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A B S T R A C T

The aim of the current work was to investigate relations between problematic smartphone use (PSU) severity and
intolerance of uncertainty, a transdiagnostic psychopathology construct reflecting individual differences in re-
acting to uncertain situations and events. In addition, it was tested if use of social and/or non-social smartphone
use mediated associations between intolerance of uncertainty and PSU. The effective sample comprised 261
college students. Participants completed a web survey using the Smartphone Addiction Scale-Short Version
(measuring PSU), Social and Process Smartphone Use Scale, and Intolerance of Uncertainty Scale-Short Form.
The survey was administered twice, with approximately one month separating two measurement waves. In this
paper, the measures of intolerance of uncertainty and social/non-social smartphone use from Time 1 and the PSU
score from Time 2 were used. Correlation analyses showed that intolerance of uncertainty and both social and
non-social smartphone use are related to Time 2 levels of PSU. In a structural equation model, intolerance of
uncertainty was positively associated with non-social smartphone use, but not with social smartphone use. Non-
social smartphone use was related to Time 2 PSU severity. Mediation analysis showed that only non-social
smartphone use mediated the relationship between intolerance of uncertainty and levels of PSU. The study
contributes to PSU research by demonstrating that intolerance of uncertainty and PSU are associated, and that
non-social smartphone use may drive that relationship. This study emphasizes the need to understand the po-
tential causes for excessive technology use.

1. Introduction

There are diverse uses of smartphones, allowing for productivity
enhancement, social connectedness, and various types of entertainment
(e.g., watching videos, listening to music, playing games). On the other
hand, problematic smartphone use (PSU) has received empirical inquiry
in recent years, characterized by excessive engagement with smart-
phones that is associated with adverse daily-life outcomes (Billieux,
Maurage, Lopez-Fernandez, Kuss, & Griffiths, 2015). PSU is related to
mood-related psychopathology (such as depression and anxiety, re-
viewed in Elhai, Dvorak, Levine, & Hall, 2017), neck pain (Shan et al.,
2013), loneliness (Bian & Leung, 2014; Enez Darcin et al., 2016), poor

sleep quality (Demirci, Akgonul, & Akpinar, 2015), procrastination
(Rozgonjuk, Kattago, & Täht, 2018), and poorer educational outcomes
and characteristics (Lepp, Barkley, & Karpinski, 2015; Rozgonjuk, Saal,
& Täht, 2018). How observed detrimental outcomes relate to proble-
matic technology use has been of academic and practical interest for
numerous years. Although digital technology use per se does not ne-
cessarily have negative effects on everyday life, there are still some
concerning findings that have led researchers to investigate why
smartphone use can be productive for some people, but impairing for
others - especially in the case of problematic levels of engagement with
smartphones.

Research on motivations for and features of Internet and
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smartphone use have mainly resulted in categorization into social and
non-social (or process) use (Song, LaRose, Eastin, & Lin, 2004; van
Deursen, Bolle, Hegner, & Kommers, 2015). While social smartphone
use involves social interactions (e.g., social media/social networking
sites, instant messaging, phone calls), non-social/process use mainly
relates to consuming content-based media (e.g., browsing (news)
websites, watching videos; van Deursen et al., 2015). Research on the
relationships between PSU and types of smartphone use is mixed. While
some studies have demonstrated that PSU is more related to social use
(Lopez-Fernandez, Honrubia-Serrano, Freixa-Blanxart, & Gibson, 2014;
Zhitomirsky-Geffet & Blau, 2016), other studies have shown that PSU is
more related to non-social use (Elhai, Hall, Levine, & Dvorak, 2017;
Elhai, Levine, Dvorak, & Hall, 2017; van Deursen et al., 2015).

