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Abstract

Problematic smartphone use (PSU) symptoms are related to mental health symptoms, such as depression and anxiety. However,
less investigated are current psychopathology-related processes in mediating these relationships. We analyzed boredom prone-
ness and rumination, two variables involving negative affectivity, as possible mediators between mental health and PSU severity.
We recruited 1097 Chinese university students to complete online questionnaires measuring levels of PSU, smartphone use
frequency (SUF), depressive and anxious symptoms, boredom proneness and rumination. Structural equation modeling demon-
strated that boredom proneness and rumination were significantly related to both SUF and PSU severity. SUF inversely mediated
relations between boredom proneness and PSU severity, but positively accounted for relations between rumination and PSU
levels. This is one of few studies testing boredom proneness or rumination in relation to PSU severity. Boredom proneness and
rumination may be important variables involving negative affectivity, explaining why some depressed or anxious individuals
overuse their smartphones.
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Introduction

Despite the efficiency advantages of using a smartphone,
overuse is a serious problem for many people. Excessive
smartphone use is especially related to mental health symp-
toms, including depressive and anxious symptoms (Elhai et al.
2019a; Thomée 2018). However, less is known about more
contemporary constructs that are important in psychopatholo-
gy research and may relate to excessive smartphone use.
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Excessive smartphone use is often labeled as “problematic
smartphone use” (PSU) in research. PSU involves dispropor-
tionate overuse of a smartphone with concomitant symptoms
common in substance use disorders, including social or job-
related impairment (Duke and Montag 2017; Montag and
Walla 2016), and withdrawal from non-use (Billieux et al.
2015a). Other similar terms exist for PSU in the literature
(Elhai et al. 2019a), but we refer to this construct as “PSU”
in this paper. We emphasize that PSU is not a recognized
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disorder in DSM-5 or ICD-11 (Carbonell et al. 2018; for a
deeper discussion on terminology and taxonomy of Internet
Use Disorders including its mobile form of PSU, see Montag
et al. 2020). Therefore we caution against over-pathologizing
normative behaviors such as (healthy) smartphone use
(Billieux et al. 2015¢). Yet PSU is a serious condition for
many people, involving overuse and associated impairment.

Compensatory Internet Use Theory (CIUT) (Kardefelt-
Winther 2014) is relevant to our investigation. CIUT hy-
pothesizes that overuse of the internet (e.g., PSU) is an un-
healthy attempt to relieve negative emotion and satisfy so-
cial needs. CIUT has been borne out in research on PSU
(Elhaietal.2018b; Longetal. 2016). A more comprehensive
theoretical model that incorporates numerous pathways to
internet overuse is the Interaction of Person-Affect-
Cognition-Execution (I-PACE) model (Brand et al. 2016;
Brand etal. 2019). I-PACE is a fairly comprehensive frame-
work explaining excessive internet use, which proposes sev-
eral influencing factors. First, personal factors within I-
PACE include biological variables, personality traits, and
psychopathology, which may influence excessive internet
use (Lachmann et al. 2019; see Peterka-Bonetta et al. 2019,
linking personality traits to PSU. Second, reactions to such
personal factors are important in -PACE, and include risk or
buffering paths to excessive internet use, such as cognitive
bias, coping, and disinhibition (Wegmann et al. 2017; Brand
etal.2016). Such response/reaction variables can exacerbate
or lessen how personal factors influence internet overuse.
Thus, I-PACE’s response variables are thought to account
for associations between personal variables and internet
overuse (Brand et al. 2016). Finally, I-PACE’s responses
may drive use of specific types of internet features or appli-
cations, with healthy satisfaction, or problematic use as the
outcome. I-PACE has been borne out of data in numerous
papers (Lemenager et al. 2018; Oberst et al. 2017).

