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Abstract This study investigated the relationship between
self-reported time in bed and sleep quality in association
with self-reported internalizing and externalizing symptoms in a sample of 285 elementary school students (52 %
female) recruited from a rural Midwestern elementary
school. Path models were used to estimate proposed associations, controlling for grade level and gender. Curvilinear
associations were found between time in bed and anxiety,
depressive symptoms, and irritability. Marginal curvilinear
trends were found between time in bed and emotion dysregulation, reactive aggression, and proactive aggression.
Sleep quality was negatively associated with anxiety,
depressive symptoms, irritability, reactive aggression, and
delinquency engagement. Gender and grade differences
were found across models. Findings suggest that examining
self-reported time in bed (both linear and quadratic) and
sleep quality is important for understanding internalizing
and externalizing symptoms associated with sleep in
school-age youth. Incorporating self-reported sleep
assessments into clinical practice and school-based evaluations may have implications for a child’s adjustment.
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Introduction
Sleep plays a crucial role in children’s development and
functioning [1]. The school-age years are an important time
for forming healthy habits around sleep [1]. Sleep problems
in school-age children can arise in the form of sleep
duration (i.e., too little or too much time asleep or time in
bed [2, 3]) and subjective sleep quality (e.g., problems with
falling or staying asleep, restless sleep [1]). Research
consistently finds that children with sleep problems are at
risk for a host of internalizing and externalizing symptoms
[4]. Studies examining the associations between sleep
problems and functioning among school-age youth frequently rely on parent report or use of objective sleep
measures (e.g., actigraphy). However, assessing sleep
problems based on a child’s subjective experience is
important to capture behavioral sleep disturbances not
found on objective measures of sleep [5]. Parents also may
not be fully aware of their child’s sleep difficulties, as
studies have found low correspondence between parentand child-reported sleep problems [6, 7] and between
parent-reported sleep compared to actigraphy [8]. Furthermore, few studies examine and compare different
aspects of sleep problems within the same study [3]. To
better understand children’s functioning associated with
the subjective sleep experience, research is warranted that
examines children’s perceived sleep problems in relation to
various internalizing and externalizing symptoms [9]. The
purpose of the current study was to examine and compare
aspects of self-reported sleep problems (i.e., time in bed
and sleep quality) associated with self-reported
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internalizing (e.g., anxiety, depression symptoms) and
externalizing (i.e., delinquency, proactive aggression,
reactive aggression) symptoms among a sample of elementary school-age youth.
Receiving enough sleep is an important aspect to
examine when considering sleep problems in school-age
youth. Several organizations provide recommended
guidelines for appropriate sleep duration for children,
although the amount of sleep recommended within these
guidelines has been trending downward over the last century [10]. Indeed, the National Sleep Foundation recently
updated their sleep duration recommendations by expanding the school-age recommended sleep duration from
10–11 h per night to 9–11 h per night [11]. This change
may not be inconsequential, as research indicates that even
a 1-h difference in sleep duration can have an impact on
children’s functioning [12]. Further, sleep duration recommendations are usually given as a range, indicating that
there are individual differences in the optimal amount of
sleep [11] and that problems may be associated with a child
receiving either too much or too little sleep. Although only
a few studies have investigated this hypothesized curvilinear association, using actigraphy and self-report measures of sleep duration, results have supported the notion
that physical and behavioral health problems can arise at
either end of the sleep duration continuum [13–17]. Given
the divergent and changing sleep recommendations across
time and organizations, a better understanding of internalizing and externalizing symptoms associated with high
and low levels of sleep duration, including time in bed,
among children is warranted in order to inform sleep recommendations for school-age youth.
In addition, sleep recommendations do not often account
for sleep quality [11], although children may experience
poor sleep quality regardless of sleep duration or time in
bed [3, 18]. Extant research indicates that sleep duration
and sleep quality are both associated with children’s psychological functioning [4, 19]. Few studies, however, have
examined associations between self-reported sleep quality
and time in bed and internalizing and externalizing problems among school-age youth.
When considering internalizing and externalizing
symptoms associated with poor sleep duration and/or
quality, a growing body of literature links sleep problems
to parent- and child-reported internalizing symptoms in
school-aged children [4, 9, 19, 20]. For example, more
difficulty sleeping was associated with greater parent-reported anxiety/depression symptoms (but not teacher-reported anxiety/depression) in a large sample of school-aged
children [21]. Sleep problem severity is also associated
with increased internalizing symptoms in clinical samples
of children with sleep disorders [22]. While these studies
demonstrate an association between sleep functioning and
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internalizing problems, there is mixed evidence as to
whether sleep duration or quality is more strongly associated with anxiety symptoms [23] or depressive symptoms
[24, 25] in school-aged children. In addition to internalizing domains of anxiety and depression, both poor sleep
duration and quality are also associated with more emotion
regulation difficulties [26, 27].
Sleep problems have also been examined in relation to
parent- and teacher-reported externalizing behavior problems (e.g., aggression, delinquency, substance use) in
children, with few known studies examining this based on
child self-report [9]. Although parents and teachers are
reliable reporters of externalizing problems and offer
strengths in assessing problem behaviors [28], children
may offer a unique perspective on their problem behavior
[29]. Studies have found poor sleep to be associated with
children’s aggressive behavior [9, 25, 30]. For instance,
Becker [9] found worse sleep functioning, assessed through
child self-report, to be associated with greater teacher-reported reactive, but not proactive, aggression. Other studies
have shown children with shorter sleep duration and/or
poorer sleep quality exhibit increased behavioral problems
such as oppositionality or rule-breaking behavior compared
to youth with more and/or better sleep [31–34], although
exceptions have also been reported [9, 35]. In support of
this association, Smedje et al. [36] found more parent-reported sleep-wake difficulties were related to engagement
in conduct problems in a sample of 6–8-year-old Swedish
children. In another study, lower objectively-measured
sleep duration was associated with more parent-reported
conduct problems in a sample of 6 to 11-year-old children
[37]. Despite the growing number of studies examining the
relations among sleep problems and internalizing/externalizing symptoms in school-age youth, few studies have
examined these associations while using children’s selfreported sleep assessments and/or self-reported behavior
problems.
In summary, given that limited research has examined
multiple aspects of self-reported sleep problems in association with diverse internalizing and externalizing symptoms among school-age youth, and that few studies have
examined the curvilinear (quadratic) associations of sleep
duration, the current study examined the linear and quadratic relations between self-reported sleep duration (defined
as time in bed in the current study [38]) and sleep quality in
association with both internalizing/emotional problems
(i.e., anxiety, depression, irritability, emotion regulation)
and externalizing/behavioral problems (i.e., delinquency,
proactive and reactive aggression) in a sample of elementary school-age youth. Two main study hypotheses were
examined. First, with previous studies finding differences
in internalizing and externalizing symptoms based on
incremental differences in sleep duration [12], we expected
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internalizing and externalizing problems to be more pronounced among children who report low (too little) or high
(too much) levels of time in bed. Second, we expected poor
sleep quality to be positively associated with internalizing
and externalizing symptoms. Group differences in grade
and gender were also examined, given differences found
across internalizing and externalizing symptoms based on
these individual factors [39, 40].

