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Abstract

The present study was aimed to examine the relationship of sleep—smartphone hygiene, i.e.,
the habits of smartphone usage in the sleep environment, with the sleep quality among
students and whether this relationship could be explained through psychological factors. A
total of 467 Israeli college students were investigated using five questionnaires, namely,
Sleep—Smartphone Hygiene Questionnaire (SSHQ), Fear of Missing Out Scale (FOMOs), Trait
Anxiety Inventory (STAI-T), Pittsburgh Sleep Quality Index (PSQl), and a demographic
guestionnaire. The analysis of the collected data revealed positive Pearson’s correlations
among sleep—smartphone hygiene, trait anxiety, FOMO, and sleep quality. The moderation
model was observed to be significant, indicating that sleep quality could be predicted on the
basis of sleep—smartphone hygiene, trait anxiety, and FOMO, which together explained 20%
of the variance in the sleep quality. Trait anxiety was determined to be a moderating variable
for the relationship between sleep—smartphone hygiene and sleep quality. These findings
have important implications in understanding the effect of smartphone usage on sleep quality
and developing an evidence-based intervention program for the students to cope with the
impairment of sleep quality. It is recommended to design interventions that would address
both behavioral change and the intrapersonal aspects such as trait anxiety.
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1. Introduction

The usage of mobile information and communication technologies such as smartphones has
accelerated in recent years [1]. According to a previous study, the phone companies shipped a total
of 347.4 million smartphones across the world in the first quarter of 2017 alone [2]. Smartphones
are popular devices that are capable of processing more information compared to all the other
technologies. The various features offered by smartphones include games, access to the internet
and social networks, messaging, videos, multimedia, and navigation, besides the most basic feature
of communication [3]. The accelerated usage of smartphones in recent years and the stupendous
number of features offered by these phones have raised concerns regarding the effect of
smartphones on the health of their users [4]. Numerous adverse health outcomes associated with
high smartphone usage have been identified, including obesity, decreased physical activity [5], and
reduced well-being, which are reflected in the increased levels of anxiety and depression [6, 7] and
poor sleep quality [1, 5].

The present study was aimed to explore the relationship between general smartphone usage,
particularly at bedtime, and sleep quality among college students. Previous studies have reported
distinctly different impacts of high and low smartphone usage on sleep quality in terms of sleep
disturbance and daytime dysfunction [3] or in terms of sleep onset latency and bedtime [8]. All such
studies reported poor sleep quality among the students (adolescents as well as young adults) who
are high-intensity smartphone users.

It is common for college students to have a poor sleep and inconsistent sleep schedules, with
nearly 60% of them complaining of poor sleep quality and close to 70% reporting sleep
disordersproblems [9]. Insufficient sleep duration is reported to occur in epidemic proportions
among college students [10], resulting in a substantial impact on their physical as well as emotional
well-being [11]. The various factors leading to insufficient sleep and irregular sleep schedules are,
in part, social and academic stress, long and hectic work hours, freedom from parental supervision,
and extensive consumption of tobacco, alcohol, and drugs, among others [11, 12]. All these factors
cause an increase in the behaviors that impair sleep quality and are collectively designated as poor
sleep hygiene. Sleep hygiene is defined as a set of behaviors and environmental variables associated
with the promotion of proper sleep [13], including modifiable environmental factors (such as a
conducive sleep environment), scheduling (for example, a consistent sleep-wake schedule), sleep
practices (including a predictable bedtime routine), and physiological factors (such as reduced
caffeine consumption) [14, 15]. Poor sleep hygiene practices, including the increased usage of
technology (such as a computer, smartphone, tablet, etc.) are reported to increase the risk of sleep
problems among college students [14, 16].