There are numerous paths toward developing PSU
(Billieux et al. 2015a), such as excessive reassurance
(Billieux et al. 2015b), impulsive-antisocial (Billieux et al.
2008), and extraversion pathways (Bianchi and Phillips
2005). However, little work has been conducted mechanisti-
cally regarding how poor mental health drives PSU. Recently,
research into PSU’s association with psychopathology has
grown (Sohn et al. 2019; Elhai et al. 2019b). Most studies
confirm PSU’s association with depressive and anxious symp-
toms (Elhai et al. 2017; Thomée 2018; Montag et al. 2016b).
And other psychopathology-relevant constructs have been ex-
amined in conjunction with PSU (Elhai et al. 2020a; Sohn
et al. 2019). Studying more contemporary constructs can un-
cover mechanisms involved in the development of PSU, be-
yond simply examining depression and anxiety. Two impor-
tant contemporary constructs that are relevant to PSU are
boredom proneness (Skues et al. 2016) and rumination
(Samtani and Moulds 2017).

@ Springer

Boredom proneness involves attentional and impulse con-
trol difficulties leading to experiencing boredom, often in-
volving negative affect (Struk et al. 2017). Therefore, bore-
dom proneness correlates with anxious and depressive psy-
chopathology (Elhai et al. 2018a; Goldberg et al. 2011;
Sommers and Vodanovich 2000). Directionality has been
studied using experiments and ecological momentary assess-
ment, suggesting that negative affect influences boredom-
related lack attention (Sommers and Vodanovich 2000;
Mercer and Eastwood 2010). In fact, negative affect is con-
ceptualized as a primary cause of experiencing boredom
(Eastwood et al. 2012). In the context of technology overuse,
boredom proneness is theorized to be an aversive state re-
lieved by many people through overusing their smartphones,
given how accessible a smartphone is (Wegmann et al. 2018).
Lepp et al. (2017) also found boredom and PSU severity cor-
related. Furthermore, boredom proneness accounted for asso-
ciations between depressive/anxious symptoms with exces-
sive smartphone and internet use (Elhai et al. 2018a;
Wegmann et al. 2018).

One additional relevant contemporary psychopathology
construct is rumination. Rumination is an unhealthy coping
process of managing emotion by stressing undesirable self-
related thoughts, rather than emotion processing (Samtani
and Moulds 2017). Rumination correlates with numerous
mental disorders (Aldao et al. 2010) and long ago was con-
ceptualized to drive problematic internet use (Davis 2001).
Finally, Elhai et al. (2018c) observed a strong relationship
between rumination and PSU symptoms after covarying for
demographic variables. Billieux et al. (2015b) discussed how
interpersonal-related rumination can drive unlocking one’s
phone to search for push notifications. Rumination represents
an unhealthy way to manage emotion (Samtani and Moulds
2017), and should be related PSU (Kardefelt-Winther 2014).
In fact, unhealthy coping is a major pathway to problematic
technology use (Brand et al. 2019).

In our study, depression and anxiety fall within I-PACE’s
personal variables that influence PSU. Boredom proneness
and rumination are response variables involving cognitive bi-
as and dysfunctional coping, respectively, related to PSU. In
fact, these response variables can serve as mediators between
personal variables and PSU severity, within the context of I-
PACE. In CIUT, boredom proneness and rumination repre-
sent negative emotion, and excessive internet use (e.g., PSU)
would be aimed at alleviating such negative emotion.

Aims

This study is one of the first examinations of boredom prone-
ness or rumination related to PSU severity. We examined both
boredom proneness and rumination as mediators between
depression/anxiety symptoms and increased smartphone use
frequency/PSU. This topic is essential in understanding why
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many people with depression or anxiety symptoms may en-
gage in excessive technology use. While prior studies only
investigated this topic in one country (the US) (Elhai et al.
2018c; Elhai et al. 2018a), it is important to assess if findings
replicate in other countries, and we therefore conducted our
study in China. Processes involved in technology overuse are
shown to be different in Asian countries (Montag and Becker
2020; Montag et al. 2016a). People in China primarily use two
smartphone apps (Wechat and Alipay) to engage in most ev-
eryday activities on their phone, and most Western software
applications are blocked there (Montag et al. 2018). Also,
China is a collectivist culture emphasizing reciprocal social
interactions, which is different than the more typical individ-
ualist culture of the West (Lisha et al. 2017).

