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The role of sleep in the relation between young
children’s mobile media use and effortful control

Amy |. Nathanson'* and Ine Beyens>

'Ohio State University, Columbus, Ohio, USA
2University of Amsterdam, The Netherlands

We explored the relations among young children’s mobile media use, sleep, and a form of
self-regulation, temperamental effortful control (EC), among a national sample of 402
mothers who completed an online survey. We found that the relation between mobile
media use and EC was moderated by children’s sleep time. Tablet use was negatively
related to EC only among children who slept less at night (40% of our sample). However,
hand-held game player use was positively related to EC among children who slept longer
at night (60% of our sample). In addition, sleep quality was a mediator in the relation
between evening tablet use and EC. Evening use related to later bedtimes, more bedtime
resistance, and worse sleep duration, and these indicators of poor sleep quality, in turn,
predicted weaker EC.

Statement of contribution
What is already known on this subject?
e Young children are spending increasing amounts of time with mobile media, such as tablets and

hand-held game players.
e Media exposure is related to children’s self-regulation.
e Media exposure is related to children’s sleep quality.

What does this study adds?
e Number of sleep hours moderates the relation between mobile media use and EC among young

children.

e Tablet time is negatively related to EC among young children who get fewer sleep hours.

e Hand-held game playing is positively related to EC among young children who get greater sleep
hours.

e Sleep quality mediates the relation between evening tablet time and EC among young children.

Children are spending an increasing amount of time with mobile media, such as tablet
computers and hand-held video game players (Common Sense Media, 2013; Cristia &
Seidl, 2015; Kabali et al., 2015). Many parents and educators are hopeful that these
interactive forms of technology will benefit children (Christakis, 2014), although concern
remains that the time devoted to these devices may displace opportunities for other forms
of learning (Radesky, Schumacher, & Zuckerman, 2015).

Thus far, scholars have not explored whether mobile device use is related to young
children’s effortful control (EC), a temperament-based type of self-regulation that is linked
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with a wide range of developmental outcomes. The current study explored the relation
between the use of two forms of mobile media (tablets and hand-held games) and EC
among 3- to 5-year-olds. In addition, we aimed to identify individual differences in the
relation between mobile media use and EC. Building on the findings from our prior work
(Nathanson & Beyens, 2016), which uncovered a negative association between 3- to 5-
year-olds’ tablet use and their sleep quality, we examined the role of sleep as a mediator
and moderator of the relation between device use and EC.

Tablets, hand-held game players, and effortful control

Temperamental EC is a form of self-regulation that refers to a child’s proclivity for
inhibiting impulses, planning, and regulating attention (Eisenberg et al., 2004). Children
with strong EC enact goals to drive behaviours rather than rely on pre-potent reactions to
stimuli. As a result, EC is viewed as a measure of voluntary, rather than reactive, control
(Spinrad et al., 2007). Moreover, children with strong EC can focus and sustain attention
and, when necessary, easily shift their attention from one task to another. Consequently,
measures of EC typically involve assessments of both inhibitory and attentional control
(Eisenberg et al., 2009). EC is similar to executive function (EF), another dimension of
self-regulation (Zhou, Chen, & Main, 2012). Whereas EC is considered a type of
temperament, EF has been studied as a form of neuropsychological functioning that is
linked with working memory in addition to inhibitory control, attentional focusing, and
attentional flexibility (Blair & Razza, 2007; Miyake et al., 2000; Pennington & Ozonoff,
1996). Children with better self-regulation skills, whether in the form of EC or EF, have a
higher likelihood of engaging in desirable everyday behaviours, such as following
directions and turn-taking (Rhoades, Greenberg, & Domitrovich, 2009), and they enjoy
greater success in both academic and social contexts (Kopp, 1982).

Although the development of self-regulation is linked with growth in the brain’s pre-
frontal cortex, the course of its evolution can be shaped by environmental features
(Bernier, Carlson, Deschénes, & Matte-Gagné, 2012; Li-Grining, 2007; Zelazo & Carlson,
2012). Relatively few studies have explored whether children’s media exposure is related
to their self-regulation. This is surprising since (1) children are regularly exposed to media
throughout their development; and (2) self-regulation is intimately connected to the kinds
of social, academic, and behavioural outcomes that are often the focus of scholarship on
media effects among children.

Some work has explored these associations among infants. For example, Radesky,
Silverstein, Zuckerman, and Christakis (2014) examined the links between media
exposure and infant self-regulation (e.g., self-soothing behaviours, mood regulation) and
found that infants with greater self-regulation difficulties watched more television over
1 year later. This finding supports Thompson, Adair, and Bentley’s (2013) finding that
mothers are more likely to provide media to fussy or challenging infants.

Some research with older children has explored the links between television exposure
and types of EC, such as task persistence, impulse control, and attention problems.
Christakis (2009) explained that early exposure to fast-paced television may deprive
children from experiences in which focused attention and deep processing are required
and can train developing brains to expect the pace of real life to mimic the pace of
television content. However, this work has produced mixed findings, from positive to
negative to null associations between child television viewing and these EC-related
outcomes (Anderson, Levin, & Lorch, 1977; Friedrich & Stein, 1973; Friedrich-Cofer,
Huston-Stein, Kipnis, Susman, & Clewett, 1979; Zimmerman & Christakis, 2007).
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Other research has investigated television exposure as a correlate or predictor of EF.
This work has shown that heavy television viewing is related to weaker EF among
young children, although relations sometimes vary according to what children view
(Barr, Lauricella, Zack, & Calvert, 2010; Lillard, Drell, Richey, Boguszewski, & Smith,
2015; Lillard & Peterson, 2011; Linebarger, Barr, Lapierre, & Piotrowski, 2011;
Nathanson, Aladé, Sharp, Rasmussen, & Christy, 2014). In explaining the positive
associations observed in their work, Lillard et al. (2015) proposed that young children
become cognitively overwhelmed by fast-paced, fantasy television content — an
argument that could also describe children’s reactions to tablet and gaming content.
Nathanson et al. (2014) suggested that television programmes operate like an
attention-directing parent, preventing children from processing stimuli they find
interesting and requiring them to continually shift their attention to keep up with the
programme.