Methods
Participants
This study included 285 3rd–5th-grade students attending
an elementary school in a rural, Midwestern community.
Children attending this school were eligible to participate if
they were proficient in English, spent the majority of their
education time in a mainstream classroom, and, based on
information provided by school administrators, did not
have a developmental disability that would hinder comprehension and ability to answer research questions.
Written parental consent was required for children to participate in the study. Participants were recruited by
including study information and a consent form in the
back-to-school materials sent to parents. If no response was
received, a separate parent consent letter was mailed to the
students’ homes. Of the 391 students eligible for the study,
301 (76.98 %) obtained written parental consent to participate in the study. Of the 301 obtaining written parental
consent, 295 (98.01 %) completed the questionnaires. Ten
participants (3.39 %) were excluded from the current
analysis due to lack of data on time in bed. The final
sample included 285 participants (52 % female). School
records indicate that the majority of students at the school
identify as White. The sample’s grade distribution was as
follows: 36 % in 3rd grade (n = 102), 32 % in 4th grade
(n = 91), and 32 % in 5th grade (n = 92).
Procedures
Study procedures were approved by the researchers’
institutional review board and the school district’s administrators and board prior to data collection. Participants
provided verbal assent prior to completing the survey.
Surveys were administered by trained research assistants
and completed by participants in their classrooms during
the school day. Participation took approximately
25–30 min. Within each classroom, one member of the
research team read items aloud while participants filled in
their answers to the questionnaires. Two to three additional
research team members were also present to assist in
answering questions and to monitor students’ participation.
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In order to maintain confidentiality, no school personnel
were present in the room during survey administration.
Students were given a small prize (special pencils) as a
reward for their participation.
Measures
Demographics
Participants completed a questionnaire that evaluated several demographic variables, including gender. Information
about participating students’ grade levels was provided by
school administrators separately.
Time in Bed
To assess time in bed, participants responded to the following two questions: ‘‘What time do you usually go to bed
on the days you have to go to school?’’ and ‘‘What time do
you wake up in the morning on the days that you have to go
to school?’’ As in previous research examining self-reported time in bed in elementary-aged children [17], time
in bed was calculated as the difference between these two
times. Originally measured in minutes, values were converted to hours for all analyses in order to facilitate clear
interpretation of the results.
Sleep Quality
Sleep quality was measured using the 4-item child selfreport scale developed by Meijer and colleagues [2]. All
items were rated on a 3-point Likert scale with response
options tailored to each question. Specifically, items
assessed the presence of common childhood sleep problems, including sleep latency (‘‘When you’re in bed and the
lights are turned off: 1 = it takes you a long time to fall
asleep, 2 = you stay awake for a while, 3 = you fall
asleep at once’’), frequency of night walkings (‘‘Do you
ever sometimes wake up during the night? 1 = nearly
every night, 2 = sometimes, 3 = never’’), and difficulty
returning to sleep (‘‘If you wake up during the night: 1 = it
takes you a while to fall asleep again, 2 = you fall asleep
again, 3 = mostly you don’t notice’’), as well as the child’s
subjective sleep quality (‘‘Do you sleep well at night?
1 = no, 2 = sometimes, 3 = yes, always’’) [2, p. 153].
This scale has demonstrated evidence of reliability and
validity in previous research among school-age children
and early adolescents [e.g., 2], and evidence supports the
validity of child self-reported sleep quality in its convergence with more objective sleep measures such as actigraphy [17]. In the present sample, the internal consistency
of sleep quality was in the questionable to adequate range
(a = .59), which is likely due to the small number of items
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and limited scale variability in the measure [41] as well as
the distinctiveness across sleep quality domains [22].
Indeed, sleep quality is a heterogeneous construct that has
been operationalized in many different ways [5, 17]. Thus,
low internal consistency is common among brief screeners
for sleep problems/quality [e.g., 21], which nonetheless
demonstrate evidence of reliability, validity, and utility [5].
This brief, broad measure was selected in light of participation time constraints and given the useful separation
between general sleep quality and time in bed [2, 3, 17].
Emotion Dysregulation
Students completed the Children’s Emotion Management
Scales (CEMS) to assess emotion dysregulation [42, 43].
Both the 12-item Sadness (CSMS) and 11-item Anger
(CAMS) versions of the scale were administered. The
CEMS results in a total Dysregulation scale utilizing 3
items from the CSMS (e.g., ‘‘I cry and carry on when I’m
sad’’) and 3 items from the CAMS (e.g., ‘‘I do things like
slam doors when I am mad’’). The Dysregulation scale
evaluates the extent to which participants lack the ability
to manage certain emotional responses (e.g., slamming
doors, whining). Previous research has found evidence of
moderate internal consistency (a = .60–.68) and good
test–retest reliability (r = .62–.63) on the dysregulation
scales of the CSMS and CAMS [42], as well good convergent and discriminant validity with the dysregulation
scale of the CEMS [42] and good construct validity with
the dysregulation scale of the CAMS [43]. Items were
measured on a 3-point Likert scale of 1 (hardly ever), 2
(sometimes), or 3 (often). Total scores were calculated
using the mean across the 6 responses. Internal consistency was adequate (a = .65).
Anxiety Symptoms
To assess anxiety symptoms, participants completed the
8-item self-report Pediatric Anxiety Scale of the PatientReported Outcomes Measurement Information System
(PROMIS) [44]. Items (e.g., ‘‘I felt worried’’) were rated on
a 5-point scale, from 1 (never) to 5 (always). Mean scores
were calculated for the current study. Internal consistency
for the scale in this sample was good (a = .89).
Depressive Symptoms
To evaluate depressive symptoms, the Short Mood and
Feelings Questionnaire (SMFQ) was administered to participants [45, 46]. This 13-item self-report measure asks
participants to rate statements on a 3-point Likert scale,
from 0 (Not True) to 2 (True), based on how they felt in the
previous 2 weeks (e.g., ‘‘I didn’t enjoy anything at all’’).
