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We contribute to the school start time literature by using statewide student-level data from North Carolina to estimate
start time effects for all students and for traditionally disadvantaged students. Descriptively, we found that urban high
schools were likely to start very early or late. Later start times were associated with positive student engagement out-
comes (reduced suspensions, higher course grades), especially for disadvantaged students. Achievement results were
mixed, with positive and negative associations between start times and high school students’ test scores. Continued
research is necessary to evaluate the efficacy of later start times as a scalable and cost-effective approach for boosting

engagement and achievement.
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OvVER the past two decades, states, school districts, and
philanthropic groups have worked to improve the opera-
tion of high schools and the achievement of high school
students through intensive whole school reforms, such as
schools within schools, early college high schools, career
academies, and school transformation programs. Many
initiatives have targeted urban school districts, which typi-
cally enroll higher percentages of minority and economi-
cally disadvantaged students and face pressing challenges
around student absences, disciplinary incidents, achieve-
ment scores, and graduation rates (Roderick, Nagaoka, &
Coca, 2009; Rumberger & Thomas, 2000). Research evi-
dence on the efficacy of these school reforms is mixed
(Bloom & Unterman, 2014; Kahne, Sporte, de la Torre, &
Easton, 2008; Zimmer, Henry, & Kho, 2017) and indicates
that these efforts are often expensive and infeasible to
scale to a larger population of high schools. For example,
early college high schools return promising results but
have higher per-pupil expenditures than do traditional
public schools and require the participation of a college
willing to host the school (Edmunds et al., 2017; Lauen,
Fuller, Barrett, & Janda, 2017).

In a time of scarce resources for public education, states
and school districts need inexpensive and scalable solu-
tions to boost students’ engagement with and success in
high school. One such solution may be starting high school
later in the morning. Later school start times are supported
by findings from sleep and health research (Carskadon,
2011; Carskadon, Acebo, & Jenni, 2004; Carskadon,
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Acebo, & Seifer, 2001; Landhuis, Poulton, Welch, &
Hancox, 2008). Likewise, nascent work suggests that later
school start times are positively associated with the school
attendance, course grade, and test score outcomes of ado-
lescents (Carrell, Maghakian, & West, 2011; Cortes,
Bricker, & Rohlfs, 2012; Wahlstrom, 2002; Wahlstrom
et al., 2014). Estimates from cost-benefit analyses indicate
that the financial returns to delaying high school start
times by 1 hour (returns for increased student achieve-
ment, graduation rates, and earnings) could be as much as
9 times larger than the costs to implement (Jacob &
Rockoff, 2011) and that delays to school start times could
add $83 billion to the U.S. economy over the next decade
(Hafner, Stepanek, & Troxel, 2017).

While existing studies suggest benefits to later school
start times, there are two important gaps in the literature
that we address in the present study. First, previous work
estimated the effects of school start times in a small num-
ber of schools. This focus is a product of studying school
districts that make substantive start time changes or have
meaningful variation in start times among students.
However, by examining this specific population—com-
posed of districts that chose to implement start time
changes—this approach may not provide an assessment of
start time effects that generalize to other populations.
Studies that include more diverse settings across many
school districts are needed. Second, despite research sug-
gesting that socially and ethnically disadvantaged adoles-
cents may be particularly vulnerable to a lack of sleep and
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its effects (El-Sheikh, Kelly, Buckhalt, & Benjamin-
Hinnant, 2010; Hanson & Chen, 2010; McEwen &
Gianaros, 2010), there has been little work regarding
whether later school start times especially benefit disad-
vantaged student subgroups. This research is needed, since
later school start times may represent a low-cost approach
to narrow school engagement and achievement gaps.

In the present study, we use data from public high schools
across all school districts in North Carolina to address these
gaps in the school start time literature. Specifically, we ask
the following questions:

Research Question I: Do later high school start times pre-
dict students’ engagement with school and their
achievement in school?

Research Question 2: Do later high school start times
have larger impacts on the engagement and achieve-
ment outcomes of disadvantaged student subgroups?

In answering these questions, we leverage statewide
student-level data on a range of outcomes, including
absences, behavioral incidents, course grades, and test
scores. With these analyses, we examine a diverse set of
students and schools across urban and rural settings and
contribute to research on high school effectiveness and
potential mechanisms for more equitable outcomes for dis-
advantaged students.