In the present study, the usage of technology in the sleep environment [and during sleep time]
is referred to as sleep—smartphone hygiene (SSH). SSH, in definition, refers to the behavioral traits
of smartphone usage at bedtime in the sleep environment (such as sleeping with the smartphone
next to the bed, using a smartphone while in bed prior to sleeping), in the middle of the night (such
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as using the smartphone during the night and responding to the stimuli from various applications,
such as email, Facebook, or Instagram), or in the early morning (such as using the smartphone as an
alarm clock, checking the smartphone just after waking). The literature reports that students, in
general, have poor sleep hygiene, based on which the first hypothesis of the present study was
formulated, which was that the student participants would report a high prevalence and high
intensity of the behaviors characterized by increased smartphone usage in the sleep environment
(i.e., they would report a poor SSH). The second hypothesis was based on the earlier findings of the
presence of smartphones in the bedroom (specifically at bedtime) affecting sleep [1, 8, 17], and
accordingly, an association between poor SSH and reduced sleep quality was hypothesized.

In a recent study, Rogers and Barber [16] examined the effect of an educational intervention on
the usage of sleep-disruptive technology and sleep hygiene, and no direct effects were reported,
which raised questions regarding the mechanisms operating behind the association between SSH
and sleep quality. The present study was aimed to address this concern by exploring the moderate
effect of psychological factors on this association. The literature highlights two possible
psychological factors in this regard: trait anxiety and FOMO (fear of missing out). Trait anxiety refers
to a tendency to experience negative emotions, such as fears, worries, and anxieties, in numerous
situations. It manifests as repeated fears and even physiological symptoms. Two levels of trait
anxiety could be considered: the perceptual level, at which there is a tendency to attend closely to
threatening stimuli, and the cognitive level, at which the tendency is to interpret stimuli in a
threatening manner [18]. Studies have reported an association between trait anxiety and poor sleep
[19]. On the other hand, FOMO is a general state of anxiety associated with missing out on
rewarding experiences — a fear that is often the driving force behind social media engagement [20].
Individuals with FOMO report feeling disconnected and missing out on “something” in the absence
of access to online communication and, therefore, prefer having their smartphones within reach
even at night [21]. Such feelings render it quite difficult for the highly-invested users to disengage
from social media even at bedtime [18].

In this context, the present study proposes a theoretical moderation model, which asserts that
psychological factors (such as trait anxiety and FOMO) serve as moderators between the behavioral
habits of smartphone usage in the sleep environment and the individual’s sleep quality (refer to
Figure 1).
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Figure 1 The proposed moderation model for the association between SSH and sleep
quality.

Ethics Statement

The complete protocol of the present study was approved by the College Institutional Review
Board (EMEK-YVC 2019-15). The completion of the questionnaires was voluntary, and the
respondents were informed that they could withdraw their participation from the study at any point
if they wished to.

2. Materials and Methods
2.1 Participants

The study participants were 467 Israeli college students (316 women and 141 men; age 19-30
years; Mage = 25 years, SDage = 2.69 years). The inclusion criterion for participation in the present
study was to be a student without any health problems, while the exclusion criterion was to be a
student who was a parent or pregnant. The questionnaires completed by three participants were
excluded from the final analysis.

2.2 Tools
2.2.1 Demographic Questionnaire

The participants were requested to provide information regarding their age and gender by means
of this questionnaire.

2.2.2 Sleep—Smartphone Hygiene Questionnaire (SSHQ)

The SSHQ is a Likert-type scale containing ten items, which are an elaboration of the two items
in the Sleep Hygiene Index, with scores for each item ranging from 1 (never) to 5 (always) [22]. The
ten items explore the habits associated with smartphone usage in the sleep environment prior to
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bedtime, in the middle of the night, or in the early morning (such as “I sleep with my smartphone in
the bedroom”, “I scroll through my smartphone while in bed before | fall asleep”, and “I check my
smartphone during the night”). The fourth item in the SSHQ involved reverse coding, and its score
was, therefore, reversed prior to calculating the total score. The scores obtained for all ten items in
the scale were averaged to obtain the final SSH score for each participant, with a high score
indicating high prevalence and high intensity of the behaviors characterized by increased
smartphone usage in the bedroom environment (i.e., indicating a poor SSH). Content validity for the
SSHQ was established through a process of expert feedback and revision which included: (1)
development of an initial item set; (2) evaluation of the initial item set by an expert panel (students
and sleep experts); (3) revision of the initial item set based on evaluation and feedback; and (4) a
final expert evaluation of the revised items. Cronbach’s alpha reliability coefficient for the current
sample was determined to be 0.71.

