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A B S T R A C T

In fall 2019, California passed and signed into law SB328, the first US statewide legislation explicitly designed to
protect adolescent sleep health by requiring most California public school districts to start no earlier than 8:00
AM for middle schools and 8:30 AM for high schools. Recognizing the unique opportunity presented by the
bill’s 3-year implementation period, a group of experts in adolescent sleep and school start times held a virtual
summit on January 22-23, 2021 to (1) summarize the research on adolescent sleep and school start time
change; (2) develop recommendations for relevant, refined, and innovative research areas and research
questions; (3) provide input regarding research design, methodology, and implementation; and (4) offer a
forum for networking, exchanging ideas, and establishing interdisciplinary research collaborations. Participants
represented a multidisciplinary range of academic backgrounds including sleep and circadian biology, neuro-
science, education, medicine, public health, mental health, safety, public policy, economics, implementation
science, criminology, diversity studies, and science communication. This paper summarizes summit presenta-
tions regarding current knowledge on adolescent sleep health and school start times and key research recom-
mendations from small group workshops on topics including research design and tools, methodological issues,
sleep health disparities, logistical challenges in conducting school-based research, public-health impact, and
novel and expanded approaches to research.
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In fall 2019, California passed and signed into law SB328, the first
US statewide legislation explicitly designed to protect adolescent
sleep health by aligning secondary school hours with the substantial
body of scientific evidence regarding adolescent sleep needs and tim-
ing. This landmark legislation, enacted in the state with the nation’s
greatest number of public-school students, requires most California
public school districts to start no earlier than 8:00 AM for middle
schools and 8:30 AM for high schools. The bill received international
attention and is considered a benchmark for similar legislation across
the US and around the globe. Moreover, the law’s 3-year implemen-
tation period provides an unprecedented and timely opportunity for
researchers interested in translating adolescent sleep research into
policy.

Recognizing this unique opportunity, a group of experts in adoles-
cent sleep and school start times, spearheaded by the national non-
profit Start School Later/Healthy Hours, met to discuss ways to
develop thoughtful, timely, innovative, and translational research

https://doi.org/10.1016/j.sleh.2021.10.008
https://doi.org/10.1016/j.sleh.2021.10.008
https://doi.org/10.1016/j.sleh.2021.10.008
http://www.ScienceDirect.com
http://sleephealthjournal.org


ARTICLE IN PRESS
JID: SLEH [m5GUS;December 25, 2021;4:28]

2 T.D. Ziporyn et al. / Sleep Health 00 (2021) 661
recommendations. The result was a virtual Summit on Adolescent
Sleep and School Start Times: Setting the Research Agenda for California
and Beyond,1 hosted on January 22-23, 2021 by the Department of
Psychiatry and Behavioral Medicine at the Stanford University School
of Medicine, a historic home for adolescent sleep research.2

The summit offered the opportunity to learn, discuss, and make
recommendations regarding future research on adolescent sleep and
school start times, as well as to explore collaborations among a multi-
disciplinary roster of speakers, workshop leaders, and participants.
Participants represented a wide range of academic backgrounds
including sleep and circadian biology, neuroscience, education, medi-
cine, public health, mental health, safety, public policy, economics,
implementation science, criminology, diversity studies, and science
communication. (See Appendix for a list of co-chairs, speakers, and
workshop leaders). The summit’s objectives were to: (1) summarize
the research on adolescent sleep and school start time change; (2)
develop recommendations for relevant, refined, and innovative
research areas and research questions; (3) provide expert input
regarding research design, methodology, and implementation; and
(4) offer a forum for networking, exchanging ideas, and establishing
interdisciplinary research collaborations.

This paper summarizes key summit proceedings, including but
not limited to opportunities related to the California statewide man-
date. It provides (1) a synopsis of a series of presentations by experts
in their respective fields summarizing the state of current knowledge
on adolescent sleep health and school start times, and (2) key mes-
sages from the small group breakout discussion sessions on topics
including research design and tools, methodological issues, logistical
challenges in conducting school-based research, public-health
impact, and novel and expanded approaches to research.

Context

The 3 decades since groundbreaking studies by Mary A. Carskadon
and colleagues3-9 have seen tremendous growth in the understand-
ing of adolescent sleep-wake patterns, circadian timing, underlying
bioregulatory processes, and environmental constraints, along with
the negative consequences of deficient (ie, insufficient, poorly timed,
irregular, and/or poor quality) sleep on physical, psychological,
behavioral, and cognitive wellbeing. As this research emerged, con-
vergent social and economic forces were concurrently leading many
school systems to stagger starting times with tiered busing, which
often resulted in older adolescents starting classes considerably ear-
lier than the 8:30 or 9 AM bell times typical prior to the late 20th cen-
tury.10-13 These changes often required adolescents to wake before
sunrise to attend classes in the 7 AM hour, with bus pick-up and com-
mute times considerably earlier. Today over 80% of US secondary
schools require students to attend classes prior to 8:30 AM, with the
average public high school starting at 8 AM and 10% starting before
7:30 AM.14,15

Inspired by the early research on adolescent sleep needs and pat-
terns, the late Mark Mahowald and colleagues at the Minnesota Med-
ical Association urged Minnesota’s school districts to start classes
later, eventually prompting 2 districts (Edina in 1996 and Minneapo-
lis in 1997) to delay starting times. These changes allowed Kyla
Wahlstrom, Director of the University of Minnesota’s Center for
Applied Research and Educational Improvement (CAREI), to conduct
the first large-scale school start time outcome studies, documenting
that delaying high school classes leads to increased sleep associated
with later wake times, not later bedtimes, and numerous health and
academic benefits.16 These findings have subsequently been repli-
cated and expanded for middle and high school students in hundreds
of US districts. Subsequent studies have also delineated feasible and
affordable ways to delay bell times, involving large and diverse dis-
tricts, such as Seattle (WA) Public Schools and Fairfax (VA) County
Please cite this article as: T.D. Ziporyn et al., Adolescent sleep health an
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Public Schools, as well as smaller suburban and rural districts
throughout the country ranging from Saco, ME to Palo Alto, CA.17

