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EXECUTIVE SUMMARY AND KEY FINDINGS 
INTRODUCTION 
National surveys indicate that the majority of adolescents get less than the recommended 
amount of sleep each school night. The 2013 Youth Risk Behavior Survey (YRBS) finds that 68 
percent of adolescents sleep for seven or fewer hours per school night on average. 1  In 
contrast, experts recommend that adolescents sleep from eight to 10 hours each night.2 As 
research finds that adolescents struggle to fall asleep before 11:00 p.m. due to hormonal 
changes affecting their natural sleep cycle, professional associations such as the American 
Academy of Pediatrics (AAP) recommend that secondary schools start no earlier than 8:30 
a.m.3 However, national surveys find that fewer than one in five middle and high schools 
follow this recommendation.4 
 
To support Bucks County Intermediate Unit (Bucks IU) and its member districts in determining 
optimal school start time structures, Hanover Research (Hanover) conducted a literature 
review on the effects of school start times on a variety of elementary and secondary student 
outcomes. In alignment with Bucks IU’s principle areas of interest, the report adopts the 
following structure: 

 Section I: Background and Research Overview. This section provides an overview of 
adolescent and child sleep patterns and the school start time debate. It also describes 
the scope and limitations of the relevant literature. 

 Section II: Effects on School Outcomes. This section discusses the research related to 
the effects of school start times on academic achievement and extracurricular 
participation.  

 Section II: Effects on Other Outcomes. This section discusses the impact of school 
start times on adolescent sleep patterns, driving safety, and additional outcomes. 

 
Note that this report is the first in a series of projects that, collectively, will identify factors to 
consider when making the decision to change or maintain school start times and synthesize 
lessons learned from leaders in other districts that recently changed their school start times. 
Key findings from this initial literature review follow below. 
 

                                                         
1 Wheaton, A. et al. “Sleep Duration and Injury-Related Risk Behaviors Among High School Students — United States, 

2007–2013.” Morbidity and Mortality Weekly Report, 65:13, April 2016. p. 339.  
https://www.cdc.gov/mmwr/volumes/65/wr/pdfs/mm6513a1.pdf 

2 Paruthi, S. et al. “Recommended Amount of Sleep for Pediatric Populations: A Consensus Statement of the American 
Academy of Sleep Medicine.” Journal of Clinical Sleep Medicine, 12:6, 2016. p. 785.  
http://www.aasmnet.org/Resources/pdf/Pediatricsleepdurationconsensus.pdf 

3 “Policy Statement: School Start Times for Adolescents.” American Academy of Pediatrics, 2014. p. 1. 
http://pediatrics.aappublications.org/content/pediatrics/early/2014/08/19/peds.2014-1697.full.pdf 

4 Wheaton, A., G. Ferro, and J. Croft. “School Start Times for Middle School and High School Students — United States, 
2011–12 School Year.” Morbidity and Mortality Weekly Report, 64:30, August 7, 2015. p. 812. 
https://www.cdc.gov/mmwr/pdf/wk/mm6430.pdf 
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KEY FINDINGS 

 Research is inconclusive as to the effects of school start times on adolescent 
academic achievement. While some studies indicate a link between later school start 
times and academic outcomes, researchers note that the association is weak and not 
consistently demonstrated across studies. However, studies rarely find a negative 
association between delayed school start times and student achievement; at worst, 
there is no effect. 

 The few studies that focus on the effects of school start times on elementary school 
children are also inconclusive. Meta-analyses suggest a small but significant 
association between sleep duration and academic performance in children. However, 
while one study finds that elementary students benefit academically from a later start 
times, a second study notes no difference in academic achievement between a start 
time of 8:15 a.m. and 9:15 a.m. Notably, the majority of research related to school 
start times focuses on adolescents, rather than elementary school-aged children. 

 There is strong evidence to indicate that adolescents attending schools that start 
later sleep longer each school night. While some evidence suggests that students 
attending schools that start later also go to bed later, most studies still find a 
significant increase in weekday sleep duration starting with delays in start times of 30 
minutes. In a recent review of experimental studies, findings associate a 25- to 60-
minute delay in school start time with an increase of 25 to 77 minutes of sleep per 
weeknight. Some evidence, however, suggests that delays in start times up until 8:00 
a.m. have the most effect, in comparison with additional delays past this time.  

 Research finds that delays in school start times are associated with lower 
percentages of adolescent drivers in fatal vehicle crashes. Findings of four studies 
associate a delay in school start time with a reduction in the number of teenage 
drivers in fatal car accidents. Correspondingly, the CDC notes that high school 
students who sleep considerably more or less than nine hours are more likely to 
exhibit risk behaviors such as infrequent bicycle helmet and seatbelt use, riding with 
an intoxicated driver or driving intoxicated, and texting while driving.  

 Studies suggest that delays in school start times do not affect participation in after-
school activities. While few studies measure the effect of changes in school start 
times on extracurricular participation, four separate studies across U.S. public and 
private secondary schools find that a delay in start time does not affect participation 
in afterschool activities, including sports and co-curricular activities.  
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SECTION I: OVERVIEW OF SCHOOL START TIMES  
This section discusses current perspectives on adolescent sleep research and describes the 
methodology employed in carrying out our review of the literature on school start times.   
 
SLEEP AND START TIMES 
National surveys consistently show that the majority of adolescents sleep for less than the 
recommended amount each night. In a consensus statement published in 2016, the 
American Academy of Sleep Medicine (AASM) recommends that adolescents (13 to 18 years 
old) sleep from eight to 10 hours per day. 5  This aligns with other research-based 
recommendations, such as that of Nationwide Children’s Hospital, which states that 
adolescents require from nine to nine and a half hours of sleep per 24 hours.6  In contrast 
with these recommendations, the 2013 Youth Risk Behavior Survey (YRBS), a national survey 
of U.S. high school students conducted biannually by the Centers for Disease Control and 
Prevention (CDC), indicates that 68 percent of adolescents sleep seven or fewer hours per 
school night on average. Moreover, findings from the three preceding YRBS administrations 
(conducted in 2007, 2009, and 2011) identify insufficient sleep in adolescents as a common 
and persistent trend.7 Figure 1.1, below, presents findings from the 2013 YBRS segmented by 
gender and grade level. 
 

Figure 1.1: Average School Night Sleep Duration of High Schools Students  

 
Source: CDC8 
  

                                                         
5 Paruthi, S. et al., Op. cit., p. 785.  
6 “Sleep in Adolescents (13-18 Years).” Nationwide Children’s Hospital. http://www.nationwidechildrens.org/sleep-in-

adolescents 
7 Wheaton, A. et al., Op. cit., p. 339.   
8 Figure adapted from: Ibid. 
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While the YRBS only collects sleep data on high school students, school-aged and pre-school-
aged children require even more sleep than adolescents. For example, according to the 
AASM, children aged 3 to 5 years old should sleep from 10 to 13 hours per day (including 
naps), while children aged 6 to 12 need to sleep from nine to 12 hours each day.9 The AASM 
stresses the importance of proper sleep, describing the benefits and risks associated with 
child and adolescent sleeping patterns as follows:10 

 Sleeping the number of recommended hours on a regular basis is associated with better 
health outcomes including: improved attention, behavior, learning, memory, emotional 
regulation, quality of life, and mental and physical health. 

 Regularly sleeping fewer than the number of recommended hours is associated with 
attention, behavior, and learning problems. Insufficient sleep also increases the risk of 
accidents, injuries, hypertension, obesity, diabetes, and depression. Insufficient sleep in 
teenagers is associated with increased risk of self-harm, suicidal thoughts, and suicide 
attempts. 