2.2.3 The Fear of Missing Out Scale (FoMOs) [20]

The FOMOs contains ten items (such as “I get anxious when | do not know what my friends are
up to”) on a 5-point Likert-type scale, with scores for each item ranging from 1 (not at all true for
me) to 5 (extremely true for me). The scores of all ten items were averaged to generate the overall
score ranging from 1 to 5. Cronbach’s alpha reliability coefficient for the current sample was 0.85.

2.2.4 The State-Trait Anxiety Inventory (STAI-T) [23]

STAI-T is a 20-item inventory that measures trait anxiety as a psychological construct involving
self-perception, the higher-order factors of negative emotional experience, and the sub-factors of
depression and anxiety. Each item is weighted equally on a 4-point scale, with scores for each item
ranging from 1 (not at all true for me) to 3 (extremely true for me). The potential scores for the STAI-
T range from 20 to 80. Cronbach’s alpha reliability coefficient for the present sample was 0.93.

2.2.5 Pittsburgh Sleep Quality Index (PSQl) [24]

The PSQl is a self-reporting questionnaire that assesses sleep quality and sleep disturbance over
a one-month period. It contains 19 items categorized into seven equally-weighted subscales, namely,
subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances,
use of sleep medication, and daytime dysfunction, on a 4-point scale of 0 to 3 (0 = no difficulty; 3 =
severe difficulty). The scores of all subscales are summed up to generate a global PSQl score ranging
from 0 to 21, with the higher scores indicating worse sleep quality. In the present study, only the
total PSQI score was used, which provides an overall summary of the participants’ sleep experience
and sleep quality during the previous two weeks, with the higher scores indicating poorer sleep
quality. A total score of over 5 implies the presence of sleep disturbances. Cronbach’s alpha
reliability coefficient for the seven subscale scores was 0.73.

2.3 Procedure

After obtaining the approval for the present research from the college’s ethics committee, the
participants for the study were recruited on social networks and the college campus. The
participants completed the online questionnaires anonymously using Google Forms. All the
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guestionnaires were translated from English to Hebrew by a person, and the completed
guestionnaires were translated back to English by a different person.

2.4 Data Analysis

The assumptions regarding normal distribution for all the study variables were verified via
skewness and kurtosis with values ranging between —1 and +1 considered to fulfill the requirements
for using the parametric testing methods [25]. The means, standard deviations, and Pearson’s
correlations among the study variables were analyzed. The differences between the male and
female students were analyzed using t-tests. These statistical analyses were performed to ensure,
prior to running the statistical model, that the variance in these variables did not exert any effect
on the dependent variable. The proposed model was evaluated by conducting a moderation analysis
using SPSS 24 (IBM, Chicago, IL, USA) with the PROCESS macro Model 2 [26]. SSHQ was used as the
independent variable, and sleep quality (PSQl) was used as the dependent variable. Trait anxiety
and FOMO were the potential moderators, and age was used as the covariate. Moderation is
considered to have occurred when the interaction between the independent variable and the
potential moderator is statistically significant.

2.4.1 Sample Size Considerations

A sample size of 425 students was required to allow the evaluation of the proposed ANCOVA
model (three independent variables plus two interaction effects) with the inclusion of a maximum
of two covariates at 95% confidence and 80% power, assuming a small-to-medium effect size (f =
0.175). With the assumption that 10% of the questionnaires would be unusable, a total of 468
students were recruited. GPower program was used for computing the sample size [27].