These efforts and the significant evidence base behind them
established early school start times as the leading factor, among the
many psychosocial, cultural, and biologic factors influencing adoles-
cent sleep, currently known to be both modifiable and to have a mea-
surable impact at the population level.2,18,19 Based on these studies,
the American Academy of Pediatrics in 2014 issued a policy state-
ment—subsequently supported by the American Medical Association,
American Academy of Sleep Medicine, and other major healthcare,
education, and civic organizations—recommending that middle and
high schools start classes no earlier than 8:30 AM.20 A 2019 consen-
sus letter signed by over 120 experts in medical research, public
health, medicine, sleep medicine, pediatrics, psychiatry, adolescent
psychiatry, and preventive medicines similarly stated that “the vol-
ume, breadth, consistency, and strength of the peer-reviewed scien-
tific research” supporting later school start times are “unequivocal,
exceeding the high standards for public health and education pol-
icy.”21 Reaffirming this consensus, an October 2019 report by a Penn-
sylvania Joint State Government Commission concluded that the
benefits of starting secondary schools no earlier than 8:30 AM are
supported by “robust research,” obviating the need for a proof-of-
concept program.22

Research on adolescent sleep and school start times

Sleep and circadian biology in adolescents

Many factors, both biologic and behavioral, influence human sleep
behavior, often with interactions among them. Genetic factors have
been shown to influence sleep duration and circadian timing, sleep
homeostatic control, and the sleeping EEG (electroencephalogram),
though much remains to be learned about these mechanisms. Biore-
gulatory processes also help determine sleep length, circadian timing,
and resulting waking alertness, and are thought to involve 2 factors:
sleep homeostasis or sleep pressure (“Process S”) and circadian tim-
ing (“Process C”).23

Both bioregulatory factors—the circadian and sleep pressure sys-
tems—favor a delay in the timing of sleep during adolescence. The
most prominent change in the circadian process is a delay in the tim-
ing of rhythms, including delays in both falling asleep and waking up.
Such a pattern of delayed sleep has also been found in nonhuman
juvenile mammals of at least 6 species, indicating a strong biologic
component.24,25 In humans, this pattern manifests itself by both a
later “chronotype,” a behavioral marker, as well as the secretion of
melatonin later in the evening, a biologic marker. Melatonin is a
marker for biologic night, “opening the window for sleep.” The result-
ing delay in sleepiness, which happens naturally and reverts to ear-
lier timing after young adulthood, is also affected by late evening
light exposure and absence of morning light, both commonly experi-
enced by modern adolescents.26

Sleep pressure has been measured by assessing EEG slow wave
activity, a biomarker measurable in the sleeping brain. EEG slow
wave activity marks a response to wakefulness, and adolescents build
up EEG slow wave activity (sleep pressure) across the day more
slowly than preadolescents, thus delaying the pressure to fall asleep
and making it easier to stay awake longer.27 On the other hand, the
reduction in EEG slow wave activity (ie, sleep pressure) during sleep
occurs at the same rate in adolescents and preadolescents, indicating
similar sleep needs.28 This means that adolescents who stay awake
late, but need to wake up early, do not get sufficient sleep, estimated
to be about 9-9.5 hours per night, with individual variation ranging
between 8 and 10 hours.29,30

Given contemporary lifestyles, including late-evening light expo-
sure and requirements to rise extremely early for school, plus teens’
d school start times: Setting the research agenda for California and
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biologic changes, it is no surprise that many adolescents are getting
too little sleep and waking at the wrong biologic time. This “deficient
sleep” frequently culminates in poor alertness and attention in school
and on the road, as well as compromised school performance and the
plethora of mental, behavioral, and physical health issues described
in subsequent sections. In addition, while sleep deficiency is wide-
spread across the adolescent population, increasing evidence shows
significant sleep health disparities by ethnicity, race, gender, and
socioeconomic status.12,31-35 Children and adolescents from families
with lower socioeconomic status (SES) obtain less sleep and have
more erratic sleep-wake schedules than peers from higher SES fami-
lies.36 Furthermore, racial and ethnic minority adolescents are at an
increased risk of having shorter sleep duration and poorer sleep qual-
ity than their white peers.33 In one study, for example, black adoles-
cents slept between 20-30 minutes less per night than their white
peers (as measured by actigraphy), with more frequent naps and
greater social jetlag.37 Broadly speaking, these differences in sleep
patterns appear to be due to a range of factors, including socioeco-
nomic, cultural, sleep environment characteristics (eg, light and
noise), and the role of historic and pervasive discrimination.

Several research teams are now specifically examining the impli-
cations of racial and ethnic discrimination on adolescents’ sleep. One
study, for example, found that ethnic discrimination was associated
with actigraphically estimated shorter sleep duration and sleep qual-
ity among a sample of ethnically diverse adolescents.38 Another
study, focused on coping strategies in racial and ethnic minority stu-
dents attending US public schools, found that on days when adoles-
cents reported greater discrimination, higher quality and more sleep
(actigraphically measured) predicted more problem solving and
seeking peer support (“coping”), less ruminating, and better well-
being.39 Undoubtedly, a greater understanding of adolescent sleep
disparities will help to inform interventions, policies, and educational
programs to minimize these disparities and their impact on health,
behavioral, and educational outcomes.