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Previous research with clinical and community samples
have demonstrated good internal consistency and content,
criterion, and construct validity [45, 47]. Internal consistency in the current study was good (a = .87).
Irritability
To assess irritability, a symptom present in various mood
disorders, participants completed the Affective Reactivity
Index (ARI) [48]. The ARI included 6 items evaluating 3
facets of irritability: (a) anger threshold (e.g., ‘‘I am easily
annoyed by others.’’); (b) regularity of angry feelings and
behaviors (e.g., ‘‘I get angry frequently’’); and (c) the
length of time these angry feelings and behaviors last (e.g.,
‘‘I stay angry for a long time’’). Items are rated on a 3-point
Likert scale, from 0 (not true) to 2 (certainly true) based on
how participants felt in the previous 6 months, and means
were calculated for the current study. Previous research has
shown good internal consistency (a = 0.88) and factorial
structure in clinical and community samples using this
measure [48]. Internal consistency for the questionnaire in
the current sample was good (a = .81).
Engagement in Delinquency
Students’ engagement in delinquency was measured utilizing a 14-item self-report questionnaire regarding deviant
and antisocial behavior that had been committed in the
previous year [49]. This measure was originally designed
to assess parent- and child-reported peer delinquency, but
has since been adapted for use as a self-report measure
[50, 51]. Questions asked about behaviors such as absenteeism from school, contact with law enforcement, and
property damage, with a Yes/No response option to each
item. Total scores were generated by calculating a summed
score, and higher total scores denote greater engagement in
delinquency. Participants reported engaging in 0–6 delinquent acts, with 17 % of participants reporting that they
engaged in one or more delinquent act. Internal consistency
was low (a = .52), which may be due to the dichotomous
nature of the response options [52].
Reactive/Proactive Aggression
Children were evaluated on reactive and proactive
aggression using the 6-item self-report reactive–proactive
aggression scale [53]. This scale includes three items that
evaluate proactive aggression [e.g., ‘‘I use physical force
(or threaten to use physical force) in order to dominate
other kids’’] and three items that assess reactive aggression
(e.g., ‘‘When I have been teased or threatened, I get angry
easily and strike back’’). Answers were based on a 5-point
Likert scale, from 1 (never) to 5 (almost always). Although
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initially developed for use by teachers, this measure has
shown to be valid and reliable when used with school-age
children [54, 55]. Mean subscales for reactive aggression
and proactive aggression were calculated and analyzed. In
the present study, as = .71 and .56 for reactive and
proactive aggression, respectively.
Analytic Plan
Univariate and bivariate characteristics of the data were
examined prior to analyses. Missing data (\4 %) were
handled with pairwise deletion in correlation analyses and
with full information maximum likelihood estimation in
path analyses [56, 57]. Robust estimation was utilized in
order to address the non-normality of the data [58]. The
study questions were examined in a stepwise manner using
two path models estimated in Mplus Version 7 [58]. We
specified an internalizing model (endogenous variables:
anxiety, depression, emotion dysregulation, and irritability)
as well as an externalizing model (endogenous variables:
delinquency, proactive aggression, and reactive aggression). All models were estimated with sleep quality, time in
bed, and a quadratic term for time in bed included as the
main exogenous variables, while also controlling for grade
and gender. For time in bed, both the linear and the
quadratic terms were included because the association
between sleep and behavior is not always found to be
entirely linear [13, 15]. To model these kinds of associations, both the linear and quadratic terms are needed [52].
We followed a model-trimming approach wherein the
quadratic term was included in the initial models, based on
the hypothesized curvilinear associations. If the quadratic
term was not found to be significant, the model was then
re-estimated with the linear term only. To aid in the
interpretation of results, all exogenous and control variables were mean-centered prior to analyses, while
endogenous variables were left on their original scale.
Grade and gender differences were examined by re-estimating the above path models using a multiple group
approach. First, we estimated the internalizing and externalizing path models with substantive paths constrained to be
equal across gender (M = F) and grade level
(3rd = 4th = 5th). Then we removed these equality constraints and allowed parameters to be estimated independently for each group (M, F; 3rd, 4th, 5th) while still keeping
the covariates constrained (e.g., controlling for the effect of
grade in the gender models, and vice versa). We then applied
Satorra and Bentler’s [59] scaled Chi square difference test,
which accounts for the Chi square correction imposed by
robust estimation [58]. A nonsignificant test statistic would
indicate that the simpler (single-group) model is preferred
for reasons of fit and parsimony, such that results can be
applied similarly for boys and girls; conversely, a significant
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test statistic would indicate that the more complex model
(i.e., with path estimates allowed to vary across groups)
exhibits better fit than the simpler model. Given this latter
scenario, our next step was to examine the modification
indices (MIs) from the single-group model to identify which
particular paths were driving the dissimilarities between
groups. Using the hypothesized path models as a guide, we
identified MIs [ 5 for any regression or covariance paths
that corresponded to a substantive model path, and re-estimated the model with these paths freed.
Because all of the initial path models were specified to
be fully saturated (df = 0), model fit statistics are not
interpretable and therefore not reported for these models.
However, this was not the case in the models testing for
gender differences; thus, we report the Chi Square test
statistic, Root Mean Square Error of Approximation
(RMSEA), Confirmatory Fit Index (CFI), and Standardized
Root Mean Squared Residual (SRMSR) for all models
testing gender and grade differences. A model is considered to have acceptable fit when CFI C .90, with values
closer to 1.0 indicating better fit; and values B.08 for both
RMSEA and SRMR, with values closer to 0.0 indicating
better fit [57, 60]. Given their interdependency, the linear
and quadratic terms for time in bed were always specified
in the same manner within any particular model (i.e., both
were constrained or both were fixed).