 
Advocates of delayed school start times argue that traditional middle and high school 
schedules fail to accommodate adolescents’ biologically determined sleep patterns. 
According to a research brief published by the Education Commission of the States (ECS), the 
onset of puberty causes adolescents to fall asleep and wake later because of a natural shift in 
the circadian rhythm, which regulates the sleep cycle through controlling the production of 
the sleep-inducing hormone melatonin.11 Research finds that this “biologically driven delay” 
in the natural sleep and wake patterns of teens and young adults totals nearly three hours.12  
 
Under this schedule, the adolescent body begins producing melatonin around 11:00 p.m. and 
reaches peak melatonin levels close to 7:00 a.m. In contrast, adult melatonin levels peak at 
4:00 a.m., leading experts to equate a consistent 7:00 a.m. wake-up time for adolescents to 
a 4:00 a.m. wake-up time for adults.13 As a result, adolescents typically find it difficult to fall 
asleep before 11:00 p.m. 14  Given that experts recommend that adolescents sleep for 
approximately nine hours, a school start time which requires students to wake up before 8:00 
a.m. is likely to cause or contribute to what the National Sleep Foundation describes as 
“chronic sleep deprivation.”15 
 
  

                                                         
9 Paruthi et al., Op. cit., p. 785. 
10 Bullets quoted verbatim from: Ibid. 
11 Carrell, S., T. Maghakian, and J. West. “A’s from Zzzz’s? The Causal Effect of School Start Time on the Academic 

Achievement of Adolescents.” American Economic Journal: Economic Policy, 3, August 2011. p. 3.  
http://old.econ.ucdavis.edu/faculty/scarrell/sleep.pdf 

12 Kelley, P. and C. Lee. “Later Education Start Times in Adolescence: Time for Change.” Education Commission of the 
States. p. 1. http://www.ecs.org/clearinghouse/01/12/19/11219.pdf 

13 Carrell, Maghakian, and West, Op. cit., p. 3. 
14 See: [1] “Sleep Deprivation in Adolescents and Young Adults.” National Adolescent and Young Adult Health 

Information Center, 2014. p. 1. http://nahic.ucsf.edu/wp-content/uploads/2014/08/Sleep-Brief-FINAL.pdf  
[2] “Teens and Sleep.” National Sleep Foundation. https://sleepfoundation.org/sleep-topics/teens-and-sleep  
[3] Kelley and Lee, Op. cit., p. 1. 

15 Ibid. 

https://sleepfoundation.org/sleep-topics/teens-and-sleep
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Consequently, a growing number of professional associations support delaying secondary 
school start times to 8:30 a.m. or later. For example, in a 2014 policy statement, the 
American Academy of Pediatrics (AAP) notes that “a substantial body of research has now 
demonstrated that delaying school start times is an effective countermeasure to chronic sleep 
loss and has a wide range of potential benefits to students with regard to physical and mental 
health, safety, and academic achievement.”16 As such, the AAP recommends that districts 
delay school start times for adolescents to 8:30 a.m. or later in order to improve students’ 
health, safety, and academic outcomes. 17  In the years following this policy statement, 
associations such as National Association of School Nurses, the Society of Pediatric Nurses, 
and the American Medical Association have all issued similar position statements supporting 
the AAP’s recommendation. 18 
 
NATIONAL TRENDS IN SCHOOL START TIMES 
Despite proper sleep recommendations and policy statements supporting delayed school 
start times, the most recent data indicates that fewer than one in five middle and high 
schools have a start time of 8:30 a.m. or later. The 2011-12 Schools and Staffing Survey 
(SASS), a nationally representative survey of U.S. public middle, high, and combined schools, 
indicates that the average start time across secondary schools is 8:03 a.m. Moreover, 82.3 
percent of schools start before 8:30 a.m., while only 17.7 percent start at 8:30 a.m. or later. 
In addition, as Figure 1.2 indicates, trends in start times are consistent across middle, high, 
and combined schools. 
 

Figure 1.2: School Start Times, by School Level 

SCHOOL 
LEVEL 

AVERAGE 
START TIME 

PERCENTAGE DISTRIBUTION OF MIDDLE, HIGH, AND COMBINED SCHOOL START TIMES 

BEFORE 7:30 A.M. 7:30 A.M.– 7:59 
A.M. 

8:00 A.M.– 8:29 
A.M. 

8:30 A.M. OR 
LATER 

Middle  8:04 a.m. 4.8% 35.9%  40.4%  18.9%  
High  7:59 a.m. 9.5% 33.0%  43.1%  14.4%  

Combined 8:08 a.m. 3.5% 21.6%  51.5%  23.4%  
Total 8:03 a.m. 6.7% 31.9% 43.7% 17.7% 

Source: Centers for Disease Control and Prevention19 
 
  

                                                         
16 “Policy Statement: School Start Times for Adolescents," Op. cit., p. 1. 
17 Ibid. 
18 [1] “SPN Position Statement: Early School Start Times Consensus Statement.” Society of Pediatric Nurses and 

National Association of School Nurses, 2016. http://www.pedsnurses.org/d/do/923   
[2] “AMA Supports Delayed School Start Times to Improve Adolescent Wellness.” American Medical Association, 
2016. https://www.ama-assn.org/ama-supports-delayed-school-start-times-improve-adolescent-wellness 

19 Figure adapted from: Wheaton, Ferro, and Croft, Op. cit., p. 812.  
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Notably, school start times vary across states. The data reveal that Alaska and North Dakota 
have the highest percentages of schools reporting start times of 8:30 a.m. or later (76.8 
percent and 78.5 percent, respectively), and both states also have the latest average school 
start times (8:33 a.m. and 8:31 a.m., respectively). Conversely, Louisiana maintains the 
earliest average school start time (7:40 a.m.), with 83 percent of middle, high, and combined 
schools beginning before 8:00 a.m. Figure 1.3, below, presents the distribution of schools by 
start times for Pennsylvania, as well as the states at either end of the range. 
 

Figure 1.3: School Start Times, by State 

STATE AVERAGE 
START TIME 

PERCENTAGE DISTRIBUTION OF MIDDLE, HIGH, AND COMBINED SCHOOL START 
TIMES 

BEFORE 7:30 A.M. 7:30 A.M.– 7:59 
A.M. 

8:00 A.M.– 8:29 
A.M. 

8:30 A.M. OR 
LATER 

Alaska  8:33 a.m. 0.0%  11.6%  11.6%  76.8%  
North Dakota 8:31 a.m. 0.0% 2.8% 18.7% 78.5% 
Pennsylvania 7:48 a.m. 13.0% 51.3% 32.6% 3.1% 

Louisiana 7:40 a.m. 29.9%  53.1%  12.1%  *  
Total 8:03 a.m. 6.7% 31.9% 43.7% 17.7% 

Source: Centers for Disease Control and Prevention20 
 
CRITICISM OF DELAYED SCHOOL START TIMES 
Critics of changes to school start times typically cite challenges to student transportation, 
afterschool involvement, and other potential inefficiencies associated with schedule 
adjustment. Despite the recommendations of professional associations and findings of 
national surveys indicating that the majority of adolescents are sleep-deprived, efforts to 
delay school start times face a variety of criticism and vocal opposition. For context, Hanover 
presents the eight major obstacles to changing school start times, according to the National 
Sleep Foundation, in Figure 1.4, below.  
 