Adolescent sleep and emotional and behavioral health problems

Despite reaching a peak stage of health in terms of their physical
and cognitive functions, adolescents simultaneously experience
sharp increases in morbidity and mortality.40,41 This conundrum has
been termed the “adolescent health paradox.”42 The paradox may in
part be associated with the dramatic increases in psychological and
behavioral health problems during adolescence. For example, not
only do 50% of all lifetime cases of depression begin by age 14,43 but
adolescence is a peak period for such risky behaviors as initiating
substance use and developing substance use disorders.44,45 Further-
more, clear associations among many health risk behaviors, mental
health disorders, and problems regulating both emotions and behav-
ior are apparent in adolescence.40,42 In adolescents, these associations
are primarily focused on executive function deficits, including
impaired decision making, reduced motivation, poor judgment and
impulse control, and inattention. All of these capacities, in turn, are
negatively impacted by poor sleep, which also affects emotional reg-
ulation and impairs reward-related decision making (ie, the percep-
tion of negative consequences for risk-taking behavior).46-48

Adolescents are particularly vulnerable to these sleep-related
impacts due to critical developmental changes in those brain centers
such as the pre-frontal cortex controlling executive functioning.49

Importantly, even if a sleep problem does not meet criteria for a
sleep disorder such as insomnia or a circadian rhythm disorder, the
core components of deficient sleep—ie, insufficient sleep, circadian
misalignment, and/or poor quality sleep—have been prospectively
linked with mental and behavioral health problems in adolescents,
including depression, anxiety disorders, substance abuse, risky
behaviors, and suicide.50-56 For example, adolescents who get
Please cite this article as: T.D. Ziporyn et al., Adolescent sleep health an
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insufficient or poor quality sleep are more likely to report symptoms
of depression,57 hopelessness, suicidal thoughts and attempts,46,47

irritability, and impaired emotional regulation.48 Furthermore, insuf-
ficient or otherwise disturbed sleep is associated cross-sectionally
and longitudinally with risk-taking behaviors, including risky sexual
activity, and use of alcohol, marijuana, and other drugs.56,58-62

Experimental evidence suggests a causal process through which
sleep problems may dysregulate emotions and behavior, which in
turn, can heighten risk for mental and behavioral health disorders.62-65

Sleep restriction studies, for example, have shown that sleep-restricted
adolescents have higher levels of anxiety, anger, fatigue, and confusion
than adolescents who get sufficient sleep.66 Sleep restriction is also
associated with reduced positive, and increased negative, affect,66,67

which may increase vulnerability to depression. Such changes in affec-
tive regulation may be linked to the role played by REM sleep in emo-
tional processing and memory consolidation.62,68 Because REM sleep
disproportionately occurs in the early morning hours, moreover, cur-
tailing adolescent sleep for early school start times may result in selec-
tive REM deficits, as well as longer-term consequences for emotional
processing and regulation.69

Health and safety consequences of deficient sleep in adolescents

In adolescents, deficient sleep has both acute and downstream
effects on physiology and physical health, affecting virtually every
system of the body, and described in several review articles.70-72 For
example, the well-established association between sleep deficiency
and obesity risk73-75 is based on studies examining the impact of
sleep restriction on neurohormones regulating hunger and satiety
and on metabolic functions such as insulin resistance, as well as con-
tributory behavioral factors such as reduced physical activity and
altered eating patterns. Furthermore, both deficient sleep and obesity
have a direct detrimental impact on cardiovascular health (eg, hyper-
tension), metabolic disease (eg, type 2 diabetes) metabolic function,
and systemic inflammation.76-78

Deficient sleep may contribute to both the development and
exacerbation of underlying medical conditions through several basic
mechanisms. These include the complex bi-directional relationship
between sleep and immune response mediators (inflammatory
markers).79,80 For example, short sleep is associated with susceptibil-
ity to and slowed recovery from infection, including increased fre-
quency of common infectious diseases,71,81 and may also result in an
attenuated antibody response to vaccines such as influenza and hepa-
titis B.82 Furthermore, because there is also a bi-directional associa-
tion between deficient sleep and pain in terms of increased pain
perception and intensity and decreased threshold for and tolerance
to pain, adolescents with chronic pain conditions may be particularly
vulnerable to the effects of poor sleep with resulting functional
disability.83

Finally, due in large part to some of the aforementioned deficits in
executive functioning associated with deficient sleep (eg, poor
impulse control, impaired decision making, and emotional dysregula-
tion), sleep-deficient adolescents are at increased risk for a variety of
injuries. This is a critical link, as accidental injuries, including motor
vehicle crashes, are the number one cause of death in the adolescent
population,84 with over 60% of adolescent deaths due to injury-
related causes associated with risk-taking behaviors.50 Sleep-
impaired driving resulting from deficient sleep is especially prevalent
in adolescents.85 Numerous studies have linked these sleepiness-
related impairments to motor-vehicle crash risk, including several
studies demonstrating that adolescent crash rates not only increase
significantly in earlier starting high schools,86-88 but also decline sig-
nificantly after delays in school start times.89-91 Although less well-
studied, sleep loss may also be associated with pedestrian,92 work-
place,93 and sports-related injuries,94,95 as well as repeated injuries.96
d school start times: Setting the research agenda for California and
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In addition, insufficient sleep is associated with health-risk behaviors
that themselves may substantially increase the likelihood and sever-
ity of accidental injuries, including infrequent bicycle helmet and
seat best use, and texting and drinking while driving.97 Finally, recov-
ery from injuries may be impaired; for example, sleep disruption may
exacerbate or perpetuate many of the common sequelae of mild trau-
matic brain injury including depression, post-traumatic stress disor-
der (PTSD), and chronic pain, thus impairing rehabilitation.98

Deficient sleep, learning, and academic performance

Sufficient and high-quality sleep is required for acquiring, consoli-
dating, and retrieving information across the lifespan. Extensive
research in adolescents, including both naturalistic surveys and
experimental, laboratory-based studies, have linked deficient sleep,
including evening circadian preference, to impaired cognitive and
behavioral performance, manifested by daytime sleepiness, irritabil-
ity, impulsivity, distractibility, inattention, slower psychomotor
response, and lack of motivation.99-104 Even a single night of sleep
deprivation markedly impairs brain function, restricting the ability to
commit new experiences to memory.105,106

