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Objectives: Sleep problems related to technology affect college students through several potential mecha-
nisms including displacement of sleep due to technology use, executive functioning abilities, and the im-
pact of emotional states related to stress and anxiety about technology availability.
Design: In the present study, cognitive and affective factors that influence technology usagewere examined
for their impact upon sleep problems.
Participants and measurements:More than 700 US college students completed an online questionnaire ad-
dressing technology usage, anxiety/dependence, executive functioning, nighttime phone usage, bedtime
phone location, and sleep problems.
Results: A path model controlling for background variables was tested using the data. The results showed
that executive dysfunction directly predicted sleep problems as well as affected sleep problems through
nighttime awakenings. In addition, anxiety/dependence increased daily smartphone usage and also in-
creased nighttime awakenings, which, in turn, affected sleep problems.
Conclusions: Thus, both the affective and cognitive factors that influence technology usage affected
sleep problems.
© 2016 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
The National Sleep Foundation recommends that young adults of
college age get between 7 and 9 hours of sleep per nightwith a caveat
that 6 hours may be appropriate.1 Studies have shown that college
students are falling short of this recommendation.2–4 A longitudinal
study tracking Canadian university students from 2005 to 2009
found that the mean sleep hours ranged from 6.72 to 6.93 hours per
night with a strong link between later bedtime and lower grade
point averages.5 According to this study, “A 14-min average delay in
bedtime translated into a one letter-grade drop” (p. 20). The current
study examines an explanatory model for sleep problems that in-
cludes affective and cognitive components as well as daily and night-
time technology use.

Technology use and sleep displacement

Numerous studies have proposed that technology use, particular-
ly before bedtime, serves to displace sleep. Gradisar et al6 reported
ersity.
sity of Maryland, Baltimore

by Elsevier Inc. All rights reserved
that 9 in 10 Americans used a technological device during the last
hour before bedtime with two-thirds of young adults using cell
phones during that time and that more interactive devices used dur-
ing the hour before bedtime predicted increased sleep problems.
Gradisar et al pointed specifically at the cell phone showing data
that of those who reported using their cell phones during the last
hour before bed, more than half (57%) left their ringer on, which
was, in turn, associated with difficulty returning to sleep after awak-
ening; 20% of young adults reported being awakened at least a few
nights a week, most often by an alert or notification from a cell
phone. A 2013 study of college students7 found that 47% reported
nighttime awakenings to answer textmessages and 40% awoke to an-
swer phone calls, which, in turn, predicted poorer sleep quality.

Other recent studies have also validated and extended these find-
ings among college-agedyoung adults. Specifically tracking college stu-
dents, researchers have found that those students who used their
mobile phones and texted more on a typical day showed more sleep
problems.8,9 In addition, Long Xu, Zhu, Sharma, and Zhao10 found
that those Chinese college students who used more social media evi-
denced more sleep problems. Similarly, Fossum, Nordnes, Storemark,
Bjorvatn, and Pallesen11 found that Norwegian college students who
usedmore nighttimemedia in bed—particularly the computer andmo-
bile phone for playing, surfing, and reading—showed more insomnia.
.
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These results have been validated with adolescents and young adults
across a variety of countries and settings.8,12–17

Impact of anxiety on sleep

Several studies have investigated the impact of emotional states on
sleep including the effects of stress and anxiety on sleep. For example,
Doane and Thurston18 found that high daily stress among adolescents
was associated with reduced sleep duration. Using similar samples,
Short, Gradisar, Lack, Wright, and Dohnt19 discovered that anxious ad-
olescents evidenced a longer time to fall asleep than nonanxious teens.
Honing in on a possible reason for the impact of anxiety, Moore, Slane,
Mindell, Burt, and Klump20 found that the strongest predictor of sleep
problems was sociability due to increased time that adolescents spent
communicatingwith peers during the evening. Finally, Bartel, Gradisar,
and Williamson21 performed a meta-analysis of 41 studies including
more than 85,000 adolescents and found that presleep worry was re-
lated to delayed bedtimes and sleep problems.