Hypotheses

Our hypotheses are in part guided by CIUT’s conceptualiza-
tion (Kardefelt-Winther 2014) that negative emotion drives
internet overuse (e.g., PSU) to alleviate such emotion. Our
hypotheses are especially guided by I-PACE’s conceptualiza-
tion (Brand et al. 2016) of psychopathology variables (e.g.,
depression and anxiety severity), and affective/cognitive re-
sponse variables (e.g., boredom proneness and rumination) as
risk factors for increased levels of internet use (e.g.,
smartphone frequency) which in turn can develop into exces-
sive use such as PSU. Our mediation hypotheses fit with I-
PACE’s conceptualization that affective/cognitive variables
account for (or mediate) relations between psychopathology
variables and excessive internet use. We posed the following
hypotheses, represented in Fig. 1.

HI1. Boredom proneness should be positively related to
greater smartphone use frequency (Hla) and PSU (H1b).

Boredom involves problems with attentional control
(Eastwood et al. 2012). Individuals with greater boredom
proneness should have less attention dedicated to significant
tasks (e.g., academic study), and instead engage in fun/

Fig. 1 Hypothesized model of depression and anxiety severity predicting
boredom proneness and rumination, and boredom proneness and
rumination predicting smartphone use frequency and problematic
smartphone use (adjusting for age and gender). PSU = Problematic

pleasurable phone usage (Billicux et al. 2015a). Boredom-
related variables were previously supported in association
with excessive use of technology (Lepp et al. 2017; Skues
et al. 2016; Wolniewicz et al. 2020), such as PSU (Lepp
etal. 2017).

H2. Rumination should be positively related to
smartphone use frequency (H2a) and PSU severity
(H2b).

Rumination includes a negative self-thought focus
(Samtani and Moulds 2017). Many people ruminate about
their interpersonal relationships (Kashdan and Roberts
2007), and engage in frequent phone checking for related
notifications (Billieux et al. 2015b). Habit formation (of phone
checking) has been found key in developing problematic
smartphone use (Oulasvirta et al. 2012).

H3. Boredom proneness would account for (or mediate)
the relationship between depression (H3a) and anxiety
(H3b) symptoms with increased levels of PSU.

Boredom proneness correlates with depression and anxiety
symptoms (Goldberg et al. 2011; Sommers and Vodanovich
2000), and could be a key variable explaining why some
depressed/anxious people engage in increased use and PSU
(Wolniewicz et al. 2020).

H4. Rumination should account for relations (as a medi-
ator) between severity of depression (H4a), anxiety
(H4b), and boredom proneness (H4c) with increased
levels of PSU.

Depression and anxiety prospectively relate to boredom
proneness and rumination (Samtani and Moulds 2017).
Because boredom causes mind-wandering (Eastwood et al.
2012), which should be evident in rumination, rumination
should in turn influence PSU severity. In addition, rumination
may drive habitual phone checking (Billieux et al. 2015a),

smartphone use (measured by SAS); SUF = Smartphone use frequency;
DEP = Depression; ANX = Anxiety; BP = Boredom proneness; RUM =
Rumination. The circles represent latent factors, while squares/rectangles
represent observed variables
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resulting in automated behavior and leading to PSU (Orbell
and Verplanken 2000). Thus, rumination could serve as a
mediator between levels of depression, anxiety and boredom
proneness with PSU severity.

HS. Frequency of smartphone use would account for the
relationship (or mediate) between both boredom prone-
ness (H5a) and rumination (H5b) severity with increased
levels of PSU.

Smartphone use frequency is conceptualized as an interme-
diary variable between psychopathology and PSU severity
(Elhai and Contractor 2018; Kim et al. 2015). And studies
support boredom and rumination in increasing the frequency
of smartphone use, and habit formation of smartphone
checking behavior (Oulasvirta et al. 2012). Such smartphone
checking behavior can turn into excessive, PSU for some in-
dividuals (Oulasvirta et al. 2012), especially those with low
frustration tolerance or distress tolerance (Elhai et al. 2018a).

