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Sufficient sleep duration is associated with student health and wellbeing,
but early secondary school start times limit students’ sleep opportunity.
Despite recommendations that all middle and high schools adopt a healthy
school start time policy, one barrier to policy implementation is concerns
about the impact on student participation in activities and employment. This
study examined student extracurricular activity participation and employment
before and after the implementation of healthy secondary school start
times. Approximately 24,000 students/year (grades 3-11) completed three
annual surveys (pre-change, post-change, follow-up) measuring sleep-wake
patterns, extracurricular activity participation, and employment. Following
the implementation of an earlier school start time, before-school activity
participation decreased for elementary school students, but after-school
participation was similar across years. Following the implementation of
later school start times, there was a small decrease in after-school
activity participation for middle and high school students (~3-4%). Equally
important, middle and high school students reported significantly increased
sleep duration with later start times, regardless of participation in before-
or after-school activities and employment. Study findings support the
recommendation for healthy school start time policies.
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Introduction

Healthy school start times (no earlier than 8:30 A.M. for middle and high schools)
increase sleep duration for secondary students, with other noted benefits including
improved attendance and mood, and decreased tardiness, sleepiness, motor vehicle
crashes, and caffeine use (Wahlstrom, 2020). However, systemic barriers remain that
prevent school districts in the United States from changing school start times, including
concerns about extracurricular activity participation and adolescent employment
(Owens et al., 2014; Fitzpatrick et al., 2020).
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Non-athletic extracurricular activities (e.g., clubs, music,
religious/cultural school or groups, volunteering) and part-
time employment (<20 h/week) have been shown to be
associated with positive outcomes for students, including
improved academic achievement and prosocial behavior
(Mortimer, 2003; Farb and Matjasko, 2012; Tjaden et al., 2019).
However, participation in athletics, extracurricular activities
and employment may negatively impact adolescent sleep
duration (Owens, 2014), delaying bedtimes or requiring earlier
wake times.

In order to address the ongoing concern about how
participation in extracurricular activities and employment
may be impacted by a change in school start times, and
how participation in activities and employment may impact
this
activity participation, employment, and sleep before and after

sleep, study evaluated non-athletic extracurricular
implementation of new start times for elementary, middle,
and high school students. The study was designed to address
three specific gaps within the literature. First, although several
studies have demonstrated that later school start times do not
impact after-school participation in extracurricular activities
or employment (Wahlstrom et al., 2014), this study considered
how changing school start times impacted both before- and
after-school participation. Second, the study examined whether
sleep-wake patterns differed based on student participation
in before- and after-school extracurricular activities or
employment, and whether sleep duration is associated with
those endeavors after implementation of new start times. Third,
this is the first study, to our knowledge, to examine the impact of
earlier start times on elementary school student participation in
before- and after-school extracurricular activities. This is critical
because elementary schools are often required to start earlier
when secondary school start times are delayed, yet very few
studies have examined the impact of school start time policies
on elementary school students. It is important to note that this
paper does not seek to compare changes in sleep-wake patterns
across years, as these data have previously been published
(Meltzer et al., 2021, 2022).

Methods

Procedure

The Cherry Creek School District (CCSD) changed school
start times for the 2017-2018 school year, with high schools
[HS] delayed 70 min (from 7:10 am to 8:20 a.m.), middle schools
[MS] delayed 40-60 min (from 7:50-8:10 am to 8:50 am), and
elementary schools [ES] advanced 1 h (from 9:00 am to 8:00 am).
Students in grades 3-11 completed online surveys during school
hours that assessed sleep-wake patterns (i.e., weekday bedtime,
wake time, sleep duration) and participation in extracurricular
activities (defined as “e.g., dance, music lessons, religious/culture
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school, volunteer, etc.”) before and after school. HS students
were also asked about employment before and after school.
For ES students, survey questions and responses were read
aloud if needed. Surveys were administered in three waves:
~4 months prior to the start time change (pre-change, n =
21,520), ~6 months (post-change, n = 23,794), and ~18 months
(follow-up, n = 26,925) after the start time change. Surveys were
anonymous and the study was approved by the CCSD’s Research
Review Committee.