Several studies of university students and young adults have
found similar impacts of stress and anxiety on sleep. In a longitudinal
study of Swedish college students, Thomée et al22 discovered that
those who perceived mobile phone use as stressful showed the
greatest risk of sleep problems. Similar impacts of anxiety on sleep
problems were found in college students in the United States,4

Canada,5 and Hungary.23 Similar to the impact of sociability on ado-
lescent sleep, Galambos et al5 found that whereas stress was predic-
tive of all sleep indicators across a 4-year study, social support was a
positive predictor of sleep quantity.

Cognitive and physiological correlates of sleep

As suggested byGradisar et al,6 the source of sleep difficultiesmay
be due to cognitive or physiological arousal. Ferraro, Holfeld, Frankl,
Frye, and Halvorson24 compared good and poor sleepers and found
that, compared with good sleepers, poor sleepers showed more
state and trait anxiety as well as poorer executive functioning.
Cheever, Rosen, Carrier, and Chavez25 removed cell phones from
163 college students who were then not allowed to do anything for
more than an hour and measured their anxiety 3 times, 20 minutes
apart, starting 10 minutes after the students sat down in the
classroom. Heavy smartphone users showed increased anxiety with-
in 10 minutes that continued to rise for the remainder of the hour.
Moderate users showed only an increase in anxiety halfway through
the study, which then stayed constant, whereas light users showed
no increase in anxiety. Because heavy smartphone users get anxious
when they are not allowed to access their phone, this may suggest
that physiological arousal (anxiety) leads them to overuse technology
before and during bedtime hours.

As corroboration of the impact of arousal on not being able to ac-
cess one’s smartphone, Clayton, Leshner, and Almond26 implement-
ed a laboratory study where they did not allow iPhone users to
answer their ringing phone and observed concomitant increases in
blood pressure, heart rate, and self-reported anxiety as well as a de-
cline in cognitive performance. Przybylski, Murayama, DeHaan, and
Gladwell27 suggested that this anxiety might stem from fear of miss-
ing out—FOMO—based on a desire to stay continually connected
through email, messaging, and social media.

Using a sample of 17- to - 19-year-old Egyptian students, Morsy
and Shalaby16 found that those who evidenced the lowest attention
scoreswere thosewhohad the least sleep. Two additional studies ex-
amined the impact of sleep deprivation on cognitive arousal, with 1
study demonstrating that after total sleep deprivation adults showed
changes in the way that prefrontal cortex areas, including working
memory, communicated with each other.28 A second study
specifically showed that poor sleep led to decrements in processing
in the dorsolateral prefrontal cortex and reduced the linkage between
the ventral striatum and the insula during reward processing.29

Multitasking and sleep

Research has shown that college students multitask much of the time
and with the most tasks.30,31 Multitasking has been shown, in everyday
college life, to add stress and to result in later nights using multiple forms
of technology.32–35Recentstudieshavecorroboratedthesemultitaskingef-
fectswith adolescentswho are soon to become college students,14where-
as others have found that adolescentswhomultitaskmore consumemore
caffeinated drinks, which, in turn, promote sleep disturbances.36

A model of sleep problems

Several research teams have attempted to model the impact of a
variety of variables on sleep problems among adults, college students,
and adolescents. Simor et al23 found that adult sleep problemswere a
partial mediator between chronotype (when one prefers to sleep)
and negative emotionality. Looking at the issue of sleep from a differ-
ent perspective, Adams and Kisler7 found that nearly half of their
sample of college students evidenced nighttime awakenings to an-
swer texts and phone calls. Their model found that more nighttime
awakenings predicted lower sleep quality, which, in turn, mediated
the prediction of increased depression and anxiety.

In a study examining life satisfaction among college students, Li,
Lepp, and Barkley37 validated a proposed model with total daily cell
phone use predicting nighttime cell phone use and use during class-
room lecture and study time, which both, along with locus of control,
predicted sleep quality. Similarly, using sleep quality and computer
use to predict psychological and somatic symptoms, a cross-cultural
study in Finland, Denmark, and France38 found that sleep duration
was a partial mediator between computer use and symptomology.
Arora et al39 found that, for UK adolescents, sleep durationwas amedi-
ator between technology use and bodymass index. Finally, Chen et al40

found that a combination of factors including bedtime anxiety, body
weight, bedtime excitement, and depression predicted sleep duration.

