR™: understanding the role of resources in conservation of resources theory.
J Manag 2014;40(5):1334-64.

Biddle S, Fox K, Boutcher S, Faulkner G, Stuart Biddle SHB, Fox KR. The way
forward for physical activity and the promotion of psychological well-being.
Physical activity and pscyhological well-being. Routledge; 2000. p. 154-68.
Zhang C, Li G, Fan Z, Tang X, Zhang F. Psychological capital mediates the
relationship between problematic smartphone use and learning burnout in
Chinese medical undergraduates and postgraduates: a cross-sectional study. Front
Psychol 2021;12:600352. https://doi.org/10.3389/fpsyg.2021.600352.

de Vries JD, Claessens BJC, van Hooff MLM, Geurts SAE, van den Bossche SNJ,
Kompier MAJ. Disentangling longitudinal relations between physical activity,
work-related fatigue, and task demands. Int Arch Occup Environ Health 2016;89
(1):89-101.

Kern ML, Waters LE, Adler A, White MA. A multidimensional approach to
measuring well-being in students: application of the PERMA framework. J Posit
Psychol 2015;10(3):262-71.

Eriksson-Backa K, Ek S, Niemeld R, Huotari ML. Health information literacy in
everyday life: a study of Finns aged 65-79 years. Health Inform J 2012;18(2):
83-94.

Mengi A, Singh A, Gupta V. An institution-based study to assess the prevalence of
Nomophobia and its related impact among medical students in Southern Haryana,
India. J Fam Med Prim Care 2020;9(5):2303-8.

Samaha M, Hawi NS. Relationships among smartphone addiction, stress,
academic performance, and satisfaction with life. Comput Hum Behav 2016;57:
321-5.

Chen YF, Peng SS. University students’ internet use and its relationships with
academic performance, interpersonal relationships, psychosocial adjustment, and
self-evaluation. Cyberpsychol Behav 2008;11(4):467-9.

Pellizzari M, Billari FC. The younger, the better? Age-related differences in
academic performance at university. J Popul Econ 2012;25(2):697-739.
Castagnetti C, Rosti L. Effort allocation in tournaments: the effect of gender on
academic performance in Italian universities. Econ Educ Rev 2009;28(3):357-69.
Huang L, Zhang SW, Wu SL, Ma L, Deng XH. The Chinese version of ICIQ: a useful
tool in clinical practice and research on urinary incontinence. Neurourol Urodyn
2008;27(6):522-4.

Reich SM, Subrahmanyam K. Friending, iMing, and hanging out face-to-face:
overlap in adolescents’ online and offline social networks. Dev Psychol 2012;48
(2):356-68.

Rosen LD, Whaling K, Carrier LM, Cheever NA, Rokkum J. The media and
technology usage and attitudes scale: an empirical investigation. Comput Hum
Behav 2013;29(6):2501-11.

Edinger JD, Bonnet MH, Bootzin RR, Doghramji K, Dorsey CM, Espie CA,
Jamieson AO, McCall WV, Morin CM, Stepanski EJ. Derivation of research
diagnostic criteria for insomnia: report of an American Academy of Sleep
Medicine work group. Sleep 2004;27(8):1567-96.

Liu X, Liu L. Sleep habits and insomnia in a sample of elderly persons in China.
Sleep 2005;28(12):1579-87.

Yildirim C, Correia AP. Exploring the dimensions of nomophobia: development
and validation of a self-reported questionnaire. Comput Hum Behav 2015;49:
130-7.

Booth ML, Okely AD, Chey T, Bauman A. The reliability and validity of the
physical activity questions in the WHO health behaviour in schoolchildren
(HSBC) survey: a population study. Br J Sports Med 2001;35(4):263-7.

Wong MMH. The relations among causality orientations, academic experience,
academic performance, and academic commitment. Pers Soc Psychol Bull 2000;
26(3):315-26.

13

[117]
[118]

[119]

[120]
[121]

[122]

[123]
[124]

[125]

[126]
[127]
[128]
[129]
[130]
[131]
[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]
[145]
[1461
[147]

[148]

[149]

[150]

[151]

[152]

Computers and Education Open 3 (2022) 100110

Norman GR. Issues in the use of change scores in randomized trials. J Clin
Epidemiol 1989;42(11):1097-105.

Demerouti E, Bakker AB, Fried Y. Work orientations in the job demands-resources
model. J Manag Psychol 2012;27(6):557-75.