Results
Participants reported spending an average of 9.77 h
(SD = 1.00) in bed. Notably, 83.5 % (n = 238) of the
sample reported spending between 9 and 11 h in bed at
night, which is in accordance with recent sleep duration
recommendations [11], while 10.9 % (n = 31) of participants reported being in bed for less than 9 h and 5.6 %
(n = 16) reported being in bed for longer than 11 h.
Bivariate linear correlations (Table 1) showed that higher
sleep quality was associated with lower levels of anxiety
(r = -.35, p \ .01), depression (r = -.39, p \ .01), emotion dysregulation (r = -.12, p \ .10), irritability
(r = -.24, p \ .01), delinquency engagement (r = -.18,
p \ .01), and reactive aggression (r = -.16, p \ .01). Less
time in bed was associated with increased engagement in
delinquency (r = -.20, p \ .01). No gender differences
were found in relation to sleep quality or time in bed
(ps [ .05). Girls reported more anxiety symptoms (r = .12,
p \ .05) and less irritability (r = -.14, p \ .05), delinquency engagement (r = -.19, p \ .05), and reactive
aggression (r = -.17, p \ .01) compared to boys. Children
in lower grades reported being in bed for less time
(r = -.20, p \ .01). No grade differences were seen across
the internalizing or externalizing variables (ps [ .05).
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Table 1 Correlations, means, and standard deviations
Sleep variables

