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Abstract

Study Objective.To test whether sleep duration on school nights differs between adolescents in Australia and the United States
and, if so, whether this difference is explained by cultural differences in school start time, parental involvement in setting
bedtimes, and extracurricular commitments. Participants. Three hundred eighty-five adolescents aged 13 to 18 years (M =
15.57,SD = 0.95; 60% male) from Australia and 302 adolescents aged |13 to 19 years (M = 16.03, SD = 1.19; 35% male) from
the United States. Methods. Adolescents completed the School Sleep Habits Survey during class time, followed by an 8-day
sleep diary. Results. After controlling for age and gender,Australian adolescents obtained an average of 47 minutes more sleep
per school night than those in the United States.Australian adolescents were more likely to have a parent-set bedtime (17.5%
vs. 6.8%), have a later school start time (8:32 a.m. vs. 7:45 a.m.), and spend less time per day on extracurricular commitments
(I h 37 min vs.2 h 4] min) than their U.S. peers. The mediating factors of parent-set bedtimes, later school start times, and
less time spent on extracurricular activities were significantly associated with more total sleep. Conclusions. In addition to
biological factors, extrinsic cultural factors significantly affect adolescent sleep.The present study highlights the importance of
a cross-cultural, ecological approach and the impact of early school start times, lack of parental limit setting around bedtimes,
and extracurricular load in limiting adolescent sleep.
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Many factors affecting sleep vary cross-culturally, and differ-
ent cultures have divergent views on the nature, purpose, and
importance of sleep (Biggs et al., 2010; Jenni & O’Connor,
2005; Williams, 2007). Adolescent sleep patterns vary across
countries in terms of timing and duration (Gradisar, Gardner
& Dohnt, 2010; Olds, Blunden, Petkov, & Forchino, 2010).
Adolescents who obtain inadequate sleep are more likely to
lack energy, have difficulty concentrating, have worse emo-
tional regulation, have worse academic performance and cog-
nitive performance, experience more depressed mood, and
have heightened risk of aggression, impulsivity, and accidents
(Bailly, Bailly-Lambin, Querlau, Beuscart, & Collinet, 2004;
Carskadon, Seifer, Davis, & Acebo, 1991; Carskadon, Wolf-
son, Acebo, Tzischinsky, & Seifer, 1998; Haynes et al., 2006;
Randozzo, Muehlbach, Schweitzer, & Walsh, 1998; Steenari
etal., 2003; Yang, Kim, Patel, & Lee, 2005). Important insights
into adolescent sleep may be made by using a cross-cultural

perspective; however, few studies have made a direct com-
parison of sleep patterns between countries, and fewer have
examined specific cultural factors that may account for dif-
ferences (LeBourgeios, Giannotti, Wolfson, & Harsh, 2005;
Tynjala, Kannas, & Valimaa, 1993).
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Factors such as school start times (Lui, Lui, Owens, &
Kaplan, 2005; O’Malley & O’Malley, 2008), extracurricular
commitments (such as homework, part-time work, sport, and
other activities; Carskadon, 2002; Lui et al., 2005; National
Sleep Foundation, 2006), and parent limit-setting practices
(LeBourgeios et al., 2005; Short et al., 2011) may explain
cross-cultural differences in adolescent sleep duration.
Studies consistently show earlier school start times to be
associated with less sleep due to earlier rise times (Carskadon
et al., 1998; Lui et al., 2005; O’Malley & O’Malley, 2008;
Thorleifsdottir, Bjornsson, Benediktsdottir, Gislason, &
Kristbjarnarson, 2002; Wahlstrom, 2002). High school start
times in South Australian schools (where the adolescents
from the Australian sample reside) range from approximately
8:20 a.m. to 9:00 a.m., whereas the Rhode Island school dis-
trict (where the adolescents from the U.S. sample reside)
have school start times of approximately 7:45 a.m. Thus, it is
expected that later school start times in Australian high
schools will be associated with more sleep among Australian
adolescents compared with those from the United States.