3. Results
Table 1 The means, standard deviations, and ranges for each variable.

Variable Mean (SD) Min  Max  Skewness Kurtosis
Smartphone—sleep hygiene (SSHQ) 3.82 (0.60) 1.8 5.0 -0.52 0.06
Fear of missing out (FOMOs) 2.59 (0.70) 1.0 4.9 0.29 -0.13
Trait anxiety (STAI-T) 39.75(11.80) 20 77 0.63 0.8
Sleep quality (PSQl) 5.21(2.80) 1 17 0.84 0.91

3.1SSHQ

According to the first hypothesis, the students were expected to report poor SSH habits of
smartphone usage in the sleep environment. Table 2 presents the frequency (%) of each response
to every question.
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Table 2 Frequency (%) of each response to every question in the SSHQ*.

Never Rarely Sometimes Often Always

Sleeps with smartphone in the bedroom 1.7 1.5 1.3 4.8 90.7
Sleeps with smartphone next to the bed 7.6 6.1 8.1 14.1 63.6
Leaves smartphone on overnight 1.3 1.7 2.6 5.4 88.9
Switches smartphone to silent mode at night 23.6 11.3 15 9.5 40.6
Scrolls through smartphone in bed before going to sleep 3.5 8.5 14.8 23 50.0

Scrolls through smartphone in bed after turning off the

10.2 14.5 18 245 32.8
lights (having already planned to go to sleep)
Checks smartphone during the night 20.8 23.0 21.5 18.7 16.1
Responds to one of the following applications:

. . . 34.5 26.9 21.5 8.2 8.9

email/Facebook/Instagram during the night
Uses smartphone as an alarm clock 9.0 1.7 1.7 4.3 91.3
Checks smartphone first thing on waking up 2.2 4.8 16.7 29.5 46.9

Note. “The mode response to each of the items is presented in bold font.

As indicated in Table 2, the students reported poor SSH. Most of the students (90.7%) reported
sleeping along with their smartphones inside their bedrooms, with 88.9% of the students having the
smartphones switched on throughout the night, 50% of the students scrolling through the
smartphones while in bed prior to falling asleep, and 32.8% of the students scrolling through the
smartphones after turning off the lights. While 43.8% of the students reported having “never used”
or “rarely used” their smartphones during the night, 34.8% reported that they “often” or “always”
check their smartphones during the night. In addition, 76.4% of the students reported that checking
their smartphone was the first thing they do upon waking up.

3.2 The Moderation Model

No statistically significant difference was observed between the genders in terms of sleep quality,
as reflected in the total score of the PSQl (tuasg) = 0.6, ns.). Therefore, all participants were
subsequently treated as a single group. Pearson’s correlations among the study variables were
consistent with the expected associations based on the proposed model; SSH, FOMO, and trait
anxiety correlated positively with sleep quality (Table 3).
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Table 3 Pearson’s correlations among the study variables.

Sleep—smartphone hygiene Fear of missing out Trait anxiety
(SSHQ) (FOMOs) (STAI-T)

Fear of missing out 0.15%*

(FoMOs)

Trait anxiety 0.14%** 0.51%**

(STAI-T)

Sleep quality (PSQl) 0.17** 0.18** 0.43**

Note. **p < .01 after Bonferroni adjustment.

A multiple regression test was performed to predict the sleep quality (PSQI) based on SSHQ, STAI-
T, and FOMOs, and the main findings are presented in Table 4.

Table 4 Multiple regression for sleep quality as a function of SSH, trait anxiety, and

FOMO.
Predictive variable B t R? F (3,457)
FOMO 0.024 0.50
Sleep-smartphone hygiene (SSH) 0.108 2.52**

Note. **p < .005, *** p <.001.