Based on the available research and previously tested models
with adolescents, college students, and adults, the path model
depicted in Figure 1 is proposed to account for sleep problems in col-
lege students. Themodel proposes that sleep problems arise through
a possible series of paths that emanate from both cognitive (execu-
tive functioning) and affective (anxiety aboutmissing out on technol-
ogy use) factors, each of which may impact technology usage
including amount of daily smartphone usage,multitasking, nighttime
phone placement, and nighttime awakenings to check the phone.

Method

Participants

A sample of undergraduate university students at an urban South-
ern California state university completed anonline, anonymous ques-
tionnaire as part of an extra credit assignment in 2 large, upper-
division general education courses. The survey was hosted on
SurveyMonkey.com, and participants accessed the survey at a loca-
tion of their choice. The data set was collected in 2 waves in Septem-
ber 2014 and in February 2015 to obtain a sample size sufficient for
performing a path analysis with multiple paths and variables.

Of the 873 students who participated, 734 completed the survey.
Overall, the sample included 310 (42%) men and 424 (58%) women
with amean age of 25.87 (SD=6.61;median [M]=24), and the eth-
nic/cultural composition of the sample was 53% Hispanic (n = 390),



Fig. 1. Proposed path model for sleep problems in college students.
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17% black/African American (n = 121), 13% Asian (n = 94), 12%
white (n = 86), and 6% “Other” (n = 43). One in 3 (35%) were not
employed; 48% were employed part-time, and 15% were employed
full-time. The median income (based on ZIP code census data) aver-
aged $51,725 (SD = $19,892).

Instrumentation and materials

Daily smartphone usage
The Daily Smartphone Usage subscale of the Media and Technol-

ogy Usage and Attitudes Scale41 was used to assess daily smartphone
usage. This self-report scale includes 9 items (eg, “How often do you
read e-mail on a mobile phone?”), each on a 10-point frequency-of-
use scale ranging from “never” to “all the time.” Items are averaged
to derive a scale ranging from 1 to 10, with higher scores indicating
more daily smartphone use. Rosen et al41 reported that this scale
has a Cronbach alpha coefficient of .93.

Anxiety without technology/dependence on technology
This subscale of the Media and Technology Usage and Attitudes

Scale41 includes 3 items reflecting anxiety/dependence related to
being without a phone (eg, “I get anxious when I don’t have my cell
phone”) or the Internet and being dependent on technology (eg, “I
am dependent on my technology”). Each item is rated on a 5-point
Likert scale from strongly agree to strongly disagree, and the subscale
has a reported Cronbach alpha of .83.41 Items are averaged to provide
a score from 1 to 5, with higher scores indicating more anxiety with-
out technology and more reported dependence on technology.

Executive functioning problems
Executive functioning problemsweremeasured usingWebexec, a

measure developed to assess executive functioning problems over
the Internet.42 Webexec includes 6 items that ask participants to
rate the extent to which they have problems in: (1) maintaining
focus; (2) concentrating; (3) multitasking; (4) maintaining a train
of thought; (5) finishing tasks; and (6) acting on impulse. Each
item is rated on a 4-point scale from no problems experienced
(scored a 1) to a great many problems experienced (4). The measure
provides a single total score ranging from 6 to 24, with higher scores
indicating more executive functioning problems. The scale has a re-
ported Cronbach alpha of .76.42

Multitasking preference
This scale included 4 items taken from the Multitasking Prefer-

ence Inventory,43 each on a 5-point Likert scale from strongly agree
to strongly disagree. Items were selected from the original 14-
question inventory (alpha= .88) by using those with the top 4 load-
ings in a factor analysis. Three itemswere phrased in the same direc-
tion indicating a preference for multitasking or task switching (eg, “I
prefer to work on several projects in a day rather than completing
one project and then switching to another”), and 1 itemwas phrased
in the opposite direction. This latter item was reversed scored, and
the 4 items were summed, with higher scores indicating a stronger
preference for multitasking or task switching. In a recent study,41

these 4 items formed a single factor with a Cronbach alpha of .85.

Nighttime phone location
Participants were asked where they typically placed their phone

when they went to sleep with possible answers of under my pillow,
on my bed, next to my bed, in my bedroom but not close to my
bed, in another room, and “other” for which they were required to
supply a description of the “other” location. Responses were com-
bined into 2 categories: (1) close to the participant (including
under my pillow, on my bed, and next to my bed) and (2) in another
room or far away from the participant.