Most prior research has examined PSU in relation to psycho-
pathology including depression, anxiety, stress, and self-esteem (re-
viewed in Elhai, Dvorak et al., 2017). Newer studies have examined
transdiagnostic psychopathology constructs in association with PSU. As
the name suggests, “transdiagnostic” factors are those that overlap
between several mental disorders (e.g., in anxiety and mood disorders)
and are regarded as core vulnerability factors (Krueger & Eaton, 2015).
Because mood and anxiety disorders tend to co-occur (Hirschfeld, 2001;
Wu & Fang, 2014), studying the common underlying factors could be
especially useful, as transdiagnostic therapeutic approaches may have a
wider impact on psychological treatment outcomes (Farchione et al.,
2012; Newby, McKinnon, Kuyken, Gilbody, & Dalgleish, 2015). Some of
the transdiagnostic psychopathology constructs related to PSU severity
have recently included boredom proneness (Elhai, Vasquez, Lustgarten,
Levine, & Hall, 2017), rumination (Elhai, Tiamiyu, & Weeks, 2018), and
decreased distress tolerance (Elhai, Levine, O'Brien, & Armour, 2018).
However, the role of intolerance of uncertainty has not yet been in-
vestigated in the context of PSU.

Intolerance of uncertainty is another transdiagnostic psycho-
pathology construct. Contemporary literature defines intolerance of
uncertainty as the incapacity to endure (cognitive, emotional, and/or
behavioral) responses that are caused by the lack or insufficiency of
information that is associated with uncertainty (Carleton, 2016). In-
tolerance of uncertainty is regarded as a more stable, trait-like char-
acteristic (Carleton et al., 2012; Dugas, Gagnon, Ladouceur, & Freeston,
1998) that has generally been conceptualized as a vulnerability factor
for several types of psychopathology, primarily in anxiety-related dis-
orders, such as generalized anxiety disorder, obsessive-compulsive
disorder, and social anxiety (Borkovec & Roemer, 1995; Carleton,
Collimore, & Asmundson, 2010; Tolin, Abramowitz, Brigidi, & Foa,
2003). The notion of possibly occurring negative events and the in-
ability to predict such events may lead some individuals to interpret all
ambiguous information as threatening (Carleton, Norton, &
Asmundson, 2007). This kind of interpretation, in turn, is associated
with somatic stress reactions (Greco & Roger, 2003) and impairment of
problem-solving skills, potentially leading to avoidance of ambiguous
situations and events (Dugas, Freeston, & Ladouceur, 1997). This be-
havior might impair one's daily life functioning significantly.

Intolerance of uncertainty has not been examined in relation to
problematic technology use, but has been found related to other pro-
blematic behaviors, such as eating disorders and alcohol consumption
(Kraemer, McLeish, & O'Bryan, 2015; Renjan, McEvoy, Handley, &
Fursland, 2016). People with higher intolerance of uncertainty tend to
consume more alcohol to cope with negative emotions and to conform
with social groups (Kraemer et al., 2015). However, the same study
reported that intolerance of uncertainty was not associated with social
(e.g., drinking to celebrate) nor positive emotion enhancement motives.
Because addictive disorders and behaviors may share a similar brain
circuitry (Brewer & Potenza, 2008; Turel & Qahri-Saremi, 2017), as
with alcohol use, individuals with higher intolerance of uncertainty
may engage in increased smartphone use. In addition, a recent meta-
analysis found that people are experiencing higher levels of intolerance
of uncertainty over time and that is correlated with mobile phone and

Internet penetration (Carleton, Desgagne, Krakauer, & Hong, 2018).

1.1. Purpose

The aim of this study was to investigate how intolerance of un-
certainty is associated with specific types of smartphone use. We first
investigated relations between intolerance of uncertainty and PSU, and
we then analyzed if social and/or non-social smartphone use mediated
that relationship. In addition, we aimed to address one of the common
limitations in PSU literature, the cross-sectional study design, by mea-
suring the levels of PSU of participants during two time points that were
separated by about one month. This repeated-measures design allows to
form more meaningful causal links between predictors (measured at
Time 1) and the outcome, PSU (measured at Time 2), as we measured
the outcome variable approximately a month after measuring the pre-
dictor variables. Although some studies have provided results where
anxiety-related psychopathology (Bian & Leung, 2014; Contractor,
Weiss, Tull, & Elhai, 2017) and other overlapping, transdiagnostic
psychopathology constructs are related to PSU (Elhai, Levine, et al.,
2018; Hoffner & Lee, 2015), the role of intolerance of uncertainty has
not received attention. Because intolerance of uncertainty is a core
vulnerability factor in anxiety disorders and worrying behavior in
general (Carleton et al., 2012), investigating the relations with smart-
phone use should receive more attention. This research is important in
providing further knowledge on relations between PSU and psycho-
pathology and, more specifically, in understanding why some smart-
phone users engage in PSU while others do not. If intolerance of un-
certainty drives PSU, potential clinical implications could be assisting
individuals high in intolerance of uncertainty with better coping skills.