For these reasons adolescent students who sleep under 8 hours per
night, are more likely to lose memory consolidation during sleep or
learning opportunity the following day when their brains cannot func-
tion at full capacity. The combination of later bedtimes (whether due
to circadian changes, homework, extracurriculars, socializing, and/or
blue-light exposure) and forced early wake times often leaves adoles-
cents in this sleep-deficient state, raising the possibility that relatively
early school start times impair academic performance. Indeed, several
studies suggest that students who align course schedules with their
circadian schedule are more likely to perform better
academically.17,107 In addition, many studies have specifically associ-
ated earlier school start times with poorer academic achievement and
school performance,108-112 including reduced sustained attention113

and higher rates of absenteeism, tardiness, and dropping out of high
school.114,115 Accumulating evidence also suggests that the chronotype
of individual students, such as morning or evening preferences, can
differentially affect academic and test performance.116,117 One study,
for example, systemically assessed the performance of young adoles-
cents on intelligence tests as a function of individual chronotype, con-
firming a marked “synchrony effect” in which a match between a
student’s chronotype and time of day the test is taken yielded a 6-
point difference in IQ score.118

School start times and overall outcomes

Accumulating cross-sectional evidence shows a linear association
between school start time and sleep duration, whether sleep is esti-
mated by daily diary or actigraphy.119,120 Data from a wide variety of
schools delaying start times also shows that when schools move bell
times later, a greater proportion of students get more sleep and have
more regular sleep-wake schedules.16,90,121-125 Other studies show a
dose-response relationship between sleep and school start time, with
8:30 AM class times the watershed mark at which half to two-thirds
of all students get at least 8 hours of sleep.90,119,126,127

In addition to more and better-timed sleep, both cross-sectional
and outcome studies have consistently associated later school start
times with fewer signs of depression,16,122,125,128 less stimulant and
illegal substance use,16,90,125,129 and lower car crash rates,86-91,129,130

as well as with significant improvements in attendance, truancy, tar-
diness, suspensions, and graduation rates.108,110,124,125,131,132 Conser-
vatively considering only the impact on motor-vehicle crashes and
graduation rates, the RAND Corporation projected that starting mid-
dle and high school classes no earlier than 8:30 AM would boost the
US economy by $8.6 billion after 2 years, contributing $83 billion to
Please cite this article as: T.D. Ziporyn et al., Adolescent sleep health an
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the US economy within a decade, with an average annual benefit of
$9.3 billion over 15 years. Remarkably, the report projects that within
just 2 years these benefits would outweigh any costs districts might
incur in changing bell times.133

While studies have not shown that delaying start times has a sta-
tistical effect on ACT scores,16,114 some show a statistically positive
effect on state-level achievement tests110 and grades,90,124 making
later start times equivalent to being in a class with a third fewer stu-
dents108 and to having a teacher with instructional performance
rated one standard deviation higher than peers.134,135 Other studies
show that academic benefits, including improved graduation rates
and better grades and test scores, are disproportionately greater for
students of lower socioeconomic status and for disadvantaged
minorities.110,130,136 Homeless and students who frequently change
districts (“highly mobile” students) in later-starting schools also
appear to have a statistically greater likelihood of remaining in school
and graduating.16 These disparities suggest that later start times may
ultimately be a mechanism for reducing the opportunity gap.131

Academic improvements in already high-performing students are
more difficult to measure, especially when a “ceiling effect” leaves lit-
tle or no room for improvement. Some of these students may decep-
tively appear to “do just fine” on less than 8 hours of sleep per night,
as evidenced in high achievement and participation in sports and
other extra-curricular activities. For that reason, decreased social,
emotional, and physical health due to deficient sleep may be the
more pertinent indicators when measuring the impact of both sleep
deficiency and delaying bell times in this cohort.

Research priorities and recommendations

As noted above, the depth, breadth, and consistency of the
research base on adolescent sleep and school start times has already
led to scientific consensus regarding the benefits of later school start
times to adolescent sleep, health, safety, and overall wellbeing, as
well as the feasibility of delaying start times in a wide variety of
school settings. Nonetheless, the summit revealed several specific
areas that would benefit from additional consideration and explora-
tion.

Measures and data collection

Summit participants identified numerous ways to refine methods
of collecting and analyzing data on adolescent sleep and school start
times, as described below. Table 1 provides their specific suggestions,
along with examples of how they might be applied.

Define optimal research designs
There remains a continuing need to clearly define and defend

appropriate methodologies and standards of evidence for studying
the impact of school start time change. Calls for additional studies,
including randomized controlled trials, to confirm outcome measures
are perhaps the inevitable consequence of mixing disciplines with
different databases, methodologies, and standards of evidence. How-
ever, in defining optimal research designs going forward, researchers
should consider that randomized controlled trials may not be appro-
priate, feasible, and/or ethical in assessing outcomes of multifactorial
systemic changes like delaying school start times. For example, it is
unlikely that any school district would volunteer to be randomized to
have its schedule changed—a reluctance that in fact derailed a pro-
posed trial of later start times in the United Kingdom.137 Establishing
study designs and standards of evidence appropriate to research
with education and public policy implications is critical, as is dissemi-
nating these standards to researchers in diverse fields, as well as to
the lawmakers, educators, and other stakeholders using this research
to influence policy.
d school start times: Setting the research agenda for California and
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Table 1
Methodology recommendations

Needs Examples and commentary

Determine optimal research designs to test intervention effects, including rigorous
naturalistic designs.

Randomized controlled trials may not be appropriate, feasible, and/or ethical in
assessing outcomes of multifactorial systemic changes like delaying school start
times.

Determine how evolving standards regarding P values and the use of Bayesian
models might affect study design.1

Consider whether a control group is necessary and, if so, determine the best strate-
gies for establishing one.