Nighttime awakenings
Participants were also queried about awakening at night to check

their phones with the following question: “On a typical night, after
you have fallen asleep, how often do you awaken and check your
phone for something other than the time (eg, text messages, email,
social media, etc.)?” Response choices included never, once, 2 times,
3 times, 4-5 times, 6-8 times, andmore than 8 times. Based on the re-
sponse distribution, those choices were combined into 3 categories:
(1) never; (2) once a night; and (3) 2 or more times a night.

Sleep Problem Index I
The Medical Outcomes Study Sleep Measure (RAND MOS Sleep

Scale44–46) was used to assess sleep problems. The MOS Sleep Scale’s



Table 2
Zero-order correlations between interval scale independent variables and the depen-
dent variable Sleep Problem Index I.

Independent variable Zero-order correlation coefficient

Daily smartphone usage .19⁎⁎⁎
Anxiety/dependence .21⁎⁎⁎
Executive functioning problems .32⁎⁎⁎
Multitasking preference .10⁎⁎

⁎⁎ P b .01.
⁎⁎⁎ P b .001.
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Sleep Problem Index I includes 6 items about the frequency of various
sleep problems in the past 4weekswith 6 possible responses ranging
from all the time to none of the time. These items include a range of
sleep quality issues including: (1) not getting enough sleep to feel
rested upon waking; (2) awakening with shortness of breath or a
headache; (3) having trouble falling asleep; (4) awakening during
sleep time and having trouble falling asleep again; (5) having trouble
staying awake during the day; and (6) not getting the amount of
needed sleep. A psychometric study found that Cronbach alpha
ranged from .78 to .83 in 2 samples.44 The MOS Sleep Scale also que-
ried the number of hours the participant slept per night over the past
4 weeks as an open-ended question.

Demographics
Participants were asked their sex, birth year, ethnic/cultural back-

ground, and ZIP code. The latter was used to estimatemedian income
from the Census Bureau data.47

Results

Preliminary analyses

Before examining the proposed model of sleep problems, inde-
pendent and dependent variables were examined for distributions
and reliability. All variable distributionswerewithin acceptable limits
for skewness and kurtosis, and all but one Cronbach alpha coefficient
was greater than .82with only the alpha for the Sleep Problem Index I
lower at .68. However, further investigation of this scale suggested
that adding or removing items would not improve the reliability
and the items did form a single scale. Table 1 displays the descriptive
statistics for all interval scale measures.

In terms of the 2 categorical independent variables, half the par-
ticipants (50%) kept their phone close by when they slept, and 49%
checked it for something other than the time at least once a night
(32%) or 2 or more times a night (17%). Finally, the MOS Sleep Scale
asked about the number of hours of sleep per night that the partici-
pant estimated over the past 4 weeks, resulting in a mean of 6.68
hours (M = 7.00, SD = 1.12), with 33.5% of the participants getting
less than 7 hours per night, the minimum recommendation from
the National Sleep Foundation, and another 32% getting exactly 7
hours per night.

Table 2 provides the first-order correlations between the Sleep
Problem Index I and all interval-scale independent variables. As can
be seen in Table 2, all independent variables correlated significantly
with sleep problems. In addition, a 1-way analysis of variance was
performed comparing the Sleep Problem Index I score with Night-
time Awakenings with Tukey B post hoc test indicating that those
Table 1
Descriptive statistics for all interval scale independent and dependent variables.

Variable Mean SD Skewness Kurtosis Alpha

Daily smartphone usagea 6.64 1.93 − .49 .34 .89
Anxiety/dependenceb 2.48 0.98 .41 − .42 .82
Executive functioning problemsc 11.95 3.66 .77 .78 .86
Multitasking preferenced 3.32 1.00 − .34 − .65 .86
Sleep Problem Index Ie 38.11 17.27 .50 − .06 .68

a Possible range from 1 to 10, with higher scores indicating more usage.
b Possible range from 1 to 5, with higher scores indicating more anxiety without

technology and more dependence on technology.
c Possible range from 6 to 24, with higher scores indicating more executive func-

tioning problems.
d Possible range from 1 to 5, with higher scores indicating a stronger preference for

multitasking or task switching.
e Possible range is 0 to 100, with higher scores indicating more sleep problems.
who never awakened to check their phone evidenced significantly
fewer sleep problems (M=34.86, SD=16.85) than thosewho awak-
ened once to check their phones (M = 39.01, SD = 16.32), who, in
turn, showed fewer sleep problems than those who awakened 2 or
more times to check their phones (M = 45.99, SD = 17.58); F2,731 =
21.26, P b .001. Finally, an independent t test comparing where the
phone was placed during the night found the opposite of what was
predicted: those who kept their phone close at hand during the night
had significantly fewer sleep problems (M= 36.84, SD = 16.00) than
those who put their phone away in another room or away from their
bed (M= 39.46, SD = 18.36); t(730) =−2.05, P= .041.