Background

In 2014 the American Academy of Pediatrics issued a
policy statement recommending that middle and high
schools start no earlier than 8:30 am (Owens, Au, Carskadon,
Millman, & Wolfson, 2014). This recommendation is in
stark contrast to reality for secondary schools. In 2012, the
average start time for middle and high schools in the United
States was 8:03 AM, and 82.3% of these schools reported
starting before 8:30 am. Put differently, of the 30.5 million
middle and high school students in the United States, only
4.2 million of them (13.8%) start school at 8:30 am or later
(Wheaton, Ferro, & Croft, 2015).

The American Academy of Pediatrics’ policy statement
is supported by sleep science and studies connecting sleep
and later school start times to health and education out-
comes for students. Regarding the science of sleep, many
adolescents experience biological changes around the onset
of puberty that affect the timing of their sleep. Specifically,
the secretion of nocturnal melatonin—which aids falling
asleep—is delayed; circadian rhythms shift to preference
the evening; and the pressure to fall asleep accumulates
more slowly (Carskadon, 2011; Carskadon et al., 2004;
Jenni, Achermann, & Carskadon, 2005). All this results in
a phase delay to adolescents’ sleep-wake cycle that makes
it difficult to fall asleep before 11:00 pm and wake before

8:00 am (Carskadon et al., 2001). Despite these biological
changes, adolescents still need 8.5 to 9.5 hours of sleep a
night, and national polls show that approximately 60% of
middle school students and 87% of high school students
are not meeting these sleep recommendations (National
Sleep Foundation, 2006). Early school start times may
make it challenging for students to get the sleep that they
need, and consequently, chronically fatigued students may
be less engaged with and successful in school. In fact, there
is evidence that students attending high schools with later
start times report getting more sleep and feeling more
rested than their peers attending schools that start earlier
(Wahlstrom, 2002; Wahlstrom et al., 2014).

Given these sleep findings, researchers have hypothe-
sized that later school start times will lead to higher levels
of engagement with and success in school. While the
research evidence is limited, existing studies of school
start times generally support this hypothesis. Students
attending schools with later start times have fewer
absences and tardies and higher grades in core academic
subjects (Cortes et al., 2012; Wahlstrom, 2002; Wahlstrom
et al.,, 2014). For example, in a study examining how
Chicago high school students perform in morning versus
afternoon classes, Cortes and colleagues (2012) found
that students were absent approximately 6 more days per
year in their first-period class. Likewise, a small number
of studies showed that later school start times were asso-
ciated with higher student achievement on standardized
exams. Taking advantage of the random assignment of
students to courses, Carrell and colleagues (2011) found
that Air Force Academy freshmen placed into early-morn-
ing classes (starting before 8:00 am) performed signifi-
cantly worse on standardized course examinations than
did their peers beginning classes later in the day. This
negative effect held for first period and for subsequent
class periods. Other research showed that a 1-hour delay
in school start times was associated with an increase of
0.05- to 0.10-SD units in the mathematics and reading test
scores of middle school students in Wake County, North
Carolina (Edwards, 2012). However, a study of
Minneapolis and its surrounding suburban districts found
no evidence that a shift in high school start times from
7:15 am to 8:40 am was associated with changes in ACT
scores or student attendance (Hinrichs, 2011).

Although the existing research is suggestive of bene-
fits to later high school start times, there are important
limitations to prior start time research. Previous studies
generally focused on a small number of schools, and in
some cases, the students in these studies were not high
schoolers (Carrell et al., 2011; Edwards, 2012).
Furthermore, some studies lacked comparison groups of
students and/or schools that did not change start times.
Together, this means that most sample sizes, in terms of
the number of students or schools, are relatively small



and may not be representative of larger populations of
high school students. One major contribution of the pres-
ent study is the use of statewide student-level data across
a range of school engagement and achievement measures.
This lets us estimate the associations between start times
and academic outcomes for a diverse set of students and
school contexts, including schools that have not elected to
change start times.

