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Agenda

• Sleep 101

• Case studies

• Answers to Common Questions

• Discussion



• Do adolescents actually get more sleep? 

• What are the benefits of later school start times for 
adolescents? Does 30-60 minutes of additional sleep 
really make a difference?

• What about the alternative options?

• How might this change affect younger children?

• What are the barriers to changing school start times?

• What are optimal school start times that support the 
whole child?



Sleep 101



• A basic human drive regulated by two biological systems:

– Sleep/Wake Homeostasis

The drive to sleep that increases the longer we are 

awake

– Circadian Rhythms

The internal clock in our brain that regulates when we 

feel sleepy and when we are alert

Biology of Sleep
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Sleep CHRONOTYPES

Morning-Types (Larks) Evening-Types (Owls)

Individual Differences (strong genetic component) AND 

Developmental Differences



Stages of Sleep





Sleep in School-Aged Children

• Recommended Sleep Duration: 9-12 hours                                  

• Low levels of daytime sleepiness

• Advanced circadian timing (compared to 
adults)

• Lower rates of insufficient sleep

preference



Sleep in Adolescents

• Recommended sleep duration: 8-10 hours
• Most adolescents are sleep-deprived

– Much of this “lost” sleep is REM sleep, which is critical for 
learning and memory

• Changes to the circadian system
• Shift (delay) in timing of melatonin onset 
• Greater sensitivity to evening light

• Changes to the homeostatic (sleep pressure) system

• Sleep pressure accumulates more slowly

• Sleep propensity declines; sleep onset latency increased

• It is very difficult for most teens to “make” themselves 
fall asleep earlier

Slide courtesy of Judy Owens MD



Phase Delay Associated with Tanner Stage

Caraskadon MA & Acebo C, NYAS 2004



Normative Adolescent Circadian Delay



• Weekend oversleep
• Practice of “making up” sleep
• Marker of chronic insufficient sleep
• But does not reverse or compensate for impairments

• Social jet lag 
• Shift in bedtime and wake times on non-school days 
• Leads to “circadian misalignment” 

• Exacerbation circadian phase delay 
• Shift melatonin onset

• Prevents sufficient build-up of sleep drive
• Difficulty falling asleep Sunday night

• Result: permanent state of “jet lag”
• Adjustment takes 1 day/time zone crossed
• Effects persist up to 3 days 

What about weekend sleep?

Slide courtesy of Judy Owens MD



Adolescent Sleep:
The “Perfect Storm”?

*Includes middle and high school students



Percentage of High School Students Who Got 8 or More 

Hours of Sleep,* by Sex, Grade,† and Race/Ethnicity, 2017

*On an average school night
†9th > 10th, 9th > 11th, 9th > 12th, 10th > 11th, 10th > 12th, 11th > 12th (Based on t-test analysis, p < 0.05.)

All Hispanic students are included in the Hispanic category.  All other races are non-Hispanic.

Note: This graph contains weighted results.

National Youth Risk Behavior Survey, 2017
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Wheaton et al., MMWR, 2018;67(3): 84-90.



What about Middle Schoolers?

• Data from a CDC Survey of >50,000 students 
showed the following rates of insufficient 
sleep (<9 hours):

• 6th graders: 61.3%

• 7th graders: 59.2%

• 8th graders: 53.1%



Impact of Insufficient Sleep



What negative characteristics do you 
typically associate with adolescence?

Irritability

Moodiness

Low motivation

Impulsive decision-making

Volatility



Adolescent Sleep Restriction 
Studies

• Verbal creativity 

• Attention 

• Complex problem solving & reasoning 

• Teacher-evaluated school performance 

• Negative emotions , especially when given 
challenging tasks

• Sleepiness 

• Unhealthy food choices 

• Risk tasking  Beebe, DW Ped Clin North Am. 2011;58:649-65.



Sleep and Risk Taking Behaviors
• Selective areas of the brain (striatum) are important for 

reward-related function

• Positive emotions

• Motivation

• Response to reward

• These undergo structural/functional changes in 

adolescence 

• Studies suggest insufficient sleep linked to changes in 

reward-related decision making

• Perceive less negative consequences; 

take greater risks

O’Brien & Mindell 2005; Giedd 2009; 

Holm et al 2009

Slide courtesy of Judy Owens MD



Comparison of Selected Risk Behaviors among 
12,154 High School Students, by Sleep Duration: 

YRBS, 2007

*All comparisons significant at p<0.05.