Method
Participants and Procedure

In April 2019, we conducted a web-based survey at a large
Eastern Chinese university. We obtained ethics board approv-
al prior to conducting the project. College psychology faculty
assisted in recruiting student subjects through local web-based
messaging/social media. Those interested were shown a con-
sent statement, directed to an online survey. We administered
all measures in Chinese. 1238 individuals participated. 141
(11.4%) were excluded for inattentive responding, discussed
below. In the effective sample of 1097 participants, age
ranged from 16 to 25 years, and averaged 19.38 years (SD
1.18). Most (898, 81.9%) were women, with 199 (18.1%)
men.

Instruments

We first collected data on age and sex. Next, we administered
the following scales online.

Smartphone Addiction Scale-Short Version (SAS-SV)

Kwon et al. (2013) developed the SAS-SV, assessing PSU
severity, involving health and interpersonal impairment, toler-
ance, and withdrawal components. 10 Likert-type items are
included ranging from “1 = Strongly disagree” to “6 =
Strongly agree.” The SAS-SV has been validated against
smartphone use frequency and excessive internet use
(Lopez-Fernandez 2017). We used the Chinese version

@ Springer

(Chen et al. 2017). Our effective sample’s coefficient alpha
was .89.

Smartphone Use Frequency Scale (SUF)

The SUF (Elhai et al. 2016) has 11 items tapping use of spe-
cific smartphone features, with responses ranging from “1 =
Never” to “6 = Very often.” Activities inquired are: (1) video
and voice calls (making and receiving), (2) text/instant mes-
saging (sending and receiving), (3) email (sending and receiv-
ing), (4) social networking sites, (5) internet/websites, (6)
games, (7) music/podcasts/radio, (8) taking pictures or videos,
(9) watching videos/TV/ movies, (10) reading books/maga-
zines, and (11) maps/navigation. We added educational learn-
ing, an item relevant to this population. Internal reliability for
the original, English SUF is adequate, correlating with PSU
measures (Elhai et al. 2016). We used the Chinese version,
recently validated (Elhai et al. 2020b). Coefficient alpha in our
sample was .75.

Depression Anxiety Stress Scale-21 (DASS-21)

The DASS-21 (Lovibond and Lovibond 1995) includes 21
items comprising depression, anxiety, and stress symptoms,
each with seven-item subscales. Items are rated over the past
week, with Likert-type responses range from “0 = Did not
apply to me” to “3 = Applied to me very much or most of
the time.” We utilized the depression and anxiety subscales in
analyses. These subscales are reliable (Lovibond and
Lovibond 1995), and valid (Antony et al. 1998; Brown et al.
1997). We used the Chinese version (Wang et al. 2016). In our
sample, coefficient alphas were .87 (depression) and .84

(anxiety).

Boredom Proneness Scale (BPS)

The BPS (Kass and Vodanovich 1990) is a 28-item measure
of boredom proneness, assessing trait boredom. Response op-
tions range from “1 = Highly disagree” to ““7 = Highly agree.”
The scale is reliable and valid (Struk et al. 2017). We used the
scale’s Chinese version (Liu et al. 2014; Li et al. 2016).
Coefficient alpha for our sample was .75.

Ruminative Responses Scale (RRS)

The RRS (Nolen-Hoeksema et al. 2008) has 22 items in
assessing rumination, rated on a scale from “1 = Almost nev-
er” to “4 = Almost always.” The RRS is reliable and valid
(Nolen-Hoeksema et al. 2008). We used the Chinese scale
(Han and Yang 2009). Coefficient alpha was .95.
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Analysis

We used R software, version 3.6.2 (R Core Team 2019), using
the following R packages: fmsb (internal consistency), care-
less (inattentive responding), pastecs (descriptive statistics),
and apatables (scale intercorrelations). We did not have miss-
ing data, as we required responses for all items. Of the initial
sample of 1238 subjects, we excluded 141 (11.4%) individ-
uals for inattentive responding (Curran 2016), providing the
same numeric response consecutively to many items. For the
remaining effective sample (N =1097), we computed scale
scores from item responses. Scale scores and age had normal
distributions, with the highest skewness value of 1.3 and kur-
tosis of 2.0.