Tablets and EC

While some evidence has been accumulating concerning the association between
television viewing and aspects of children’s self-regulation, it remains unclear as to
whether exposure to tablets is related to young children’s self-regulation as well. This is an
important gap in the literature, as tablet use is common among children (Common Sense
Media, 2013; Cristia & Seidl, 2015; Kabali et al., 2015). Since tablets can stream the same
programmes that appear on television, we might expect that tablets and televisions will
share similar relations with self-regulation.

However, tablets and televisions differ in important ways. First, tablets afford more
interactivity compared to televisions (Christakis, 2014). Content shown on tablets can be
easily paused, replayed, or otherwise tailored to suit the needs of the user, providing
children with opportunities to exercise user control. In addition, children can interact
with tablets, thereby engaging in planning and decision-making (Lee, 2015). When tablets
respond to children’s needs and adjust content accordingly, children may gain confidence
in their ability to control their environment. In this way, tablets may allow children to
practise self-regulation skills.

Second, tablets are portable and may be used for short periods in a variety of settings.
Parents may supply tablets to young children in situations that would otherwise challenge
children’s patience (e.g., at a restaurant; Bentley, Turner, & Jago, 2016; Radesky et al.,
2015). Children who use tablets in these settings may miss out on common opportunities
to exercise their attentional focusing skills (Radesky et al., 2015). In addition, tablets may
provide additional stimulation in already high-stimulation environments, possibly
overwhelming children’s cognitive resources. Finally, because of their portability, tablets
may be used, put away, and offered again, providing children with a series of short play
periods that are initiated and terminated by the parents. Under these circumstances, tablet
exposure may reflect an entertainment experience that is parent-controlled and which
deprives children of opportunities for thoughtful engagement with media content.

For these reasons, we cannot assume that the relation between tablet exposure and
child outcomes will mimic that between television and child outcomes. Moreover,
rationales can be built to predict both positive and negative associations with exposure.
We investigated two competing hypotheses in order to understand the relation between
tablet use and EC: either that tablet use will be related to weaker EC among 3-to 5-year-olds
(H1a); or that tablet use will be related to stronger EC among 3- to 5-year-olds (H1b).
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Hand-held game players and EC

Video gaming, in general, has been studied for decades, but little work has considered its
association with self-regulation among young children. Although the concept of self-
regulation is present in this literature, it is typically conceptualized differently. For
example, poor self-regulation is often discussed as a marker of gaming addiction among
adolescents and adults (LaRose, Lin, & Eastin, 2003).

Other work has explored the effects of video games on the cognitive performance of
adults and children (Barlett, Vowels, Shanteau, Crow, & Miller, 2009; Boot, Kramer,
Simons, Fabiani, & Gratton, 2008). The results of this work have been mixed, since video
game use is associated with both worse academic performance and advanced cognitive
skills among older children and adults, including aspects of EF (Bavelier et al., 2011,
Kuhn, Gleich, Lorenz, Lindenberger, & Gallinat, 2014). Sometimes video games are used
to improve users’ attentional focusing and cognitive flexibility. For example, computer
games have been used as interventions to improve eight- to 12-year-old children’s EF
(Dovis, Van der Oord, Wiers, & Prins, 2015). These positive outcomes may be observed
because game players must develop goals, exercise working memory, engage in impulse
control, and use perspective-taking. In addition, when games are played as teams with
partners, users gain experience with collaboration and turn-taking (Ulicsak & Cranmer,
2010).

Video game research has largely focused on stationary systems (e.g., Barlett et al.,
2009; Boot et al., 2008; Dovis et al., 2015), but hand-held games are worth studying as
well. Hand-held games are a distinct and popular type of media device in which players use
a small console that contains both the controls and the screen displaying game content.
These devices are self-contained in that they do not connect to a larger screen (e.g., a
television), thereby permitting users to play the games in any location (e.g., Nintendo DS,
Sony PlayStation Portable). The experience of playing a hand-held game is distinct from
playing on a stationary system, especially among young children. For example, hand-held
device use may be more sporadic, with parents providing children with devices within
short windows of time and then withdrawing them just as often. Using hand-held devices
in this manner may undermine any benefits that game playing delivers.

As with tablets, the relation between hand-held game players and young children’s EC
has not been investigated thus far. We advanced competing hypotheses to explore the
relation between hand-held game player use and EC: either that hand-held game player use
will be related to weaker EC among 3- to 5-year-olds (H2a); or that hand-held game player
use will be related to stronger EC among 3- to 5-year-olds (H2b).