Path model testing

Based on the literature, the proposed path model predicted that,
after removing control variables (age, sex, SES and ethnic/cultural
background), both cognitive and affective components—executive
functioning and anxiety/dependence, respectively—would predict
sleep problems by acting on 4 behaviors—daily smartphone usage,
multitasking preference, nighttime phone location, and nighttime
phone awakenings—to predict sleep problems. A series of hierarchi-
cal multiple regressions was performed by first factoring out the ef-
fects of the control variables on executive functioning and anxiety/
dependence. The second step required factoring out the effects of
both the control variables and the cognitive and affective variables
on each behavioral variable, and the final step examined the signifi-
cant predictive paths when using all 3 sets of variables hierarchically
to predict sleep problems. Figure 2 displays the significant paths in-
cluding beta weights for all significant predictors; F13,705 = 12.61, P
b .001, R2 = .189.

As can be seen in Figure 2, it is clear that predicting sleep problems
provides amore parsimonious picture than the predicted pathmodel
in Figure 1. From the viewpoint of a cognitive impact on sleep prob-
lems, more executive functioning problems predicted more night-
time phone awakenings that, in turn, predicted more sleep
problems. However, there was also a direct link between executive
functioning problems and sleep problems, with the latter link—the
strongest of all links—indicating that the more executive functioning
problems someone has maintaining focus and attention and not act-
ing impulsively, the more sleep problems they exhibited.

The affective component of anxiety about missing out on using
the phone and the Internet and feeling dependent on technology pre-
dicted sleep problems through 2 separate paths. First, being more
anxious about and dependent on technology predicted more daily
smartphone usage that then predicted more sleep problems. Second,
more anxiety/dependence predictedmore nighttime phone awaken-
ings, which also predicted more sleep problems.

Two other pathways in Figure 1 are worth mentioning. First, al-
though more anxiety/dependence predicted a stronger multitasking
preference, this link did not predict sleep problems. Second, for night-
time phone location, those who placed their phone away from their
bed showed more sleep problems rather than fewer sleep problems



Fig. 2. Path model predicting sleep problems including beta weights for significant paths. ** P b .01. *** P b .001.
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as predicted. This link, which was the weakest of all links in the
model, bears further study.

Discussion

College students have been shown to be facing a daily sleep debt
that negatively impacts their performance and their health. Sleep is
a complex process that involves neurotransmitters such asmelatonin
that place the brain in a state that is conducive to sleep. Light given off
by most technological devices—including smartphones, tablets, tele-
visions, and others—works to retard the release of melatonin and
has been shown to delay sleep onset. This relationship is so well
established that the National Sleep Foundation recommends that no
interactive technology be used during the last hour before bedtime6

and the Mayo Clinic recently released a study concluding that if you
are not able to remove your devices from the bedroom during the
last hour before bedtime, you should dim your smartphone or tablet
brightness setting and position the device at least 14 inches from
your face, which reduces the amount of blue wavelength light enter-
ing your eyes and impacting melatonin release.48 Many studies39,49

have pinpointed smartphones and tablets as themain culprits in col-
lege student bedtime behaviors. The behaviors include extensive use
directly in front of the face in the last hour before sleep, placing the
phone close to the bed during sleepwith the ringer or vibration oper-
ational, and either answering alerts and notifications or checking for
them upon awakening during the night.

This study examined a specific model whereby a cognitive
process—executive functioning problems—and an affective
process—anxiety/dependence—might be responsible for sleep prob-
lems by leading the student to increased daily smartphone use and
increased multitasking to support that use, as well as nighttime
placement of the phone close by and nighttime awakenings to
check for alerts and notifications. The cognitive component of this
model was partially supported with executive dysfunction directly
predicting sleep problems as well as predicting increased nighttime
awakenings that, in turn, predicted more sleep problems. However,
contrary to expectations, executive dysfunction did not predict
daily smartphone use, nor did it predict nighttime phone location.
These issues should be examined in future studies.