Additionally, most prior studies focused on start time
impacts for all students, without considering whether later
start times disproportionately influenced disadvantaged
student subgroups. There is reason to think that disadvan-
taged students may benefit more from later start times due
to their increased vulnerability to a lack of sleep and its
effects (EI-Sheikh et al., 2010; Hanson & Chen, 2010;
McEwen & Gianaros, 2010). To date, only Edwards (2012)
directly examined start time impacts for disadvantaged
students, with results indicating that later school start
times particularly benefited the test scores of previously
low-performing students. Our work builds on prior con-
ceptual and empirical analyses by estimating whether later
school start times are positively associated with the school
engagement and achievement outcomes of disadvantaged
students. Positive findings in these analyses would be
especially relevant to urban high schools that educate dis-
proportionate numbers of minority, economically disad-
vantaged, and low-performing students.

Data and Sample

The data for this study come from a longitudinal data-
base of administrative files on all public school students in
North Carolina, provided by the North Carolina Department
of Public Instruction. These data include student-level files
on demographics, absences, disciplinary incidents, class-
room rosters, course grades, and test scores and school-
level files on demographics, performance, personnel, and
expenditures. In addition, this database includes the start-
ing times of all public schools in the state of North Carolina,
by school and year. From these data, we created the out-
come measures, school start time indicators, and control
variables that we used in analyses.

Research Sample

The analytic sample for this study included students
attending traditional public high schools in North Carolina
for the school years from 2011-2012 to 2014-2015. We
excluded from our analyses students attending nontradi-
tional high schools—for example, early-college high
schools, alternative schools, vocational schools, and schools
for special populations—since many of these students did
not possess comparable outcome data and because nontradi-
tional high schools often have very different school start
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times. Overall, our analytical sample included 410 unique
high schools, 1,591 schools by year, and 770,623 individual
students.'

Outcome Measures

In this study, we leveraged student-level data to assess
outcomes related to student engagement with school and stu-
dent achievement. The school engagement outcomes that we
examined are student absences, an indicator for being sus-
pended in the current school year, average course grades on
a 4-point scale, and course grades in first-period classes. We
acknowledge that these outcomes are not traditional mea-
sures of student engagement with school—for example,
affective measures of participation in classroom instruction
or school activities and sports. However, we considered
these to be proxies for engagement, since engaged students
are likely those who attend school, behave appropriately and
follow school rules, and pay attention in class and complete
classroom assignments (related to course grades).

Absences measure the number of days that students did
not attend school during a given school year, which can be
for excused or unexcused reasons. We assessed student
behavior with a dichotomous indicator, where 1 indicated
that the student was suspended during the school year and
where 0 indicated that the student was not suspended during
the school year. In our analyses, we defined a suspended stu-
dent as one who received an in-school or out-of-school sus-
pension. Analyses considering these types of suspension,
separately, returned comparable results. To assess course
grades, we focused on the four main academic subject
areas—mathematics, English, science, and social studies—
and converted students’ numeric course grades into
unweighted grade points on a 0—4 scale. This allowed us to
examine how overall grade point average (GPA) varied with
school start time. Because students may be most fatigued in
the early morning, we also assessed how high school start
times predict course grades (on a 4-point scale) in first-
period classes.

For the student achievement outcomes, we assessed stu-
dent test scores from end-of-course (EOC) exams in algebra
I, biology, and English I/IT and ACT composite scores. The
EOC exams are statewide standardized tests taken by stu-
dents as part of their high school graduation requirements.
Approximately 70% of students take algebra I in high school
(Grades 9—12) while the remaining 30% take the course dur-
ing middle school; nearly all students take biology and
English in Grades 9 to 12. For analyses, we standardized
these EOC scores within subject and year to have a mean of
0 and a SD of 1. As part of North Carolina’s efforts to
increase college going, beginning in 2011-2012 all high
school juniors in the state take the ACT during a regular
school day. We used the ACT composite score, on a scale
from 0 to 36, as the outcome measure for these analyses.



TABLE 1
Descriptive Data on Student Engagement and Achievement Outcomes

Racial/Ethnic Minority

Economically Disadvantaged Low Performing

Outcome Measures Overall Yes No

Yes No Yes No

No. of absences 8.577(10.210)  9.229 (11.455) 8.018 (8.972)

Suspended in 0.145 (0.352)  0.195(0.396)  0.101 (0.301)
current year
Overall GPA 2.620(0.963)  2.352(0.966)  2.855(0.897)