Adapted from McKnight-Eily LR et al.  Preventive Medicine 2011;53:271-273.



Insufficient Sleep & Risky Behaviors 

• YRBS Survey of >50,000 US high school students showed 
injury risk behaviors significantly more frequent in 
students sleeping < 7 vs 9hrs

• Infrequent bicycle helmet use

• Infrequent seatbelt use

• Texting while driving

• Rode with drinking driver

• Drinking and driving MMWR 4/8/16

*1CDC MMWR 4/8/16
Slide courtesy of Judy Owens MD



• Drowsy driving:
– Drivers 16-25 years are involved in more than 50% of the 100,000 

police-reported fatigue-related traffic crashes each year 

– National poll: 68% of HS seniors have driven while drowsy; 15% at 
least 1x/wk

– Sleep loss impairments are equal or greater than those due to alcohol 
intoxication (i.e., 3-4 beers)

• Sleep loss is associated with an increased risk of pedestrian 
injuries in children

• Sleep loss is associated with increased sports-related injuries 
in high school students

• Sleep loss is associated with almost 3x risk in adolescents of 
work-related injury requiring medical care

Slide courtesy of Judy Owens MD

Insufficient Sleep & Risky Behaviors 



of Death 2010



Case Studies



Rhode Island
Owens JA et al. Arch Ped Adol Med 2010:164;608-614.

• Independent high school in Rhode Island (n=201) 
moved start time from 8 to 8:30 am. 

• 45 min mean increase in TST (7h7 to 7h52) and no 
change in sleep onset

– % sleeping >8 hours increased from 16.4% to 54.7%

• Reduced daytime sleepiness and fatigue 

– Ex: took naps 52.4% to 36.3%

• Reduction in depressed mood

• Fewer health center visits for fatigue-related 
complaints

• No change in grades



Kentucky
Danner FA & Phillips B. J Clin Sleep Med 2008:4; 533-535.

• Fayette County; middle and high school 
start time change from 7:30 to 8:25

– Increased TST by ~50 minutes

– 15% decrease in automobile crash rate for 
16-18 year olds (despite increase in other 
parts of the state)

– % of HS students getting at least 8 hours of 
sleep increased from 21% to 51%



Do adolescents actually get more 
sleep when schools start later? 



Sleep Outcomes

A review of 38 studies on school start found the 
following significant changes in adolescent sleep:

• Later rise time 

• Longer sleep durations 

• Less weekend catch-up sleep 

• Less daytime sleepiness 

• Greater sleep satisfaction  

*Wheaton AG et al.  J School Health 2016 

Review of 38 reports examining the association between school start times, sleep, and 

behavioral, health and academic outcomes among adolescent students



Date of download:  5/14/2020
Copyright 2020 American Medical Association. 

All Rights Reserved.

From: Association of Delaying School Start Time With Sleep Duration, Timing, and Quality Among Adolescents

JAMA Pediatr. Published online  April 27, 2020. doi:10.1001/jamapediatrics.2020.0344

School Night Total Sleep TimeData are given as the difference between sleep onset and wake-up at conclusion of main sleep for 

delayed-start and comparison schools. Shaded areas represent 95% CIs. Data are from the START study, spring 2016 through 

spring 2018.

Figure Legend: 



Do adolescents actually get more 
sleep when schools start later? 

YES!



What are the benefits of later 
school start times for 

adolescents? Does 30-60 
minutes of additional sleep really 

make a difference? 