In the case of California, how should “control” groups be established if schools
exempted from the law (eg, rural schools) have different demographic
characteristics?

Determine when and how to gather more objective data on large populations
other than just using actigraphy.

Can we utilize ecological momentary assessment (eg, a “ping” on a smartphone or
smartwatch) to capture real-time data, which could lead to longitudinal data to
track causal effects?

Establish standards for studying long-term outcomes (eg, on health and sleep
behavior) that control for developmental changes in students.

How can we collect longitudinal data of up to 10 years to examine outcomes for
the same child over time, examining developmental factors potentially related
to the starting time of the child’s school?

Use a socio-ecological framework to measure outcomes when possible. Ideal approaches consider that all outcomes affected by start time change are
nested in a variety of systems— eg, individuals in households and households in
communities.

Reconsider common educational outcomes with a bidirectional dialogue between
educators and basic researchers to ensure that controlled scientific methods are
employed to inform real-world settings and vice versa.

Include more qualitative methods and data with objective measures. Consider including open-ended response options to key questions in objective sur-
veys. Surveys provide the “bones” for objective data, and open-ended responses
provide the explanatory “meat” for those bones, potentially yielding more accu-
rate or complete responses.

Individual or focus-group interviews can also provide otherwise unknowable
insights. Clusters of similarly themed responses, for example, can provide quasi-
objective data to elucidate viewpoints and indicate relative strength of
outcomes.

Move beyond small, controlled studies to remedy the discrepancy between model
classrooms and real-world schools.

Re-examine large datasets (eg, from government or local agencies) to study aca-
demic outcomes relevant to sleep-dependent cognition.

Find ways to conduct research with minimal funding and that reduce financial and
other burdens on participating schools.

Use pre-existing sources of data to reduce research funding needs.

Use unique data sources. Consider using social media, low-cost wearables, and online data collection (eg,
ecological momentary assessment of cognitive tasks, sleep diaries, attention, or
mood ratings).

Identify ways to measure and report sleep that is most useful to colleagues in other
fields, and ultimately to policymakers and other stakeholders outside the sleep
research community.

To understand how to make sleep studies understandable and relevant to the lay
population, have persons who are not professional researchers suggest novel
ways to collect data and/or to read study reports.

Create more cross-disciplinary and community-engaged research opportunities. Brainstorm the range of researchers and community stakeholders who have
related interests in the effects of greater sleep duration and the later start time of
schools.

1 Harrington D, D'Agostino RB, Sr., Gatsonis C, et al. New Guidelines for Statistical Reporting in the Journal. The New England Journal of Medicine. 2019;381(3):285-286.
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Increase sleep data granularity
Most studies of adolescent sleep and school start times have

involved largely quantitative data, with a mix of both objective and
subjective measures. Laboratory investigations into the biology of ado-
lescent sleep have examined circadian rhythms, looking specifically at
chronotype and social jet lag, phase preference, and sleepiness as mea-
sured by the Multiple Sleep Latency Test, the Maintenance of Wakeful-
ness Test, and/or the Epworth Sleepiness Scale-Children. Longitudinal
data on sleep/wake behavior is often estimated using actigraphy,
sleep-wake diaries, and/or activity logs. Additional laboratory data
providingmore granular detail about circadian rhythms, such as meas-
ures of internal desynchrony and amplitude, transcriptomics/geno-
mics, large-scale measurement of circadian physiology, and
environmental light exposure, could still be valuable. Further meas-
ures of ultradian activity within sleep and correlation of these meas-
ures with other outcome covariates such as socioeconomic status,
biological identity, and gender are still needed as well.

Refine and standardize outcome measures
Data regarding the outcome of school start time delays has largely

been collected using academic measures in the form of grades earned,
test results, and absences/tardies, as well as surveys of students,
parents, and teachers, and self-report sleep diaries and actigraphically
estimated sleep-wake patterns. How and when those entities gather
such data, however, is not standardized, except within each school.
Please cite this article as: T.D. Ziporyn et al., Adolescent sleep health an
beyond: A research summit summary, Sleep Health (2021), https://doi.or
Even a definition of what constitutes a “tardy,” for example, can differ
from building to building. For that reason, performance and behavioral
data gathered from school, district, and state databases should be used
with caution when conducting comparative analyses.

For performance data to be meaningful across schools, databases
at the school, district, and state levels need to become more accurate
and granular. For example, they might include student commute
length, as well as the actual time of day mandatory classes start vs.
any optional “zero-hour” period before the regular school day begins.
However, even these attempts to create comparable databases may
be inadequate for inherently subjective measures of academic suc-
cess such as grades and test scores. Datasets such national health sur-
veys (eg, the Youth Risk Behavior Survey), rates of drug use, mental
health measures, youth employment, and car crash data from state
departments of health or public safety are available to conduct cross-
disciplinary analyses, but published literature to date suggests they
remain underutilized.

Consider systems-level approaches
Qualitative data, such as upstream mechanisms/antecedents (eg,

social determinants of health and policy determinants of health), are
often overlooked or undervalued, even when strongly related to
functional outcomes. Such data include interviews of students and
other stakeholders, answers to open-ended survey questions, and
documented review of district policies and meeting minutes. A
d school start times: Setting the research agenda for California and
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Table 2
Recommendations for expanded research

Impact of school start times on preK-5th grade students
Associations of daylight-saving time with school start times and adolescent
sleep

Impact of bus pick-up times and commute times on student sleep, health, and
well-being

Relationship of later start times to student “wake up” times
Impact of later start times on economic and social disparities across
communities

Impact of later start times on juvenile crime rates
Impact of later start times on athletic injuries and performance and recovery
from injury, including concussions

Impact of school start time change in different seasons and locations within a
time zone

Impact of delaying school start times on non-student stakeholders (eg, bus
drivers, teachers, parents, and local businesses)

Upstream and downstream consequences of social determinates of health
Impact of classroom lighting on sleep and circadian timing
Impact of before-school instruction and activities on student sleep, health, and
well-being

Impact of COVID-19-related schedule changes, including later, flexible, and
virtual hours

Impact of school start times and pre-existing health conditions (eg, sleep dis-
orders, ADHD, depression)

Consequences of later start times on behavioral measures of daytime sustained
attention

Relationship between school start time and family life, including morning
stress, family breakfasts, homework, and extracurricular activities

Gender differences in sleep time/wake time related to girls’/boys’ helping rou-
tines with younger siblings, particularly with a view to cultural norms/
expectations.