GPA in first-period  2.623 (1.122)  2.362 (1.144)  2.862 (1.045)
courses

Std algebra 1 exam —0.341 (0.824) —0.510(0.782) —0.144 (0.828)
score

Std biology exam  0.014 (0.989) —0.320 (0.961)  0.299 (0.921)
score

Std English exam ~ 0.008 (0.987) —0.305 (0.950)  0.279 (0.938)
score

ACT composite 1831 (5.11) 1627 (437)  19.89(5.09)
score

10.635 (11.921) 6.848 (8.118) 11.145(12.336) 7.662 (8.731)
0.213(0.410)  0.086 (0.281) 0.264 (0.441)  0.113 (0.316)

2.296 (0.963)  2.903 (0.869) 1.874 (0.865)  2.838 (0.852)
2301 (1.146)  2.894 (1.026) 1.894 (1.086)  2.846 (1.010)

~0.501 (0.778) —0.107 (0.832) —0.882 (0.611) —0.012 (0.740)
~0.362(0.916)  0.330 (0.936) —0.942 (0.739)  0.284 (0.861)
~0.373(0.915)  0.348 (0.923) —0.955 (0.728)  0.323 (0.824)

16.05(3.96)  19.83(5.24)  13.59(2.60)  19.30 (4.91)

Note. This table displays unadjusted descriptive data on student engagement and academic achievement outcomes. We display these data for all students and
contrast these data for disadvantaged and nondisadvantaged student subgroups (e.g., minority and nonminority students). Values presented are means with

SD in parentheses. GPA = grade point average; Std = standardized.

Table 1 displays descriptive data on these engagement
and achievement outcome measures for all students and
contrasts the outcome measures for disadvantaged versus
nondisadvantaged student subgroups. We defined the stu-
dent disadvantage indicators as follows: minority students
were those who identified as Black, Hispanic, American
Indian, Asian, or multiracial; economically disadvantaged
students were those who qualified for free or reduced-
price school meals; and previously low-performing stu-
dents were those who scored >1 SD below the statewide
mean on their end-of-grade examinations in eighth grade.

Table 1 presents descriptive data on absences, suspen-
sions, course grades, and test scores for all high school
students. High school students averaged 8.5 absences per
school year and had an average GPA of 2.62. Nearly 15%
of high school students were suspended at least once (in
or out of school) during the school year, and the average
ACT score for high school juniors was 18.31. High school
students had much lower algebra I exam scores, since
higher-achieving students took the course in eighth grade.
Table 1 illustrates that across all our school engagement
and achievement outcomes racial/ethnic minority stu-
dents, economically disadvantaged students, and previ-
ously low-performing students had worse outcomes than
their nondisadvantaged peers. For example, economically
disadvantaged students averaged 10.6 absences, while
students who were not economically disadvantaged aver-
aged 6.8 absences. Likewise, nearly 20% of minority stu-
dents were suspended at least once during the school year,
while only 10% of White students received a suspension

during the school year. Overall, these descriptive data
confirm findings from previous work and emphasize the
need for school reforms that benefit disadvantaged stu-
dent groups.

School Start Time Measures

To assess whether later school start times are associ-
ated with the engagement and achievement outcomes of
high school students, we specified two sets of focal start
time measures. First, we created a continuous measure of
school start times that represented the number of hours
past midnight that the school started (e.g., for a high
school starting at 7:30 am, the value is 7.5). With this
measure, we assessed how a 1-hour delay in start times is
associated with student engagement and achievement out-
comes. Second, we created a set of four start time indica-
tors: starting before 7:30 am, starting between 7:30 Am
and 7:59 awm, starting between 8:00 am and 8:29 am, and
starting at 8:30 am or later. This last category aligns with
the 2014 policy recommendation of the American
Academy of Pediatrics for middle and high schools to
start no earlier than 8:30 am (Owens et al., 2014). With
these indicators, we made high schools starting before
7:30 am the reference group and compared outcomes from
these early-starting high schools with those in the three
later start time categories. These indicators allowed for
nonlinearity in the impact of school start times.