Participants

Supplementary Table S1 provides complete demographic
information for participants by level (ES, MS, HS) across the 3
years of the study. Overall, the study sample was representative
of the CCSD in terms of race/ethnicity and gender: 49.8%
female, 55.1% White, 10.7% Black, 17.8% Hispanic, and 8.9%
Asian (CCSD is 50.5% White, 11.4% Black, 20.9% Hispanic,
8.6% Asian), but less representative of students who qualified for
free/reduced lunch (20.7% in the study vs. 29.0% in the CCSD).

Data analyses

As surveys were anonymous data could not be linked
longitudinally. All analyses were conducted separately for school
level (ES, MS, HS). Chi-square analyses were used to compare
the percent of students who participated in activities and
employment across years. Welchs ANOVA (due to unequal
sample sizes) was used to compare sleep-wake patterns for
students who did and did not participate in before- and after-
school activities or employment separately for each year of the
study. Chi-square analyses were also used to examine the percent
of students obtaining sufficient sleep duration (defined as >9h
for ES/MS, >8h for HS) (Office of Disease Prevention and
Health Promotion, 2020) across years. Due to the large sample
size and the number of comparisons, statistical significance was
conservatively set at p < 0.001, and effect sizes were used to
examine the magnitude of difference (Cramer’s V for chi-square
analyses [small = 0.07, medium = 0.21, large = 0.35] and
Cohen’s d for ANOVA analyses [small = 0.2, medium = 0.5,
large = 0.8]) (Cohen, 1988).

Results

Participation in activities and
employment

After changing to earlier start times, significantly fewer ES

students participated in before-school activities, X%(2) = 920.56,
V = 0.19 (small effect size, Table 1), while no change was found

frontiersin.org


https://doi.org/10.3389/frsle.2022.1044457
https://www.frontiersin.org/journals/sleep
https://www.frontiersin.org

Meltzer et al. 10.3389/frsle.2022.1044457

TABLE 1 Comparison of sleep-wake patterns by participation in extracurricular activities or employment at each survey time point [data are
presented as mean (SD) unless otherwise indicated].