Sleep as a mediator of the mobile electronic device-effortful control relation
We also examined sleep as a possible mediator of the relation between mobile device use
and EC. It is well documented that using screen media before bedtime is associated with
poorer sleep outcomes among children and adolescents, such as staying up too late and
experiencing daytime fatigue (Cain & Gradisar, 2010; Garrison, Lickweg, & Christakis,
2011; Hale & Guan, 2015). Research on adolescents also indicates that using mobile
electronic devices at bedtime is related to more impaired sleep (Kubiszewski, Fontaine,
Rusch, & Hazouard, 2014) and might be a more potent source of disruption compared
with television (Bartel, Gradisar, & Williamson, 2015), although the results may depend
on how children engage with media (Cain & Gradisar, 2010).

Although lack of sleep is not related to overall intelligence, sleep deprivation is
associated with greater attention problems among children (Paavonen, Porka-Heiskanen,
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& Lahikainen, 2009) and weaker cognitive performance and EF among five- to 12-year-old
children (Astill, Van der Heijden, Van Ijzendoorn, & Someren, 2012). If mobile device use
is related to poorer sleep quality, then these devices may be indirectly related to EC via
sleep. There is precedent for examining this relation in other work, as Nathanson and Fries
(2014) tested a similar type of model in their study of 3- to 5-year-olds and television.
Nathanson and Fries (2014) found that 3- to 5-year-olds’ television exposure was related to
fewer sleep hours which, in turn, predicted weaker theory of mind. The authors did not
find a similar indirect relation when they examined EF as an outcome; however, they only
examined children’s total sleep time (nighttime plus nap time). The current study also
examined indirect associations, utilizing a greater variety of sleep measures and focusing
on young children’s EC instead.

We explored whether tablet use is indirectly related to young children’s EC via
indicators of sleep quality that are typically associated with children’s media use and self-
regulation, including their bedtimes, bedtime resistance, hours of sleep, and daytime
sleepiness. In our prior paper, we found that evening tablet use was uniquely related to
sleep variables, compared with other media forms (Nathanson & Beyens, 2016). As a
result, we explored whether 3- to 5-year-old children’s EC was ultimately implicated in the
negative relation between tablet use and sleep quality. We predicted that evening tablet
use would be indirectly related to 3- to 5-year-olds’ EC via sleep quality. More specifically,
we expected that evening tablet use would be related to worse sleep quality and that poor
sleep quality, in turn, would be related to weaker EC (H3). Because we did not previously
find any relations between hand-held game player use and sleep (Holmes, Kim-Spoon, &
Deater-Deckard, 2016), we did not advance any predictions about the indirect association
between game use and EC via sleep.

Sleep as a moderator of the mobile electronic device-effortful control relation

In addition, sleep may moderate the relation between young children’s mobile device use
and EC. Prior work has found that the amount of sleep infants and young children accrue
shapes how they respond to environmental influences (Berger, Miller, Seifer, Cares, &
LeBourgeois, 2012; Bernier, Bélanger, Tarabulsy, Simard, & Carrier, 2014). During sleep,
memories are consolidated, unnecessary synaptic connections established during the
daytime are pruned, and the neural networks supporting sustained attention are
maintained, contributing to better cognitive function (Astill et al., 2012). As Bernier et al.
(2014) explained, children who lack adequate sleep may be less able to profit from
productive environments and will thereby experience less positive outcomes compared
to children with better sleep experiences. For example, Bernier et al. (2014) found that
mothers’ sensitive parenting was predictive of better EF only among infants who
experienced more sleep at night.

In the same way, mobile media devices may be used and experienced differently by
children who get less sleep. Perhaps these children are less able to use strategies to engage
with these devices and instead become relatively passive receivers rather than active
users. Similarly, sleep-deprived children may be more vulnerable to any negative aspects
associated with using these devices. For example, tablets and game players may weaken
sleep-deprived children’s already diminished attentional capacities by providing highly
stimulating content that becomes distracting rather than providing opportunities for
thoughtful engagement.

Alternatively, parents may provide certain types of media to children with specific
sleep profiles and temperament. Parents may find that well-rested children with easier
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temperaments are most satisfied by game players (which require more sustained
attention) and that sleepy children with weaker self-regulation are entertained by tablets.
Although we could not investigate the causal relations among mobile media use, sleep,
and EC, we nevertheless expected to find that sleep would moderate the relation between
mobile media use and EC among young children. More specifically, we predicted that the
number of hours slept at night would moderate the relation between 3- to 5-year-olds’ EC
and their tablet use (H4); and between their EC and hand-held game player use (H5).

Method

Participants and procedures

Survey data from a national sample of 402 mothers of 3-, 4-, and 5-year-old children
(M = 4.0, SD = 0.80; 52% male) in the United States were collected for this study.
Respondents were recruited through a national panel company and were required to
meet several eligibility criteria, which included being the mother of a 3- to 5-year-old child
who was not born prematurely, weighed at least 5 pounds at birth, who had not been
diagnosed with a serious congenital anomaly or significant birth defect, and who did not
experience any major trauma during delivery. Ethical approval for conducting this
empirical work was provided by the author’s institution.

Participants completed a 20-min online survey. On average, the participating mothers
were 34.5 yearsold (§D = 8.7). Most mothers reported their ethnicity as Caucasian (80%),
followed by African American (7%), Hispanic (6%), Asian or Pacific Islander (4%),
multiracial (2%), and Native American (0.5%). Most mothers were married or cohabitating
(80%) and 43% worked outside of the home. On average, participants had received some
college education (M = 3.50, SD = 1.28, where response options ranged from less than
bigh school [coded as 1] to graduate degree [coded as 6]). Average annual household
income ranged between $25,000 and $49,999 (M = 4.26, SD = 1.39, where response
options ranged from ‘/ess than $10,000’ [coded as 1] to ‘$25,000 and $49,000’ [coded as
4] to ‘$200,000 or more’ [coded as 8]). On average, children attended a childcare provider
2 days per week (M = 2.59, §D = 2.22).