Time-use data such as changes in breakfast times or contrasting student alert-
ness in morning vs. afternoon classes

Impact on risks, congestion, and safety for road users, including pedestrians,
bicyclists, bus drivers/assistants, teachers, and other commuters.

Best change management practices for delaying school start times, including
ways to reduce burdens on school systems and communities

Effects of later school start times on vulnerable populations, as well as means
of implementation that reduce health and academic disparities

Educational outcomes (eg, grades, attendance, disciplinary action, special edu-
cation or mental health services, quality of life, participation in extracurricu-
lars, family/peer relations, or risk-taking behaviors) that best reflect
underlying cognitive and affective brain systems regulated by sleep

Role of systemic and individual contributors to sleep health in optimizing ben-
efits of later school start times

Understanding of the science of adolescent sleep and school start times among
school stakeholders (eg, administrators, teachers, school boards, parents,
coaches, etc.)

Relationship of sleep health education for adults to school start time change
Relationship of sleep health education to students’ views of sleep and sleep
behaviors
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systems-level approach (including these determinants, a wide range
of stakeholders, and hypothesized outcomes) could provide a more
in-depth understanding of whether qualitative and/or quantitative
data are necessary to answer a given research question. A social-eco-
logical framework to examine nested systems of individuals in
households, and households in communities, may also provide a
more nuanced understanding of the impact of school hours on com-
muting, childcare, family life, and extracurriculars, as well as their
impact on elementary-school-aged children.

Facilitate interdisciplinary and policy-guided research
Leveraging the literature of sleep-dependent cognition to support

academic achievement requires moving beyond laboratory studies to
more policy-guided sleep interventions at the school or student level.
The new California law offers a unique opportunity to create an edu-
cational neuroscience of sleep and disentangle the mechanisms of
complex disorders by combining the tools of sleep science, cognitive
neuroscience, and educational research.138 The same techniques can
be used to build on existing work exploring not only associations but
alsowhy and how. A key priority is identifying which educational out-
comes (eg, grades, test scores, disciplinary referrals, mental health
services, or quality of life) best reflect sleep-related changes in mem-
ory consolidation, attentional capacity, and emotional and motiva-
tional regulation.

Equally critical is designing studies uniting cognitive neuroscience
with the theater of policy change. Despite best efforts to model
classrooms,139,140 laboratory studies do not adequately represent the
dynamics of sleep in the schools or student populations they model.
Remedying these limitations will require moving beyond small, con-
trolled studies to examine large datasets from governmental or local
agencies—and large-scale change, as in California—in new ways.
Social media, low-cost wearables, and online data collection (eg, eco-
logical momentary assessment of cognitive tasks, sleep diaries, atten-
tion, or mood) offer countless possibilities as well. Future studies of
the impact of start time change should also consider more personal-
ized profiles of student and community strengths and needs, includ-
ing social, political, and economic milieu.

Creating these and other interdisciplinary opportunities for
researchers whose work touches on sleep and school start time policy
to share and review each other’s work should facilitate evidence-
based school and legislative policies going forward. As sleep
researchers collaborate with experts in other fields, for example, edu-
cation, juvenile justice, nursing, transportation, operations research,
or school psychology, the depth of research related to sleep will grow
and spur publication of sleep-related research in more journals and
in fields beyond medicine and sleep health.

Expanding research on community impact

Proposed changes to school hours in any direction, later or earlier,
potentially arouse concerns among community stakeholders about
how changes may impact personal/family routines, sometimes pro-
ducing pushback strong enough to disincentivize school leaders from
implementing changes.130,141 Indeed, many aspects of community
life—including traffic patterns and safety, childcare, athletics and
other extracurricular activities, after-school programs and classes,
and student jobs—revolve around public school hours. Changes to
public school hours thus potentially impact not just teachers, admin-
istrators, students, and families, but also athletic directors, bus driv-
ers, childcare providers, commuters, and small businesses employing
students.

While understandable, concerns about community impact are
countered by experience from hundreds of schools that have delayed
bell-times, as well as those that have always started class after 8:30
AM. These experiences consistently show that community life adjusts
Please cite this article as: T.D. Ziporyn et al., Adolescent sleep health an
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to school hours, not vice versa, and reveal a myriad of feasible and
affordable ways to delay middle and high school class times. In fact,
most fears and speculations about the impact of later start times on
childcare, transportation costs, traffic, parental commutes, after-
school jobs, and related aspects of community life have turned out to
be overblown, temporary, or remediable with stakeholder input and
creative thinking.22,142 Even concerns about transportation and other
costs often turn out to be unwarranted, with many communities find-
ing ways to delay bell times at low or no cost, and sometimes with
cost savings.133,142-144 The growing number of school districts delay-
ing bell times in California and beyond provides numerous opportu-
nities to expand this knowledge base (Table 2).