Willoughby M, Vandergrift N, Blair C, Granger DA. A structural equation
modeling approach for the analysis of cortisol data collected using pre-post-post
designs. Struct Equ Model 2007;14(1):125-45. A Multidisciplinary Journal.
Gefen D, Rigdon EE, Straub D. An update and extension to SEM guidelines for
administrative and social science research. MIS Q 2011;35(2). iii—xiv.

Hulland J. Use of partial least squares (PLS) in strategic management research: a
review of four recent studies. Strateg Manag J 2015;20(2):195-204.

Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis:
conventional criteria versus new alternatives. Struct Equ Model 1999;6(1):1-55.
A Multidisciplinary Journal.

Fornell C, Larcker DF. Evaluating structural equation models with unobservable
variables and measurement error. J Mark Res 1981;18(1):39-50.

Fornell C, Bookstein FL. Two structural equation models : LISREL and PLS applied
to consumer exit-voice theory. J Mark Res 1982;19(4):440-52.

Sugawara E, Nikaido H. Properties of AdeABC and AdelJK efflux systems of
Acinetobacter baumannii compared with those of the AcrAB-TolC system of
Escherichia coli. Antimicrob Agents Chemother 2014;58(12):7250-7.

Comrey AL. Career assessment and the Comrey personality scales. J Career Assess
1995;3(2):140-56.

Petter S, Straub D, Rai A. Specifying formative constructs in information systems
research. MIS Q 2007;31(4):623-56.

Cenfetelli RT, Esearch, LN.S.Y.R.. Interpretation of formative measurement in
information systems research. MIS Q 2009;33(4):689-707.

Hair JF, Anderson RE, Tatham RL, Black WC. Multivariate data analysis with
readings. 5th ed. Upper Saddle River: Prentice-Hill; 1998.

Falk RF, Miller NB. A primer for soft modeling, 2. University of Akron Press; 1992.
Nitzl C, Roldan JL, Cepeda G. Mediation analysis in partial least squares path
modelling, helping researchers discuss more sophisticated models. Ind Manag
Data Syst 2016;116(9):1849-64.

Mackinnon DP, Dwyer JH. Estimating mediated effects in prevention studies. Eval
Rev 1993;17(2):144-58.

Preacher KJ, Kelley K. Supplemental material for effect size measures for
mediation models: quantitative strategies for communicating indirect effects.
Psychol Methods 2011;16(2):93-115.

Akingbola K, van den Berg HA. Antecedents, consequences, and context of
employee engagement in nonprofit organizations. Rev Public Pers Adm 2019;39
(1):46-74.

Wen Z, Fan X. Monotonicity of effect sizes: questioning kappa-squared as
mediation effect size measure. Psychol Methods 2015;20(2):193-203.

Ng SF, Azlan MAK, Kamal ANA, Manion A. A quasi-experiment on using guided
mobile learning interventions in ESL classrooms: time use and academic
performance. Educ Inf Technol 2020;25:4699-719.

Geng J, Han L, Gao F, Jou M, Huang CC. Internet addiction and procrastination
among Chinese young adults: a moderated mediation model. Comput Hum Behav
2018;84:320-33.

Hershberger PJ, Zryd TW, Rodes MB, Stolfi A. Professionalism: self-control
matters. Med Teach 2010;32(1):36-41.

Lindner C, Nagy G, Arhuis WAR, Retelsdorf J. A new perspective on the interplay
between self-control and cognitive performance: modeling progressive depletion
patterns. PLoS One 2017;12(6):1-22.

Dewi RK, Efendi F, Has EMM, Gunawan J. Adolescents’ smartphone use at night,
sleep disturbance and depressive symptoms. Int J Adolesc Med Health 2018;33
(2):405-18.

Zhong W, Wang Y, Zhang G. The impact of physical activity on college students’
mobile phone dependence: the mediating role of self-control. Int J Ment Health
Addict 2020. https://doi.org/10.1007/s11469-020-00308-x.

Amez S, Vuji¢ S, De Marez L, Baert S. Smartphone use and academic performance:
first evidence from longitudinal data. New Media Soc 2021:1-25. https://doi.org/
10.1177/14614448211012374.

Bjerre-Nielsen A, Andersen A, Minor K, Lassen DD. The negative effect of
smartphone use on academic performance may be overestimated: evidence from a
2-year panel study. Psychol Sci 2020;31(11):1351-62.

Verbeek M. A guide to modern econometrics. 5th ed. John Wiley and Sons Inc;
2017.