The number of hours devoted to paid work, sports, home-
work, and other extracurricular activities increases during
adolescence, and this pattern has been associated with less
sleep (Adam, Snell, & Pendry, 2007; Brand, Beck, Gerber,
Hatzinger, & Holsboer-Trachsler, 2009; Brand et al., 2010;
Carskadon, 1990a; Lee, 2003; National Sleep Foundation,
2006; Robinson, Alexander, & Gradisar, 2008; Wolfson,
2002; Yang et al., 2005). The present study will consider
these activities together to examine the effect of extracur-
ricular load on adolescent sleep. It is expected that greater
extracurricular load will be associated with less total sleep.
Last, parental involvement in regulating adolescent bed-
times may be a factor that increases the sleep of adolescents
(Carskadon, 1990b; Gangwisch et al., 2010; Short et al.,
2011). Previous studies have reported that 5% of U.S. par-
ents set the bedtime of their teen (Carskadon, 1990b), com-
pared with 17% of Australian parents (Short et al., 2011).
Thus, it is expected that parent-set bedtimes will account for
some of the cross-cultural differences in sleep between U.S.
and Australian adolescents.

The primary aim of this study is to examine whether ear-
lier school start times, greater hours spent on extracurricular
activities, and less parental involvement in setting bedtimes
mediate the effect of country (Australia, United States) on
school night sleep, as shown in Figure 1. Specifically, we
expect that U.S. adolescents will have earlier school start
times, spend more hours on extracurricular activities, and
have less parental involvement in setting bedtimes than will
Australian adolescents and that these factors will be associ-
ated with shorter sleep duration in the U.S. adolescent
group. As circadian chronotype may differ between coun-
tries (possibly due to differences in sleep timing and/or the
length and intensity of exposure to daylight), circadian pref-
erence will also be assessed as a potential covariate.

School Start
Time

Parent-Set Sleep

Country Bedtimes Duration

Extra-
Curricular Load

Figure I. Model showing the mediation of the relationship
between country and sleep duration by school start time, parent-
set bedtimes, and extracurricular workload

Method
Participants

The data collection protocols for the U.S. adolescents
(Wolfson et al., 2003) and the Australian adolescents
(Short et al., 2011) have been described previously. Data
were collected from 1997 to 2000 from a nonprobability
sample of 302 U.S. adolescents (106 males and 196
females) aged from 13.8 to 19.9 years (M = 16.03, SD =
1.19). Adolescents were in Grades 9 to 12 and came from
five high schools in Rhode Island: one coeducational paro-
chial high school, one independent girl’s school, one inde-
pendent coeducational school, one suburban public high
school, and one urban public high school. Informed con-
sent was obtained from either a parent (for participants
aged less than 18 years) or from the participant, if they
were aged 18 years and older. Students and parents were
reimbursed for their time with gift certificates to local
stores. Seventy-five percent of adolescents lived with both
parents, and 80% of fathers and 53% of mothers were
employed.

In Australia, data were collected from 2008 to 2010
from 385 adolescents (228 males and 157 females) aged
13.3 to 18.9 years (M = 15.57, SD = 0.95). Adolescents
were in Years 9 to 11 and came from eight schools in South
Australia. Stratified random sampling was used to select
one school from each of eight strata spanning the socioeco-
nomic spectrum. School principals, adolescents, and their
parent/guardian gave informed consent. Participants were
reimbursed for their time with a shopping center gift certifi-
cate. Seventy-seven percent of Australian adolescents lived
with both parents, and 80% of fathers and 30.4% of mothers
were in full-time employment. Response rate was 84%.
Ethics approval was given by the E.P. Bradley Hospital
Institutional Review Board for the Protection of Human
Subjects, Flinders University Social and Behavioural
Research Ethics Committee, and Department of Education
and Children’s Services.
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Measures and Procedure