As indicated in Table 4, the regression model was significant (F 4, a56) = 29.59, p < 0.001), i.e., the
sleep quality (measured in terms of the PSQI) could be predicted on the basis of trait anxiety
(measured using STAI-T), FOMO (measured using the FOMOs), and SSH (measured using the SSHQ),
and these three variables explained 20% of the total variance in the sleep quality. Table 4 also
reveals that the trait anxiety variable offered the highest unique contribution (B = 0.45, p < 0.001),
followed by SSH (SSHQ; B = 0.12, p < 0.005). On the contrary, the contribution of FOMO to the
prediction of sleep quality was not significant (B = —0.01, B = 0.06, ns).

On the basis of these findings, a model that included SSH as the independent variable and sleep
quality as the dependent variable was evaluated, considering psychological factors (trait anxiety and
FOMO) as the moderators and age as the covariate. It was revealed that the model was significant
(F(s, 455)= 24.92, p < 0.001) and explained 21.5% of the variance. The correlation between SSH and
sleep quality was observed to be positive and significant (b = 0.6587, SE = 0.2070, p < 0.002) and
conditional on the mean anxiety (mean-centered anxiety = 0). The correlation between trait anxiety
and sleep quality was also positive and significant and conditional on mean SSH (b = 0.1076, SE =
0.0120, p < 0.001). Trait anxiety was observed to be a statistically significant moderator of the
relationship between SSH and sleep quality (F(1, 455) = 5.24, p < 0.02). The interaction between SSH
and trait anxiety explained 0.9% of the variance in sleep quality. At low levels of trait anxiety (-1
SD), the relationship between the sleep quality and the SSH was positive although insignificant. At
the median and high levels of trait anxiety, the relationship between the sleep quality and the SSH
was positive and also significant. FOMO did not exert a statistically significant effect (t(455) = -1.21,
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p > 0.23) on sleep quality (conditional on the mean anxiety) and was, therefore, not a moderator of
the relationship between SSH and sleep quality (F(1, 455) = 1.72, p > 0.19).

4, Discussion

The present study was aimed to examine the association of the behavioral habits of smartphone
usage in the sleep environment (SSH) with the sleep quality among college students and explore
whether the psychological factors moderate this association. The results partially confirmed the
research hypotheses formulated in the present study. It was revealed that these habits were indeed
associated with sleep quality and that this association was moderated by the psychological factor
trait anxiety, although not by the other one, i.e., FOMO.

4.1 SSH Behavioral Habits in the Sleep Environment

SSH refers to the behaviors such as using a smartphone prior to bedtime, during the night, and
in the early morning after waking up [13, 28]. The first hypothesis of the present study was that the
students would report a poor SSH, i.e., a high prevalence and high intensity of the behaviors
characterized by increased smartphone usage in the bedroom. This hypothesis was confirmed by
the overall mean of the SSHQ index, which revealed that most of the participants reported this
behavior. In addition, an individual examination of each of the items in the combined SSHQ index
revealed that in all items, the students had reported behavioral habits that reflected a poor SSH.
Most of the students reported sleeping along with their smartphone inside the bedroom, close to
their bed, and using the smartphone while in bed prior to falling asleep. Moreover, most students
reported that checking their smartphones was the first thing they did after they woke up. The
percentage of the students reporting smartphone usage during the night was low.

The findings of the present study were consistent with those of the other previously-reported
studies that examined the SSH behavioral habits among the students [16, 29, 30]. For instance, in a
study examining student athletes [31], 70.2% of the participants reported scrolling through their
smartphones after switching off the lights. The findings of this, as well as other published studies,
reveal that students demonstrate a poor SSH.

4.2 The Moderation Model

The moderation model proposed in the present study, as stated earlier, utilized psychological
factors (trait anxiety and FOMO) to moderate the relationship between the SSH behavioral habits
and sleep quality.