Athletics, road safety, and other aspects of community life
In addition to evidence from hundreds of districts that have

already delayed start times, additional detailed evidence regarding
specific aspects of community life—including positive impacts on
family interactions, injury prevention, and road safety—might help
school communities address concerns that can underlie resistance to
change. Already, for example, several districts, have confirmed that
d school start times: Setting the research agenda for California and
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after moving to later start times, the number of students participating
in school athletic programs increases, or, if a team has no room to
expand, stays the same, and many confirm winning records. Even
more valuable would be quantifiable data, including number of
games played, injuries reported, win-loss records, and duration of
practices. In addition, while some evidence has already associated
sleep loss in adolescents with increased sports-related and musculo-
skeletal injuries,95 increased training time, and longer recovery time
from acute injury,145 outcome studies specifically looking at the
impact of delaying bell times on these areas and of pre-screening for
sleep health prior to athletic participation are still needed.

Other research needs include studies evaluating the impact of
start time change on student commute times (urban and rural; public
transportation, and district-provided transportation), differentiating
the impact of school start time from bus pick-up and wake times, and
addressing the association between bell times and pedestrian and
bicycle fatalities (the largest growing areas of roadway fatalities), and
on stakeholders including teachers, coaches, bus drivers, and other
operations staff. The association between student sleep and home-
work load, online learning system hours and deadlines, and timing of
athletic events and other extracurricular programming needs further
exploration as well, as does the association between US university
admissions and the prioritization of academic and extracurricular
excellence over mental and physical health. Developing a suite of
consensus items of outcomes for school start time change could help
state and national data collection efforts, as could a public database
of outcomes research.

Opportunities for healthy sleep
Later start times are a necessary, but not sufficient, condition for

healthy adolescent sleep, and communities resistant to change, even
if required to do so by law, may fall short of desired outcomes by con-
tinuing practices such as optional zero-hour classes or late-night
sports and other extracurriculars. Social and family norms, and indi-
vidual student behaviors, may interfere with healthy sleep habits and
result in insufficient sleep regardless of school start times as well. As
more communities move to later start times, these hypotheses
should be examined empirically.

Conversely, additional research is needed to elucidate both sys-
temic and individual factors that may optimize the opportunities for
healthy sleep that later start times provide. These factors include
sleep health education and interventions, scheduling of before- and
after-school activities, and individual behaviors and sleep disorders.
Extant research on sleep health education and preventive-interven-
tion programs in sleep health, however, remains limited,146-150 with
significant gaps in issues such as developmental stage to begin educa-
tion, who should deliver information, and target audiences, as well as
optimal content, format, and style of teaching and intervention.

Any researcher developing and assessing sleep education and
sleep health intervention programs for youth (and their families)
should begin by considering strategies employed in sleep education
in other populations including college students and students in the
health professions,151-157 as well as in other public health programs,
such as smoking cessation and seat belt use.158-160 Researchers devel-
oping and validating measures of program effectiveness both during
the school years and/or beyond should also operationalize program
variables such as knowledge about sleep and behavioral change in
sleep patterns and habits. In all program development and testing,
community-based participatory research (CBPR) including students,
parents, and school administrators, and other stakeholders is essen-
tial. Because CBPR actively engages community stakeholder groups in
data collection, with stakeholder ideas and feedback used to formu-
late survey and focus group questions, findings may be regarded by
both community stakeholders and the research community as more
credible and useful than data collected solely by outside researchers.
Please cite this article as: T.D. Ziporyn et al., Adolescent sleep health an
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Sleep health disparities and differences
A recurrent theme of the summit involved the pressing need to

acknowledge and attend to known sleep health disparities—including
identifying socially just ways to build the political will required to
establish and protect school hours compatible with adolescent sleep
health.130 Unfortunately, studies on delaying school start times to
date have rarely investigated the implications for vulnerable
youth. In particular, there is little research on differential effects of
delaying school start times for families of different socioeconomic
status or for homeless youth, youth of color, Native American youth,
LGBTQ adolescents, youth in the foster care and juvenile justice sys-
tem, special needs youth, single-parent households, and youth from
families with mental illness.

Future research needs to consider the short- and longer-term
effects of delayed school start times on these and other vulnerable
populations. In addition, it must identify why different households
might have different experiences with school start times and how
different sleep health belief systems might contribute to the opera-
tionalization of start time changes. Ultimately, we need to identify
implementation characteristics of school start time change that maxi-
mize sleep benefits for vulnerable youth, with a parallel process of
mitigating sleep deficiency while addressing other health
disparities. This broad research agenda will require both qualitative
and quantitative studies, ideally longitudinal, and collaborative
across the full spectrum of stakeholders.

Translating research

Summit participants stressed the continuing challenges in com-
municating interdisciplinary research to a diverse stakeholder base
and in translating that research into public policy. Critical to effective
translation, and a high research priority, is implementation science
research aimed at better defining best change management practices.
Equally critical is effective communication of data-based research
about the association between sleep and school start times, the public
health and safety benefits of school hours conducive to healthy sleep,
and the feasibility of delaying bell times with minimal burden to
school communities.

Change management and logistics
While there is no one-size-fits-all schedule or formula to success-

ful bell-time change, many communities that have successfully
delayed bell times share definable characteristics. These include
strong school leadership supporting change, recognition that per-
ceived challenges are usually worse in anticipation than in reality,
authentic stakeholder engagement, community education about ado-
lescent sleep health, and adequate adjustment periods.142 Two dis-
tinct patterns have emerged among districts implementing later start
times successfully: top-down and iterative. Some district leaders sim-
ply announce a schedule change and implement it without fanfare.
Others explain the benefits to the community and promote healthy
schedules like any other large-scale school division change, including
the series of decisions decades ago to move to earlier bell times.
However, many districts, particularly those in which delaying start
times has become a highly visible and contentious issue, require an
iterative process to build consensus and political will, often involving
multi-year efforts to educate and facilitate conversation among all
community stakeholders.161-165