Figure 1.4: Major Obstacles to Changing School Start Times 

� Transportation logistics 
� Participation and scheduling of after school 

activities 
� Lack of research on the effects of start times on 

non-adolescent students 
� Reduced time to access public resources (e.g., 

public library) 

� Teacher concerns 
� Increased family stress due to changing 

schedules 
� Uneducated community regarding the 

benefits of delayed school start times 
� Student resistance 

Source: National Sleep Foundation21 
 

                                                         
20 Figure adapted from: Ibid. 
21 Figure bullets adapted from: “Eight Major Obstacles to Delaying School Start Times.” National Sleep Foundation. 

https://sleepfoundation.org/sleep-news/eight-major-obstacles-delaying-school-start-times 
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LITERATURE OVERVIEW 
Over the past two decades, a number of U.S. studies have assessed the effects of changes to 
school start times on a variety of student outcomes. For example, in their comprehensive 
literature review published in May 2016 in the Journal of School Health, Wheaton, Chapman, 
and Croft identify 38 combined U.S.- and foreign-based studies published since 1998.22 While 
Hanover discusses collective findings from literature reviews that include foreign studies, the 
report focuses on, and highlights, only U.S.-based research.   
 
The majority of studies on the effects of school start times examine adolescent sleep 
patterns as an outcome. For instance, Wheaton, Chapman, and Croft determine that week 
day sleep duration is the most common student outcome measure employed in start time 
research (Figure 1.5). On the other hand, less than a third of the studies included in their 
review measure the effects of school start time on outcomes such as academic achievement, 
driving safety, and extracurricular participation.23  
 

Figure 1.5: School Start Time Research Base 

 
Source: Journal of School Health24 

                                                         
22 Wheaton, A., D. Chapman, and J. Croft. “School Start Times, Sleep, Behavioral, Health, and Academic Outcomes: A 

Review of the Literature.” Journal of School Health, 86:5, May 2016. pp. 366–374. 
https://teensneedsleep.files.wordpress.com/2014/10/wheaton-et-al-school-start-times-sleep-behavioral-health-
and-academic-outcomes.pdf  

23 Ibid. 
24 Figure adapted from: Ibid., pp. 375–378. 
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Given the limited number of studies that address student outcomes beyond sleep patterns, 
Hanover considers the strength of the research base for particular student outcomes as 
follows:  

 Outcomes with less than five relevant studies as limited,  

 Outcomes with five to 10 studies as moderate, and  

 Outcomes with more than 10 studies as strong.  
 
When reviewing findings from related studies, it is important to keep in mind the 
methodological limitations of the research. Studies on the effects of school start times 
typically employ either cross-sectional or longitudinal designs. 25  These methodological 
designs can only draw associations between school start time and other variables and cannot 
establish causation. In addition, findings of studies that do not control for school and student 
characteristics that can affect student outcomes or that rely on small sample sizes (e.g., single 
school) should be interpreted with caution. 
 
Finally, few studies examine the impact of school start times on pre-adolescent elementary 
students. The majority of research focuses on the effects of school start times on adolescents, 
perhaps because children experience hormonal-driven changes in their sleep patterns at this 
age. Consequently, as Keller et al. note in their 2015 study of school start times in Kentucky 
elementary schools, “very little research has examined the impact of start times for 
elementary school students.”26 While the secondary literature provides little guidance as to 
the effects of school start times at the elementary school level, Hanover highlights relevant 
findings throughout the report as available.  
 
 
 

                                                         
25 Ibid., p. 365. 
26 Keller, P. et al. “Earlier School Start Times as a Risk Factor for Poor School Performance: An Examination of Public 

Elementary Schools in the Commonwealth of Kentucky.” Journal of Educational Psychology, 107:1, 2015. p. 236.  
https://www.apa.org/pubs/journals/releases/edu-a0037195.pdf 
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SECTION II: EFFECTS ON SCHOOL OUTCOMES 
OVERVIEW  
Despite educators’ interest in the effects of school start times on academic achievement and 
participation in after-school activities, the relevant research remains inconclusive and/or 
limited. Figure 2.1, below, presents an overview of findings by student outcome and school-
level.  
 

Figure 2.1: Overview of Research and Findings 
STUDENT 
OUTCOME 

STUDENT 
TYPE DEPTH OF RESEARCH BASE SUMMARY OF FINDINGS 

Academic 
Achievement 

Secondary 
Students 

Moderate. After sleep 
patterns, academic 
achievement is the 
most common 
variable included in 
studies on school start 
times. 

Mixed. Six U.S.-based studies suggest a positive 
association between later school start times and 
improved student achievement. However, the 
findings of only two of these studies are completely 
positive. The other four, as well as several additional 
studies, find that school start time has mixed (or no) 
effect on student achievement. 

Elementary 
Students 

Limited. Only two 
studies focus on the 
effects of school start 
times on elementary 
school students, the 
majority of studies 
focus on adolescents. 

Mixed. Meta-analyses suggest a significant 
association between sleep duration, cognition, and 
academic performance in children. However, while 
one study of Kentucky elementary students found 
that later school start times were associated with 
improved achievement, a second study in North 
Carolina found no association. 

Extracurricular 
Participation 

Secondary 
Students 

Limited. Only a small 
number of studies on 
school start times 
examine their effects 
on extracurricular 
participation.  

No effect. Several studies of public and private 
secondary schools find that a change in school start 
times did not affect participation in afterschool 
activities. 

Elementary 
Students 

N/A. No studies 
available. N/A 

 
The following subsections discuss findings related to the effects of school start times on 
academic achievement and extracurricular participation. 
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ACADEMIC ACHIEVEMENT 
Research on the effects of school start times on student achievement remains inconclusive, 
with different studies indicating positive, mixed, or no statistically-significant effects 
associated with school start time delays. While Wheaton, Chapman, and Croft note that 
“some evidence suggests a positive association between later school start times and 
academic performance,” they add that “the association may be relatively weak and not 
universal.”27 Complicating research findings, studies on the effects of school start times on 
academic achievement are typically correlational in nature and, thus, unable to provide causal 
evidence that changes in school start times lead to differences in academic achievement.28 
Research focused on the effects of school start times on academic achievement is also limited. 
For example, of the 38 studies included in the review by Wheaton, Chapman, and Croft, only 
10 studies examine the effects of school start time on student achievement. Similarly, as 
Keller et al. note in a 2015 study on school start times in Kentucky elementary schools, “a 
large scale investigation of the potential impact of public school start times on academic 
achievement is lacking.”29 
 
POSITIVE EFFECTS 
Several studies suggest a positive association between school start time and academic 
performance. Wheaton, Chapman, and Croft find that, of the 10 studies included in their 
analysis that examine the effects of school start time on student achievement, six U.S.-based 
studies suggest a positive association between later school start times and improved student 
achievement. However, of these six studies, only three have completely positive findings: a 
2011 study published by Carrell, Maghakian, and West, a 2012 study published by Finley 
Edwards, and a 2005 study by Arlington Public Schools.30 
 
In a multi-year study of first year students at the U.S. Air Force Academy (USAFA), Carrell, 
Maghakian, and West are able to identify the causal effect of school start time on students’ 
academic achievement. In this study, Carrell, Maghakian, and West assess the effects of 
school start time on USAFA first-year students over 2004 to 2008, a dataset consisting of over 
6,000 students.31 This dataset’s unique features, listed in Figure 2.2 on the following page, 
allow Carrell, Maghakian, and West to establish causality, rather than merely correlation or 
association. As similar causal studies are rare, The Brookings Institute (Brookings) identifies 
Carrell, Maghakian, and West’s findings as particularly “compelling evidence.”32 
 

                                                         
27 Wheaton, Chapman, and Croft, Op. cit., p. 376.  
28 Carrell, Maghakian, and West, Op. cit., p. 63. 
29 Keller et al., Op. cit., p. 236. 
30 Wheaton, Chapman, and Croft, Op. cit., p. 377. 
31 Carrell, Maghakian, and West, Op. cit., p. 67. 
32 Jacob, B. and J. Rockoff. “Organizing Schools to Improve Student Achievement: Start Times, Grade Configurations, 

and Teacher Assignments.” The Brookings Institution, 2011. p. 8. https://www.brookings.edu/wp-
content/uploads/2016/06/092011_organize_jacob_rockoff_paper.pdf 
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Figure 2.2: Characteristics of Carrell, Maghakian, and West’s Study of USAFA First-Years 

� Students in their freshman year at USAFA are required to take a series of core courses in which 
attendance in their assigned section is mandatory. 