Next, we conducted separate confirmatory factor analyses
(CFA) of our psychological variables, using Mplus 8.3 soft-
ware. We used weighted least squares estimation and a mean-
and variance-adjusted (WLSMYV) chi-square, probit loadings
and a polychoric correlation matrix for PSU, rumination, de-
pression and anxiety (DiStefano and Morgan 2014). We treat-
ed the remaining CFA/measurement models’ items as contin-
uously-scaled, with maximum likelihood estimation and ro-
bust standard errors (MLR), linear loadings and a Pearson
covariance matrix (Bryant and Satorra 2012). One-factor
models were each used for PSU (Kwon et al. 2013), SUF
(Elhai et al. 2016), anxiety (Wang et al. 2016), depression
(Wang et al. 2016), and boredom proneness (Struk et al.
2017). A higher-order factor with three lower-order constructs
was used for rumination (Erdur-Baker and Bugay 2010). We
assessed fit using the following benchmarks: (a) comparative
fit index (CFI)> .95, (b) Tucker-Lewis Index (TLI)>.95, and
(c) root mean square error of approximation (RMSEA) <.06,
and d) standardized root mean square residual (SRMR) < .08
(Hu and Bentler 1999).

Then, we estimated a structural equation model (see
Fig. 1), using WLSMYV estimation. We statistically adjust-
ed for paths pointing to levels of PSU with covariates,
including age and gender. We tested the structural model
for associations among depression/anxiety (predictor var-
iables), boredom proneness and rumination (as media-
tors), and PSU severity and smartphone use frequency
(dependent variables). We also tested alternative specifi-
cations of this model, discussed below. The measurement
models that we report are for anxiety, depression and
PSU. The boredom proneness, rumination and SUF vari-
ables were measured as observed scale scores, because of
their poor fit from CFA (shown below), and to maintain
power given model complexity. When we attempted mod-
el testing with latent variables for boredom proneness,
rumination and SUF, our models did not converge and
resulted in a non-positive definite matrix—Ilikely due to
the fully latent model’s requirement for a large amount of
statistical power.

Next, we used mediation testing to assess boredom prone-
ness in accounting for relations between depression and PSU
symptoms (H3a), and between anxiety and PSU symptoms
(H3b). We also tested rumination as mediating between de-
pression and PSU (H4a), between anxiety and PSU (H4b),
and between boredom proneness and PSU (H4c). We addi-
tionally tested SUF as a mediator between the boredom
proneness-PSU relationship (H5a), and between rumination
and PSU (HSb). These indirect effects were assessed by esti-
mating the cross-product of two direct paths. We used the
Delta method to compute mediation effect standard errors,
with 1000 non-parametric bootstrapped replications
(MacKinnon 2008).

Results
Descriptive Findings

Scale descriptive statistics (mean, SD) and differences across
sexes are displayed in Table 1. Females scored higher than
males on PSU (p=.003) and SUF (p <.001). Correlations
between primary variables are displayed in Table 2. Except
for non-significant correlations between SUF and both depres-
sion and boredom proneness, all other variables were signifi-
cantly intercorrelated.

SEM Results

As indicated above, the SUF measurement model did not fit
well, MLR x* (36, N=1097)=324.872, p<.001, CFI=
0.844, TLI=0.810, RMSEA =0.068 (90% CI: 0.061 to
0.075), SRMR = 0.052. Boredom Proneness showed evidence
of poor fit, MLR Xz (84, N=1097)=3583.792, p<.001,
CFI=0.552, TLI=0.517, RMSEA =0.092 (90% CI: 0.089
to 0.095), SRMR =0.121.