Measures

Children’s mobile device use

Participants reported how many hours their child uses a tablet on a typical weekday and
on a typical weekend day during the morning (‘from the time the child awakens until
lunch time”), the afternoon (‘between lunch and dinner time”), and the evening (‘between
dinner and bedtime’), for a total of six questions. Participants were provided with a list of
12 30-min increments of time to respond to the questions (e.g., ‘not at all’, ‘1.5 hr”).
Responses were translated into minutes and total exposure time scores for weekdays and
weekends were created by summing across the responses from each daypart. We
multiplied the sum for the weekday use by 5 and the sum for the weekend use by 2. These
two products were summed and divided by 7 to produce average daily tablet use.
Children’s band-held game player use was measured and calculated in the same way that
tablet use was measured, producing an estimate of average daily hand-held game player
use. Children’s average evening tablet use was calculated by (1) multiplying weekday
evening use, in minutes, by 5; (2) multiplying weekend evening use, in minutes, by 2; and
(3) summing the resulting products together and dividing by 7. Children’s evening
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bhand-bheld game player use was calculated in the same way that evening tablet use was
calculated. All mobile device use scores were converted into average use in hours to be
included in the analyses.

Children’s sleep behaviours

We assessed children’s sleep quantity and quality. Sleep quantity assessments were based
on participant reports of the time that their child goes to bed in the evening and awakens
in the morning. We calculated fotal sleep time, in hours, by subtracting bedtime scores
from wake-time scores. Since parents are typically keenly aware of their children’s
schedules, parent estimates of bedtime and wake time are regarded as accurate and useful
(Sadeh, 1996). In fact, parent reports of bedtime and wake time are used in conjunction
with highly regarded actigraphy (activity-based monitoring) assessments in which sleep
behaviours are derived from data provided by wristbands worn by the child overnight
(Markovich, Gendron, & Corkum, 2015). Dimensions of sleep quality were assessed with
the Children’s Sleep Habits Questionnaire (CSHQ; Owens, Spirito, & McGuinn, 2000).
The CSHQ is widely used in both academic and clinical research to assess children’s sleep
quality (Markovich et al., 2015). Although its utility in diagnosing disordered sleep among
children has been challenged (Markovich et al., 2015), other work has demonstrated that
the measure has good reliability and validity in distinguishing children without sleep
disorders and those seeking help for possible sleep disorders (Owens et al., 2000) and
that CSHQ scores are correlated with actigraphy assessments (Veatch et al., 2015). We
employed three subscales of the CSHQ that Owens et al. (2000) found to have particularly
strong internal inconsistency compared to the other subscales: bedtime resistance (six
items; e.g., ‘my child struggles at bedtime”), sleep duration (three items; e.g., ‘my child
sleeps too little”), and daytime sleepiness (eight items; e.g., ‘my child takes a long time to
be alert’). Sleep behaviours were rated on a 3-point scale including 1 (‘rarely [0 to 1 time
per week]"), 2 (‘sometimes [2 to 4 times per week]’), and 3 (‘usually [5 to 7 times per
week]’). Responses were summed to create scales for bedtime resistance, o = .78, sleep
duration, o = .74, and daytime sleepiness, o0 = .68, with higher scores indicating parent
perceptions of greater sleep difficulty.

Children’s EC

Questions from the short form of the Early Childhood Behavior Questionnaire (ECB;
Putnam, Gartstein, & Rothbart, 2006) were used to assess temperamental EC. The ECB is
designed to measure aspects of temperament, including EC. Like Eisenberg et al. (2009),
we measured attentional focusing (nine items, e.g., ‘when picking up toys or other jobs,
my 3-5-year-old child usually keeps at the task until it’s done’), attentional shifting (five
items, e.g., ‘my 3-5-year-old child can easily shift from one activity to another’), and
inhibitory control (13 items, e.g., ‘my 3—5-year-old child is usually able to resist temptation
when told s/he is not supposed to do something’) to assess EC. On a scale from 1
(extremely untrue of my child) to 7 (extremely true of my child), participants rated how
often they had observed their child engaged in the target behaviour within the past
6 months. Responses were averaged to create scales of attentional focusing, attentional
shifting, and inhibitory control, with some questions requiring reverse coding. Following
Cipriano and Stifter’s (2010) procedures, we created a composite EC score by weighting
each scale according to its total number of items and then summing the three products
together. Composite scores are recommended and commonly used (Allan & Lonigan,
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2011; Belfort et al., 2016; Sulik, Blair, Mills-Koonce, & Greenberg, 2015; Tandon,
Thompson, Moran, & Lengua, 2015), as they increase scale reliability, reduce random
error, and provide parsimony (Holmes et al., 2016; Rushton, Brainerd, & Pressley, 1983).
Higher scores indicated stronger EC, oo = .83.

Covariates

We controlled for the child’s age, the child’s sex (1 = boy, 2 = girl), the mother’s
employment status (1 = employed, 2 = not employed), the number of days the child
attends childcare, the mother’s education, and the household income. In addition, we
controlled for children’s overall television viewing and evening television viewing so that
we could assess the unique contributions of tablets and hand-held game players to EF.
Parents reported their children’s television viewing in the same way that tablet use and
hand-held game player use were reported. Television viewing scores were converted into
hours to be included in the analyses.