Internalizing variables

1

3

2

4

5

Externalizing variables
6

7

8

1. Sleep quality

1

2. Time in bed

-.02

1

3. Anxiety

-.35**

.11?

4. Depression

-.39**

.03

.61**

1

5. Em dysreg

-.12?

-.03

.24**

.31**

6. Irritability

-.24**

.08

.40**

.48**

.37**

1

7. Delinquency
8. Reactive agg

-.18**
-.16**

-.20**
.03

.10?
.27**

.29**
.43**

.25**
.36**

.36**
.55**

1
.36**

1

Demographic variables
9

10

11

1

?

1

9. Proactive agg

-.09

-.02

.11

.35**

.19**

.38**

.35**

.48**

1

10. Female

-.03

.04

.12*

-.06

-.08

-.14*

-.19**

-.17**

-.12*

1

11. Grade

-.01

-.20**

.07

.06

.00

.07

.05

-.07

-.07

.01

M (%)

2.02

9.77

1.95

.32

1.54

.44

.25

1.73

1.10

(52.0)

3.96

SD

.43

1.00

.85

.36

.43

.46

.67

.81

.33

–

.83

1

Em Dysreg emotion dysregulation, Agg aggression
?

p \ .1; * p \ .05; ** p \ .01

Path Models
Results of the internalizing and externalizing path models
are presented in Tables 2 and 3, respectively. In the
internalizing model, a similar pattern was observed across
endogenous variables with regard to their associations with
sleep quality, time in bed-linear, and time in bed-quadratic;
although, in some cases, these trends did not reach statistical significance. Sleep quality was negatively associated
with irritability, depressive symptoms, and anxiety, and
showed a marginal relationship with emotion dysregulation
(p \ .10). Time in bed exhibited significant curvilinear
associations (see Fig. 1) with irritability, depressive
symptoms, and anxiety, and a similar marginal pattern for
emotion dysregulation (p \ .10). Gender associations were
found for irritability and anxiety, such that boys reported

higher levels of irritability whereas girls reported higher
levels of anxiety. In contrast, gender was not associated
with emotion dysregulation or depressive symptoms. Grade
level was significantly associated with irritability and
marginally associated with depressive symptoms and anxiety, with children in more advanced grades reporting
higher levels of these variables. Grade level was not
associated with emotion dysregulation. Overall, these
models accounted for a significant portion of the variance
(approximately 15–22 %) in irritability, depressive symptoms, and anxiety; but not for emotion dysregulation (approximately 3 %).
Figure 1 presents the curvilinear associations between
time in bed and all internalizing problems—anxiety (Panel
A), depressive symptoms (Panel B), emotion dysregulation
(Panel C), and irritability (Panel D)—after controlling for

Table 2 Results of internalizing path model
Exogenous variables

Endogenous variables
Emotion dysregulation

Irritability

Depressive symptoms

(B SE)

b

1.539**

(.025)

3.567

.439**

(.025)

.958

.323**

(.019)

.899

.000

(.030)

.000

.068*

(.028)

.122

.042?

(.024)

.097

Female

-.071

(.051)

-.164

-.140**

(.051)

-.305

-.053

(.038)

Sleep quality

-.110?

(.059)

-.107

-.228**

(.069)

-.208

-.306**

Time in bed

-.007

(.025)

-.016

.061*

(.027)

.130

.027

.084

.046**

(.010)

.242

.036**

(.012)

.150**

(.049)

.217**

(.054)

B
Intercept
Grade

Time in bed2

.015?

(.009)

R2

.028

(.018)

?

p \ .1; * p \ .05; ** p \ .01
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B

(B SE)

b

Anxiety

B

(B SE)

b

1.951**

(.046)

2.288

.112?

(.058)

.108

-.147

.183*

(.093)

.215

(.055)

-.356

-.665**

(.135)

-.326

(.029)

.076

.116*

(.053)

.137

.241

.036*

(.018)

.104

.162**

(.039)

(B SE)

b

B
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Table 3 Results of externalizing path model
Exogenous variables

Endogenous variables
Proactive aggression
B

(B SE)

Reactive aggression
b

B

(B SE)

Delinquency
b

B

(B SE)

b

Intercept

1.098**

(.019)

3.377

1.729**

(.045)

2.149

.249**

(.036)

.373

Grade

-.020

(.017)

-.051

-.048

(.051)

-.049

.030

(.037)

.038

Female
Sleep quality

-.078*
-.057

(.039)
(.055)

-.241
-.073

-.271**
-.260*

(.092)
(.124)

-.337
-.135

-.248**
-.253*

(.073)
(.098)

-.371
-.158

Time in bed

-.001

(.031)

-.004

.034

Time in bed
R2
?

2

?

.024

(.014)

.059

(.042)

.178

(.064)

.042

-.106?

(.062)

-.159

?

(.034)

.184

.068

(.046)

.249

.091?

(.047)

.168

(.111)

.061

p \ .1; * p \ .05; ** p \ .01

Fig. 1 Significantly and
marginally significant
curvilinear relations between
time in bed and internalizing
problems controlling for grade,
gender, and sleep quality. Solid
line and circular markers
represent the model-estimated
values at the mean level of time
in bed, 9.78 h (center marker)
±3 h (outer markers). Dotted
line represents the sample mean
of the y-axis variable.
a (Anxiety), quadratic trend
p = .039; b (depressive
symptoms), quadratic trend
p = .004; c (emotion
dysregulation), quadratic trend
p = .086; d (irritability),
quadratic trend p \ .001

age, gender, and sleep quality. It is clear from these data
that children who fall toward either tail end of the distribution1 of time in bed are likely to report higher levels of
depressive symptoms, irritability, and (marginally) emotion
1

We considered whether the extreme observations for time in bed
might exert a disproportionate effect on the model compared to other
participants (i.e., possible outlier effects). To assess this, we reestimated all models after dropping the cases with the maximum
(14.5 h) and minimum (5 h) values. Results showed that nearly all
parameter estimates that were previously significant or marginally
significant (p \ .1) remained within this range (ps = \ .001–.082).
The only exception was that the previously marginally significant
associations between time in bed and proactive aggression and
delinquency became nonsignificant, both with and without the
quadratic terms included in the model (all ps [ .2). Thus, overall,
the results appear to be largely unaffected by extreme values.
Accordingly, all model results reported in this paper are based on
analyses using all data from the entire sample.