The PSU measurement model yielded some evidence of
adequate fit, WLSMV x? (62, N=1097)=927.237, p
<.001, CFI=0.941, TLI=0.919, RMSEA =0.157 (90% CI:
0.149 to 0.166), SRMR =0.043. The rumination measure-
ment model also yielded some evidence of adequate fit,
WLSMV x? (91, N=1097)=2742.053, p<.001, CFI=
0.932, TLI=0.923, RMSEA =0.106 (90% CI: 0.102 to
0.109), SRMR = 0.048. The depression measurement model
resulted in adequate fit, WLSMV x* (28, N=1034)=91.541,
p<.001, CF1=0.992, TLI=0.987, RMSEA =0.071 (90%
CI: 0.058 to 0.085), SRMR = 0.022. Additionally, the anxiety
measurement model fit well, WLSMV x? (28, N=1097) =
220.968, p<.001, CFI=0.971, TLI=0.956, RMSEA =
0.116 (90% CI: 0.103 to 0.130), SRMR =0.043 (We should
note that RMSEA in these models suggested poor fit, which is
expected in models using ordinal data; Shi et al. 2020).

@ Springer
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Table 1 Means, and standard deviations for the primary variables, and differences across sexes

Sample Male Female F(1097) p

M SD M SD M SD
PSU 37.36 9.54 35.54 10.28 37.77 9.33 8.96 .003
SUF 49.88 7.72 47.66 8.72 50.37 7.39 20.49 <0.001
DEP 4.10 4.07 5.42 4.68 3.80 3.87 26.35 <0.001
ANX 5.12 3.99 6.02 425 4.92 391 12.40 <0.001
BP 107.48 13.03 109.51 13.26 107.03 12.95 591 .015
RUM 45.90 11.94 47.99 12.47 45.44 11.78 7.46 .006

PSU Problematic smartphone use (measured by SAS), SUF Smartphone use frequency, DEP Depression, ANX Anxiety, BP Boredom proneness,

RUM Rumination, M Mean, SD Standard deviation

Thus, except for boredom proneness and SUF, the remain-
ing measurement models had some evidence of adequate fit,
so we used those latent measurement models in SEM, while
modeling boredom proneness and SUF as observed variables.
However, our models did not converge until additionally
treating rumination as a summed observed variable.

We tested Fig. 1’s model, which fit reasonably well based
on most indices, WLSMV x? (137, N=1097)=1918.915, p
<.001, CFI=0.952, TLI=0.947, RMSEA =0.062 (90% CI:
0.059 to 0.065), SRMR = 0.094. Figure 2 displays standard-
ized parameter estimates. Boredom proneness was significant-
ly inversely associated with SUF, 3 =—0.091, p=0.007
(rejecting H1a), but was positively associated with PSU se-
verity, (3 =0.406, p<0.001 (supporting HIb). Rumination
had significant associations with SUF, 3 =0.149, p<0.001,
and PSU severity, 3 =0.197, p <0.001 (supporting H2). PSU
severity was significantly associated with sex, 3 =0.240, p =
0.006, but not with age, 3 =0.026, p =0.352.

Mediation Results

Table 3 demonstrates mediation testing results. Boredom
proneness mediated relations between depression and PSU
severity, 3=0.287, SE=0.094, z=3.062, p=0.002

Table2 Correlations among the Primary Study Variables’ Scale Scores
Variable 1 2 3 4 5 6
1. PSU -

2. SUF 27 -

3. DEP 31 .00 -

4. ANX 34 .06* 81%* -

5.BP 37 —-.03 50%* Al -

6. RUM 26%* 10%* ST 58 A4 -

PSU Problematic smartphone use (measured by SAS), SUF Smartphone
use frequency, DEP Depression, ANX Anxiety, BP Boredom proneness,
RUM Rumination. * p <.05. ** p<.01

@ Springer

(supporting H3a), but not between anxiety and PSU severity,
3=-0.031, SE=0.095, z=-0.329, p=0.742 (rejecting
H3b). Rumination mediated relations between anxiety and
PSU severity, 3 =0.159, SE=0.058, z=2.747, p=0.006
(supporting H4b), but not between depression and PSU sever-
ity, $ =—0.016, SE=0.042, z=-0.386, p =0.699 (rejecting
H4a), nor between boredom proneness and PSU severity, 3 =
—0.017, SE=0.015, z=-1.174, p=0.240 (rejecting H4c).
SUF inversely mediated relations between boredom prone-
ness and PSU severity, 3 =—0.024, SE=0.010, z=-2.409,
p=0.016 (rejecting H5a), but positively mediated relations
between rumination and PSU severity, 3 =0.039, SE =
0.011, z=3.639, p<0.001 (supporting H5b).