Before-school participation After-school participation
No Yes F/X*  d/v No Yes F/X* awv
Elementary school extracurricular activities
Participants [n (%)] 920.56* 0.19 3.55 0.01
Pre-Change 5,806 (69.5%) 2,543 (30.5%) 3,478 (41.7%) 4,871 (58.3%)
Post-Change 6,801 (85.6%) 1,142 (14.4%) 3,231 (40.7%) 4,712 (59.3%)
Follow-Up 7,096 (86.0%) 1,157 (14.0%) 3,475 (42.1%) 4,778 (57.9%)
Bedtime
Pre-Change 21:12 (0:57) 21:13 (0:59) 0.02 0.00 21:13 (1:00) 21:12 (0:56) 0.06 0.01
Post-Change 21:00 (0:56) 21:06 (1:07) 8.19 0.10 21:03 (1:01) 20:59 (0:55) 6.72 0.06
Follow-Up 21:01 (0:57) 21:05 (1:07) 3.11 0.06 21:05 (1:00) 20:59 (0:57) 16.10* 0.09
Wake time
Pre-Change 7:05 (0:49) 7:04 (0:55) 1.19 0.03 7:03 (0:51) 7:06 (0:50) 5.14 0.04
Post-Change 6:42 (0:45) 6:44 (0:55) 1.83 0.05 6:42 (0:49) 6:43 (0:44) 0.79 0.02
Follow-Up 6:41 (0:45) 6:45 (0:57) 4.64 0.07 6:41 (0:48) 6:42 (0:46) 112 0.02
Sleep duration (hrs)
Pre-Change 9.88 (1.10) 9.85(1.17) 0.89 0.03 9.84 (1.15) 9.89 (1.01) 3.61 0.06
Post-Change 9.70 (1.04) 9.64 (1.22) 2.51 0.05 9.65 (1.11) 9.72 (1.04) 8.92 0.07
Follow-Up 9.67 (1.04) 9.67 (1.25) 0.00 0.00 9.61 (1.10) 9.71 (1.06) 19.40* 0.10
% sufficient sleep
Pre-Change 84.2% 82.0% 6.42 0.03 82.1% 84.5% 8.48 0.03
Post-Change 81.9% 77.3% 13.36* 0.04 78.9% 82.8% 18.99* 0.05
Follow-Up 80.9% 77.0% 9.42 0.03 78.3% 81.8% 15.69* 0.04
Middle school extracurricular activities
Participants [n (%)] 3.53 0.01 124.18* 0.07
Pre-Change 6,705 (89.0%) 826 (11.0%) 2,814 (37.4%) 4,717 (62.6%)
Post-Change 7,460 (88.4%) 975 (11.6%) 3,515 (41.7%) 4,920 (58.3%)
Follow-Up 7,940 (89.3%) 949 (10.7%) 4,086 (46.0%) 4,803 (54.0%)
Bedtime
Pre-Change 21:49 (0:57) 21:50 (1:01) 0.02 0.00 21:51 (1:00) 21:48 (0:55) 2.72 0.04
Post-Change 21:58 (1:01) 21:58 (1:03) 0.13 0.01 21:59 (1:03) 21:58 (1:00) 1.43 0.03
Follow-Up 21:58 (1:01) 21:59 (1:05) 0.15 0.01 22:00 (1:04) 21:57 (0:59) 4.30 0.04
Wake time
Pre-Change 6:27 (0:38) 6:26 (0:48) 0.46 0.03 6:27 (0:41) 6:27 (0:38) 0.02 0.00
Post-Change 7:05 (0:41) 6:59 (0:45) 15.38* 0.14 7:06 (0:43) 7:04 (0:40) 4.88 0.05
Follow-Up 7:03 (0:41) 6:56 (0:47) 22.03* 0.17 7:03 (0:43) 7:02 (0:41) 0.89 0.02
Sleep duration (hrs)
Pre-Change 8.63 (1.01) 8.60 (1.16) 0.33 0.02 8.60 (1.06) 8.64 (1.00) 2.14 0.05
Post-Change 9.11 (1.06) 9.03 (1.14) 491 0.08 9.11 (1.10) 9.10 (1.05) 0.08 0.01
Follow-Up 9.08 (1.07) 8.94 (1.18) 1227+ 0.12 9.05 (1.12) 9.08 (1.05) 1.84 0.03
% sufficient sleep
Pre-Change 40.5% 40.4% 0.001 0.00 40.5% 40.4% 0.003 0.001
Post-Change 61.0% 57.5% 4.21 0.02 60.2% 60.8% 0.38 0.007
Follow-Up 60.3% 53.4% 16.77* 0.04 58.7% 60.3% 2.42 0.02
(Continued)
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TABLE 1 (Continued)