dysregulation. Anxiety showed a similar pattern, except
that the model predicted elevated anxiety scores for children at high levels of sleep but not at low levels.
Results were slightly less consistent for the externalizing
path model. Lower sleep quality was significantly associated with higher levels of delinquency and reactive
aggression, but not proactive aggression. Further, marginal
(p \ .10) quadratic trends were found between time in bed
and reactive and proactive aggression. Only a marginal
linear trend was found between time in bed and delinquency, and this path was attenuated to nonsignificance
(p = .14) when the model was re-estimated without the
quadratic term. Unlike the internalizing regression paths,
the externalizing path model revealed no associations with
grade, and uniform associations with gender. That is, boys
reported higher scores than girls on all measures of
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Fig. 2 Marginally significant curvilinear relations between time in
bed and externalizing problems controlling for grade, gender, and
sleep quality. Solid line and circular markers represent the modelestimated values at the mean level of time in bed, 9.78 h (center

marker) ±3 h (outer markers). Dotted line represents the sample
mean of the y-axis variable. a (Reactive aggression), quadratic trend
p = .073; b (proactive aggression), quadratic trend p = .088

externalizing problems. Despite these trends and significant
paths, the externalizing model accounted for only 9 % of
the variance in reactive aggression (p \ .10). The
R-squares for proactive aggression (6 %) and delinquency
(17 %) did not approach significance.
Similar to Fig. 1 with internalizing problems, Fig. 2
plots the curvilinear associations that were found (at
p \ .01) between time in bed and externalizing problems,
controlling for grade and gender. Results are presented for
proactive aggression in Panel A and reactive aggression in
Panel B. Strikingly, the shape of the curvilinear trends for
these externalizing problems generally resembles those that
were found for internalizing problems, as described above.
Higher levels of proactive and reactive aggression were
found for children reporting very low or very high levels of
time in bed.

p = .05), but not 4th graders (p = .22). Similarly, the
curvilinear association between time in bed and depressive
symptoms was significant among both 5th (B = .09,
p = .001) and 3rd graders (B = .05, p = .02), but nonsignificant for 4th graders (p = .49).
With respect to the externalizing models, overall differences were found for both gender (Models 3a vs. 3b) and
grade (Models 4a vs. 4b). In each case, the between-group
differences were associated with the delinquency variable.
In the fully constrained gender model (Model 3a), MIs
were elevated for two substantive paths: delinquency
regressed on time in bed-linear and time in bed-quadratic
terms. When these paths were allowed to vary across
groups (Model 3c), the resulting model showed adequate
overall fit to the data. The Chi square comparison test
(Models 3b vs. 3c) indicated that Model 3b showed better
overall fit; however, Model 3c did not yield any elevated
MIs to suggest any substantive paths that might be different
between males and females. Therefore, Model 3c was
considered acceptable and preferred for its parsimony. In
this modified model, the curvilinear association between
time in bed and delinquency was found to be significant for
males (B = .13, p = .004) but not for females (p = .73).
Finally, the MIs for Model 4a suggested that the
between-grade differences in the externalizing path models
appeared to be driven largely by three paths: delinquency
regressed on sleep quality, time in bed-linear, and time in
bed-quadratic. When these three paths were allowed to
vary between groups (Model 4c), the results showed good
overall fit, with greater parsimony and no significant differences compared to the unconstrained model (Model 4b).
Examination of group-specific path coefficients revealed
some interesting variations across grade levels. Among 5th
graders, time in bed showed a curvilinear association with
delinquency (B = .09, p = .005), but sleep quality was not
associated with delinquency (p = .46). Conversely, for 4th
graders, sleep quality (B = -.42, p = .01) was uniquely

Gender and Grade Differences
Results of multiple group models assessing for grade and
gender differences are presented in Table 4. Internalizing
path models showed no significant differences associated
with gender (Models 1a vs. 1b), but there were some
overall differences across grade levels (Models 2a vs. 2b).
Examination of MIs in the fully constrained model (Model
2a) suggested that the between-grade differences were
largely driven by four paths: depressive and anxiety
symptoms regressed on time in bed-linear and time in bedquadratic terms. Accordingly, these four paths were freed
to vary across grade levels (Model 2c). Results showed
good overall fit for Model 2c, with greater parsimony and
no significant differences compared to the fully unconstrained model (Model 2b). Thus, this model was retained
as the preferred model. The group-specific path estimates
from Model 2c indicated that the curvilinear association
between time in bed and anxiety was observed among 5th
graders (B = .26, p \ .001) and 3rd graders (B = .05,
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Table 4 Assessing gender and grade differences
v2 (df)

SB v2 correction

Dv2 (df)

RMSEA (90 % CI)

CFI

1a

Constrained

23.192 (16)

1.0231

–

.056 (.000–.103)

.975

.045

Yes

1b

Unconstrained

5.305 (4)

.8633

17.887 (12)

.048 (.000–.143)

.995

.020

No

Model and description

SRMR

MIs [ 5

Internalizing models
Gender differences

Grade differences
2a

Constrained

2b

Unconstrained

49.874 (32)

1.0950

–

.077 (.029–.116)

.949

.059

Yes

8.479 (8)

.9375

41.395* (24)

.025 (.000–.125)

.999

.022

No

2c

Select paths freeda

25.398 (24)

1.0335

16.919 (16)

.025 (.000–.088)

.996

.044

No

3a
3b

Constrained
Unconstrained

72.577 (12)
3.456 (3)

.5823
.6228

–
69.121** (9)

.188 (.148–.231)
.033 (.000–.149)

.591
.997

.080
.011

Yes
No

3c

Select paths freedb

23.700 (10)

.8346

20.244** (7)

.098 (.047–.150)

.908

.059

No

4a

Constrained

38.920 (24)

1.0875

–

.081 (.027–.126)

.888

.063

Yes

4b

Unconstrained

7.976 (6)

.8739

30.944* (18)

.059 (.000–.154)

.985

.025

No

4c

Select paths freedc

13.575 (18)

1.1901

5.599 (12)

.000 (.000–.065)

1.000

.037

No

Externalizing models
Gender differences

Grade differences

?

p \ .1; * p \ .05; ** p \ .01

a

Four path coefficients were allowed to vary across groups: depressive symptoms and anxiety regressed on sleep duration linear and quadratic
terms
b
Two path coefficients were allowed to vary across groups: delinquency regressed on time in bed linear and quadratic terms
c

Three path coefficients were allowed to vary across groups: delinquency regressed on sleep quality and time in bed linear and quadratic terms.
SB v2 factor = Satorra–Bentler scaling correction factor for robust Chi square statistic

associated with delinquent behaviors, whereas time in bed
showed only a marginal relationship with delinquency
(B = .11, p = .08). Finally, among 3rd graders, none of
the three sleep variables were associated with delinquency
(ps = .41–.67).