Discussion

We augmented findings from traditional studies on PSU fo-
cusing primarily on depression and anxiety (Elhai et al. 2017,
Wolniewicz et al. 2018), by examining other mental health
constructs as mediating variables between depression/
anxiety with PSU severity. Specifically, we examined bore-
dom proneness and rumination as mediating variables. We
used a Chinese sample of students, because prior relevant
studies were only conducted in Western countries (the US)
(Elhai et al. 2018c; Elhai et al. 2018a). Despite primary use
of different social networking apps in China (Montag et al.
2018), and a collectivist culture (Lisha et al. 2017), prior U.S.
findings replicated well in the present Chinese sample.

We first found that boredom proneness was inversely corre-
lated with frequency of smartphone use, thus rejecting Hla
(which hypothesized a positive association). This finding is dif-
ferent from previous studies in which boredom-related variables
associated positively with technology use frequency
(Aleksandar et al. 2015; Oulasvirta et al. 2012; Martin et al.
2015). In our study, all participants were college students, per-
haps often feeling bored and unable to adequately use their
phones during their university classes (Bolkan and Griffin
2017). Therefore, greater boredom proneness perhaps caused
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Fig. 2 Structural model of depression and anxiety severity predicting
boredom proneness and rumination, and boredom proneness and
rumination predicting smartphone use frequency and problematic
smartphone use (adjusting for age and gender), with standardized path
coefficients and SEs (in parentheses). PSU = Problematic smartphone

decreased frequency of smartphone use. However, boredom
proneness was positively correlated with PSU severity,
supporting H1b. This finding is consistent with CIUT
(Kardefelt-Winther 2014), in which negative emotion (such as
boredom proneness) drives internet overuse (Lepp et al. 2017).

Rumination positively related to both frequency of
smartphone use and PSU severity (supporting H2), consistent
with I-PACE in conceptualizing maladaptive coping styles as
driving excessive internet use (Brand et al. 2016). That is,
rumination, representing a maladaptive cognitive coping re-
sponse variable in [-PACE, can lead an individual to use spe-
cific types of internet features (e.g., smartphone), which for
some people can grow into PSU. Findings also fit with CIUT
(Kardefelt-Winther 2014) in proposing PSU as a strategy to
relieve undesirable emotion. This finding in line with prior
work on rumination related to PSU severity (Elhai et al.
2018a, b, ¢).

We also found that boredom proneness mediated relations
between severity of depression and PSU, supporting H3a.
CIUT (Kardefelt-Winther 2014) can explain the occurrence
that many people with depressive symptoms relieve emotion

Table 3 Mediation results, with standardized estimates displayed
Indirect [8) SE z P
Depression- > BP->PSU 0.287 0.094 3.062 0.002
Depression- > RUM- > PSU —0.016 0.042 —0.386 0.699
Anxiety- > BP->PSU —0.031 0.095 -0.329 0.742
Anxiety- > RUM- > PSU 0.159 0.058 2.747 0.006
BP->RUM->PSU —-0.017 0.015 -1.174 0.240
BP->SUF->PSU —0.024 0.010  —2.409 0.016
RUM-> SUF->PSU 0.039 0.011 3.639 0.000

PSU Problematic smartphone use (measured by SAS), SUF Smartphone
use frequency, DEP Depression, ANX Anxiety, BP Boredom proneness,
RUM Rumination