1.2. Theory

We used the compensatory Internet use theory (Kardefelt-Winther,
2014) to theoretically conceptualize the current study. The compensa-
tory Internet use theory posits that people engage in excessive tech-
nology use to alleviate negative emotion (Kardefelt-Winther, 2014).
Thus, people may engage in PSU to cope with distress and negative
affect. The focus of the theory is on the excessive use of digital tech-
nology as a compensatory coping strategy, not necessarily pathological
behavioral. Research on PSU has also demonstrated that the compen-
satory Internet use theory could be useful in explaining PSU (Elhai,
Levine, et al., 2018; Wang, Wang, Gaskin, & Wang, 2015).

Intolerance of uncertainty is another construct of relevance in this
study. A key component of worry, state anxiety, and anxiety-related
psychopathology, this construct could be defined as a disposition of not
being capable of enduring aversive responses triggered by the perceived
absence of relevant information which is related to perception of un-
certainty (Carleton, 2016). Intolerance of uncertainty is closely related
to intolerance of emotional distress and negative emotion (Leyro,
Zvolensky, & Bernstein, 2010), and the compensatory Internet use
theory would conceptualize PSU as an attempt to alleviate such nega-
tive emotion. Furthermore, intolerance of emotional distress has been
found related to PSU (Elhai, Levine, et al., 2018).

1.3. Research model and hypotheses

Our research model is depicted in Fig. 1.
All constructs were measured at baseline (Time 1) and approxi-

mately one month later (Time 2). Time 1 data were used for the pre-
dictor variable (intolerance of uncertainty), mediators (social and non-
social smartphone use), and covariate (gender), whereas Time 2 data
were used for the outcome variable (PSU). Intolerance of uncertainty
was specified with a direct effect to both social and non-social smart-
phone use, and these types of smartphone use had direct effects to PSU.
Intolerance of uncertainty (Time 1) was tested for indirect effects on
PSU (Time 2) through types of smartphone use (Time 1). Although PSU
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is often associated with female gender and younger age (Jeong, Kim,
Yum, & Hwang, 2016; Rozgonjuk, Rosenvald, Janno, & Täht, 2016; van
Deursen et al., 2015), these socio-demographic variables were not in-
cluded in the model. Because this study was conducted among college
students (see section 2.1. Sample and Procedure), there was relatively
little variability in age, and the sample was strongly biased towards
female participants; therefore, age and gender were not included in the
model as a covariates.1

Derived from empirical evidence and the theoretical framework (the
compensatory Internet use theory), the following hypotheses were
posed:

Previous studies have shown that PSU is a maladaptive coping be-
havior related to several transdiagnostic psychopathology constructs,
such as decreased distress tolerance (Elhai, Levine, et al., 2018), greater
emotion dysregulation (Hoffner & Lee, 2015), and rumination (Elhai,
Tiamiyu, et al., 2018). Thus, logically, intolerance of uncertainty (in-
versely related to distress tolerance; Laposa, Collimore, Hawley, &
Rector, 2015) and PSU should be related. This hypothesis fits with the
compensatory Internet use theory, as higher intolerance of uncertainty
is related to anxiety, and people may attempt to regulate such anxiety
with PSU. Intolerance of uncertainty is closely related to worry but also
to several anxiety disorders, such as generalized anxiety disorder, social
anxiety disorder, panic disorder, obsessive-compulsive disorder, and
depression (Carleton et al., 2012). Individuals may differ in the extent
of intolerance of uncertainty, with higher amounts of that trait poten-
tially leading to maladaptive coping with negative affect. Therefore,
our first hypothesis is as follows:

Hypothesis 1. Intolerance of uncertainty should be positively related to
levels of PSU.