Analyses

To explore the hypothesized relations between EC and tablets (H1) and hand-held game
players (H2), we conducted a multiple regression analysis. The first model included the
covariates. The second model contained the media variables. An alpha level of .05 was
used for this statistical test.

To examine the role of sleep as a mediator (H3) and moderator (H4, H5) of the relation
between mobile device use and EC, we used PROCESS, a computational tool for SPSS
(Hayes, 2013). The PROCESS SPSS macro uses linear regression analysis to test mediated
and moderated relationships and uses bootstrap samples to generate estimates of
mediation. To examine the mediated relationships, we conducted five different analyses,
one for each sleep variable (bedtime, total sleep time, bedtime resistance, sleep duration,
daytime sleepiness), using 5,000 bootstrap samples to generate bias-corrected bootstrap
confidence intervals. All of the mediation analyses identified evening tablet use as the
independent variable, the sleep variable as the mediator variable, and EC as the dependent
variable, and included the covariates.

To examine the moderated relationships, we conducted two different analyses, one for
tablet use and one for hand-held game player use. All of the moderation analyses included
the interaction term between either tablet use or hand-held game player use and sleep
hours, identified EC as the dependent variable, and included the covariates. The
interactions were probed using the Johnson-Neyman technique (Bauer & Curran, 2005;
Hayes, 2013) to determine at which levels of sleep time the relations between EC and
tablet use and hand-held game playing were statistically significant. We used 95%
confidence intervals to investigate the mediated and moderated relationships. Estimates
are significant at the .05 level when the 95% confidence interval (CI) did not contain O.

Results

Descriptive statistics

On average, children spent approximately 1 hrand 24 min a day using a tablet computer
(M = 84.15 min, SD = 126.69; Median = 36.43 min, IQR = 120.00), with almost 25 min
in the evening (M = 23.46 min, SD = 39.78; Median = 0.00 min, IQR = 30.00). Half of
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the children used a tablet for <36.43 min a day, one in four used a tablet between
36.43 min and 2 hr a day, and another quarter used a tablet for more than 2 hr a day. In
addition, on average, children spent approximately half an hour using a hand-held game
player a day (M = 35.34 min, SD = 83.61; Median = 0.00 min, IQR = 30.00), with
almost 10 min in the evening (M = 8.88 min, SD = 23.43; Median = 0.00 min,
IQR = 0.00). Almost three in four children never used a game player, and one in three
children used a game player for more than 30 min a day. Moreover, on average, children
watched television for approximately 3 hr and 48 min a day (M = 228.15 min,
SD = 158.42; Median = 192.86 min, IQR = 171.43), with approximately 1 hr and
15 minin the evening (M = 76.77 min, SD = 63.15; Median = 60.00 min, IQR = 81.43).
One in four children watched <2 hr of television a day, another quarter watched between
2 and 3 hr, and half of the children watched more than 3 hr a day.

Only a few parents reported that their child went to bed before 18:00 (0.5%) or
between 18:00 and 19:00 (0.7%) in the evening. One in seven parents reported that their
child went to bed between 19:00 and 20:00 (14.9%), 36.1% between 20:00 and 21:00,
29.4% between 21:00 and 22:00, 12.9% between 22:00 and 23:00, and 6% after 23:00. One
percentage of parents reported that their child woke up between 04:00 and 05:00 in the
morning, and 3% between 05:00 and 06:00. Almost one in four parents reported that their
child woke up between 06:00 and 07:00 in the morning (24.4%), 36.6% between 07:00
and 08:00, 21.1% between 08:00 and 09:00, 9.2% between 09:00 and 10:00, 2.7% between
10:00 and 11:00, and 2% after 11:00. These bedtimes and wake times are similar to those
reported in prior research (Yuwen et al, 2016). On average, children slept for
approximately 10 hr and 40 min each night (@ = 10.66 hr, SD = 1.02;
Median = 11.00 hr, IQR = 1.00). With respect to children’s sleep quality, parents
indicated that, on average, children rarely experienced bedtime resistance (M = 9.21,
SD = 3.02; Median = 8.00, IQR = 4.00), compromised sleep duration (M = 4.15,
SD = 1.45; Median = 4.00, IQR = 2.00), or daytime sleepiness (M = 11.33, SD = 2.58;
Median = 11.00,IQR = 4.00). Almost one in four parents indicated that their child at least
sometimes (2—4 times per week) experienced bedtime resistance (22.9%), approximately
two in 10 parents indicated that their child at least sometimes experienced compromised
sleep duration (18.4%), and 7.2% of parents indicated that their child at least sometimes
experienced daytime sleepiness.

Finally, on average, parents indicated that children’s EC was at about the mid-point of
the scales, suggesting neutral to slight agreement with the items (attentional focusing,
M =453, SD = 0.94; Median = 4.56, IQR = 1.22; attentional shifting, M = 4.25,
SD = 0.99; Median = 4.20, IQR = 1.20; inhibitory control, M = 4.62, SD = 0.93;
Median = 4.62, IQR = 1.15; and composite EC, M = 4.52, SD = 0.83; Median = 4.52,
IQR = 1.07). More than one in three parents rated their child’s attentional focusing
behaviours (34.9%) and attentional shifting behaviours (37.9%) to be slightly to extremely
true, and six in 10 parents rated their child’s inhibitory control to be slightly to extremely
true (60.1%).