� Students are randomly assigned to course sections and cannot choose which periods they take their 
classes. 

� Not every student is assigned to a first period course. 
� [The authors] exploit the fact that USAFA runs on an M/T schedule. On M Days, students have one 

set of classes and on T Days they have a different set of classes. The M/T schedule runs every other 
day. Thus, some students may have first period classes on both M and T days, others may only have 
a first period class on one of the schedule days, and some may not have any first period classes. 

� [The authors] exploit two distinct policy changes in the USAFA class schedule. Prior to academic year 
2006–2007 (AY 2006), the academic day started at 7:30 am. In AY 2006 the school day was moved 30 
minutes earlier, starting at 7 am. In AY 2007, the start time was moved to 7:50 am. 

Source: American Economic Journal: Economic Policy33 
 
Carrell, Maghakian, and West find that students randomly assigned to an earlier start time 
earn lower grades in their first period class, as well as in their other classes on that day 
compared with students assigned to a later start time. The authors find that a delayed start 
time by 50 minutes yields “the equivalent benefit as raising teacher quality by roughly one 
standard deviation.”34 Students assigned to a 7:00 a.m. start time “perform a statistically 
significant 0.140 standard deviations lower on average in comparison with the latest start 
time, while students starting at 7:50 a.m. do not perform at a statistically lower level. The 
authors note that this finding aligns with research indicating that melatonin production peaks 
at about 7 a.m. and stops at about 8 a.m.35  
 
Carrell, Maghakian, and West note that they believe their findings are applicable to the high 
school student population because they consider only freshman college students who, like 
high school seniors, “are still adolescents and have the same biological sleep patterns and 
preferences as those in their earlier teens.”36 Moreover, according to the authors, the fact 
that early school start times negatively impacted the USAFA sample – a group of students 
with a history of high academic achievement and a preference for a regimented lifestyle – 
suggests that average students may experience even greater detrimental effects.37 
 
  

                                                         
33 Figure bullets quoted verbatim from: Carrell, Maghakian, and West, Op. cit., pp. 66–67. 
34 Ibid., pp. 79–80. 
35 Ibid., p. 75. 
36 Ibid., p. 63. 
37 Ibid. 
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In his 2012 study, Edwards similarly finds that delayed school start times are associated with 
higher student achievement, especially for low-achieving students. Edwards uses student 
achievement and demographic data from North Carolina’s Wake County Public School System 
(WCPSS) collected between 1999 and 2006. Slightly over half of WCPSS middle schools over 
that period began at 7:30 a.m., while the others began at either 8:00 a.m. or 8:15 a.m.38 
Edwards’ findings associate starting school one hour later with increases in standardized test 
scores equal to 1.8 percentile points in mathematics and 1.0 percentile points in reading. 
However, effects on students who scored in the bottom third as opposed to the top third of 
test-takers are twice as large. In addition, a one-hour delay in middle school start time is 
associated with a 2.0 and 1.6 percentile point increase in high school mathematics and 
reading scores, respectively.39 
 
A 2005 study by Arlington Public Schools (APS) in Virginia determines that earlier and later 
school start times lead to negative and positive effects for middle and high school students, 
respectively. The APS study evaluates a high school start time change from 7:30 a.m. to 8:15 
a.m. To accommodate districtwide transportation needs, APS also shifted the middle school 
start time, from 8:10 a.m. to 7:50 a.m. Whereas the grade point averages of high school 
students improve, APS observes some academic decline at the middle school level. Thus, APS 
concludes that “a more effective approach might have been to shift elementary start times.”40  
 
Research additionally suggests that students perform worse in first-period classes, during 
which they are most likely to be absent. For example, in a 2012 study, Cortes, Bricker, and 
Rohlfs examine grades and test scores of high school students in Chicago Public Schools, 
where absences are four to seven days per year higher in first period classes than at other 
times of the day. The results associate first-period courses with lower course grades and test 
scores. In addition, students with first period math classes earn reduced test scores in all 
subjects, as well as in future math classes. For example, Cortes, Bricker, and Rohlfs find that 
having first-period mathematics courses negatively affect students’ reading test scores. 
Likewise, the study associates having first-period Algebra I courses with lower course grades 
in Algebra II.41 Certain student subgroups appear disproportionately affected, as the study 
finds that the impact “became greater as the amount of exposure increased over the course 
of the academic year for black students.” 42  Consequently, the authors recommend that 
schools schedule math classes for at-risk students after first period and math teachers’ 
preparation time during first period.43  
                                                         
38 Finley, E. “Early to Rise? The Effect of Daily Start Times on Academic Performance.” Economics of Education Review, 

31, 2012. p. 973.  https://teensneedsleep.files.wordpress.com/2011/04/edwards-early-to-rise-the-effect-of-daily-
start-times-on-academic-performance-published-version.pdf 

39 Ibid., p. 970. 
40 This report is no longer publically available but was cited in a past Hanover report titled “School Start Times and 

Student Outcomes” (April 2016), which is available through the Customer Portal. Hanover takes the description of 
this study’s findings verbatim from that report.   

41 Bricker, J., K. Cortes, and C. Rohlfs. “The Role of Specific Subjects in Education Production Functions: Evidence from 
Morning Classes in Chicago Public High Schools.” The B.E. Journal of Economic Analysis & Policy, 12:1, 2012. p. 30. 
https://teensneedsleep.files.wordpress.com/2011/09/cortes-bricker-and-rohlfs-the-role-of-specific-subjects-in-
education-production-function.pdf 

42 Ibid., p. 22. 
43 Ibid., p. 32. 
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ELEMENTARY SCHOOL STUDENTS 
Meta-analyses suggest a significant association between sleep duration, cognition, and 
academic performance in children. For example, in their 2012 meta-analysis that 
encompasses 86 studies and over 35,000 students, Astill et al. find a “small, but significant 
association between sleep duration and cognition (r=0.08) and behavioral problems 
(r=0.09).” 44  Similarly, in a three-part meta-analysis including over 13,000 children and 
adolescents, Dewald et al. find that sleepiness, sleep quality, and sleep duration all have a 
small, but significant effect on school performance. Specifically, “sleepiness showed the 
strongest relation to school performance (r=0.133), followed by sleep quality (r=0.096) and 
sleep duration (r=0.069).” 45  The correlation coefficients, or effect sizes, in both studies, 
however, are considered small. For example, John Hattie, the researcher who published a 
synthesis of over 800 meta-analyses related to achievement, argues that interventions should 
be measured against a low bar of d=0.40, rather than d=0.00 (note that “r” and “d” are both 
measures of effect size, with “r” measuring the size of associations and “d” the size of 
differences between two means).46  
 