As expected, the correlation among the study variables was significant although weak. This weak
correlation could be explained by the difference between the measurements of sleep-related
behaviors and those of sleep-related attitudes and feelings [32]. However, this finding further
reinforces the important role of the moderation model in explaining the dynamics of the association
among the variables; and indeed, the model explained 21.5% of the total variance in the sleep
quality. A positive relationship was observed between the SSH and the sleep quality, which was
significantly conditioned by trait anxiety and not by FOMO. The interaction between the SSH and
the trait anxiety explained 0.9% of the variance in the sleep quality. At the median and high levels
of trait anxiety, the association between the sleep quality and the SSH was positive and significant.
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In contrast to the second hypothesis of the present study, FOMO was not a significant moderator.
It could be that FOMO characterizes the adolescents more than the young adult student population
that was examined in the present study. Owing to the characteristics of life in Israel, most of the
undergraduate students in Israel are older compared to their counterparts in the United States or
Europe, and are, to a large extent, far from adolescence. Adolescences are known to use social
networks much more than young adults for communicating with their peers, expressing their
belonging, self-assertion, popularity, and seeking social support. The social media applications
target these adolescents and encourage them to remain online constantly, and this intensive usage
of social networks becomes a source of stress accompanying by FOMO [33]. Therefore, it is
recommended to extend the present study with the inclusion of the adolescent population in future
research.

Since all the SSH measures demonstrated an intense usage of smartphones in the sleep
environment, it is reasonable to assume that the impairment of sleep quality cannot be explained
by these behavioral habits alone. The fact that a psychological factor, named trait anxiety, was
observed to moderate the relationship between behavioral habits and sleep quality is important.
The presence of a smartphone inside the bedroom does not necessarily affect the sleep quality,
although sleep quality is impaired in the case where the individuals are afflicted with trait anxiety
and also keep their smartphones close to their beds. This finding is consistent with those of the
other studies that have previously reported trait anxiety [3, 18] to be associated with intense
smartphone usage in the sleep environment and with various other measures of sleep [8].

4.3 Limitations

Although the present study revealed certain important findings, it also has certain limitations.
First, the results were based on self-reporting questionnaires translated to Hebrew for
comprehension by the students. Previous studies have already discussed the gap between the
subjective reporting of sleep quality and its objective measurement [12]. Moreover, the study was
conducted by means of a web-based survey, which is subject to self-selection. Therefore, it is
recommended that future studies employ objective measurements (actigraphy) to assess sleep
quality. Second, the study employed a new questionnaire for measuring the SSH, and even though
the content validation process for the questionnaire was adequate, further research is required to
establish its validity. Third, the present study did not address the diversity of the participants. The
students from different locations and social structures, such as different race/ethnicity, nativity
status, and social class, might exhibit different SSH habits, and their sleep quality may vary
accordingly. Future studies should explore whether individual circumstances and social locations of
the participants serve as risk factors or protective and resilience factors for sleep quality.

5. Conclusions

The findings of the present study have important implications for understanding the effect of
smartphone usage on sleep quality and, accordingly, develop an evidence-based intervention
program for students. An understanding of the association between the SSH and the sleep quality
among students would be beneficial to those seeking effective practices to cope with the
impairment of sleep quality. The recommendations for behavioral change suggested in certain
educational programs encourage sleep hygiene in regard to smartphones [34], although this alone
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would not be sufficient as simply removing the smartphones out of the bedroom would not
necessarily improve sleep quality. Therefore, it is emphasized that the recommendations should
also address intrapersonal aspects, such as trait anxiety, and should, accordingly, incorporate
behavioral changes that encourage a hygienic sleep environment (which, of course, also includes
removing the smartphones from the bedroom) and the techniques for reducing anxiety such as CBT
[35] or mindfulness [36].

It is noteworthy that the concept of sleep—smartphone hygiene (SSH) is fairly recent. In the
present study, SSH was used as a continuous variable, considering that a high score would reflect a
high prevalence and a high intensity of smartphone usage in the sleep environment. However, it is
important to continue investigating whether it is possible to identify the subgroup that has a poor
SSH and whether the characteristics of this subgroup are different from the subgroup that has a
good SSH.
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