Outcomes: School Engagement and 
Performance

• School administration records pre- and post-change:

• Increase in % continuously enrolled students

• Increase in attendance rates 

• Decline in absenteeism rates

• Decline in tardiness rates 

• 1st period grades improved 

• Higher standardized test scores*

• Increase in GPA*
*Findings for these variables across studies have been mixed across studies

*Wheaton AG et al.  J School Health 2016 

Review of 38 reports examining the association between school start times, sleep, and 

behavioral, health and academic outcomes among adolescent students



Other Outcomes

• Mood (fewer report feeling unhappy, depressed)

• Health (decreased health center visits)

• Safer Driving

– Kentucky: 7:30 to 8:40a start time; teens involved in car 
crashes down by 16% (vs 9% increase in the rest of the 
state)

– Virginia: Adolescent crash rates VA Beach (7:20a) vs 
Chesapeake (8:40a) 40% higher and peak 1 hour earlier

– CDC study (2014): Reduction crash rates in 16-18yo by as 
much as 65-70% (Minnesota, Colorado, Wyoming)

Slide courtesy of Judy Owens MD



Who benefits?

• Most students

• Average improvements but impacting most students

• Notable increases in the proportion of students sleeping 8 
hours or more

• Benefits for students with good sleep habits as well as 
those with poor sleep habits

• Disadvantaged students may benefit more

• Larger effects of start times at lower end grade distribution



School Start Times: Key Findings

• Later school start times result in increased nocturnal 
sleep, ranging 45 min. to 1 hour1-3

• Improvements in tardiness/attendance3

• Better academic performance1

• Reduced daytime sleepiness1,3

• Improved mood1

• Increased overall health and healthy behaviors123

• Decreased automobile crash rate2

1Wahlstrom K et al. CAREI Report 1998

2Danner FA & Phillips B. J Clin Sleep Med 2008:4; 533-535.
3Owens JA et al. Arch Ped Adol Med 2010:164;608-614.



What are the benefits of later 
school start times for 

adolescents? 

Does 30-60 minutes of additional 
sleep really make a difference? 

YES!

SLEEP, HEALTH, SAFETY, MOOD, AND PROBABLY 
ACADEMIC PERFORMANCE



What about the alternative 
options?



Is Sleep Education Effective?

Authors Setting Format Improved
Knowledge?

Improved 
Patterns?

Other

Azevado et al. 2008 HS Brazil 12 50-min 
sessions

Yes Some; no 
control

Bakotic et al. 2009 HS Croatia Educational 
Leaflet

Yes NA

Cain et al. 2011 HS Australia Four 50-min
classes; MI

Yes No motivation

Cortesi et al. 2004 HS Italy 2-hour 
presentation

Yes NA

de Sousa et al. 2007 HS Brazil Five 50-min 
classes

NA Yes; no 
control

Harkins et al. 2011 MS US Not reported Yes Yes

Kira et al. 2014 HS New Zealand Four 50-min
classes

No Yes

Moseley & Gradisar
2009

HS Australia Four 50-min 
classes

Yes No

Wing et al. 2015 HS Hong Kong Multi-modal; 
parents

Yes No  Energy
drinks



Sleep in the Modern American Family
National Sleep Foundation 2014 Poll

Mean Sleep Duration on School Days and Use of Electronics at Night
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• Owens et al. (2017) compared: 
– Adolescents who reported frequent screen use in bed 

before falling asleep
– Adolescents who did not report frequent screen use

• Before SST changes, adolescents who reported such 
use had shorter school-night sleep duration 

• However, the impact of the SST change on sleep 
duration was similar between those who did and did 
not use such devices in bed before falling asleep

• These findings suggest that this practice does not 
appear to alter the potential beneficial impacts on 
sleep of a delay in SST

Sleep and Screens

Owens et al 2017 Slide courtesy of Judy Owens MD



What about the alternative 
options?

MIXED FINDINGS FOR SLEEP EDUCATION
IMPROVING SLEEP HABITS HELPS



How might this change 
affect younger children?



Elementary School Start Times

• Greater sleep need: 9-12 hrs

• School, activities, electronic media, later bedtimes, earlier 
rise times, irregular sleep/wake schedules contribute to 
deficient sleep

• However, as opposed to adolescents, they are biologically, 
environmentally and socially more amenable to 
manipulation of bedtimes (ie, to move sleep onset earlier) if 
required

• Is there a sweet spot?
• Data is mixed but suggest 7:30-9am

• Benefits for learning and behavior

Slide courtesy of Judy Owens MD



Elementary School Start Times: 
The “Flip”

• Impact of School Start Time 
Changes:

• HS students delayed from 7:30am to 
8:15am

• Students in grades 3-5 advanced 
from a start time of 8:20am to 
7:45am

• 3rd graders got more sleep (+24 
minutes) after the change 

• Sleep duration changes in 4-5th

graders negligible 

• No differences in behavior 
measures post-change

Grade

SST 1
BT/WT

(SD HH:MM)

SST 2
BT/WT

(SD HH:MM)

Sleep Duration
Difference

(Min)

3
8:37p/6:49a

(10:11)
8:22p/6:57a

(10:35) +24*

4
8:52p/6:56a

(10:03)
8:22p/6:22a

(9:59) -4

5
9:10p/6:59a

(9:49)
8:43p/6:23a

(9:40) -9

10 (7:42) (8:17) +35**

*Largely accounted for by earlier bedtimes
**Completely accounted for by later rise times; 0 

min difference bedtimes

Appleman et al. School start time changes and sleep patterns in 
elementary school students. Sleep Health, 1(2) (2015), 109-114.

Slide courtesy of Judy Owens MD



How might this change 
affect younger children?

LIMITED DATA IN THIS AREA, BUT . . . 
YOUNGER CHILDREN ARE WIRED TO WAKE EARLIER
THERE DOES NOT APPEAR TO BE A NEGATIVE IMPACT 
FOR YOUNGER CHILDREN IN TERMS OF SLEEP, 
BEHAVIOR, AND LEARNING



What are the barriers to 
changing school start times?



Barriers to Changing School Start Times

Real

• Athletics – scheduling with 
other teams and last class 
missed

• Younger children in AM 
darkness

• Childcare schedules for 
younger kids before and 
after school

• Parents’ work schedules

• Local traffic patterns

Not Substantiated

• Athletics – poorer outcomes

• After-school activities 
decline

• After-school employment 
negatively  affected

• Teens stay up later at night

• Cost



Impact on the Household?
Largely unstudied area

• School ending later can 
reduce the number of 
evening hours for family 
time

• Proposed Counterpoints?

– More sleep is associated 
with great efficiency in 
cognitive tasks (i.e., 
homework)

– Fewer naps and earlier 
weekend wake times?

– Family time could be more 
enjoyable if adolescent 
moods are improved



Economic Considerations

• The Brookings Institute estimated that later high school 
start times create a lifetime earnings gain of $17,500 per 
student with a school system cost of $0.00 to $1,950 per 
student, a benefit-to-cost ratio of 9:1 or better

• Macroeconomic modeling of US state-wide change 
from current SST to 8:30am in 47 states estimated:
– Cost of $150 per student/yr + $110,000 for 

infrastructure
– Projected contribution of $83 billion to the US 

economy over a decade due to:
• Increases in high school graduation and university attendance
• Decreases in adolescent car crashes

1Hafner, M,Stepanek M and Troxel W. Later school start times in the U.S.: An economic analysis. Santa Monica, CA: 

RAND Corporation, 2017. https://www.rand.org/pubs/research_reports/RR2109.html.

https://www.rand.org/pubs/research_reports/RR2109.html


What are the barriers to 
changing school start 

times?

THERE ARE SOME LEGITIMATE STRUCTURAL BARRIERS -
COMMUNITY ADJUSTMENT WILL BE REQUIRED



What are optimal school 
start times that support 

the whole child?



AAP Recommendation: Delay School 
Start Time until 8:30 am or Later

Pediatrics 2014;134:642-649.

Also endorsed by: 
American Medical Association

Center for Disease Control,

American Psychological Association 

American Academy of Sleep Medicine

National Association of Social Workers

National Association of School Nurses

National Association of Social Work 

National Education Association

National Parent Teacher Association 



School Start 

Time

7:30-

7:35 AM

8:00-

8:05

AM

8:20 AM 8:35

AM

8:55

AM

Percent of 

Students with 

> 8 hours on 

sleep/night

34-44% 42-

50%

50% 57-60% 66%

Outcomes: Sleep

Wahlstrom 2014



What are optimal school 
start times that support 

the whole child?

FOR ELEMENTARY CHILDREN?  LIKELY 7:30-9
FOR HIGH SCHOOL CHILDREN? 8:30AM OR LATER
MY (BIASED) OPINION?  9:30AM



Thank You and Sleep Well!