Limited evidence suggests that delays in school start times positively affect the academic 
achievement of elementary school students. For example, Keller et al. evaluates the impact 
of school start times on elementary school students’ scores on the Kentucky Performance 
Rating for Educational Progress (K-PREP). The study associates earlier school start times with 
lower test scores, albeit only in middle- and upper-class elementary schools. The authors, who 
found the results surprising, attribute the students’ lower test scores to the “physical, 
behavioral, and psychological ramifications of sleep deprivation.”47 
 
  

                                                         
44 Astill, R. et al. “Sleep, Cognition, and Behavioral Problems in School-Age Children: A Century of Research Meta-

Analyzed.” Psychological Bulletin, 138:6, 2012. p. 1124.  
https://pdfs.semanticscholar.org/ba10/43613932e94a29f69d2f562dbc4072565bd8.pdf 

45 Dewald, J. et al. “The influence of sleep quality, sleep duration and sleepiness on school performance in children 
and adolescents: A meta-analytic review.” Sleep Medicine Reviews, 14, 2010. Pp. 179-182. 
https://www.researchgate.net/publication/41111163_The_Influence_of_Sleep_Quality_Sleep_Duration_and_Sle
epiness_on_School_Performance_in_Children_and_Adolescents_A_Meta-Analytic_Review 

46 [1] Hattie, J. Visible Learning: A Synthesis of Over 800 Meta-Analyses Relating to Achievement. Routledge, 2009. p. 
17. [2] “Statistics for Psychology.” University of Bath. 
http://staff.bath.ac.uk/pssiw/stats2/page2/page14/page14.html 

47 Keller et al., Op. cit., pp. 239–243. 
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MIXED OR NO EFFECTS 
Several studies find that school start time has mixed effects on student grades and 
standardized test scores. In the most recent of these studies, Wahlstrom et al. obtains mixed 
results when evaluating the effects of later school start times on the academic achievement 
of 9,000 students in eight high schools across Minnesota, Colorado, and Wyoming. 48 
Performance on standardized tests increased following the change at three high schools, 
while decreasing in two others. Similarly, GPA in core courses increased significantly across 
three schools, while increasing and decreasing, depending on the subject, in two others.49  
 
Other research suggests that school start times has little to no effect on academic 
achievement. For example, in a 2011 study Peter Hinrichs examines the effects of school start 
time on standardized test scores in Minneapolis-Saint Paul, Kansas, and Virginia over 1993 to 
2002. In Minneapolis, where high schools delayed starting times from 7:15 a.m. to 8:40 a.m. 
in the 1997-98 school year, Hinrichs finds no indication that this policy change affected test 
scores or attendance patterns.50 Similarly, neither ACT scores in Kansas or End of Course 
(EOC) scores in Virginia indicated an effect of school start times on student achievement.51 
However, Brookings notes that the ACT may not accurately reflect student learning and that 
Hinrichs is unable to decouple the impact of schedule changes from other district and school 
changes (although this criticism could be leveled at many studies on school start times).52 In 
addition, the pool of students who choose to take the ACT is not necessarily representative 
of the student body as a whole.53     
 
A smaller, cross-sectional study finds that a delay in school start time is associated with 
improved student achievement for Grade 8 students but not for Grade 7 students. In their 
2007 cross-sectional study involving two middle schools with different start times in 
demographically similar New England districts, Wolfson et al. find that Grade 8 students 
attending a school with an 8:37 a.m. start time performed better that Grade 8 students 
attending a middle school that started at 7:15 a.m. However, the authors find no statistically 
significant differences in fall quarter grades at the Grade 7 level.54 Note that the total sample 
size of this study was only 205 students.55 
                                                         
48 Wahlstrom, K. “Examining the Impact of Later High School Start Times on the Health and Academic Performance of 

High School Students: A Multi-Site Study.” Center for Applied Research and Educational Improvement, 2014. pp. 
8–10. 
http://conservancy.umn.edu/bitstream/handle/11299/162769/Impact%20of%20Later%20Start%20Time%20Final
%20Report.pdf?sequence=1&isAllowed=y 

49 The authors examined grade point averages for first- or third- period courses in mathematics, English, social 
studies, and science. However, for Mahtomedi Public Schools and South Washington County high schools, the 
authors examined course grades. See: Ibid., pp. 40–41. 

50 Hinrichs, P. “When the Bell Tolls: The Effects of School Starting Times on Academic Achievement.” Education 
Finance and Policy, 6:4, 2011. pp. 492–497. https://teensneedsleep.files.wordpress.com/2011/03/hinrichs-when-
the-bell-tolls-the-effects-of-school-starting-times-on-academic-achievement.pdf  

51 Ibid., p. 500. 
52 Jacob and Rockoff, Op. cit., p. 9. 
53 Wheaton, Chapman, and Croft, Op. cit., p. 376. 
54 Wolfson, A. et al. “Middle School Start Times: The Importance of a Good Night’s Sleep for Young Adolescents.” 

Behavioral Sleep Medicine, 5:3, 2007. p. 203.  
55 Ibid., p. 198. 
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ELEMENTARY SCHOOL STUDENTS  
In contrast to Keller et al., in his 2012 study of WCPSS, Edwards finds that school start times 
have no effect on upper elementary school students’ academic achievement. Specifically, 
he examines the impact of school start times on test scores in mathematics and reading, 
observing no relationship for students in Grades 3-5. However, as WCPSS elementary schools 
all start much later than the district’s middle schools (over half of elementary schools started 
at 9:15 a.m., with the remainder starting at 8:15 a.m.), Edwards remains unclear as to 1) 
whether school start times do not affect elementary school students who are not affected by 
adolescent hormonal changes, or 2) whether the school start times in the analysis are not 
early enough to have a negative impact on student achievement.56  
 
ON EXTRACURRICULAR PARTICIPATION 
Several studies find that delays in school start times do not affect participation rates in 
afterschool activities. Only a small number of studies on school start times examine their 
effects on extracurricular participation. Of these, Danner and Barbara’s 2008 study of 
students in Grades 6-12 across a county-wide school district in Kentucky has the largest 
sample size (approximately 10,000 students, on average, across multiple years). In 1999, this 
district’s high schools and middle schools delayed their start times by one hour to 8:30 a.m. 
and 9:00 a.m., respectively. In addition to data from a sleep habits survey conducted in the 
years before and after the change, schools reported participation rates in afterschool 
activities, including sports and co-curricular activities. Danner and Barbara find that from the 
1998-99 to the 1999-00 school years there was a slight increase in the percentage of students 
who reported working 10 hours or more per week. However, “there were no significant 
differences in hours spent on homework, school sports, organized community sports, music 
activities, volunteer work, or hanging out with friends.”57 
 
Similarly, in her 2002 study of seven comprehensive high schools in the Minneapolis Public 
School District, Wahlstrom finds that a delay in the high school schedule from between 7:15 
a.m. and 7:35 a.m. to 8:40 a.m. did not affect participation rates in afterschool 
extracurricular activities. Based on 578 teacher responses in the fall of 1996 (preceding the 
change) and 335 responses in the spring of 1998 following the change, Wahlstrom finds that 
“actual participation rates in afterschool activities, including sports and co-curricular 
activities, remained at the same levels after the implementation of the later high school start 
time as they had been before the change.”58 In addition, coaches and activity leaders were 
generally supportive of the change because students were less tired and more mentally alert 
by the end of the day.59  
 

                                                         
56 Finley, Op. cit., pp. 980–981. 
57 Danner, F. and B. Phillips. “Adolescent Sleep, School Start Times, and Teen Motor Vehicle Crashes.” Journal of 

Clinical Sleep Medicine, 4:6, December 2008.  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2603528/ 
58 Wahlstrom, K. “Changing Times: Findings from the First Longitudinal Study of Later High School Start Times.” NASSP 

Bulletin, 86:663, December 2002. p. 16. https://teensneedsleep.files.wordpress.com/2011/04/wahlstrom-
changing-times-findings-from-the-first-longitudinal-study-of-later-high-school-start-times.pdf 

59 Ibid. 
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The findings of these larger-scale studies of public secondary schools mirror those from two 
smaller studies of private schools. Both Boergers et al. and Owens et al. find that a delay in 
school start time does not impact extracurricular participation.60 However, as private schools 
often have specific requirements regarding extracurricular participation, these findings may 
not be representative of the effects of similar changes in a public school setting. 
 