(0.068) 3

SUF

197°0

##(2€0°0)

use; SUF = Smartphone use frequency; DEP = Depression; ANX =
Anxiety; BP = Boredom proneness; RUM = Rumination. Circles
represent latent factors, while squares represent observed variables.
*p <.05, ¥*p < .01, **¥p <.001

through PSU (Elhai et al. 2018b; Wolniewicz et al. 2020).
However, we should note that many people living with de-
pression can function well despite their condition (Karsten
et al. 2013; Naicker et al. 2013). In our study, depression
was associated with boredom proneness, which in turn was
related to PSU severity (H1). This finding is consistent with
previous studies (Sommers and Vodanovich 2000; Struk et al.
2017; Lepp et al. 2017). Boredom proneness may be impor-
tant in understanding how some people with depressive dis-
orders engage in PSU (Elhai et al. 2018a) — perhaps serving as
a mechanism because of boredom-related attentional deficits
(Skues et al. 2015; Wolniewicz et al. 2020).

Furthermore, in the present study rumination mediated as-
sociations between anxiety and PSU severity, supporting H4b.
This mediation finding is consistent with I-PACE in theoriz-
ing response variables such as rumination in an intermediate
role between personal factors and PSU severity (Brand et al.
2016). In our SEM analyses, anxiety associated with rumina-
tion, which in turn related to PSU severity (H2). Rumination
may drive some individuals — especially those predisposed to
anxiety disorders — to engage in PSU through excessive online
social communication with significant others and loved ones,
aiming to obtain reassurance and self-worth (Billieux et al.
2015a; Elhai et al. 2020c). Therefore, rumination may be im-
portant in explaining why some anxious individuals overuse
their smartphones.

We also found that smartphone use frequency inversely
mediated the relations between boredom proneness and PSU
severity (H5a). However, smartphone use frequency mediated
relations between rumination and PSU severity, supporting
H5b. This result supports greater smartphone use as mediating
between mental health symptoms and PSU (Elhai and
Contractor 2018; Van Deursen et al. 2015).

We found a female gender-PSU severity association, con-
sistent with prior work (De-Sola Gutierrez et al. 2016; Wang
et al. 2015). We did not find an age-PSU relationship,
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inconsistent with some prior work (Van Deursen et al. 2015;
Luk et al. 2018), but unsurprising given the limited age range
in our student sample.

The present study has implications for the scientific study
of PSU. First, studying negative affectivity-related psychopa-
thology constructs (such as boredom proneness and rumina-
tion), may be helpful in understanding the phenomenology of
PSU. Additionally, boredom and rumination involve inability
to regulate emotion. Mindfulness interventions are effective
ways of helping people regulate emotion, and may have the
potential to offset some severity of PSU experienced by
smartphone users (Van Dam et al. 2018).

Limitations include the use of university students from
China, limiting generalizability. Furthermore, we cannot infer
causality based on our cross-sectional data. Additionally, we
assessed smartphone use through self-report, while objective
measurement would be more accurate (Lin et al. 2015;
Montag et al. 2015; Rozgonjuk et al. 2018a, b). Beyond that,
we mention that PSU could be seen as mobile form of prob-
lematic Internet use or Internet Use Disorder (Montag et al. in
press) and it is unlikely that the device itself is the culprit
explaining overuse. As with alcoholics who are not dependent
on bottles, but rather are dependent on alcohol (Panova and
Carbonell 2018), in particular social media and (Freemium-)
game apps might be among the key-apps resulting in
smartphone overuse (Leung et al. 2020; Sha et al. 2019;
Montag et al. 2019a, b; Elhai et al. 2020d).

Finally, we used standardized scales measuring depression
and anxiety, rather than using structured diagnostic interviews
for such mental disorders which would have greater accuracy.
Nonetheless, our results are important in explaining the pos-
sible mechanisms behind why some depressed or anxious in-
dividuals excessively engage in smartphone use. Boredom
proneness and rumination may represent such mechanisms.
Future research could examine how other negative
affectivity-related psychopathology constructs relate to exces-
sive smartphone, internet and social media use.
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