Before-school participation

10.3389/frsle.2022.1044457

After-school participation

No Yes F/X>  d/v No Yes F/X2  d/v
High school extracurricular activities
Participants [n (%)] 10.11 0.02 47.69* 0.05
Pre-Change 5,012 (88.9%) 628 (11.1%) 2,481 (44.0%) 3,159 (56.0%)
Post-Change 6,472 (87.3%) 944 (12.7%) 3,498 (47.2%) 3,918 (52.8%)
Follow-Up 8,536 (87.3%) 1,247 (12.7%) 4,865 (49.7%) 4,918 (50.3%)
Bedtime
Pre-Change 22:23 (0:58) 22:21 (0:59) 0.56 0.03 22:21 (0:59) 22:25 (0:58) 6.20 0.07
Post-Change 22:35 (1:03) 22:33 (1:01) 0.52 0.02 22:33 (1:04) 22:36 (1:01) 5.78 0.06
Follow-Up 22:46 (1:04) 22:43 (1:05) 1.54 0.04 22:45 (1:06) 22:47 (1:04) 2.76 0.03
Wake time
Pre-Change 5:46 (0:40) 5:46 (0:53) 191 0.00 5:47 (0:43) 5:45 (0:41) 4.77 0.04
Post-Change 6:45 (0:39) 6:35 (0:47) 44.87* 0.25 6:46 (0:41) 6:42 (0:40) 17.62* 0.10
Follow-Up 6:46 (0:41) 6:36 (0:49) 45.71* 0.22 6:47 (0:43) 6:43 (0:41) 14.42* 0.08
Sleep duration (hrs)
Pre-Change 7.39 (1.06) 7.37 (1.19) 0.14 0.02 7.44 (1.08) 7.34 (1.07) 13.50* 0.14
Post-Change 8.17 (1.11) 8.02 (1.15) 14.89* 0.14 8.22 (1.13) 8.09 (1.09) 23.05* 0.11
Follow-Up 8.01 (1.12) 7.88 (1.16) 12.14* 0.11 8.03 (1.14) 7.94 (1.11) 15.78* 0.08
% sufficient sleep
Pre-Change 30.7% 28.0% 1.90 0.02 32.5% 28.8% 9.05 0.04
Post-Change 64.5% 56.3% 24.33* 0.06 66.0% 61.2% 17.99* 0.05
Follow-Up 58.4% 52.4% 16.48* 0.04 59.4% 56.0% 11.90 0.04
High school employment
Participants [n (%)] 16.10* 0.03 138.07* 0.08
Pre-Change 5,570 (98.7%) 74 (1.3%) 4,523 (80.1%) 1,121 (19.9%)
Post-Change 6,956 (98.5%) 105 (1.5%) 5,866 (83.1%) 1,195 (16.9%)
Follow-Up 9,578 (97.9%) 205 (2.1%) 7,410 (75.7%) 2,373 (24.3%)
Bedtime
Pre-Change 22:23 (0:59) 22:25 (1:03) 0.11 0.04 22:22 (0:58) 22:28 (0:56) 12.75% 0.12
Post-Change 22:36 (1:02) 22:31 (1:14) 0.53 0.08 22:34 (1:02) 22:45 (1:03) 27.20*
Follow-Up 22:45 (1:04) 22:57 (1:24) 3.58 0.15 22:42 (1:04) 22:58 (1:05) 109.20% 0.25
Wake time
Pre-Change 5:46 (0:41) 6:01 (1:09) 3.33 0.26 5:46 (0:41) 5:47 (0:44) 1.54 0.03
Post-Change 6:43 (0:40) 6:44 (0:57) 0.04 0.02 6:42 (0:39) 6:46 (0:44) 7.76
Follow-Up 6:45 (0:42) 6:49 (0:57) 1.20 0.09 6:43 (0:41) 6:50 (0:44) 45.34* 0.16
Sleep duration (hrs)
Pre-Change 7.38 (1.07) 7.59 (1.38) 1.62 0.17 7.40 (1.08) 7.32 (1.08) 5.20 0.11
Post-Change 8.11 (1.09) 8.22 (1.45) 0.56 0.08 8.13 (1.09) 8.02 (1.14) 9.51
Follow-Up 7.99 (1.11) 7.88 (1.52) 1.12 0.08 8.03 (1.11) 7.87 (1.16) 31.56* 0.13
% sufficient sleep
Pre-Change 30.3% 36.5% 1.32 0.02 31.3% 26.8% 8.69 0.04
Post-Change 62.6% 61.9% 0.02 0.002 63.3% 58.8% 8.66 0.04
Follow-Up 57.8% 50.7% 4.12 0.02 58.8% 54.0% 16.97* 0.04