Hypothesis testing
The correlations among all key variables are included in Table 1.

H1 and H2 focused on the association between EC and tablets and hand-held game
players, respectively. In the first model of the regression analysis, the child’s age (f = .18,
p <.001) and income level (B = .16, p = .003) were significantly related to EC. Older
children and children in households with higher income had relatively stronger EC. The
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first step of the regression equation explained 8% of variance in EC. In the second model,
all of the media variables contributed an additional 4% of variance, with television viewing
holding a negative association (f = —.10, p = .045). Tablet use was negatively related to
EC (B = —.11, p = .029), but hand-held game player use was positively related to EC
(B = .14, p = .004). Consequently, overall tablet use was related to relatively worse EC
and hand-held game player use was related to relatively better EC.

H3 predicted that evening tablet use would be related to more sleep disturbances
which, in turn, would predict relatively weaker EC. We found that evening tablet use was
significantly associated with children’s EC via (1) their bedtimes (point esti-
mate = —.0008; bias-corrected bootstrap 95% CI = —.0015 to —.0002); (2) bedtime
resistance (point estimate = —.0005; bias-corrected bootstrap 95% CI = —.0011 to
—.0001); and (3) sleep duration (point estimate = —.0007; bias-corrected bootstrap 95%
CI = —.0014 to —.0002) (see Table 2). Evening tablet use was related to later bedtimes,
more bedtime resistance, and worse sleep duration. Each sleep variable was, in turn,
related to weaker EC. Children’s total sleep time and daytime sleepiness were not
significant mediators.

H4 and H5 predicted that the relations between tablet use (H4) and hand-held game
player use (H5) and EC would be moderated by children’s total sleep time. We found

Table 2. Mediation of the relation between evening tablet use and children’s temperamental effortful
control via sleep disturbances

95% ClI
Point estimate SE Lower Upper

Bedtime

Direct effects —.0009 0.0011 —0.0030 0.0012

Indirect effects —.0008 0.0003 —0.0015 —0.0002

Total effects —.0017 0.0010 —0.0037 0.0003
Bedtime resistance

Direct effects —.0012 0.0010 —0.0032 0.0008

Indirect effects —.0005 0.0002 —0.0011 —0.0001

Total effects —.0017 0.0010 —0.0037 0.0003
Sleep duration

Direct effects —.0010 0.0010 —0.0030 0.0009

Indirect effects —.0007 0.0003 —0.0014 —0.0002

Total effects —.0017 0.0010 —0.0037 0.0003
Total sleep time

Direct effects —.0016 0.0010 —0.0036 0.0004

Indirect effects —.0001 0.0001 —0.0005 0.0000

Total effects —.0017 0.0010 —0.0037 0.0003
Daytime sleepiness

Direct effects —.0013 0.0010 —0.0033 0.0007

Indirect effects —.0004 0.0003 —0.0011 0.0000

Total effects —.0017 0.0010 —0.0037 0.0003

Note. Analyses are based on 5,000 bootstrap samples and control for the child’s age, the child’s sex, the
child’s typical evening television viewing time, childcare attendance, maternal education, maternal
employment, and household income. Cl = confidence interval; an estimate is significant at the .05 level if
the 95% Cl does not contain 0.
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The interaction between children's tablet use and sleep
time on temperamental effortful control
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Figure |. The interactions between children’s mobile electronic device use (tablet use, hand-held game
player use) and sleep time on temperamental effortful control. Note. All analyses were performed via
PROCESS (Hayes, 201 3). Both interactions were significant (for tablet use, coeff = .0007,95% Cl = 0.0001—
0.0013; for game player use, coeff = .0009, 95% CI = 0.0001-0.0017). Analyses control for the child’s age,
the child’s sex, the child’s typical television viewing time, childcare attendance, maternal education, maternal
employment, and household income. [Colour figure can be viewed at wileyonlinelibrary.com]

significant interactions in both cases (Figure 1). The negative relation between tablet use
and EC was only significant when children received less sleep (coeff = .0007, 95%
CI = 0.0001-0.0013). Conversely, the positive association between hand-held game
playing and EC was only significant when children slept for a greater number of hours
(coeff = .0009, 95% CI = 0.0001-0.0017).

Johnson-Neyman significance regions showed that sleep time significantly moderated
the relation between tablet use and EC at sleep time scores below 10.61 hr. When
children slept < 10.61 hr, the relation between tablet use and EC was significantly
negative. This was the case for 40.40% of the children in our sample. When children slept
10.61 hr or more, no significant relationship between tablet use and EC was observed. For
hand-held game playing, Johnson-Neyman significance regions showed that sleep time
significantly moderated the relation with EC at sleep time scores higher than 10.42. When
children got more than 10.42 hr of sleep, the relation between hand-held game playing
and EC was significantly positive (59.60% of the children in our sample). When children
slept 10.42 hr or less, no significant relation between hand-held game playing and EC was
observed.
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Discussion

The purpose of our study was to understand whether young children’s EC is related
to time spent with tablets and hand-held game players. To date, relatively little work
has considered the association between self-regulation and media use among children,
despite the fact that self-regulation is intimately connected with many outcomes that
media effects scholars investigate, including aggression (Utendale & Hastings, 2011),
prosocial behaviour (Rhoades et al, 2009), learning (Brock, Rimm-Kaufman,
Nathanson, & Grimm, 2009), and academic performance (McClelland et al., 2014).
Although some work has explored the relations between television exposure and EF
(Lillard et al., 2015) or infant self-regulation (Radesky, Kistin, et al, 2014), there is a
particular dearth in knowledge concerning media exposure’s role in young children’s
temperamental EC. Our study’s first contribution is to add to the small literature on
media effects and self-regulation by documenting that time spent using tablets and
hand-held game players is related to EC. However, the nature of these relations
depended on children’s sleep.