Discussion
This study adds to the growing literature on self-reported
time in bed and sleep quality among school-age youth, and
simultaneously examines several internalizing and externalizing problems in association with these sleep constructs. As expected, both time in bed and sleep quality
showed unique associations with internalizing and externalizing problems. The presentation of these symptoms
differed for time in bed and sleep quality, and in some
cases varied across grade and gender. As seen in previous
research [3], time in bed and sleep quality were not associated, demonstrating that examining both time in bed and
sleep quality is important for understanding a child’s sleep
and associated problems.
Findings from this study provide evidence that the
association between time in bed and child behavior

problems appears to be curvilinear in nature. This adds to
the current research on the curvilinear nature of sleep
duration in youth [13, 15] by examining high and low
levels of time in bed in association with multiple internalizing and externalizing symptoms among school-age
youth. While children close to the sample’s average of
9.77 h of time in bed were less likely to report internalizing
or externalizing symptoms, both high and low amounts of
time in bed were associated with higher levels of internalizing and externalizing symptoms, even when controlling for sleep quality, grade level, and gender. This pattern
reached statistical significance with respect to depressive
symptoms, anxiety, and irritability, while a similar but nonsignificant trend was found between time in bed and
emotion dysregulation, proactive aggression, and reactive
aggression. Understanding specific internalizing and
externalizing symptoms and behaviors that may influence
the strength of the curvilinear relationships is warranted.
Interestingly, the association between anxiety and time in
bed was slightly different, following a prominent positive
linear pattern in addition to the significant quadratic trend.
This suggests that spending a longer time in bed is more
strongly associated with anxiety than spending a shorter
amount of time in bed, and may be associated with
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previous research showing that children with clinicallysignificant levels of anxiety may experience difficulty
falling asleep and staying asleep [61]. Overall, results of
the current study suggest that time in bed is important to
understanding the psychosocial functioning of school-age
youth, as is considering both the linear and quadratic nature
of this sleep problem.
Some age and gender differences were found in problems associated with time in bed. The relationships
between time in bed and anxiety and depressive symptoms
were driven by older participants (i.e., 5th graders) in the
sample. This may be related to findings that children’s risk
for declining time in bed [62] and increasing internalizing
symptoms [40, 63] increases as they enter adolescence.
Consistent with previous research [23], gender differences
were not found within the internalizing model. Within the
externalizing model, the association between time in bed
and delinquency was significant for boys and 5th graders.
This is not surprising given the increase in delinquency
found as children enter adolescence, and the increased risk
for delinquency engagement in boys compared to girls
[39].
These findings add to the literature on the associations
between self-reported time in bed and internalizing and
externalizing symptoms among school-age youth, and
indicate the importance of considering a child’s grade and
gender in these associations. Although it has been difficult
to specify exact sleep duration recommendations through
empirical investigation [10, 12, 64], this study is consistent
with previous findings supporting the importance of
receiving an adequate amount of sleep for child well-being.
The findings further highlight the importance of educating
parents and clinicians on optimal sleep as not only constituting enough sleep but also monitoring for too much/too
little sleep. Previous studies examining the effects of sleep
deprivation through sleep restriction experiments has
shown significant effects in neurobehavioral functioning
for even 30–60 min reductions in sleep [12]. However,
sleep deprivation may also increase one’s sleep quality as a
result of a physiological response to compensate for varied
sleep time [12, 65]. Continuing to examine incremental
differences at both high and low durations of sleep and
time in bed, and the corresponding role of sleep quality in
these associations, may inform recommendations on optimal sleep durations in youth. Further, providers should
consider assessing sleep duration, or time in bed, in youth
presenting with internalizing and externalizing symptoms,
especially as they near adolescence, to inform a comprehensive intervention plan.
Consistent with previous research, findings also indicated that sleep quality plays an important role in internalizing and externalizing symptoms among school-age
youth. Youth who reported poor sleep quality also reported
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a significant number of symptoms of several internalizing
and externalizing problems, even when controlling for
sleep duration. However, sleep quality was differentially
associated with internalizing and externalizing symptoms
in this study. Within the internalizing domain, sleep quality
was associated with anxiety, depressive symptoms, and
irritability, while it was not associated with emotion dysregulation. Although studies have consistently shown an
association between sleep and these internalizing domains
[4, 19, 20], the strengths of the relationships have varied
across studies. As was found in previous research [23], the
largest effect in this study was seen in the link between
sleep quality and anxiety. The physiological hyperarousal
that is thought to distinguish anxiety from depression
[66, 67] may account for the differing effect sizes between
anxiety and depression in association with sleep quality
[68]. Anxiety-related sleep disturbances are also a common
sleep problem in school-age youth [1], which may account
for the strength in the relationship in this sample. Gender
and grade differences were not found for sleep quality
within the internalizing model, which may relate to similar
prevalence rates of internalizing symptoms found in
school-age boys and girls [69].
Within the externalizing domain, sleep quality was
negatively associated with reactive aggression and delinquency but not proactive aggression. Poor sleep has been
associated with increases in impulsivity [26]. Given the
impulsive nature of both reactive aggression and delinquency, compared to the planful, deliberate behavior