On the affective side, 2 paths to sleep problems emanated from
anxiety/dependence, one of which predicted increased daily
smartphone use leading to sleep problems and the other of which
predicted increased nighttime phone awakenings, which also led to
sleep problems. The link between anxiety/dependence and multi-
taskingwas validated, but this did not lead to sleep problems. Finally,
placing a phone away from the room or far from the bed counterintu-
itively predicted more sleep problems, although this path was the
weakest and may reflect other processes such as a feeling of being
away from one’s phone—referred to as nomophobia—leading to anxi-
ety and sleep problems.50 It is possible that having the phone away
from the room or far from the bed might have aroused anxiety
about not hearing the phone ring in an emergency or not hearing a
wake-up alarm. Alternatively, Belk’s51 extended self-concept, where-
by we regard our possessions as part of ourselves, may suggest that
moving the phone—clearly an important possession—away from
our person might reduce our extended-self state and induce anxiety.

The pathmodel tested in this study was derived from research on
sleep problems including other tested models, none of which identi-
fied both cognitive and affective components as the precursor of day-
time and nighttime technology use leading to sleep problems. The
majority of models proposed sleep problems as a mediator between
or moderator of technology use and psychological issues such as de-
pression, anxiety and other affective symptomology,7,38 life
satisfaction,37 or body mass index.39 The one model that attempted
to predict sleep duration directly40 included anxiety but did not in-
clude any cognitive factors.

Educational ramifications of daytime and nighttime technology use

Combining the results of this model with the other presented
models, it is clear that increased technology use both during the
day aswell as during the night leads to sleep problems. From the cog-
nitive perspective, these results suggest that it would be important to
help college students become more metacognitive about their
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technology use during the daytime given its predictive path to sleep
problems. Research shows college students to be among the heaviest
users of technology, with the majority accessing their smartphone
dozens if not hundreds of times a day both during class time35,52–55

and outside of the classroom while studying.30,31,56 Although some
professors opt to eliminate the phone (and other devices) from the
classroom, this only serves to increase anxiety25 and potentially in-
duce nomophobia. Perhaps a better solution might be to provide a
“technology break”56 during the class session that would allow and
encourage students to use their phones only at regularly scheduled
times while silencing them in between those times.

Phone use at night also negatively impacted sleep with a precur-
sor of anxiety about missing out on technology and a feeling of de-
pendence on technology. This is hardly surprising given that this
study and others have shown that at least half of all college students
sleep with their phones on alert (ring or vibrate) and a majority of
students awaken to check their phone at least once a night. These
awakenings most assuredly introduce blue wavelength light, which
increases daytime alerting neurotransmitters such as cortisol, and
most likely interferes with subsequent sleep. At aminimum, it is like-
ly that these nocturnal interruptions negatively impact sleep cycles,
which thenmay lead to daytime drowsiness and learning difficulties.

Following the National Sleep Foundation and the Mayo Clinic, the
clear recommendation for pre-bedtime device use is to either dim the
phone and keep it 14 inches from one’s eyes or remove it completely
during the last hour before bedtime and then remove it completely
from the sleep environment prior attempting to fall asleep. There is
a small hint in the path model that suggests that some students
may have difficulty with this, as having the phone away from their
bed predicted more sleep problems. However, if the phone were no
longer available, that would ameliorate against the negative impact
of checking in when awakened by an alert or notification. For many,
this drastic move may prove difficult, but it would break that link be-
tween nighttime device use and sleep problems.

Affective and cognitive issues

The path model assessed the impact of executive functioning
problems as well as anxiety/dependence on subsequent technology
use leading to sleep problems. Strikingly, executive functioning prob-
lems led directly to sleep problems as well as predicting increased
sleep problems by increasing nighttime awakenings. Given that the
measure of executive functioning assessed attention (problems
with focus, concentration, and train of thought), task completion
(multitasking and difficulties finishing tasks), and impulse control,
it may be important to teach college students metacognitive strate-
gies to help maintain focus and attention while avoiding impulsive
acts and constant task switching. Several authors have suggested
that students lack digital metacognitive awareness about their exec-
utive functioning, which then negatively impacts their classroom
performance.31,52,57,58 One research team59 developed a “sleep hy-
giene index” composed of issues including nighttime technology
use, negative psychological states, including stress and anxiety, and
other daily behaviors that might serve as a way of assessing student
metacognition concerning many of the issues raised in this model.