There was a significant and negative relation between young children’s tablet time and
their EC, but only among children who received <10.61 hr of sleep at night. In our study,
this reflected about 40% of children. In addition, time with hand-held game players was
positively related to EC only when children experienced more than 10.42 hr of nightly
sleep (which applied to about 60% of our sample). According to the National Sleep
Foundation (retrieved April 22, 2016), 3- to 5-year-olds require between 11 and 13 hr of
nightly sleep. Our results suggest that sufficient sleep is an important variable in
understanding the association between mobile media exposure and EC.

Because our study was cross-sectional, two explanations for this pattern of results are
possible. First, it is possible that children who fall below their minimum threshold for
sufficient sleep may be more vulnerable to the negative effects of tablet devices and those
who approach or exceed the threshold can benefit from exposure to hand-held gaming
devices. According to Bernier et al. (2014), children who receive adequate sleep can
capitalize on the influence of positive parenting techniques. These children may be more
cognitively adept and emotionally steady, thereby increasing their ability to absorb
positive influences. Lack of sleep may reduce children’s resilience to negative environ-
mental influences. In addition, it may be that sleep-deprived children use tablets
differently (perhaps in a more fragmented or passive manner) or respond distinctly to
tablet features. Similarly, children may not experience benefits from playing with hand-
held games unless they receive adequate sleep. The mental clarity that comes from
meeting sleep needs may enable children to deeply engage with the games, develop goals,
and practise skills that will benefit self-regulation.

The second plausible explanation for our results is that parents are more likely to
supply sleep-deprived children who have weaker EC with tablet devices. Likewise,
parents may be more inclined to provide ‘easier’ children (i.e., with higher EC) who also
get adequate rest with hand-held gaming devices. It is not clear why parents would supply
different forms of mobile devices to children with different characteristics. Perhaps
tablets provide a greater variety of options, including both passive and active media
consumption, that can better adapt to a challenging child’s needs. In fact, there is
evidence that parents do increase media exposure in response to challenging child
behaviours (e.g., Radesky, Peacock-Chambers, Zuckerman, & Silverstein, 2016; Thomp-
son et al., 2013). In a qualitative study, Bentley et al (2016) found that mothers used
television programmes and mobile devices to soothe and calm children and to prevent
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unwanted behaviour. Since tablets, like television, can also show videos, perhaps they are
perceived as conducive to soothing sleep-deprived children with weaker EC compared
with other forms of media. Hand-held games, however, require sustained attention and
alertness; as a result, parents may note that this entertainment form engages and pleases
children who are well rested and who are already skilled at enacting goal-directed
behaviour. This line of reasoning suggests that, through experience, parents learn that
certain forms of media appropriately engage and satisfy children with distinct needs,
leading parents to provide that form of media to their children.

We encourage future work to explore the inter-relations among young children’s
mobile media use, sleep, and indicators of self-regulation, like EC and EF. Longitudinal
work would provide valuable information about the causal direction of these associations.
In addition, observational work would greatly enhance our understanding of how mobile
media are used by children. Perhaps young children, especially ones who are sleep-
deprived, experience tablets in a manner that mimics their experiences with television.
Children may not take advantage of the affordances inherent to the tablet platform (or may
be unable to without parental assistance) and use tablets passively. Or, because tablet
applications — even educational ones — may contain extraneous features, such as
animation, graphics, and sound, that are not central to the application’s focus, perhaps
young children become distracted by these content-irrelevant features, thereby prevent-
ing them from meaningfully engaging with the material for an extended period. Finally,
perhaps young children’s tablet use consists primarily of short segments of time,
experienced in settings that are counterproductive to learning. Some scholars note that
repeated exposure to media content that is fast-paced and overstimulating is associated
with attention problems (Christakis, Zimmerman, DiGiuseppe, & McCarty, 2004;
Zimmerman & Christakis, 2007), which are closely related to EC.

Overall, although these findings provide evidence that 3- to 5-year-olds’ EC is related to
the amount of time they spend with particular types of mobile devices, they also reveal the
importance of considering children’s sleep as a moderator of these associations. Studies of
media uses and effects among children rarely consider the potential role of children’s
sleep, despite its importance to child development. We encourage future work on
children’s media uses and effects to investigate the role that children’s sleep plays.

Our study’s second contribution involves identifying one evidence-based explanation
for why tablet use is related to children’s EC. Children with later bedtimes, heightened
bedtime resistance, and problematic sleep duration had higher evening tablet use.
Moreover, each of these indicators of disrupted sleep was related to weaker EC.