Experiences during the COVID-19 pandemic may have accelerated
the change process. Growing concern about the profound and endur-
ing consequences of adolescent mental and behavioral health prob-
lems, heightened by social isolation and virtual schooling, energized
communities to seek evidence-based, population-level interventions
to improve adolescent sleep, health, and well-being, including later
school start times. Innovative and rapidly changing instructional
d school start times: Setting the research agenda for California and
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scenarios during the ongoing COVID-19 pandemic offer unprece-
dented opportunities to study the impact of later hours in the context
of flexible and/or virtual school schedules. Indeed, several surveys
conducted during the pandemic have already associated virtual clas-
ses starting at 8:30 AM or later with more sleep, improved mental
health, and greater academic engagement, and Start School Later has
documented dozens of districts that plan to maintain, or that are con-
sidering maintaining, these later schedules as in-person classes
resume.165-173

One pressing research need involves comparing top-down to iter-
ative, district-level change processes. On the surface, statewide poli-
cies appear to be more equitable, ensuring that students’ ability to
get healthy sleep will not vary by zip code. State and regional policies
also appear to be more efficient by allowing for coordinated transpor-
tation, athletic, and other inter-district schedules. At the same time,
the iterative, consensus-building process often required for district-
level change may be more effective in creating community support
and in building an awareness to optimize the opportunity for healthy
sleep that delayed bell times create. The California legislation pro-
vides an opportunity to explore some of these questions, including
the impact of broad statewide standards on individual community-
based policies and implementation practices.

Finally, more research is needed to develop a better understand-
ing of community resistance to change, including work to identify
major stakeholders in school start time decisions, develop a stan-
dardized needs assessment tool to quantify stakeholder perceptions,
and define outcomes that most influence decision-making.142 Such
work should include elucidating the way social norms about sleep
and student success contribute to student sleep insufficiency and/or
drive community resistance. Studying how principles of behavioral
economics might be applied to facilitate change could be valuable as
well.174 In addition, we need to identify ways to ensure developmen-
tally appropriate school schedules times that minimize costs and bur-
dens to school communities.
Communicating science to stakeholders
The ability of researchers to communicate evidence about sleep

and school start times to the press, policymakers, and the public at
large is critical to stakeholder acceptance of inherently disruptive
schedule changes. A major challenge, however, is the decentraliza-
tion of education in the United States, coupled with the wide variety
of research disciplines and broad spectrum of the community
involved in bell-time change.

At present many researchers, including those informing the media
and policymakers, remain unaware of findings and/or accepted
methodology and standards of evidence in fields beyond their own.
In a policy arena that relies on research from a wide variety of disci-
plines, it is critical for researchers to interface with the body of evi-
dence outside their own discipline. Presenting an accurate and
complete picture of existing evidence in a policy context may require
collaboration with scholars in other disciplines, particularly because
all relevant studies may not appear in disciplined-based literature
reviews and databases. Sleep researchers collecting data within a
school setting might thus consider collaborating with educators and
education policy researchers who understand the variations in
school-system data collection practices. Similarly, they might consult
with experts in operations research to understand transportation
parameters and metrics, or how communities delaying start times
have rearranged sports practices or childcare to meet the needs of
coaches, students, teachers, and families. Equally important is hold-
ing these and other issues outside a particular researcher’s area of
expertise to the same level of scrutiny required of statements in
one’s own discipline rather than including them in research papers
as unreferenced assumptions.
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Other challenges arise when community members and policy-
makers read and interpret studies that researchers may have
intended for colleagues, a frequent occurrence when research has
bearing on public policy. Scientists appreciate nuance and focus on
methodology, context, and complexity, whereas policymakers prefer
simplicity and certainty.164 In an age of social media, even peer-
reviewed publications are easily accessed and shared by policy-
makers and members of the public, who may have little grounding in
statistical or methodological analysis of research studies. Lay readers
may lack background to contextualize a given study or piece of data
or may be scanning studies for a specific sentence to advance an
advocacy agenda.164

Of particular concern are statements identifying gaps and caveats
about research, which however accurate or appropriate among col-
leagues, risk being misinterpreted and/or taken out of context in the
public policy arena. Even statements about a need for additional
study can evoke doubt in the non-scientific community about making
evidence-based policy changes, regardless of the consensus of the
research community.164,175-179 For these reasons, researchers whose
work touches on public policy must take special care even in peer-
reviewed papers and other communications intended for colleagues
to avoid language that might be misconstrued or misrepresented by
policymakers, especially given that once a misuse or misinterpreta-
tion is shared digitally, it is difficult if not impossible to eradi-
cate.164,180-182 Direct efforts to disseminate research to lawmakers,
school leaders, and school communities present additional chal-
lenges, requiring plain, jargon-free language to make complex ideas
clear and accessible.

Conclusion

Effectively translating adolescent sleep and school start time
research into policy will require a multidisciplinary effort. A top pri-
ority is implementation science research to identify the most effec-
tive ways to build school health policies that support student sleep,
as well as educate the wider school community, in ways that reduce
disparities. This includes research to identify implementation practi-
ces that build community support for proven public health policies
such as middle and high school start times after 8:30 AM, which have
been shown to improve adolescent sleep, health, safety, and learning.
Community-engaged sleep research in a wide variety of disciplines
will also be required to support school and community leaders and
help them develop school and workplace policies that support the
basic human right for sleep for all stakeholders.

Already clear is the need for and feasibility of operating schools at
times that allow adolescents an opportunity for healthy sleep. If the
COVID-19 pandemic has taught us anything, it is that schools can and
do make massive systemic changes when they prioritize public
health. Countless communities around the world forced to adopt vir-
tual schooling almost overnight have discovered latent flexibility and
adaptability, as well as new ways to think about schedules, lifestyles,
and schooling. Their experiences with remote learning and mixed,
flexible schedules may become key components in school start time
outcomes research and planning. In addition, by opening minds to
global perspectives on the many ways to run schools, these experien-
ces have spurred new thinking about schedules, lives, and schooling
and confirmed the possibility of change previously deemed infeasible
or unimaginable.
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