                                                         
60 [1] Boergers, J., C. Gable, and J. Owens. “Later School Start Time Is Associated with Improved Sleep and Daytime 

Functioning in Adolescents.” Journal of Developmental & Behavioral Pediatrics, 35, 2014. p. 15.  
https://www.gwern.net/docs/melatonin/2014-boergers.pdf   
[2] Owens, J., K. Belon, and P. Moss. “Impact of Delaying School Start Time on Adolescent Sleep, Mood, and 
Behavior.” Archives of Pediatric and Adolescent Medicine, 164:7, 2010.  
http://jamanetwork.com/journals/jamapediatrics/fullarticle/383436 

https://www.gwern.net/docs/melatonin/2014-boergers.pdf
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SECTION III: EFFECTS ON OTHER OUTCOMES 
OVERVIEW 
The majority of studies on the effects of school start times include adolescent sleep patterns 
as a student outcome. While less research addresses the effects of school start times on 
driving safety, mental health, and attendance, available findings suggest benefits of delayed 
start times. Figure 3.1, below, presents an overview of findings by student outcome for 
secondary students. 
 

Figure 3.1: Overview of Research and Findings 
STUDENT 
OUTCOME 

STUDENT 
TYPE DEPTH OF RESEARCH BASE SUMMARY OF FINDINGS 

Sleep 
Duration 

Secondary 
Students  

Strong. The majority of 
studies on school start 
times include adolescent 
sleep patterns as a variable. 

Positive. The majority of studies indicate that 
delayed school start times typically result in 
more sleep for adolescent students, primarily 
due to a delay in students’ wake-up times. 

Driving 
Safety 

Secondary 
Students 

Limited. Only four studies 
on school start times 
include adolescent driver 
car crash rate as a variable. 

Positive. All four available studies indicate 
that later school start times are associated 
with reduced rates of adolescent car crashes. 

Additional 
Effects 

Secondary 
Students 

Moderate. A number of 
studies include mental 
health, as well as 
attendance, as variables.   

Positive. Studies suggest that delayed school 
start times positively impact mental health 
(e.g., reducing self-reported depression), as 
well as reduce the number of student 
absences and student lateness.  

 
ON SLEEP  
The majority of research on school start times focuses on the association between start 
time and adolescent sleeping patterns. In their 2016 literature review published in the 
Journal of School Health, Wheaton, Chapman, and Croft note, “because delaying school start 
times is primarily intended to address the problem of insufficient sleep among adolescents, 
most of the studies focused on the association between school start times and sleep 
variables.”61 While studies consistently find that students attending schools with later start 
times sleep in longer than students with earlier classes, the association between school start 
times and bedtime is mixed. Some studies observe no correlation between school start times 
and bedtime, while others find that students with later start times have later bed times than 
their peers attending schools that start earlier (a least one study even found that a delay in 
school start time corresponded with an earlier bedtime). Nevertheless, as the following 
subsection describes, students with later start times consistently sleep longer, even when 
they go to bed later.62   

                                                         
61 Wheaton, Chapman, and Croft, Op. cit., p. 375. 
62 Ibid. 
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POSITIVE EFFECTS 
Research indicates that delayed school start times typically result in more sleep for 
adolescent students. In their literature review, Wheaton, Chapman, and Croft include 38 U.S.- 
and foreign-based studies that examine the connection between school start times, sleep, 
and other outcomes in adolescent students. In 29 of these studies, a later start time is 
associated with longer weekday sleep duration, primarily caused by delaying rise times. 
Wheaton, Chapman, and Croft note that “most of the studies saw a significant increase in 
sleep duration even with relatively small delays in start times of half an hour or so.”63 While 
six studies observe a later bedtime among students attending schools with later start times, 
these students still slept more in comparison with peers attending schools with earlier start 
times.64                      
 
The limited number of published experimental studies similarly find that a 25- to 60-minute 
delay in school start times leads to increased sleep duration for adolescents. In their 2016 
literature review published in Sleep Medicine Reviews, Minges and Redeker focus on 
experimental studies only, finding six that meet their qualifications. While studies on the 
effects of school start times often compare one district, school, or class that adopts a later 
school start time with another similar district, school, or class that maintains an earlier school 
start time, experimental studies examine the impact of school start times on the same body 
of students, pre- and post-schedule change. Based on these six experimental studies, Minges 
and Redeker find that school start times delayed by 25 to 60 minutes result in an average 
increase of 25 to 77 minutes in total sleep time.65 Figure 3.2, on the following page, describes 
the three most recent U.S. studies included in their review. 
 
  

                                                         
63 Ibid., p. 378. 
64 Ibid., p. 375. 
65 Minges, K. and N. Redeker. “Delayed School Start Times and Adolescent Sleep: A Systematic Review of the 

Experimental Evidence.” Sleep Medicine Reviews, 28, 2016. p. 83.  
https://teensneedsleep.files.wordpress.com/2011/04/minges-et-al-delayed-school-start-times-and-adolescent-
sleep-a-systematic-review-of-the-experimental-evidence.pdf 
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Figure 3.2: U.S. Experimental Studies Examining the Effects of School Start Time on Sleep 
STUDY DESCRIPTION OUTCOME 

Boergers 
et al. 

(2014)66 

The study measures the effects of a delay 
in the school start time (from 8:00 a.m. to 
8:25 a.m.) during the winter term at an 
independent boarding and day school. 
197 students completed a sleep habits 
survey before and during the change, as 
well as in the spring term after the 
change was reversed. 

Positive. The delay in school start time 
corresponded with a significant increase in 
weekday sleep duration of 29 minutes. The 
percentage of students receiving at least 8 
hours of sleep increased from 18 to 44 
percent. Grade 9 and 10 students were most 
likely to report increased sleep duration. Sleep 
duration reverted to original levels when the 
earlier start time was reinstated. 

Owens 
et al. 

(2010)67 

The study measures the effects of a two-
month change in school start time, a 
delay from 8:00 a.m. to 8:30 a.m., at a 
coed New England boarding school. 201 
students in Grades 9-12 completed a 
sleep habits survey before and after the 
change.  

Positive. Following the delay, the average 
school night sleep duration increased by 45 
minutes, the number of students getting less 
than 7 hours of sleep decreased by 79 percent, 
and the percentage of students reporting at 
least 8 hours of sleep increased from 16 to 55 
percent. The average bedtime advanced by 18 
minutes. 

Danner 
et 

Phillips 
(2008)68 

In the 1999-2000 school year, a county-
wide school district in Kentucky delayed 
middle and high school start times by an 
hour from, respectively, 8:00 a.m. and 
7:30 a.m. to 9:00 a.m. and 8:30 a.m. 
Roughly 10,000 middle and high school 
students completed a sleep habits survey 
in the year preceding the change and 
then again in April of 2000. The authors 
only provide results at the high school-
level. 