Table 2 displays descriptive data on high school start
times in North Carolina and the characteristics of high



TABLE 2
High School Start Times in North Carolina

School Characteristics Overall Before 7:30 am 7:30-7:59 am 8:00-8:29 am 8:30 aM and After
School start time 8:00 7:18 7:43 8:05 8:43
Student enrollment 1,012.13 1,548.20 881.25 830.91 1,081.92
City/suburb 37.58 77.36 22.03 15.61 66.36
Rural/town 62.42 22.64 77.97 84.39 33.64
Percentage economically disadvantaged 49.27 39.78 52.60 51.84 48.12
Percentage racial/ethnic minority 45.98 55.83 44.70 39.45 52.65
Performance composite 56.52 61.27 53.53 54.55 58.50
Exceeds expected growth 33.64 59.61 20.78 23.28 46.67
Meets expected growth 31.21 24.63 34.51 32.19 31.25
Does not meet expected growth 35.15 15.76 44.71 44.53 22.08
Short-term suspension rate (per 100 students) 28.65 27.04 28.30 27.99 31.67
Teacher salary supplements 3,114.24 5,219.18 2,523.18 2,255.40 3,770.88
No. of unique schools 410 72 91 171 89
School-by-year count 1,591 265 336 666 324

Note. This table displays school characteristics for all high schools in our sample and for high schools in each start time category. Values presented are means

or counts.

schools starting in each of the four start time categories.
Overall, the average high school start time was 8:00 Am;
approximately 17% of the schools started before 7:30 am;
and 20% of the schools started at 8:30 am or later. These
data are comparable to national school start time values
(Wheaton et al., 2015). Table 2 indicates that high schools
starting before 7:30 am or at 8:30 Am or later were more
likely to be in urban/suburban areas, while schools start-
ing between 7:30 aM and 8:29 am were more likely to be
rural. These early and late start times likely reflected the
need of urban districts to use stacked bus schedules—
where the same driver and bus perform multiple consecu-
tive routes—each morning and afternoon. Given these
urban concentrations, it is unsurprising that high schools
in the earliest and latest start time categories enrolled
more students, had higher percentages of minority stu-
dents, and offered higher teacher salary supplements.
These high schools were also higher performing based on
performance composite values (percentage of standard-
ized exams passed) and percentages of schools exceeding
expected growth.

Covariates

To better isolate the associations between school start
times and student outcomes, we controlled for a rich set
of student- and school-level covariates in all engagement
and achievement models. At the student level, we
included indicators for sex, race/ethnicity, limited
English proficiency, economic disadvantage (i.e., quali-
fying for free or reduced-price school meals), giftedness

(i.e., classified as academically or intellectually gifted by
the school), disability (i.c., classified as a special educa-
tion student by the school), and year fixed effects. Our
school-level covariates include school size, urbanicity,
total per-pupil expenditures, average teacher salary sup-
plements, percentage of racial and ethnic minority stu-
dents, and percentage of economically disadvantaged
students. In addition to these covariates, our analyses of
EOC test scores (algebra I, biology, and English 1/1I)
controlled for students’ eighth-grade mathematics and
reading scores, the average prior scores of students’
peers, and a set of classroom and teacher characteristics,
including class size, teacher experience, whether the
teacher was teaching infield, and whether the teacher had
National Board Certification.

Analyses

To estimate the associations between high school start
times and student engagement and achievement outcomes, we
performed a series of linear regression models.” These analy-
ses controlled for student and school covariates and clustered
standard errors at the school level to account for the depen-
dence in student outcomes within schools and because start
times are assigned at the school level. We ran models with a
continuous measure of school start times and models with a
set of start time indicators to allow for nonlinear relationships
between start times and student outcomes. Equation 1 dis-
plays this model specification. Here, Y,, represents the
absence, suspension, course grade, or test score outcome for
student i attending school s at time f; starttime, is a
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continuous measure or a set of indicators capturing the high
school start time; student,, represents a vector of student-
level characteristics;’ and school, captures a vector of
school-level characteristics. 3 represents the coefficient of
interest, and e, is an error term for unexplained variation in
the student engagement and achievement outcomes.

Y,, =P start time,, +y student,, +pschool, +¢,,. (1)

To determine if the effect of start times is different for
different types of students, we estimated models in which we
interacted the continuous start time measure with indicators
for disadvantaged students (i.e., racial/ethnic minority, eco-
nomically disadvantaged, and low-performing students) and
indicators for nondisadvantaged students. These analyses
did not include a main effect for school start time. For exam-
ple, we interacted the start time measure with an indicator
for low-performing students and an indicator for non-low-
performing students. Rather than a single interaction, this
approach provides separate estimates and tests of statistical
significance for each student group. This makes it easier to
assess whether later start times significantly benefit disad-
vantaged students. These analyses are relevant to policy
efforts to narrow school engagement and achievement gaps
and directly respond to prior work on disadvantaged stu-
dents and sleep (El-Sheikh et al., 2010; Hanson & Chen,
2010; McEwen & Gianaros, 2010). Equation 2 displays this
model specification with Start Time x Advantaged,, and
Start Time x Disadvantaged,, as the focal measures. In this
model, the coefficients of interest are S and 6 .