*p < 0.001; Cohen’s d effect size: small = 0.20, medium = 0.50, large = 0.80, Cramer’s V effect size: small = 0.07, medium = 0.21, large = 0.35.
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FIGURE 1
Percent of students participating in before- and after-school activities or employment by year. (A) Elementary school activity participation, (B)
middle school activity participation, (C) high school activity participation, and (D) high school employment.

for the percent of ES students who participated in after-school
activities, X2(2) = 3.55, V = 0.01 (Table 1 and Figure 1A). After
changing to later start times, there was no notable change in
the percent of MS students, X2(2) = 3.53, V = 0.01, or HS
students, X2(2) =10.11, V = 0.02, who participated in before-
school activities (Table 1 and Figures 1B,C). The percent of
students participating in after-school activities was lower for MS
students, XZ(Z) =124.18, V = 0.07 (small effect size, Table 1 and
Figure 1B). Although the percent of HS students participating
in after-school activities was also lower, the effect size was not
meaningful, X2(2) = 47.69, V = 0.05 (Table 1 and Figure 1C).
The percent of HS students who were employed before-school
did not change, X2(2) = 16.10, V = 0.03, while the percent
of HS students who were employed after-school was initially
lower at post-change compared to pre-change, but was higher at
follow-up, compared to both pre-change and post-change, X>(2)
= 138.07, V = 0.08 (small effect size, Table I and Figure 1D).
The percent of students who participated within levels and
across years was similar across demographic characteristics
(Supplementary Tables S2, S3). However, the percent of students
who reported after-school employment did not change from
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pre-change to post-change for students who qualified for FRL,
but was 3.5% lower for non-FRL students. Further, for FRL
students, after-school employment was ~10% higher at follow-
up compared to post-change, with after-school employment
among non-FRL students ~7% higher (Supplementary Table 3).

Sleep-wake patterns and participation in
activities or employment

Sleep-wake patterns did not differ between ES students
who did and did not participate in before-school activities
(Table 1). However, at post-change, a lower percent of students
who participated in before-school activities obtained sufficient
sleep (Table 1 and Figure 2A) compared to pre-change, although
effect sizes were not meaningful. At follow-up only, ES students
who participated in after-school activities had earlier bedtimes
(6min) and longer sleep duration (6min), although effect
sizes were not meaningful. Similarly, at both post-change and
follow-up, a higher percent of ES students who participated in
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after-school activities obtained sufficient sleep duration (3.5%),
although again, effect sizes were not meaningful.

MS students who participated in before-school activities
had earlier wake times at post-change (6 min) and at follow-
up (7 min) than non-participating students, but effect sizes were
not meaningful (Table 1). Sleep-wake patterns and the percent
of students obtaining sufficient sleep were similar between MS
students who did and those who did not participate in after-
school activities across years (Figure 2B).

At post-change and follow-up, HS students who participated
in before-school activities had earlier wake times (10 and 9 min
earlier, respectively), and shorter sleep duration (9 and 8 min
shorter, respectively), than non-participating students; however,
a small effect size (d = 0.25 and d = 0.22, respectively),
was found only for wake times (Table 1). Similarly, at both
post-change and follow-up, a higher percentage of students
obtained sufficient sleep duration in the non-activity group
(8.2% and 6.0% higher respectively, Figure 2C). HS students
who participated in after-school activities had later wake times
at both post-change and follow-up (6 min), and a shorter sleep
duration at all three time points (6, 8, and 6 min, respectively),
than non-participating students, although effect sizes were not
meaningful. At post-change, a higher percentage of students
obtained sufficient sleep duration in the non-activity group
(4.8%), but the effect size was not meaningful.