As many of the mediators tested specifically related to the
school week, sleep variables used were those on school
nights (Sunday to Thursday nights), drawn from sleep diary
data. Sleep duration was calculated as the time elapsed from
sleep onset to sleep offset, excluding any wake periods dur-
ing the night. Sleep diaries have shown good correspon-
dence with the gold standard of sleep measurement,
polysomnography (kappa = 0.87), with high sensitivity
(92.3%) and specificity (95.6%; Rogers, Caruso, & Aldrich,
1993). Actigraphic data were not reported for this sample
due to concerns around the accuracy of actigraphic esti-
mates of sleep in adolescents (Short et al., 2012). School
start time, hours spent on extracurricular activities, and
parent-set bedtimes were assessed using items in the School
Sleep Habits Survey (SSHS; Wolfson et al., 2003). School
start time was determined using the item, “What time do you
need to arrive at school? List one time, not a range.” Parent-
set bedtimes were determined using the item, “What is the
main reason that you usually go to bed on school days? (pick
one)” Eight possible responses were available, including
“My parents have set my bedtime,” “I feel sleepy,” “I finish
my homework,” and “Other (please describe).” All responses
other than “My parents have set my bedtime” were com-
bined to form a dichotomous variable. Hours spent on extra-
curricular activities on school nights were calculated by
summing the responses to four items relating to different
extracurricular activities. These items were the following:
“During the last week, did you work at a job for pay?”
“During the last week, did you do any organized sport or
regularly scheduled physical activity?” “During the last
week, did you participate in organized extracurricular
activities? [For example, committees, clubs, volunteer
work, musical groups, church groups, etc.]” and “During
the last week, did you study/do homework?” Participants
indicated “yes” or “no” to these items, and if yes, they gave
the number of hours that they spent on that extracurricular
activity during the school week and during the weekend
(separately). Only school week data were used for these
analyses.

Circadian phase preference was measured using the Smith
Morningness/Eveningness Questionnaire (SMEQ; Smith,
Reilly, & Midkiff, 1989). The SMEQ is a 13-item self-report
questionnaire. Items included “Considering your own ‘feel-
ing best’ rhythm, at what time would you go to bed if you
were entirely free to plan your evening?” and “During the
first half hour after having awakened in the morning, how
tired do you feel?” Items were summed to give a total score
ranging from 13 to 55, with higher scores indicating greater
morningness.

Adolescents completed the SSHS and SMEQ during class
time, followed by an 8-day sleep diary. Sleep diary data were
used to calculate school-night sleep duration.

Statistical Analyses

Adolescents from Australia were compared with those
from the United States in terms of sleep and demographic
variables using between-subjects ¢ tests or chi square
analyses for nonparametric data. The mediation model was
tested using the procedure outlined by Baron and Kenny
(1986). To test for mediation, the preconditions involving
the mediators (school start time, parent-set bedtimes, and
time spent on extracurricular activities) were tested to
determine that they were individually related to both coun-
try (Australia vs. United States) and sleep duration. The
precondition that country was significantly related to sleep
duration was tested using a hierarchical regression analy-
sis, with demographic covariates entered into Step 1 and
country entered in Step 2. A second hierarchical regression
analysis was performed, in which, after entering the
covariates in Step 1, the mediator variables were entered
into Step 2 to determine if they each explain a significant,
unique amount of variance in sleep duration; then country
was entered into Step 3.

Results

Australian and U.S. adolescents were compared on gender,
age, school night sleep duration, school night bedtime,
school day rise time, school start time, parent-set bedtime,
circadian phase preference, and hours spent per school day
on extracurricular activities. As seen in Table 1, significant
differences were observed between groups on all variables
except school night bedtime and circadian preference. Of
interest, school night bedtimes were similar despite the sig-
nificantly earlier wake times for the U.S. adolescents and
despite the fact that the U.S. adolescents were obtaining
significantly less sleep. On average, U.S. adolescents
obtained a significant 55 minutes less sleep per school night
and started school 47 minutes earlier. U.S. adolescents were
much less likely to have their bedtime set by a parent and
spent an average of 1 hour 4 minutes more per school night
on extracurricular activities.