Bell A, Fairbrother M, Jones K. Fixed and random effects models: making an
informed choice. Qual Quant 2019;53(2):1051-74.

Judd T. Making sense of multitasking: the role of Facebook. Comput Educ 2014;
70:194-202.

Kirschner PA, Karpinski AC. Facebook and academic performance. Comput Hum
Behav 2010;26:1237-45.

Ayandele O, Popoola OA, Oladiji TO. Addictive use of smartphone, depression
and anxiety among female undergraduates in Nigeria: a cross-sectional study.

J Health Res 2020;34(5):443-53.

Gill PS, Kamath A, Gill TS. Distraction: an assessment of smartphone usage in
health care work settings. Risk Manag Healthc Policy 2012;5:105-14.

Netz Y, Wu MJ, Becker BJ, Tenenbaum G. Physical activity and psychological
well-being in advanced age: a meta-analysis of intervention studies. Psychol
Aging 2005;20(2):272-84.

Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity: the
evidence. Can Med Assoc J 2006;174(6):801-9.

Bowen R, Balbuena L, Baetz M, Schwartz L. Maintaining sleep and physical
activity alleviate mood instability. Prev Med 2013;57(5):461-5.


http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0044
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0044
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0044
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0127
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0127
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0127
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0038
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0038
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0159
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0159
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0159
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0046
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0046
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0046
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0162
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0162
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0162
https://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/publications/2018/factsheets-on-health-enhancing-physical-activity-in-the-28-eu-member-states-of-the-who-european-region
https://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/publications/2018/factsheets-on-health-enhancing-physical-activity-in-the-28-eu-member-states-of-the-who-european-region
https://www.euro.who.int/en/health-topics/disease-prevention/physical-activity/publications/2018/factsheets-on-health-enhancing-physical-activity-in-the-28-eu-member-states-of-the-who-european-region
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0126
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0126
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0022
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0022
https://doi.org/10.1108/ITP-04-2019-0156
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0068
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0068
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0068
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0017
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0017
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0017
https://doi.org/10.3389/fpsyg.2021.600352
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0040
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0040
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0040
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0040
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0084
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0084
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0084
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0054
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0054
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0054
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0114
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0114
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0114
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0135
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0135
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0135
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0033
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0033
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0033
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0123
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0123
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0026
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0026
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0076
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0076
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0076
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0131
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0131
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0131
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0133
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0133
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0133
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0049
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0049
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0049
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0049
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0107
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0107
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0164
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0164
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0164
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0023
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0023
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0023
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0161
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0161
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0161
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0120
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0120
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0041
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0041
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0158
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0158
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0158
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0061
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0061
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0078
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0078
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0075
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0075
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0075
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0058
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0058
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0057
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0057
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0140
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0140
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0140
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0036
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0036
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0124
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0124
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0027
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0027
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0067
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0067
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0055
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0119
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0119
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0119
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0109
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0109
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0128
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0128
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0128
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0003
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0003
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0003
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0155
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0155
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0118
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0118
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0118
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0062
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0062
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0062
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0072
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0072
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0104
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0104
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0104
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0045
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0045
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0045
https://doi.org/10.1007/s11469-020-00308-x
https://doi.org/10.1177/14614448211012374
https://doi.org/10.1177/14614448211012374
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0021
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0021
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0021
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0150
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0150
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0016
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0016
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0079
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0079
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0092
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0092
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0010
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0010
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0010
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0064
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0064
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0117
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0117
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0117
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0153
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0153
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0024
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0024

Y. Lin and X. Zhou

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]
[161]

[162]

Pickett K, Yardley L, Kendrick T. Physical activity and depression: a multiple
mediation analysis. Ment Health Phys Act 2012;5(2):125-34.

Parry DA, Davidson BI, Sewall CJR, Fisher JT, Mieczkowski H, Quintana DS.

A systematic review and meta-analysis of discrepancies between logged and self-
reported digital media use. Nat Hum Behav 2021;5(11):1535-47.

Abbasi GA, Jagaveeran M, Goh YN, Tariq B. The impact of type of content use on
smartphone addiction and academic performance: physical activity as moderator.
Technol Soc 2021;64. https://doi.org/10.1016/j.techsoc.2020.101521.

Volungis AM, Kalpidou M, Popores C, Joyce M. Smartphone addiction and its
relationship with indices of social-emotional distress and personality. Int J Ment
Health Addict 2020;18(5):1209-25.

Baert S, Vuji¢ S, Amez S, Claeskens M, Daman T, Maeckelberghe A, Omey E, De
Marez L. Smartphone use and academic performance: correlation or causal
relationship? Kyklos 2020;73(1):22-46.