No differences in sleep-wake patterns or the percent of
students obtaining sufficient sleep duration were found between
students with or without before-school employment (Table 1).
Across all 3 years, students with after-school employment
had later bedtimes (6, 11, and 16min, respectively), than
non-employed students, with a small effect size found only at
follow-up (d = 0.25). Wake time and sleep duration only differed
at follow-up (7min later and 10min shorter), but neither
effect size was meaningful. At follow-up, a higher percentage
of students who were not employed obtained sufficient sleep
duration (4.8%, Figure 2D), although the effect size was
not meaningful.

Discussion

This study adds to the literature on healthy school start times
in three distinct ways by: (1) examining the impact of changing
start times to include before- as well as after-school activities and
employment, (2) examining differences in sleep-wake patterns
between participating and non-participating students before and
after a change in school start times, and (3) including elementary
school students.

The only change in before-school activity participation
was found for ES students, where participation decreased by
~50%. There are two primary reasons why this reduction was
observed. First, with the later pre-change start time (9:00 a.m.),
many students may have participated in activities as a way
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to support parents’ needs to get to work. With the earlier
post-change start time (8:00 a.m.), many families with working
parents likely no longer needed this form of before-school
child care. The change in before-school activities participation
was similar to that seen in before-school childcare programs,
where enrollment dropped 59% with earlier ES start times. The
second reason for the decrease in before-school activities was
elementary schools were instructed to not have any school-
sponsored before-school activities. This policy was implemented
by the district to prevent ES students from having to wake earlier
than necessary. Participation in after-school activities remained
the same across years for ES students.

For MS and HS students, no change was found in before-
school activity participation or employment. Similar to the
elementary school policy, middle and high schools were
instructed not to add new before-school activities (activities
that met before school prior to the start time change were
allowed to remain before school, but no after-school activities
were allowed to move to before school). This decision was
to prevent a situation where the sleep benefits of a delayed
secondary school start time would be negated by participation in
before-school activities. As other districts consider or implement
healthy secondary school start times, it is important for leaders
to recognize the importance of ensuring that potential benefits
of the new start times are not limited or lost by permitting
school-sponsored activities before the first bell.

Later secondary school start times mean later school end
times. In CCSD, middle school dismissal changed to 3:45 p.m.,
and high school dismissal moved to 3:30 p.m.. Not surprisingly,
a small decrease in after-school activity participation was
found, more so for MS students than HS students. However,
while decreased participation in after-school activities is not a
desirable outcome, the loss of after-school activity participation
for about 3-4% of students should be viewed within the context
of the significant increase in sleep duration for nearly all MS and
HS students (n = ~18,000), in the district. The increase in sleep
duration also benefitted students who continued to have before-
school activities. It is also important to be aware that often there
is an adjustment period when changing start times. In this study,
it is reflected in the initial decrease, and then increase, in after-
school employment, with a higher percent of students employed
at follow-up than before the implementation of the later start
time. Notably, the initial decrease was seen only among students
who did not qualify for free/reduced lunch. Concerns about
students’ ability to work after school is often cited as a reason
against delaying school start times, yet our findings show that
if students need to work, that opportunity is not negatively
impacted by a later dismissal time.

In terms of sleep-wake patterns, this study found that
ES students who participated in after-school activities had
earlier bedtimes, greater sleep duration, and a higher percent
of students obtaining sufficient sleep. Although differences
between groups were small, and effect sizes were negligible,
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these findings are noteworthy. This is because many elementary
schools are required to start earlier as a result of implementing
later secondary school start times. A common objection is the
fear that ES students will have to sacrifice either sleep or after-
school activities with earlier ES start times, but the findings
reported here do not support those concerns.