Because intolerance of uncertainty may drive worry (Ladouceur
et al., 2000; Yook, Kim, Suh, & Lee, 2010), people with higher intol-
erance of uncertainty may experience higher social anxiety (Carleton
et al., 2010, 2012). Consequently, this mechanism may lead to social
withdrawal that could manifest in more frequent use of non-social
smartphone features. This hypothesis has some support from the lit-
erature where intolerance of uncertainty predicts social anxiety (Boelen
& Reijntjes, 2009). It has been found that non-social smartphone use is
associated with depression and anxiety symptoms (Elhai, Levine et al.,
2017). This hypothesis would be in accordance with the compensatory
Internet use theory, where intolerance of uncertainty may promote
excessive worry and anxiety and would be relieved by engaging in non-
social smartphone use. It should be noted that we do not expect intol-
erance of uncertainty to be related to social smartphone use, as it has
previously been shown that anxiety, a construct strongly related to
intolerance of uncertainty, was not related to social smartphone use

(Elhai, Levine et al., 2017). Based on this, the second hypothesis is:

Hypothesis 2. Intolerance of uncertainty should be positively related to
non-social smartphone use frequency.

Although research on the role of intolerance of uncertainty in ad-
dictive behaviors is scarce, one study found that intolerance of un-
certainty related to alcohol use for coping with negative emotions but
not for social motives (Kraemer et al., 2015). Because addictive beha-
viors may share an underlying mechanism (Brewer & Potenza, 2008;
Turel & Qahri-Saremi, 2017), these findings may also be replicated in
the context of PSU. Furthermore, studies have shown that non-social
smartphone use mediates relations between depression and anxiety
with PSU (Elhai, Levine et al., 2017). Because of the expected asso-
ciation between intolerance of uncertainty and anxiety, we propose the
following hypothesis:

Hypothesis 3. Non-social smartphone use should mediate relations
between intolerance of uncertainty and PSU severity.

This study has the potential to provide several novel insights.
Firstly, intolerance of uncertainty as a major driver of anxiety disorders
(especially generalized anxiety disorder) has not been investigated in
relation to problematic technology use. In this case, we investigate if
intolerance of uncertainty is related to PSU. Secondly, we will explore
how intolerance of uncertainty is related to non-social and/or social
smartphone use. Finally, we aim to demonstrate how the relationship
between intolerance of uncertainty and PSU may potentially be ex-
plained by the mediating effects of different smartphone use function-
alities (e.g., social vs non-social use). Because it has been shown that
intolerance of uncertainty has been increasing over the past decades,
with digital technology penetration being hypothesized to be associated
with these changes (Carleton et al., 2018), it is important to understand
the mechanism in the relationship. Our study may provide valuable
insight into this line of research. Furthermore, because we implement
repeated-measures research design, our study may provide a more re-
liable causal interpretation of the relationships between the constructs
of interest, because the measurement of predictors precedes the mea-
surement of the outcome variable (Cole & Maxwell, 2003; Gollob &
Reichardt, 1987).

2. Method

2.1. Sample and procedure

The study consisted of two measurement waves, using a sample of
college students from a large Midwestern U.S. University completing a
web survey. In the first measurement wave (Time 1), 302 students
participated for course research points. The second wave (Time 2) took
place approximately one month after Time 1. Of the 302 participants,
41 participants failed to complete the second wave. There were no
statistically significant group differences between participants who
completed vs. did not complete the second measurement wave on
scores of intolerance of uncertainty, social/non-social smartphone use,
and PSU.

The average time between the two waves among the effective
sample was 34.08 days (SD=6.74). The mean age was 19.73 years
(SD=3.52), and 76.9% (n= 200) were women. The vast majority of
participants were freshmen (n=150, 57.7%) or sophomores (n= 73,
28.1%). Most identified as Caucasian (n=214, 82.0%), African-
American (n=31, 11.9%), Asian (n=14, 5.4%, and/or Hispanic
(n= 14, 5.4%); these designations were not mutually exclusive. 53.6%
(n= 140) of participants worked part-time, 9.2% (n=24) full-time,
and 97 (37.2%) were unemployed.

2.2. Measures

The following instruments were administered at both data

Fig. 1. The hypothesized research model.