Y, =B start time xadvantaged,,
+ dstart time x disadvantaged,, 2)

+ystudent,, + pschool, +¢,,.

A limitation of these analyses is that there may be
unmeasured school or district characteristics associated
with later start times that are also correlated with student
outcomes. Some researchers attempted to address this
concern by focusing on within-school start time changes
(using a school fixed effect). However, of the 410 unique
high schools in our analyses, only 23 changed start times
during the study period. Of these 23 schools, only nine
changed their start times by 30 minutes or more. Models
with a school district fixed effect are another potential
approach to address omitted variables that may bias coef-
ficient estimates. In our sample, 44 school districts (with
278 unique high schools) had across-school variation in
school start times. For these 44 districts, the average time
difference between the earliest- and latest-starting high
schools was 33 minutes, with a minimum difference of 5
minutes and a maximum difference of 2 hours.* The
remaining 69 districts (with 132 high schools) did not
have any variation in start times.

Given these details on within-school and within-district
start time variation, our preferred analyses did not include
fixed effects. The analyses depicted in Equations 1 and 2
allowed us to assess the extent to which statewide variation
in high school start times predicted variation in student
engagement and achievement for all students and for disad-
vantaged student subgroups. These models leveraged the
strengths of the present study: access to statewide student-
level data, the ability to examine a more diverse and gener-
alizable set of schools and students, and the ability to
estimate separate results for traditionally disadvantaged stu-
dents. As a specification check, we estimated models with a
school fixed effect and models with a school district fixed
effect. We estimated these models—for all students and for
disadvantaged student subgroups—with our continuous
school start time measure.’” Comparing these fixed effect
results with those from our preferred analyses allowed us to
assess the robustness of our main results.’

Results

Do Later High School Start Times Predict Student
Engagement With School and Their Achievement in
School?

Table 3 presents results from models examining the asso-
ciations between high school start times and student engage-
ment with school. Across all students, there were no
significant relationships between school start times and stu-
dent absences or average course grades. Regarding disci-
plinary incidents, we found that students were less likely to
be suspended in high schools that started later. A 1-hour
delay in start times was associated with a 1.3—percentage
point decrease in the probability of a student being sus-
pended during the school year. This result was driven by
high schools starting the latest: relative to a student attend-
ing a school that started before 7:30 am, a student attending
a high school starting at 8:30 am or later was 2.5 percentage
points less likely to be suspended. To put this result into per-
spective, a 2.5—percentage point change would represent a
17% decrease in the number of students being suspended
(see Table 1). Although overall course grades were not asso-
ciated with school start times, student grades in their first-
period classes were slightly higher, by an average of 0.05
quality points, in high schools starting at 8:30 am or later.
Fixed effect estimates in Appendix Table A1 were similar to
these results, with district fixed effect models indicating that
students had significantly higher grades in first-period
courses in later-starting high schools.

In our analyses of student achievement, we found that
later school start times did not predict higher student test
scores. Table 4 displays statistically insignificant results for
the algebra I EOC exam and for the ACT composite score.
Results for the EOC exam in English I/I were nonsignifi-
cant for the continuous start time measure but showed that



TABLE 3

Are Later School Start Times Associated With Student Engagement?

Student
Absences

Suspended in
Current Year

Overall
Course Grades

Course Grades
in First Period

Start time
7:30 to 7:59 am
8:00 to 8:29 am

8:30 Am and after

Observations, n

0.221 (0.167)
0.168 (0.289)
0.250 (0.303)
0.330 (0.273)
1,587,660

—0.013" (0.004)
—0.011 (0.009)
—0.000 (0.008)

-0.025" (0.007)

1,650,935

0.012 (0.014)
0.038 (0.023)
0.034 (0.023)
0.032 (0.023)
1,695,261

0.025 (0.015)
0.003 (0.026)
0.018 (0.027)
0.050" (0.025)
785,397

Note. This table displays results from models estimating the associations between high school start times and student engagement outcomes. Values are
presented as 3 (SE). *p <.05. **p < .01.