For MS and HS students, differences in sleep-wake patterns
between groups (participating vs. non-participating students)
were found after the implementation of later start times.
However, these differences were small and not clinically
meaningful. On the other hand, at post-change and follow-
up it was notable that even students with activities (before- or
after-school), or those who were employed, had a clinically
meaningful increase in sleep duration (~30-40 min) compared
to pre-change/earlier start times. In addition, the percent of HS
students who obtained sufficient sleep with later start times,
regardless of activity or employment participation, was more
than double that of the U.S. average (52.4-64.5% in current study
vs. national average of 25.4%) (Kann et al., 2018). This finding
alone reveals direct evidence of a health benefit due to the later
start times.

Although this study included data from before and after the
implementation of new start times, surveys were anonymous,
thus data were not able to be linked longitudinally. Additional
study limitations include the self-reporting of both sleep
and activity/employment participation. Future studies should
include objective measures of sleep (e.g., actigraphy). In
addition, the pre-change survey was conducted in April/May
(>4 weeks after the start of daylight saving time) due to the
district’s decision to change start times occurring shortly before
the end of the school year, while the post-change and follow-
up surveys were conducted in late February/early March (prior
to the change to daylight saving time); thus, participation in
some activities may have been affected by seasonal differences.
However, it is important to note that activities and employment
that were queried for this study were non-seasonal. On the
other hand, participation in athletics varies by season, with
a different number of sports competing in the winter vs. the
spring. Thus, we did not include athletic participation data in
this study. Finally, the CCSD is a suburban school district,
and thus results may not be generalizable to urban or rural
school districts.

These novel findings highlight that small changes to
before- and after-school non-athletic activity participation
may be anticipated for school districts implementing later
middle and high school start times. While consistent
that have been raised
2014;
2020), the small changes in participation also need to be

with concerns about changing

school start times (Owens, Fitzpatrick et al,
considered within the context of the significant increases
in student sleep duration, which has short- and long-term
benefits physical, mental, and academic health (Owens,

2014).
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Finally, it is important to note that structural mandates, such
as the district’s decision not to allow any new before-school
sponsored activities for middle and high schools, and not to
permit any sponsored before-school activities for elementary
schools, are also important to consider as part of this
policy change.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by Cherry Creek School District Research Review
Committee. Written informed consent for participation was not
provided by the participants’ legal guardians/next of kin because
the study included an anonymous survey. However, parents had
the option to opt their student out of participation. Students
were information that participation was voluntary, they could
stop being in the study at any point, and there was no penalty if
they chose not to participate.

Author contributions

LM conducted the data analyses and prepared the
manuscript. All authors contributed to the conceptualization
and design of the study, the acquisition and interpretation of
the data, and conceptualization of the manuscript, as well as
editing and approving the submitted version. LM had full access
to all data for the study and had the final responsibility for the
decision to submit for publication.

Funding

This study was supported by the Robert Wood Johnson’s
Evidence for Action program (Grant #75277). The funder
had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data;
preparation, review, or approval of the manuscript; and decision
to submit the manuscript for publication.

Acknowledgments

The authors thank the students who participated in
CaSTLES, the Cherry Creek School District, and former
Superintendent Dr. Scott Siegfried for their support for
conducting this research, the Assessment and Performance

frontiersin.org


https://doi.org/10.3389/frsle.2022.1044457
https://www.frontiersin.org/journals/sleep
https://www.frontiersin.org

Meltzer et al.

Analytics team and the Information Systems team, for assistance
with recruitment and distribution of surveys, and Ann Dosen for
assistance with compiling district demographic data.

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences. Mahwah,
NJ: Lawrence Erlbaum Associates.