Kim MH, Min S, Ahn JS, An C, Lee J. Association between high adolescent
smartphone use and academic impairment, conflicts with family members or
friends, and suicide attempts. PLoS One 2019;14(7):1-14.

Grant JE, Lust K, Chamberlain SR. Problematic smartphone use associated with
greater alcohol consumption,mental health issues, poorer academic performance,
and impulsivity. J Behav Addict 2019;8(2):335-42.

Winskel H, Kim TH, Kardash L, Belic I. Smartphone use and study behavior: a
Korean and Australian comparison. Heliyon 2019;5(7):e02158.

Demir YP, Stimer MM. Effects of smartphone overuse on headache, sleep and
quality of life in migraine patients. Neurosciences 2019;24(2):115-21.

Elhai JD, Tiamiyu M, Weeks J. Depression and social anxiety in relation to
problematic smartphone use: the prominent role of rumination. Internet Res
2018;28(2):315-32.

14

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

Computers and Education Open 3 (2022) 100110

Chung JE, Choi SA, Kim KT, Yee J, Kim JH, Seong JW, Seong JM, Kim JY, Lee KE,
Gwak HS. Smartphone addiction risk and daytime sleepiness in Korean
adolescents. J Paediatr Child Health 2018;54(7):800-6.

Kim YJ, Jang HM, Lee Y, Lee D, Kim DJ. Effects of internet and smartphone
addictions on depression and anxiety based on propensity score matching
analysis. Int J Environ Res Public Health 2018;15(859):1-10.

Firat S, Giil H, Sertcelik M, Giil A, Giirel Y, Kili¢ BG. The relationship between
problematic smartphone use and psychiatric symptoms among adolescents who
applied to psychiatry clinics. Psychiatry Res 2018;270:97-103.

Gezgin DM, Sumuer E, Arslan O, Yildirim S. Nomophobia prevalence among pre-
service teachers: a case of Trakya University. Trak Univ Egit Fak Derg 2017;7(1):
86-95.

Chen B, Liu F, Ding S, Ying X, Wang L, Wen Y. Gender differences in factors
associated with smartphone addiction: a cross-sectional study among medical
college students. BMC Psychiatry 2017;17(341):1-9.

Tao S, Wu X, Zhang Y, Zhang S, Tong S, Tao F. Effects of sleep quality on the
association between problematic mobile phone use and mental health symptoms
in Chinese college students. Int J Environ Res Public Health 2017;14(135):1-10.
Kim HJ, Min JY, Kim HJ, Min KB. Association between psychological and self-
assessed health status and smartphone overuse among Korean college students.
J Ment Health 2017;4(3):1-6.

Mohammadbeigi A, Absari R, Valizadeh F, Saadati M, Sharifimoghadam S,
Ahmadi A, Mokhtarie M, Ansari H. Sleep quality in medical students; the impact
of over-use of mobile cell-phone and social networks. J Res Health Sci 2016;16
(1):46-50.


http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0125
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0125
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0122
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0122
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0122
https://doi.org/10.1016/j.techsoc.2020.101521
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0151
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0151
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0151
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0012
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0012
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0012
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0088
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0088
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0088
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0066
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0066
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0066
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0160
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0160
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0042
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0042
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0050
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0050
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0050
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0035
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0035
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0035
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0090
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0090
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0090
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0056
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0056
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0056
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0063
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0063
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0063
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0029
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0029
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0029
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0144
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0144
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0144
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0087
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0087
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0087
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0115
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0115
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0115
http://refhub.elsevier.com/S2666-5573(22)00038-6/sbref0115

	Bedtime smartphone use and academic performance: A longitudinal analysis from the stressor-strain-outcome perspective
	1 Introduction
	1.1 The dark side of smartphone use
	1.2 Stressor-strain-outcome (SSO) theory
	1.3 Hypotheses development and research model
	1.3.1 SSO-related hypotheses
	1.3.2 Moderating effect


	2 Method
	2.1 Research context and sample
	2.2 Measures
	2.3 Data analysis

	3 Results
	3.1 Reliability and validity
	3.2 Hypotheses testing

	4 Discussion
	5 Conclusion
	5.1 Implications
	5.2 Limitations and future research

	Acknowledgments
	Appendix A Summary of critical empirical studies between 2016 and 2021 on the dark side of smartphone use regarding persona ...
	Appendix B Measurement items
	References