characteristic of proactive aggression [70–72], the current
findings are not surprising. The limited research looking at
aggression subtypes and delinquency in relation to sleep
has found poor sleep to be associated with reactive but not
proactive aggression [9, 71, 73] as well as with risk-taking
delinquent behavior [74, 75]. The current study furthers
this literature by looking at self-reported sleep quality and
aggression subtypes in addition to delinquency in a sample
of school-age youth. In addition, grade differences were
found between sleep quality and delinquency, with a significant relationship seen between sleep quality and delinquency among 4th graders but not 3rd or 5th graders.
Although low rates of delinquency were reported in this
sample, the significant findings associated with delinquency highlight the importance of considering the association between sleep and delinquency in youth when
developing prevention and intervention efforts. Future
research should examine outcomes of addressing sleep in
impulsive children.
Several limitations should be taken into account when
considering the current findings. First, because all measurements relied solely on children’s answers to questionnaires, this can increase the risk of common method
variance. In addition, internalizing symptoms may
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exacerbate reports of sleep problems, with studies finding
that depressed youth report more subjective sleep problems
than non-depressed youth, even when objective measures
do not confirm this difference [76]. Although findings were
in the expected direction overall, and prior studies have
supported the use of child-reported data for those 7 years
and older [77], the addition of other types of measurements
as well as measurements of internalizing and externalizing
symptoms and sleep quality and duration from multiple
reporters (e.g., parents, teachers) for comparison of findings would be beneficial for future research. Second, this
study did not utilize objective measures of sleep variables,
but rather relied on self-reported time in bed and sleep
quality. The addition of objective sleep measures, such as
actigraphy or polysomnography, would provide more
accurate, objective, and specific calculations of sleep
duration and quality. Nonetheless, the duration that the
child perceives having spent in bed and/or slept during the
night, as well as a child’s experience of sleep quality, is
valuable information in understanding a child’s subjective
experience of sleep [6, 9]. This is particularly the case
given that parents may not be aware of a child’s poor sleep
quality [6, 7]. A related limitation is that the present study
relied upon brief measures, which likely accounts for the
relatively low internal consistency in sleep quality and
delinquency scores. While the measures selected for the
present study were useful as broadband screeners in a
school-based sample, future research would benefit from
more targeted assessment of different types and dimensions
of sleep problems, delinquency, and other study variables
using well-validated instruments.
In addition, due to the cross-sectional design of the
study, these results should not be viewed as predictive of
cause-and-effect relationships. Future studies would benefit
from using a longitudinal design to study sleep along with
behavioral and emotional outcomes in children over time.
Further, since only a narrow range of school grades was
used, these results may not generalize to younger children
or adolescents. Developmental differences in sleep exist
throughout the lifespan [78], and therefore studies should
examine these relationships across developmental periods.
Finally, approximately 25 % of students’ parents did not
provide written consent for their child to participate.
Without access to all students’ data, we are unable to assess
whether there were potential differences in students who
did and did not participate.
Despite these limitations, this study adds to the growing
literature on the association between self-reported sleep
problems and internalizing and externalizing symptoms in
school-age youth. Few studies have focused on youth selfreport of sleep behaviors, despite parents not always being
aware of their child’s sleep difficulties. Given the
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differences previously found between parent and child
report of sleep quality [6, 7], considering the perspective of
the child on their sleep habits and problems is important for
adequately assessing and addressing their sleep needs.
Several studies have demonstrated the reliability and
validity of child self-report measures of their sleep habits
[9, 79]. Future research should consider inclusion of these
measures to better understand sleep and associated outcomes among school-age youth. Furthermore, findings
underscore the importance of promoting healthy patterns of
sleep—in terms of both time in bed and sleep quality—for
parents of school-age youth. Research should also continue
to examine the curvilinear nature of time in bed to better
understand the association between sleep problems and
internalizing and externalizing symptoms as well as other
outcomes such as academic functioning, and to improve
our understanding of optimal sleep. Overall, the findings
show the importance of addressing sleep problems in
school-age youth to contribute to healthy psychosocial
functioning.

Summary
Among this sample of elementary school children, curvilinear associations were found in the association between
time in bed and anxiety, depressive symptoms, and irritability, and marginal curvilinear trends were found
between time in bed and emotion dysregulation, reactive
aggression, and proactive aggression. When looking at age
and gender differences, the relation between time in bed
and anxiety and depressive symptoms were driven by older
participants, while time in bed and delinquency was significant for boys and 5th graders. Sleep quality was negatively associated with anxiety, depressive symptoms,
irritability, reactive aggression, and delinquency engagement. No gender and grade differences were found in the
model examining sleep quality and internalizing symptoms, while sleep quality and delinquency was significant
for 4th graders, but not 3rd or 5th graders. Findings suggest
that examining self-reported time in bed (both linear and
quadratic) and sleep quality is important for understanding
internalizing and externalizing symptoms associated with
sleep in school-age youth. Incorporating self-reported sleep
assessments into clinical practice may have implications
for a child’s well-being.
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