Farb, A. F., and Matjasko, J. L. (2012). Recent advances in research on school-
based extracurricular activities and adolescent development. Dev. Rev. 32, 1-48.
doi: 10.1016/j.dr.2011.10.001

Fitzpatrick, J. M., Silva, G. E,, and Vana, K. D. (2020). Perceived barriers
and facilitating factors in implementing delayed school start times to improve
adolescent sleep patterns. J. Sch. Health 9:¢12983. doi: 10.1111/josh.12983

Kann, L., McManus, T., Harris, W. A., Shanklin, S. L., Flint, K. H., Queen, B., et al.
(2018). Youth risk behavior surveillance - United States, 2017. MMWR Surveill.
Summ. 67, 1-114. doi: 10.15585/mmwr.ss6708al

Meltzer, L. J., Plog, A. E, Wahlstrom, K. L., and Strand, M. J. (2022).
Biology vs. ecology: a longitudinal examination of sleep, development, and a
change in school start times. Sleep Med. 90, 176-184. doi: 10.1016/j.sleep.2022.
01.003

Meltzer, L. J., Wahlstrom, K. L., Plog, A. E., and Strand, M. J. (2021). Changing
school start times: impact on sleep in primary and secondary school students. Sleep.
44:ab048. doi: 10.1093/sleep/zsab048

Mortimer, J. T. (2003). Working and Growing Up in American. Cambridge, MA:
Harvard University Press. doi: 10.4159/9780674041240

Frontiersin Sleep

09

10.3389/frsle.2022.1044457

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Author disclaimer

The study does not necessarily reflect the opinions or views
of the Robert Wood Johnson Foundation.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
frsle.2022.1044457/full#supplementary-material

Office of Disease Prevention and Health Promotion. (2020). Healthy People
2030. Available online at: https://www.healthypeople.gov/sites/default/files/
ObjectivesPublicComment508.pdf (accessed February 17, 2020).

Owens, J. (2014). Insufficient sleep in adolescents and young adults: an update on
causes and consequences. Pediatrics 134, €921-€32. doi: 10.1542/peds.2014-1696

Owens, J. A., Drobnich, D., Baylor, A., and Lewin, D. (2014). School start time
change: An in-depth examination of school districts in the United States. Mind
Brain Educ. 8, 182-213. doi: 10.1111/mbe.12059

Tjaden, J., Rolando, D., Doty, J., and Mortimer, J. T. (2019). The long-term effects
of time use during high school on positive development. Longit. Life Course Stud.
10, 51-85. doi: 10.1332/175795919X15468755933371

Wabhlstrom, K., Dretzke, B., Gordon, M., Peterson, K., Edwards, K., Gdula, J.,
et al. (2014). Examining the Impact of Later School Start Times on the Health
and Academic Performance of High School Students: A Multi-Site Study. St. Paul,
MN: Center for Applied Research and Educational Improvement: University
of Minnesota.

Wahlstrom, K. L. (2020). “Circadian rhythms and school start times:
The indivisible link between medicine and education,” in: Circadian
Rhythm  Sleep-Wake Disorders, ed R. R. Auger (Cham: Springer).
doi: 10.1007/978-3-030-43803-6_7

frontiersin.org


https://doi.org/10.3389/frsle.2022.1044457
https://www.frontiersin.org/articles/10.3389/frsle.2022.1044457/full#supplementary-material
https://doi.org/10.1016/j.dr.2011.10.001
https://doi.org/10.1111/josh.12983
https://doi.org/10.15585/mmwr.ss6708a1
https://doi.org/10.1016/j.sleep.2022.01.003
https://doi.org/10.1093/sleep/zsab048
https://doi.org/10.4159/9780674041240
https://www.healthypeople.gov/sites/default/files/ObjectivesPublicComment508.pdf
https://www.healthypeople.gov/sites/default/files/ObjectivesPublicComment508.pdf
https://doi.org/10.1542/peds.2014-1696
https://doi.org/10.1111/mbe.12059
https://doi.org/10.1332/175795919X15468755933371
https://doi.org/10.1007/978-3-030-43803-6_7
https://www.frontiersin.org/journals/sleep
https://www.frontiersin.org

	Changing school start times: Impact on extracurricular activities and employment
	Introduction
	Methods
	Procedure
	Participants
	Data analyses

	Results
	Participation in activities and employment
	Sleep-wake patterns and participation in activities or employment

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Author disclaimer
	Supplementary material
	References