1 However, we did test a model where age and gender were included as a
covariates. There were minuscule differences between the model results from
Fig. 1 and model results with age and gender as additional covariates, but the
overall model fit, signs and magnitudes of coefficients and statistical sig-
nificance did not change significantly.
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collection waves:
Smartphone Addiction Scale-Short Version (SAS-SV; Kwon, Kim,

Cho, & Yang, 2013) was used to measure the levels of PSU. The scale
consists of ten items on a Likert scale ranging from 1= “strongly dis-
agree” to 6= “strongly agree”. We reworded the original, impersonally
stated items into first-person statements (e.g., “Missing planned work
due to smartphone use” to “I missed planned work due to smartphone
use”) as in Duke and Montag (2017). The SAS-SV measures smartphone
use-related health and social impairment, withdrawal, and tolerance
symptom severity. Examples of scale items include: “I feel impatient
and fretful when I am not holding my smartphone” and “I will never
give up using my smartphone even when my daily life is already greatly
affected by it”. Coefficient alpha of .91 is adequate (Kwon et al., 2013),
and the scale has been validated against other measures of problematic
internet and smartphone use (Kwon et al., 2013), self-reported smart-
phone use frequency (Lopez-Fernandez, 2017), and objectively mea-
sured smartphone use (Elhai, Tiamiyu, Weeks, et al., 2018). Cronbach's
alpha in this study was 0.91.

Social and Process Smartphone Use Scale (SPSUS; van Deursen
et al., 2015) measures two aspects of smartphone use: process/non-
social use of smartphones (e.g., productivity, entertainment), and social
smartphone use (e.g., communication, social networking). The scale
consists of 12 items using a Likert-type scale ranging from 1= “strongly
disagree” to 5= “strongly agree”. Example of items for non-social
smartphone use include: “I use my smartphone because it is en-
tertaining” and “I use my smartphone in order to stay up to date on the
latest news”, and for social smartphone: “I use my smartphone to
contact people through social media” and “I use my smartphone to call
other people”. Internal reliability for the 7-item process/non-social
smartphone use scale is adequate (alpha= .89), and is acceptable for
the 5-item social smartphone use subscale (alpha= .73). Previous work
has found this scale correlated with levels of PSU (Elhai, Hall et al.,
2017; Elhai, Levine et al., 2017). Coefficient alpha for the current
sample was .80 for non-social smartphone use, and 0.73 for social
smartphone use.

Intolerance of Uncertainty Scale-Short version (IUS-12; Carleton
et al., 2007) is a 12-item instrument measuring the extent of intolerance
of uncertainty, using a Likert scale ranging from 1= “not at all char-
acteristic of me” to 5= “entirely characteristic of me”. The IUS-12 is a
short form of the original 27-item Intolerance of Uncertainty Scale (IUS;
Freeston, Rhéaume, Letarte, Dugas, & Ladouceur, 1994). Although the
IUS-12 has two factors (seven items assessing prospective intolerance of
uncertainty and five items assessing inhibitory intolerance of un-
certainty), the use of the total summed score is common (Carleton et al.,
2007); in fact, a study by Renjan et al. (2016) has demonstrated that a
unidimensional factor structure had a better fit than the two-factor
solution. Example of items includes: “Unforeseen events upset me
greatly” and “When it's time to act, uncertainty paralyses me”. Internal
reliability is good (Cronbach's alpha= .91), and validity was supported
against other measures of depression and anxiety (Carleton et al., 2007)
and intolerance of uncertainty (Fergus & Carleton, 2016). Coefficient
alpha for the current sample was .93.

2.3. Analysis

About 5–10% of participants had nominal amounts of missing item-
level data (typically 1–2 items per scale). We used maximum likelihood
estimation with the expectation maximization algorithm (Graham,
2009) to estimate missing item-level data for each scale separately
before summing scale scores. We estimated bivariate correlations
among all study variables, using observed scale scores for the psycho-
logical measures.

We next conducted a one-factor measurement model for the SAS-SV
(Time 2) using confirmatory factor analysis (CFA). Weighted least
squares estimation with a mean- and variance-adjusted chi-square
(WLSMV) was used, treating SAS items as ordinal, involving a poly-
choric covariance matrix, and factor loadings using probit regression
(DiStefano & Morgan, 2014). Common benchmarks were used to assess
model fit: CFI≥ 0.90, TLI≥ 0.90, and RMSEA≤ 0.08 (Hu & Bentler,
1999).