The pathwith themost links to sleep problemswas anxiety about
missing out on technology use or a feeling of dependence on technol-
ogy. This is a critical issue that has been referred to in the popular lit-
erature as FOMO—fear of missing out—or nomophobia—fear of being
out of mobile phone contact. Both of these issues are defined by the
appearance of anxiety, which, as shown in this model, predicts
sleep problems by leading to increased daily smartphone use as
well as increased nighttime awakenings. This phenomenon has
been demonstrated in the laboratory26 and in the classroom25 and
is a real concern as a driving force toward a constant need to "check
in", primarily with technologies and devices that connect us to
others.56 With this in mind, it may be helpful for students to use
“technology breaks” both inside the classroom and outside the class-
room as a way to slowly wean themselves from feeling a constant
anxiety-based need to check in.

Limitations

This study has several limitations. First, the sample included uni-
versity students at a minority institution that may not represent all
university students because the participants were older than the
standard university population and, in addition to attending college,
more than half were employed part-time with 1 in 7 employed full-
time. However, the pathmodelwas tested only after factoring out de-
mographic variables including ethnic/cultural background and a me-
dian income derived by ZIP code as a proxy for socioeconomic status.
Second, the measurement tools that were used were self-reports of
technology usage, executive functioning problems, anxiety/depen-
dence, and sleep problems. It is possible that the students were not
honest in reporting their behaviors, although prior use of each mea-
sure ensured reliability and validity and responses were completely
confidential and anonymous. Third, the Sleep Problem Index I had a
borderline reliability coefficient, whichmaymean that it does not ad-
equately represent a unitary construct of sleep problems. However,
that measure has been used with a variety of populations and has
continually produced solid, repeatable results. Given the solid path
analytic links, it is possible that a more reliable sleep problems mea-
sure would have shown even stronger results. In addition, to the best
of our knowledge, theMOS Sleep Scale has not been used extensively
with nonwhite samples and, to the extent that this study includes
predominantly minority participants, further research is needed to
ensure the tool’s cultural validity.60 Fourth, the present study relies
on correlations and, as such, cannot truly establish causality. Howev-
er, care was taken to test a specific path model, and that model
showed several clear paths predicting sleep problems. It is possible,
however, that additional variables might impact those paths, and
this deserves future study. Fifth, it would be useful to know whether
participants silenced their phone or left it on when they went to bed.
This was not asked in the first wave of data collection, but a question
was added to the second wave, which indicated that: only 5% turned
their phone off; 33% silenced their phone, with 53% leaving the ringer
on; and 61% left the vibrate function active. In addition, 57% of those
who had their phone next to the bed placed it face up, whereas 43%
indicated they placed the phone face down. Sixth, the measure of
anxiety/dependence was specifically related to anxiety about not
being able to check in with technology and feeling dependent on
technology. No attempt was made to assess underlying general trait
anxiety thatmay be responsible for the expressed state anxiety. Final-
ly, given the prevalence of depressive symptoms among college
students61, it might be advisable to control for this variable in future
studies.

Conclusion

College students are notoriously short on sleep. In this study, the
majority of students slept with their smartphones nearby and awak-
ened at night to check for messages. One-third of the sampled stu-
dents showed fewer hours of sleep than recommended by the
National Sleep Foundation,with an additional third self-reporting ex-
actly 7 hours of sleep, the minimum recommended sleep duration.
The study examined a possible explanatory path model for sleep
problems and uncovered a variety of significant paths stemming
from both cognitive and affective factors. Executive functioning
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problems directly predicted sleep problems as well as predicting in-
creased nighttime awakenings that, in turn, predicted sleep prob-
lems. Anxiety about being away from technology and dependence
on technology predicted increased daily smartphone use and in-
creased nighttime phone awakenings, both of which predicted in-
creased sleep problems. The results were discussed as a function of
increasing metacognition and reducing anxiety to foster appropriate
sleep and, hopefully, improve classroom performance.
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