Positive. In the school year following the 
change, students averaged from 12 minutes 
(Grade 9) to 30 minutes (Grade 12) additional 
minutes of sleep per night. Changes in average 
sleep were significant for all grade levels. The 
percentage of students sleeping at least 8 
hours on a weeknight increased from 35.7 to 
50 percent. The average amount of additional 
weekend sleep decreased from 1.9 to 1.1 
hours. 

Source: Journal of Developmental & Behavioral Pediatrics, Archives of Pediatric and Adolescent Medicine, and Journal 
of Clinical Sleep Medicine 
 
Additional, non-experimental U.S. studies find that a delay in school start time increases 
average sleep duration. For example, in a 2014 study, Wahlstrom examines sleep habit 
survey data from eight public high schools across Minnesota, Colorado, and Wyoming over 
the 2010-11 to 2012-13 school years. The population was ethnically and socio-economically 
diverse, with the percentage of white students ranging from 60 to 90 percent and the 
percentage of students receiving free or reduced price lunch ranging from 10 to 34 percent.69 
While all schools adjusted their school start time, Wahlstrom only collected pre- and post-
change data for two schools; however, starting times ranged from 7:30 a.m. to 8:55 a.m. 
across these schools. When examining the percentage of students receiving eight or more 
hours per night, there is a clear correlation between sleep duration and school start time.70 

                                                         
66 Boergers, Gable, and Owens, Op. cit., p. 11. 
67 Owens, Belon, and Moss, Op. cit. 
68 Danner and Phillips, Op. cit. 
69 Wahlstrom, “Examining the Impact of Later High School Start Times on the Health and Academic Performance of 

High School Students: A Multi-Site Study,” Op. cit., p. 2. 
70 Ibid., p. 24. 
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In an earlier study, Wahlstrom similarly finds that a delay in the start time from 7:15 a.m. to 
8:40 a.m. at seven high schools in the Minneapolis Public School District allows students to 
sleep 50 minutes longer each night, in comparison to students at a demographically similar 
district with a start time of 7:30 a.m.71 Wolfson et al., in their 2007 study of two diverse New 
England urban school districts, find that students attending a middle school that started at 
8:37 a.m. slept from 37 to 65 minutes longer per weeknight (depending on the survey period) 
in comparison with students attending a middle school starting at 7:15 a.m.72   
 
In addition to sleeping longer on weeknights, later school start times are associated with 
reduced daytime fatigue. For example, of the studies included in Wheaton, Chapman, and 
Croft’s review that measured student alertness during the day, the majority of studies find 
that students attending schools with later start times “were less likely to report daytime 
sleepiness or falling asleep in class.”73  
 

MIXED OR NO EFFECTS 
A smaller body of literature finds that delayed school start times are not associated with 
lasting sleep gains for adolescent students. For example, in their experimental study 
published in 2016, Thacher and Onyper examine sleep habits, academic performance, and 
other academic-related factors at a public high school in upstate New York that delayed its 
start time by 45 minutes from 7:45 to 8:30 a.m. during the 2012-13 school year.74 While 
student sleep habits surveys indicated in the fall following the change that students were 
sleeping an average of 20 minutes longer, by the spring, students indicated sleeping the same 
amount as before change in start time. However, the authors did find lasting improvements 
in tardiness and disciplinary violations.75 
 
Additional research suggests that delays in school start times past 8:00 a.m. do not have an 
impact on adolescent average sleep duration. In what the authors describe as “the largest 
study to date of adolescents from across the United States,” Paksarian and Rudolph examine 
a subsample of a nationally representative cross-sectional survey of over 7,300 students aged 
13 to 18 years old. After adjusting for variables such as age, sex, school level, urbanicity, and 
student employment, the authors find that students overall, as well as specific student 
subgroups, do not sleep longer on average with school start times delays after 8:00 a.m.76 
Additionally, Paksarian and Rudolph associate student gender and school locale with the 
effects of delayed start times before 8:01 a.m., specifically finding that: 77 

                                                         
71 Wahlstrom, “Changing Times: Findings from the First Longitudinal Study of Later High School Start Times,” Op. cit., 

pp. 12–13. 
72 Wolfson et al., Op. cit., pp. 200–201. 
73 Wheaton, Chapman, and Croft, Op. cit., p. 375. 
74 Published after Minges and Redeker’s 2016 review was submitted and so not included. 
75 Thacher, P. and S. Onyper. “Longitudinal Outcomes of Start Time Delay on Sleep, Behavior, and Achievement in 

High School.” Sleep, 39:2, February 2016. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4712391// 
76 Paksarian, D. and K. Rudolph. “School Start Time and Adolescent Sleep Patterns: Results from the US National 

Comorbidity Survey—Adolescent Supplement.” American Journal of Public Health, 105:7, July 2015.  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4463387/ 

77 Bullets adapted from: Ibid. 
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 Male adolescents benefit, while female adolescents are unaffected. The data shows 
that for each half-hour increase in start time before 8:01 a.m., male students sleep 
approximately 20 minutes longer; there are no associated increases after 8:00 a.m. 
Conversely, for female students, start time is not associated with sleep duration, 
either before or after 8:01 a.m. 

 Increases in adolescent average sleep duration are most associated with male 
students living in major metropolitan counties. For male adolescents in major 
metropolitan counties, each half-hour increase in start-time before 8:01 a.m. is 
associated with nearly 34 minutes of extra sleep each night. Delays in school start 
time are unassociated with male students living in urbanized counties, and negatively 
associated with those living in nonurban counties (these students sleep 20 minutes 
fewer on weeknights for each half-hour increase in start time before 8:01 a.m.).  

  
ON DRIVING SAFETY 
Surveys indicate that adolescents are more likely to drive when drowsy, a leading cause of 
fatal crashes for teen drivers. The CDC finds that teens (16 to 19 years old) are the most at-
risk group for motor vehicle crashes, nearly three times more likely to be in a fatal crash than 
drivers aged 20 years and older.78 Adolescents are also more likely to drive when drowsy; 
according to a survey by the AAA Foundation for Traffic Safety (AAA Foundation), one in seven 
licensed drivers of ages 16 to 24 years old admitted to having nodded off at least once while 
driving in the past year. In comparison, only one in 10 of all licensed drivers over the same 
period reported falling asleep while driving. Moreover, the AAA Foundation estimates that 
roughly one in six crashes involves a drowsy driver.79 Correspondingly, the CDC cites drowsy 
driving as one of the eight leading causes of teen car crashes, noting that high school students 
who sleep considerably more than nine hours or less than nine hours are more likely to exhibit 
the risk behaviors listed in Figure 3.3. 80  
 
Figure 3.3: Driving-Related Risk Behaviors Associated with Insufficient or Excessive Sleep 

 
Source: CDC81 
 
Available research suggests that later school start times reduce the percentage of teenage 
drivers in accidents.  Wheaton, Chapman, and Croft identify four studies that assess the 

                                                         
78 “Teen Drivers: Get the Facts.” Centers for Disease Control and Prevention. 

https://www.cdc.gov/motorvehiclesafety/teen_drivers/teendrivers_factsheet.html 
79 “Young People More Likely to Drive Drowsy.” National Sleep Foundation, 2012. 

http://drowsydriving.org/2012/11/young-people-more-likely-to-drive-drowsy/ 
80 [1] “Teen Drivers: Get the Facts,” Op. cit.  

[2] Wheaton, Chapman, and Croft, Op. cit., p. 340. 
81 Figure adapted from: Wheaton, Chapman, and Croft, Op. cit., p. 340. 
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impact of school start times on motor vehicle crashes, all of which are U.S.-based studies. 
Figure 3.4 describes these studies and their respective findings. 
 