Significant cultural differences were observed between
Australian and U.S. adolescents with regard to school start
time, parent-set bedtime, and extracurricular commitments,
as shown in Table 1. The relationships between school start
time, parent-set bedtime, and extracurricular load and sleep
duration were examined using Pearson’s correlations for
continuous mediator variables (school start time and extra-
curricular commitments) and a point-biserial correlation for
parent-set bedtime. School night sleep duration was signifi-
cantly correlated with school start time, 7(628) = .29, p <
.001, extracurricular commitments, 7(628) = —.23, p <.001,
and parent-set bedtimes, r_(628) = .21, p <.001. The rela-
tionship between country and sleep duration is tested in the
first hierarchical multiple regression, discussed below, and
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Table |. Comparison Between Australian and U.S.Adolescents on Different Sample Characteristics

Australian Adolescents U.S.Adolescents
M SD M SD Statistics
Gender (% male) 59.2 35.1 x? = 39.42%6¢
Age, mean years 15.57 0.95 16.03 1.19 t = 5.38%F*
Circadian preference 33.25 6.66 33.94 3.71 t=1.73,ns
Bedtime, mean 10:28 p.m. 0.90 hours 10:36 p.m. 0.93 hours t=-1.77,ns
Sleep duration, mean 8 h 17 min 58 min 7 h 22 min 57 min t = 12.06%F*
Wake time, mean 7:10 am. 6:23 a.m. t = |5.54%FF
School start, mean 8:32 am. 0.28 hours 7:45 a.m. 0.37 hours t = 30.57%F*
Parent-set bedtime (% yes) 17.5 6.8 x* = 18.45%
Extracurricular load (hours)? 8.12 6.86 13.40 9.36 t = 7.99%FF
Part-time work 1.51 3.22 3.25 6.51 t = 4.38%FF
Sport 227 3.11 2.17 3.69 t=-0.39,ns
Other activities 0.51 1.27 1.54 276 t=6.16%FF
Homework 4.17 4.58 6.52 5.94 t = 5.79%F

a.Average hours spent across one school week.
*kp <001,

Table 2. Summary of Hierarchical Regression Analysis Examining
the Effect of Country on School Night Sleep Duration After
Controlling for Gender and Age

Variable B SEB Beta p
Step |
Gender -21.49 4.88 -7 <.001
Age —-12.63 2.25 -.22 <.001
Step 2
Gender —-10.69 4.68 -.08 .02
Age —8.46 2.14 —-.15 <.001
Country 46.81 4.82 37 <.001

results shown in Table 2 confirm this relationship. Thus, all
preconditions were met.

Due to significant differences between samples in terms
of age and gender, the relations between these variables and
sleep duration were tested using Pearson’s correlation and
point-biserial correlation, respectively. Sleep duration was
significantly shorter in older adolescents, 7(628) = —.23, p <
.001, and among females, r_(628) = —.19, p < .001. These

. . pb . .
demographic variables were controlled by entering them into
Step 1 of the hierarchical regression analyses.

Results of the first hierarchical regression, examining
the relation between country (Australia, United States)
and sleep duration, after controlling for age and gender,
are shown in Table 2. In Step 1, age and gender accounted
for 8.1% of the variance in sleep duration, R*=.081, F(2,
622) =27.34, p <.001. In Step 2, culture explained a sig-
nificant 12.1% of the variance in sleep duration, after con-
trolling for age and f.gender,chhange =.121, Fchange(l, 621)=
94.49, p <.001.

Table 3. Summary of Hierarchical Regression Analysis Examining
the Mediation of Country and Sleep Duration by School Start
Time, Parent-Set Bedtimes, and Extracurricular Load, After
Controlling for Age and Gender

Variable B SEB Beta p

Step 2
Gender —11.91 4.8l -.09 .0l
Age -8.83 221 —-15 <.001
Parent-set bedtime —23.64 7.07 -3 .001
School start time 28.54 5.09 22 <.001
Extracurricular load -0.85 0.29 - 11 .004

Step 3
Gender -8.37 4.68 -.07 ns
Age -6.96 2.15 -12 .001
Parent-set bedtime —19.50 6.87 —-10 .005
School start time —13.30 8.00 —-10 ns
Extracurricular load -0.53 0.29 -.07 ns
Country 53.39 8.05 42 <.001