We then used the same estimation method to compute a structural
equation model (SEM) where the latent SAS-SV variable (from Time 2
data) was treated as the outcome, IUS-12 scores represented the ob-
served predictor, and social and process smartphone use subscale scores
were observed mediators. We modelled only the SAS-SV as a latent
variable in order to preserve statistical power. In order for variables to
have caused the outcome, the causal variables have to precede the
outcome variable in time (Cole & Maxwell, 2003; Gollob & Reichardt,
1987). Therefore, using the Time 2 SAS-SV should provide more cred-
ible causal interpretation of results, as other variables precede the
outcome variable in about one month's time. Indirect effects in med-
iation testing were assessed by computing cross-products of direct path
coefficients. We used the Delta method for estimating the standard
errors of indirect effects, with 1000 bootstrapped replications im-
plemented (MacKinnon, 2008).

3. Results

3.1. Descriptive statistics and correlations

The descriptive statistics and variable correlations are shown in
Table 1.

The Time 2 PSU observed scale score was significantly correlated
with both non-social and social smartphone use, and to intolerance of
uncertainty. In addition, intolerance of uncertainty was positively cor-
related with non-social smartphone use, but was not associated with
social smartphone use.

3.2. SEM and mediation analysis

CFA showed that the unidimensional SAS-SV had adequate fit, χ2

(35, N=261)=203.14, CFI= 0.96, TLI= 0.95, RMSEA=0.14 (90%
CI: 0.12 to 0.15). The standardized factor loadings were consistently
high, ranging from 0.69 to 0.89.

SEM showed that this model had adequate fit, χ2 (64,
N=261)= 365.19, p < .001, CFI= 0.92, TLI= 0.91, RMSEA=0.13
(90% CI: 0.12 to 0.15). The results of this model along with standar-
dized coefficients and bootstrapped standard errors are presented in

Table 1
Descriptive statistics and Pearson product-moment correlations.

Variable Min Max M SD Skew Kurt 1 2 3

1. PSU (Time 2) 10 60 26.31 10.35 .478 -.188 –
2. Non-social use 10 35 26.61 4.41 -.678 1.336 .313∗∗∗ –
3. Social use 10 25 21.36 2.95 -.962 1.102 .147∗ .501∗∗∗ –
4. IU 12 60 32.14 10.83 .316 -.388 .267∗∗∗ .229∗∗∗ .040

Notes. N = 261. PSU = problematic smartphone use; IU = intolerance of uncertainty; Skew = skewness; Kurt = kurtosis. ∗p < .05, ∗∗p < .01, ∗∗∗p < .001.
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Fig. 2.
The results show that intolerance of uncertainty was significantly

associated with non-social smartphone use. Finally, mediation analysis
showed that non-social smartphone use mediated the relationship be-
tween intolerance of uncertainty and PSU, β=0.17, SE= 0.06,
z= 2.91, p= . 004. Social smartphone use did not mediate the re-
lationship between intolerance of uncertainty and PSU (p > .05).

4. Discussion

The aim of the current study was to investigate associations between
intolerance of uncertainty, types of smartphone use, and levels of PSU.
We were especially interested in examining whether social and/or non-
social smartphone use mediated the relationship between intolerance of
uncertainty and PSU.

4.1. Primary findings

We tested three hypotheses. Specifically, we expected that intoler-
ance of uncertainty correlates positively with PSU (H1) and non-social
smartphone use (H2), and that non-social smartphone use mediates the
relationship between intolerance of uncertainty and PSU (H3).

First, we found that intolerance of uncertainty and PSU were posi-
tively correlated. This finding supports our first hypothesis, previous
empirical findings, and is in accordance with the compensatory Internet
use theory. Previous studies revealed higher levels of PSU are related to
lower distress tolerance (Elhai, Levine, et al., 2018), poorer emotion
regulation (Hoffner & Lee, 2015), and greater rumination (Elhai,
Tiamiyu, & Weeks, 2018). It makes sense that higher intolerance of
uncertainty would be related to more PSU, as intolerance of uncertainty
is related to decreased distress tolerance and increased anxiety, which
also drive higher smartphone engagement. However, it should be noted
that the advantage of the current study is that we used a repeated-
measures study design, potentially overcoming one of the more
common limitations in previous studies where cross-sectional study
designs have been implemented.