The sleep variables that mediated the tablet-EC relation in this study may reflect more
disorganized, less consistent, or chaotic bedtime routines. In contrast, the total amount of
sleep and whether the child experienced fatigue were not significant mediators. Perhaps
it is the relative chaos that surrounds bedtime, in part prompted by or at least marked by
higher tablet use, that contributes to weaker EC. Other research, in fact, has found that
children who live amidst household chaos have lower self-regulation scores compared
with other children (Vernon-Feagans, Willoughby, & Garrett-Peters, 2016). Alternatively,
it could be that families with individuals with lower EC have more difficulty creating
structure and routine, which manifests in more household chaos, including increased
screen exposure among family members. Regardless of the direction of causality, future
work might consider the possible connection between family routines, including rituals
surrounding bedtime, and media use. These explanations are purely speculative and
intended to guide continued work.
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Limitations

There are several limitations of this study. First, this study was cross-sectional and
therefore we cannot make any inferences about the causal relations between mobile
device use and EC. This is a very significant point to consider since individual differences
can cause distinct media exposure patterns (Valkenburg & Peter, 2013). As noted earlier,
it is plausible that parents are more likely to (1) provide tablet devices to children with
sleep issues and weaker EF; and (2) give hand-held game players to children with better EF
who get adequate sleep. Consequently, we cannot claim that mobile device use caused
child outcomes. Rather, we can only assert that they are related. Most likely, following
recent media effects theories, the inter-relations are reciprocal (Slater, 2007; Valkenburg
& Peter, 2013).

Second, we cannot ascertain whether certain types of content are better or worse
for EC. There can be great variability in the type of content children encounter via
mobile devices. Future work should explore how the relations between EC and
mobile device use vary according to the content that is experienced. Similarly, it will
be important for future work to assess not just tablet exposure (as we did), but also
what children are doing with their tablets (e.g., game playing, watching videos). The
variability in the nature of tablet activity might help explain the associations between
exposure and outcomes.

Third, we did not have measures of other variables that might explain the relations
among media exposure, sleep, and EC. These variables can include parent factors (e.g.,
parenting strategies, parental self-regulation), child factors (e.g., ADHD symptomology),
and household factors (e.g., household chaos). Moreover, these other factors are
indicative of other problems that can contribute to either higher media exposure, weaker
EC, or both. For example, household chaos is related to lower socio-economic status,
poorer housing conditions, reduced availability of educational resources (e.g., books),
and reduced cognitive performance and conduct among children (Deater-Deckard et al.,
2009; Pike, Iervolino, Elay, Price, & Plomin, 2006). Future research should incorporate
these other factors to determine the extent to which media use is uniquely related to sleep
and EC, with these other factors controlled.

Fourth, our data are based on parent reports of children’s behaviours, which are likely
biased. For example, since tablets and hand-held game players can be used in a variety of
settings and often for short periods of time, parents may struggle to accurately report their
child’s exposure time. Moreover, parents may be reluctant to report undesirable child
behaviours (e.g., excessive media use, impulsivity) in an effort to provide socially
desirable responses. Observational or time diary data may provide superior assessments of
children’s mobile media use and EC.

In addition, parent reports of children’s sleep behaviours are suspected to
overestimate sleep quantity and quality (Diaz et al., 2016). Although parent reports of
sleep behaviours are pervasive in the literature (and the CSHQ is particularly
prevalent in both academic and clinical work, Markovich et al, 2015), there is
growing demand to utilize more objective forms of measurement, such as actigraphy,
to capture children’s sleep quality (Diaz et al., 2016). Even so, actigraphy involves the
subjective reports of a child’s bedtime and wake time, which Sadeh (1996) found
were accurate. The gold standard assessment of sleep behaviours comes from
polysomnography (PSG; De Weerd, 2014; Sadeh, 2015), which is not usually feasible
for most research because it involves the placement of electrodes on the child’s body
and observation in a laboratory overnight. Markovich et al. (2015) found that four
subscales of the CSHQ (including the sleep duration scale used in our study and three
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other scales not used in our study) were predominantly not significantly related to
PSG and actigraphy readings, with the CSHQ more likely to under-diagnose sleep
problems in children. As a result, we encourage readers to interpret our results
involving the sleep duration subscale of the CSHQ with particular caution. More
generally, we remind readers that all of our sleep measures are based on parent
reports and thus may better reflect parent perceptions of children’s sleep problems
rather than actual problems. From this perspective, our results reveal that parent
perceptions of children’s sleep play an important role in the association between
mobile device use and EC. Because of the likelihood of biased parent reporting
plaguing our measures, it is imperative that future research follow up on our work to
verify these relations using objective measures.

Relatedly, we relied on a single informant to provide all of the information on
children’s behaviours, rather than gathering assessments from multiple informants (e.g.,
parents, children, teachers, researchers). The practice of using a single informant to
provide all the data increases the likelihood of shared method variance, which (unlike the
problem of biased estimates) would inflate the intervariable associations we observed. As
a result, it is unclear whether our results reflect true associations among variables or
whether they emerged because of shared method variance. We view our results as
tentative and suggestive of relations among child mobile media use, sleep, and EC, but
continued research is needed to verify whether these results would replicate with more
objective measures and the use of multiple informants.

Conclusion

Our study discovered that sleep plays an important role in the association between young
children’s temperamental EC and their mobile media use. We recommend continued
investigation of children’s EC as an outcome (as well as a predictor) of children’s media
use. In addition, we encourage future work to consider the relevance of children’s sleep
when studying the effects of media on children — not only as an outcome of exposure, but
also as amediator and a moderator of other outcomes. Scholars should consider the factors
which are known to play a substantive role in children’s cognitive, social, and emotional
development, such as sleep quantity and quality. Integrating the knowledge gleaned from
child development experts into our study of media effects on children should yield a more
complete understanding of how media are used, experienced, and responded to among
this population.
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