A second hierarchical multiple regression analysis was
conducted to examine the variance in sleep duration explained
by the mediator variables and to determine whether country
continued to account for a significant amount of the variance
in sleep duration after controlling for demographic and
mediator variables (see Table 3). After controlling for age
and gender, the mediator variables together explained a sig-
nificant 8.6% of the variance in sleep duration in Step 2,
R’ =.086,F, (3,619)=21.39,p <.001. Each media-

change change ™ "7 . .
tor variable explained a significant amount of the variance in
sleep duration when entered in Step 2. Beta coefficients indi-
cated that school start time had the largest effect on sleep
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duration. For every hour earlier school start time, students
lost an average of 29 minutes sleep per night. Having a par-
ent-set bedtime was associated with a gain of 24 minutes of
sleep per night. Extracurricular activities had a more modest
effect, with every hour spent per day on extracurricular
activities resulting in a loss of just over 4 minutes of sleep

per night.
When entered in Step 3, country explained a signiﬁcant
5 5% of the variance in sleep duration, R whan .055,

Chan C(l 618) =44.00, p <.001. While the proportlon of the
variance in sleep duration explained by culture was reduced
after controlling for the mediator variables (5.5% vs. 12.1%),
culture continued to explain a significant amount of the vari-
ance in sleep duration. These results are consistent with par-
tial mediation of culture and sleep duration by school start
time, parent-set bedtime, and extracurricular load.

Discussion

The current analyses sought to directly compare the school
night sleep of adolescents from Australia and the United
States and examine whether school start time, hours spent
on extracurricular activities, and parent-set bedtimes would
mediate the relationship between culture and sleep duration
on school nights. After controlling for age and gender,
Australian adolescents obtained an average of 47 more min-
utes of sleep per school night than their U.S. counterparts.
Results indicated that school start time, parent-set bedtimes,
and extracurricular load partially explain (mediate) the dif-
ference in the sleep duration between adolescents in Australia
and those in the United States. Each mediator explained a
significant and unique amount of variance when entered in
Step 2 of the hierarchical multiple regression. School start
time had the largest impact on sleep, with an hour earlier
school start time associated with a loss of 29 minutes sleep
per night. Thus, for U.S. adolescents, whose schools started
an average of 47 minutes earlier than the Australian adoles-
cents, this difference was associated with 23 minutes less
sleep per night. These findings are consistent with previous
research that has highlighted the detrimental effect of earlier
school start times on adolescent sleep (Carskadon et al.,
1998; O’Malley & O’Malley, 2008; Wahlstrom, 2002).

U.S. adolescents were also significantly less likely to
report a parent-set bedtime (6.8%) than were Australian ado-
lescents (17.5%). Absence of a parent-set bedtime on school
nights was associated with a loss of 24 minutes of sleep per
school night, consistent with previous findings (Meijer,
Habekothe, & Van Den Wittenboer, 2001; Short et al., 2011).
Extracurricular workload on school days showed a weaker
association with sleep duration, with every extra hour spent
per day associated with 4 minutes less sleep per night. U.S.
adolescents spent significantly more time fulfilling extracur-
ricular commitments on school nights than did Australian
adolescents (2 hours 41 minutes per day vs. 1 hour 37 min-
utes per day), resulting in an average sleep loss of just under

5 minutes per night. These results support previous research
finding a detrimental effect on total sleep time of greater
hours spent on homework and part-time work (Carskadon,
1990a; Noland, Price, Dake, & Telljohann, 2009; Wolfson,
2002; Yang et al., 2005). We extend these findings by includ-
ing all facets of extracurricular commitments, such as part-
time work, homework, sport, and other activities.

Previous studies using objective measures of sleep pro-
vide support for the notion that adolescents obtain more
sleep when given the chance through a longer sleep opportu-
nity (Carskadon, Keenan, & Dement, 1987; Sadeh, Gruber,
& Raviv, 2003). Factors such as a later school start time,
parental monitoring of bedtimes, and moderation in the num-
ber of hours spent on extracurricular activities are all likely
to optimize sleep opportunity and so sleep. These factors
have a cumulative effect. For adolescents who have a con-
stellation of negative factors, such as an early school start
time, no parent-set bedtime, and a heavy extracurricular
load, the impact on their sleep and functioning is likely to be
so detrimental as to present a significant negative impact.
The present study also highlights that, while intrinsic bio-
logical influences (such as changes the circadian and sleep
homeostatic systems) are important determinants of adoles-
cent sleep and functioning, extrinsic factors are also influen-
tial and may moderate the effect of the biological changes to
circadian timing, sleep duration, and daytime sleepiness.