Figure 3.4: Studies on School Start times and Teen Driving Crashes 
STUDY DESCRIPTION FINDINGS 

Wahlstrom 
(2014)82 

The study analyzes vehicle crash data from 
Minnesota, Colorado, and Wyoming for 16- 
to 19-year old drivers. The authors examine 
the number of crashes involving teen drivers 
in the area surrounding eight high schools 
before and after these schools implemented 
a schedule change, delaying their starting 
times.    

Mostly Positive. Across the four 
communities for which Wahlstrom had 
crash data, two communities saw a 
decrease in the rate of teen car crashes 
of 65 to 70 percent. A third district saw a 
decrease of six percent, while the fourth 
experienced an increase of nine percent 
with the adoption of the later school 
start times. 

Vorona et 
al. (2014)83 

This study examines teen (16 to 18 years old) 
car crashes in Chesterfield and Henrico 
Counties (CC and HC, respectively) for the 
2009-10 and 2010-11 school years. CC had a 
high school start time of 7:20 a.m., white HC 
high schools began at 8:45 a.m. Both 
counties are demographically similar and 
adult crash rates and traffic congestion did 
not differ between counties. 

Positive. Chesterfield teens manifested a 
statistically higher crash rate of 
48.8/1,000 licensed drivers versus 
Henrico's 37.9/1,000 for 2009-2010. For 
2010-2011, CC 16- to 17-year old teens 
demonstrated a statistically significant 
higher crash rate (53.2/1,000 versus 
42.0/1,000), while for 16-18 teens a 
similar trend was found, albeit 
nonsignificant. Crash peaks occurred 1 
hour earlier in the morning and 2 hours 
earlier in the afternoon in Chesterfield, 
consistent with commute times 

Vorona et 
al. (2011)84 

This study examines teen (16 to 18 years old) 
car crashes in Virginia Beach and Chesapeake 
Counties (VBC and CC, respectively) over 
2007-2008. High schools in VBC start 75 to 80 
minutes later than high schools in CC.   

Positive. Despite similar demographics 
and no obvious traffic-related 
explanations, less teen-related accidents 
occurred in VBC than in CC (46.6/1000 in 
comparison with 65.8/1000). 

Danner et 
Phillips 
(2008)85 

This study examines the teen crash rate in a 
Kentucky county-wide district two years prior 
to and two years following a delay in school 
start times. Specifically, in 1999, this district’s 
high and middle schools delayed their start 
times by one hour, respectively, to 8:30 a.m. 
and 9:00 a.m. 

Positive. The authors find that a delay in 
school start time corresponded with a 
drop in the teen crash rate by 16.5 
percent in comparison with the rate for 
the two years preceding the schedule 
change. In contrast, the statewide teen 
crash rate increased by 7.8 percent over 
this period. 

Source: Center for Applied Research and Educational Improvement and Journal of Clinical Sleep Medicine 

                                                         
82 Wahlstrom, “Examining the Impact of Later High School Start Times on the Health and Academic Performance of 

High School Students: A Multi-Site Study,” Op. cit., p. 48. 
83 Vorona, R., M. Szklo-Coxe, R. Lamichhane, et al. “Adolescent Crash Rates and School Start Times in Two Central 

Virginia Counties, 2009-2011: A Follow-up Study to a Southeastern Virginia Study, 2007-2008.” Journal of Clinical 
Sleep Medicine, 10:11, November 2014.  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4224716/ 

84 Vorona, R., M. Szklo-Coxe, A. Wu, et al. “Dissimilar Teen Crash Rates in Two Neighboring Southeastern Virginia 
Cities with Different High School Start Times.” Journal of Clinical Sleep Medicine, 7:2, April 2011.  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3077341/ 

85 Danner and Phillips, Op. cit. 
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ADDITIONAL EFFECTS 
In addition to affecting academic achievement, sleep patterns, and driving safety, research 
also suggests that school start times impact adolescent student attendance and mental 
health.  
 
ON ATTENDANCE  
Research suggests that later school start times are associated with decreased rates of 
tardiness and absence. Six studies included in Wheaton, Chapman, and Croft’s review 
determine that “earlier start times were also related to more frequent tardiness and more 
absences.” 86  For example, in his 2012 study of WCPSS students, Edwards finds limited 
evidence that suggests students in schools with later start times are less likely to be absent. 
Similarly, Wahlstrom finds that three high schools included in her study experienced 
significant increases in attendance after delaying start times, while no high schools 
experienced significant decreases in attendance. 87  Wolfson et al. find no significant 
differences in absence rates between two middle schools with differing start times, but do 
note a significant difference in the tardiness rates between the two schools, with the middle 
school starting at 8:37 a.m. reporting fewer tardy students than the middle school starting at 
7:15 a.m. 88 Finally, in his study of the impact of a delay in start time at an independent school 
in Rhode Island, Owens et al. find that teacher-reported first class absences and tardies 
decreased by 45 percent following the schedule change.89 Despite these positive findings, 
however, note the small sample sizes of the majority of these studies.  
  
ON MENTAL HEALTH 
Several studies associate later school start times with improved student mental health.   
Wheaton, Chapman, and Croft note both that “sleep is strongly linked with many psychiatric 
disorders, including depression and anxiety” and that there is “evidence of a causal 
relationship between insufficient sleep and depression, as well as mood in general.” 90 
Consequently, a small number of studies include depression assessments. Wheaton, 
Chapman, and Croft note that four studies find that students at later-starting schools received 
lower depression scores in comparison with students at earlier-starting schools.91 Similarly, 
Minges and Redeker note that two experimental studies found “significant decreases in the 
depression scale, depressed mood score, and proportion of students who were irritated or 
annoyed relative to post-intervention.” 92  However, the authors also note one quasi-
experimental study that did not find significant differences between the intervention and the 
control group in terms of mood.93    
                                                         
86 Wheaton, Chapman, and Croft, Op. cit., p. 377. 
87 Wahlstrom, “Examining the Impact of Later High School Start Times on the Health and Academic Performance of 

High School Students: A Multi-Site Study,” Op. cit., p. 37. 
88 Wolfson et al., Op. cit., p. 204. 
89 Owens, Belon, and Moss, Op. cit. 
90 Wheaton, Chapman, and Croft, Op. cit., p. 377. 
91 Ibid. 
92 Minges and Redeker, Op. cit., p. 89. 
93 Ibid. 
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PROJECT EVALUATION FORM 
 
Hanover Research is committed to providing a work product that meets or exceeds client 
expectations. In keeping with that goal, we would like to hear your opinions regarding our 
reports. Feedback is critically important and serves as the strongest mechanism by which we 
tailor our research to your organization. When you have had a chance to evaluate this report, 
please take a moment to fill out the following questionnaire. 
 
http://www.hanoverresearch.com/evaluation/index.php 
 
 

CAVEAT 
 
The publisher and authors have used their best efforts in preparing this brief. The publisher 
and authors make no representations or warranties with respect to the accuracy or 
completeness of the contents of this brief and specifically disclaim any implied warranties of 
fitness for a particular purpose. There are no warranties that extend beyond the descriptions 
contained in this paragraph. No warranty may be created or extended by representatives of 
Hanover Research or its marketing materials. The accuracy and completeness of the 
information provided herein and the opinions stated herein are not guaranteed or warranted 
to produce any particular results, and the advice and strategies contained herein may not be 
suitable for every client. Neither the publisher nor the authors shall be liable for any loss of 
profit or any other commercial damages, including but not limited to special, incidental, 
consequential, or other damages. Moreover, Hanover Research is not engaged in rendering 
legal, accounting, or other professional services. Clients requiring such services are advised 
to consult an appropriate professional. 
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