Supporting the second hypothesis, intolerance of uncertainty was
positively associated with non-social smartphone use. One possible
explanation would be that increased intolerance of uncertainty is as-
sociated specifically with social-related anxiety. In fact, more social
anxiety is related to higher levels of intolerance of uncertainty (Boelen
& Reijntjes, 2009; Carleton et al., 2010, 2012). Social anxiety is asso-
ciated with social avoidance (Schwaber, 2006), and in social contexts -
driven by intolerance of uncertainty - could result in preference of non-
social smartphone use. In fact, social anxiety is related to PSU
(Wolniewicz, Tiamiyu, Weeks, & Elhai, 2018) and increased non-social
smartphone use (Elhai, Levine et al., 2017). In the compensatory In-
ternet use theory, more non-social smartphone use could be a mani-
festation of maladaptive coping with negative affect and its related
cognitions (e.g., worry) that could be caused by propensity to higher

intolerance of uncertainty. In addition, it may be that individuals who
have higher levels of intolerance of uncertainty may use their smart-
phones in non-social ways in order to seek information to quell their
uncertainty about things in general. In other words, higher levels of
intolerance of uncertainty may be associated with spending a lot of time
searching for information and answers to increase certainty in one's
uncertain world, and the excessive time spent on one's smartphone may
reflect in higher levels of PSU.

The mean score for the sample on social smartphone use was 21.36
(Table 1). The Social Use scale we used ranges in scores from 5 to 25,
indicating that the average participant engaged in fairly high levels of
social smartphone use. Interestingly, social smartphone use was not
associated with intolerance of uncertainty. While studies have linked
social media use to psychopathology (Lin et al., 2016; Primack et al.,
2017; Woods & Scott, 2016) and PSU (Lopez-Fernandez et al., 2017),
there is also evidence for the prominent role of non-social smartphone
use in these relationships (Elhai, Hall et al., 2017; Elhai, Levine et al.,
2017). A potential explanation for these findings is that social smart-
phone use measured in this study mainly inquired about the partici-
pants' use of smartphone related to active social activities (e.g., items
like “I use my smartphone to interact with people” and “I use my
smartphone to call other people”). While social media platforms may
not necessarily require active engagement in the environment (e.g.,
people on Facebook do not need to create content or react to others'
posts in order to consume social media on that platform), allowing for
passive media consumption (Frison & Eggermont, 2015), the scale we
used for measuring social smartphone use indicated the levels of social
activity that were facilitated via smartphone use. In addition, the item
regarding social media use via smartphone (“I use my smartphone to
contact people through social media”) queried active social behavior.
We do acknowledge, however, that social networking sites and other
applications on one's smartphone may have both social and non-social
functionalities. The interplay between these utilities ought to receive
further attention in future studies. In addition to investigating how
social and non-social features are related to psychopathology, levels of
activity should also be investigated. For instance, it has been shown
that more passive behavior on social networking sites (e.g., browsing
other users' profiles) is linked to psychopathology (Gerson, Plagnol, &
Corr, 2017).

We also tested a mediation model where we hypothesized that non-
social smartphone use would mediate relations between intolerance of
uncertainty and PSU severity. Results supported this hypothesis.
Although intolerance of uncertainty and PSU were correlated, non-so-
cial smartphone use accounted for that relationship. Therefore, people
who experience more intolerance of uncertainty used more non-social
smartphone features, in turn reflecting higher levels of PSU. Intolerance
of uncertainty may cause anxiety and worry, which could lead to so-
cially avoidant behavior using one's smartphone usage. Additionally,
the relevance of non-social smartphone use in the results of this study
may reflect information seeking behavior in order to decrease the un-
certainty in one's life. This potential mechanism is to some extent
supported by literature, as social anxiety and poor emotion regulation
are linked to higher levels of PSU (Enez Darcin et al., 2016; Hoffner &
Lee, 2015; Wolniewicz et al., 2018). Similarly, use of non-social
smartphone features is linked to more PSU (Elhai, Hall et al., 2017;
Elhai, Levine et al., 2017). As discussed above, these findings would
also fit with the compensatory Internet use theory, as individual dif-
ferences in intolerance of uncertainty could drive compensatory en-
gagement with smartphones, and PSU could be a result of maladaptive
coping.