Findings of the present study are consistent with
Bronfenbrenner’s ecological systems theory of human devel-
opment and highlight the importance of taking a comprehen-
sive approach to adolescent sleep (Bronfenbrenner, 1994).
This involved considering factors affecting adolescent sleep
that spanned societal (school-start times), familial (parent-
set bedtimes), and individual factors (extracurricular load).
Of course, these factors do not occur in isolation and are
likely to interact in their effects. For example, public policy
regarding education (particularly the availability of tertiary
education opportunities) has an impact on families (the fam-
ily pressure to succeed and spend long hours committed to
study), which has an impact on adolescents (time spent
studying and anxiety around school performance). In terms
of applied ramifications, these results highlight the possible
protective benefit of later school start times and the impor-
tance of protecting sleep opportunity in the morning. Any
factors that demand early rise times are likely to have a nega-
tive impact on sleep duration, particularly in light of the
strong biological tendency of adolescents to delay sleep.
This study provides further support that U.S. adolescents
would benefit from later school start times. Later school start
times have been trialed or implemented in some U.S. school
districts; however, this practice has yet to become wide-
spread. Early school start times as well as early morning
sport training or study may have a negative effect on sleep
and flow-on effects to daytime alertness and functioning. As
discussed previously, parental help in maintaining a limit on
late night activities may similarly have a protective role.
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Limitations of the Present Study

The primary limitation of this study is that it relies on cross-
sectional data. As such, causation cannot be determined. The
results were, however, consistent with the hypothesized
mediation. Second, the timing of the data collection differed
by several years between the two countries. U.S. data collec-
tion occurred between 1997 and 2000 and Australian data
collection occurred between 2008 and 2010. While school
night sleep may have changed among U.S. adolescents dur-
ing this time, this change is likely to have resulted in less
school night sleep, consistent with other studies reporting
secular declines in adolescent sleep over time (Dollman,
Ridley, Olds, & Lowe, 2007; Iglowstein, Jenni, Molinari, &
Largo, 2003). Thus, the difference between the two groups
is likely to have only heightened across this time. Third,
there are many different aspects of culture that may affect
sleep. Factors such as sleep hygiene may further help
explain the difference in sleep duration between the
Australian and U.S. adolescents, similar to the findings of
LeBourgeios et al. (2005) when comparing U.S and Italian
adolescents. Among teens, the aspects of sleep hygiene that
may be especially pertinent are in regard to engaging in
stimulating activities before attempting to initiate sleep. In
particular, the use of electronic media and mobile phones,
both before bed and while in bed, may affect sleep onset
latencies and sleep duration (Cain & Gradisar, 2010;
Johnson, Cohen, Casen, First, & Brook, 2004). The present
study may have benefited from the inclusion of a measure of
sleep hygiene, as well as a measure of technology use, to
examine this empirically. Differences in the length and
intensity of exposure to daylight may also partially explain
differences in sleep patterns between countries. Last, adoles-
cents came from within one state of each country; therefore,
there may be differences between each sample and the ado-
lescents from other states that limit the generalizability of
these findings.

Finally, while we have seen that a number of differences
distinguish adolescents in the United States and those in
Australia (parent-set bedtimes, school start time, and extra-
curricular load), the two countries are likely to be similar in
many ways. For example, the United States and Australia are
in the World Bank’s most affluent range. Adolescents in less-
developed lower income nations are underrepresented in
sleep research, and future research would benefit from
broadening the cultures and countries on which we have nor-
mative sleep data and comparing more divergent cultures
cross-culturally.

Concluding Remarks

The present study has shown how cultural differences in
school start times, parent-set bedtimes, and extracurricular
load partially explains the increased sleep duration in
Australian adolescents compared with those in the United

States. While biologically driven pubertal changes result in
a greater propensity toward phase delay and later bedtimes
and wake times, this propensity can be moderated by socio-
cultural norms and practices. Considering the important
effects of insufficient sleep, the protection of adolescent
sleep needs to be considered across multiple domains.
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