TABLE 4
Are Later School Start Times Associated With Student Achievement?
EOC English ACT

EOC Algebra | EOC Biology v Composite
Start time 0.014 (0.013) -0.038" (0.018) —0.011 (0.009) 0.107 (0.088)
7:30 to 7:59 am —0.004 (0.024) -0.074" (0.032) —0.025 (0.016) 0.059 (0.137)
8:00 to 8:29 aMm —0.009 (0.022) -0.068" (0.031) -0.040"" (0.015) —0.092 (0.139)
8:30 am and after 0.016 (0.021) -0.073" (0.031) —0.015 (0.016) 0.184 (0.139)
Observations, n 320,867 376,639 388,255 350,511

Note. This table displays results from models estimating the associations between high school start times and student achievement outcomes. Values are

presented as B (SE). EOC = end of course. *p <.05. **p <.01.

adjusted-average student achievement was lower, by 4% of
a SD, in schools starting between 8:00 aM and 8:29 am. For
the EOC biology exam, later start times predicted lower lev-
els of achievement across all our start time measures. For
example, adjusted average student achievement was nearly
4% of a SD lower (—0.038) in high schools that start 1 hour
later. The negative effect for biology was partially driven by
high biology scores in the two largest school districts in the
state (Wake County and Charlotte-Mecklenburg), whose
high schools both started before 7:30 am. When we excluded
these districts from analyses, the estimates for the continu-
ous start time measure and for the start time indicators
shrunk toward zero and were no longer statistically signifi-
cant.” Fixed effect models returned insignificant results in
biology (Appendix Table A2). However, these fixed effect
models showed negative results for algebra I (school fixed
effect) and positive results for the ACT composite score (dis-
trict fixed effects).

Do Later High School Start Times Have Larger Impacts
on the Engagement and Achievement Outcomes of
Disadvantaged Student Subgroups?

Results in Tables 3 and 4 show the associations between
school start times and the student engagement and achieve-
ment outcomes across all high school students. These analy-
ses provide a high-level policy-relevant assessment of school

start time effects. However, these analyses may obscure ben-
efits to later school start times for disadvantaged student
subgroups. Therefore, we estimated separate models inter-
acting our continuous school start time measure with indica-
tors for disadvantaged (i.e., economically disadvantaged,
minority, and previously low performing) and nondisadvan-
taged student groups.® These analyses were particularly rel-
evant since disadvantaged students had lower levels of
school engagement and achievement and were concentrated
in urban school environments with early or late start times.
Table 5 indicates that later high school start times were
associated with positive school engagement outcomes for
disadvantaged students. Fixed effect results (Appendix Table
Al) are comparable, especially for course grades. Interaction
coefficients show that economically disadvantaged, minority,
and previously low-performing students attending high
schools that started later were less likely to be suspended and
have higher course grades—overall and in first period—than
their disadvantaged peers attending schools with earlier start
times. For example, minority students attending a high school
starting at 8:30 am, rather than 7:30 am, were 1.7 percentage
points less likely to be suspended and had GPAs that were
0.064 points higher. To put these results into perspective, 1.7
percentage points represent 18% of the difference between
minority and White students in their ever-suspended status;
0.064 grade points is approximately 13% of the difference in
GPA between minority and White students. Later start times



TABLE 5

Do Later School Start Times Benefit the Engagement of Student Subgroups?

Student Absences Ever Suspended Course Grades Course Grades in First Period

Economically disadvantaged students

Yes —0.155 (0.232) -0.017"" (0.006) 0.049"" (0.018) 0.050" (0.020)

No 0.517" (0.160) -0.010"" (0.003) -0.019 (0.015) 0.005 (0.015)

Observations, n 1,587,660 1,650,935 1,695,261 785,397
Minority students

Yes —0.266 (0.226) -0.017"" (0.006) 0.064" (0.019)  0.063" (0.021)

No 0.747" (0.171) -0.008" (0.004)  —0.046" (0.017)  —0.018 (0.017)

Observations, n 1,587,660 1,650,935 1,695,261 785,397
Low-performing students

Yes —0.310 (0.279) -0.020"" (0.008) 0.074” (0.018)  0.070" (0.021)

No 0.430" (0.147) -0.012"" (0.004) —0.006 (0.013) 0.012 (0.014)

Observations, n 1,372,730 1,416,381 1,460,968 668,215

Note. This table displays results from models interacting the school start time variable with indicators for disadvantaged and nondisadvantaged students.