4.2. Contribution, limitations, and future directions

Although recent years have seen the emerging literature regarding
PSU and psychopathology constructs, this is the first study to examine
relationships between intolerance of uncertainty, types of smartphone

Fig. 2. The mediation model with standardized coefficients and bootstrapped
standard errors. Notes. N = 261. Standardized coefficients with bootstrapped
standard errors are presented. Estimation method: weighted least squares with
mean- and variance adjusted chi-square (WLSMV). ∗∗∗p < .001.
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use, and levels of PSU. We proposed a novel model where non-social
smartphone use mediates relations between intolerance of uncertainty
and PSU, thus extending knowledge in the field of PSU. In addition, our
study included a repeated-measures design, which is novel in the study
of PSU, and we provide evidence that the constructs used in this study
predicted PSU levels one month later. This study has also potential
clinical implications. Previous findings demonstrate that higher levels
of PSU are associated with several types of psychopathology, such as
lower distress tolerance (Elhai, Levine, et al., 2018), increased rumi-
nation (Elhai, Tiamiyu, & Weeks, 2018), and emotion dysregulation
(Hoffner & Lee, 2015). This study revealed that PSU is related to in-
tolerance of uncertainty, a key factor in mood and anxiety disorders.
Insight into one's PSU patterns could be an indicator of hardships as-
sociated with and reflected in transdiagnostic psychopathology con-
structs. It could be that, as is the case with reassurance seeking in health
anxiety/hypochondriasis (Asmundson, Abramowitz, Richter, &
Whedon, 2010; Wearden, Perryman, & Ward, 2006), non-social
smartphone use provides those with high levels of intolerance of un-
certainty immediate relief on concerns in the short term but, in the
longer term, reinforces their PSU.

Because the results suggest that problematic technology use may be
a reflection of higher intolerance of uncertainty, and that non-social
smartphone use may be a maladaptive coping strategy for handling
uncertainty, clinical intervention may be a potential practical implica-
tion of this study. Problematic technology use may be a manifestation
of an underlying psychological discomfort, and minimizing the use of
these technologies may be helpful in reducing smartphone use, but may
not reduce the levels of intolerance of uncertainty. Therefore, results of
this study may have relevance to intervening with one's high levels of
intolerance of uncertainty. Our study indicates the potential of lower
levels of intolerance of uncertainty being related to less problematic
technology use behavior. Cognitive-behavioral interventions could be
useful for lowering levels of intolerance of uncertainty (Ladouceur
et al., 2000), and by lowering mood- and anxiety-related symptoms,
also according to the compensatory Internet use theory, there should be
less motivation for PSU as a result. These findings may also extend to
other settings and to different professionals. For example, instead of
banning technology use, teachers may find it more helpful to advise
their students about the potential reasons for problematic technology
use (as is intolerance of uncertainty in this study) and about the pos-
sibilities to cope with these factors. A drop in productivity at workplace
may be explained by psychological hardships that could manifest in
excessive technology use, and supervisors could promote more mental
health awareness among their employees. Understanding that proble-
matic technology use could be a manifestation of some underlying
psychological disorder may help with understanding why some people
are not fully engaged in their tasks and opt for excessive technology use
behavior instead.

Some limitations also need to be addressed. First, we used a college
student sample, with little age variability, limiting generalizability of
findings to the wider population, and the sample was biased toward
female gender. Second, we used self-report measures that may in-
troduce bias and inaccuracies in responses. In addition, we only mod-
elled two time points. Although this is an improvement in PSU research,
as most of the studies tend to be cross-sectional, it would be necessary
to include more measurement points in order to establish higher va-
lidity for causal interpretation. Finally, although intolerance of un-
certainty has been shown to be a central factor in anxiety disorders
(Carleton, 2016), our study did not include an anxiety measure to
further validate our results in the light of anxiety and our theoretical
reasoning. Future research should address these limitations by studying
a more representative sample and by implementing more objective,
behavioral measures of smartphone use, because the relationships with
different psychological constructs may depend on smartphone usage
patterns (Elhai, Tiamiyu, Weeks, et al., 2018; Rozgonjuk, Levine, Hall,
& Elhai, 2018; Wilcockson, Ellis, & Shaw, 2018).

5. Conclusion

We investigated how intolerance of uncertainty, a transdiagnostic
psychopathology construct, was associated with types of smartphone
use and levels of PSU. Although intolerance of uncertainty was corre-
lated with levels of PSU and non-social smartphone use, it was not
associated with use of social smartphone use. Furthermore, we found
that non-social smartphone use mediated the relationship between in-
tolerance of uncertainty and PSU. These findings suggest that intoler-
ance of uncertainty could be related to non-social smartphone use that,
in turn, drives PSU.
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