Values are presented as f (SE). *p <.05. **p < .01.

were unrelated to attendance for poor, minority, and low-per-
forming students.

While these results suggest that later start times bene-
fited the school engagement outcomes of disadvantaged
students, the estimates are less clear for their advantaged
peers. Consistent with our previous results, Table 5 indi-
cates that advantaged students were less likely to be sus-
pended in high schools that start later. Conversely, a
1-hour delay to high school start times was associated with
a greater number of absences for advantaged students—
approximately one-half of a day more for students who
were not economically disadvantaged or not low perform-
ing and three-quarters of a day more for nonminority stu-
dents. It is unclear why advantaged students attending
later starting high schools were absent more. It could be
that later start times conflicted with parent work schedules
(work starting at 8:30 am or 9:00 am) and these parents
were less able to ensure that their children got to school. It
is also possible that with later start times, advantaged fam-
ilies were able to schedule appointments before school
starts and then these students did not go to school after-
ward. Finally, Table 5 indicates that the GPA of White
(nonminority) students was slightly lower in high schools
that started later.

Turning to measures of student achievement, Table 6
indicates that later high school start times predicted higher
algebra I exam scores for economically disadvantaged,
minority, and previously low-performing students. For
example, economically disadvantaged students attending
a high school that started at 8:30 am, rather than 7:30 am,
had adjusted average achievement 2.3% of a SD higher.
These estimates were similar in magnitude, although sta-
tistically insignificant, in district fixed effect models
(Appendix Table A2) but were negative and statistically

significant for advantaged and disadvantaged student sub-
groups in school fixed effect models. These negative
school fixed effect results are noteworthy, given how dif-
ferent they were from our main analyses, but they should
be interpreted cautiously since the sample of schools with
a start time change was small. Like the overall results in
Table 4, estimates in Table 6 indicate that later start times
were negatively associated with the biology scores of dis-
advantaged students and advantaged students. These biol-
ogy estimates were statistically insignificant when North
Carolina’s two largest (and early-starting) school districts
were excluded and when school or district fixed effects
were used. Finally, relative to other low-performing stu-
dents, previously low-performing students attending high
schools with later start times scored lower in English 1/11
but higher on the ACT. The negative English I/I result
was insignificant in fixed effect models; ACT results were
positive across all three disadvantaged student subgroups
with district fixed effects (Appendix Table A2).

Discussion

Due to the robust findings from sleep and health
research, momentum is building behind later start times
for high school students (Carskadon, 2011; Carskadon
etal., 2001; Carskadon et al., 2004; Landhuis et al., 2008).
Nascent education research generally supports these later
start times; however, there have been only a few rigorous
studies to date. Of these studies, only some focused on
high school students—where the biological mechanisms
for delayed sleep-wake cycles are strongest—and none
leveraged statewide student-level data to assess start time
impacts across diverse settings and for poor, minority,
and low-performing students. There are unanswered



TABLE 6

Do Later Start Times Benefit the Achievement of Student Subgroups?

EOC Algebra | EOC Biology EOC English I/IT ACT Composite

Economically disadvantaged students

Yes 0.023" (0.013) -0.038" (0.020) —0.015 (0.010) 0.062 (0.091)

No 0.000 (0.014) —0.040" (0.019) —0.008 (0.010) 0.129 (0.119)

Observations, n 320,867 376,639 388,255 350,511
Minority students

Yes 0.032° (0.014) -0.036" (0.019) —0.014 (0.010) 0.128 (0.101)

No —0.014 (0.015) —0.043" (0.020) —0.008 (0.011) 0.081 (0.123)

Observations, n 320,867 376,639 388,255 350,511
Low-performing students

Yes 0.028" (0.014) —0.050" (0.020) -0.023" (0.012) 0.277" (0.076)

No 0.006 (0.013) -0.036" (0.019) —0.008 (0.009) 0.023 (0.094)

Observations, n 320,867 376,639 388,255 313,044

Note. This table displays results from models interacting the school start time variable with indicators for disadvantaged and nondisadvantaged students.
EOC = end of course. Values are presented as B (SE). 'p < 10. *p < .05. **p < .01.

questions regarding the generalizability of prior work and
whether delayed start times may represent a cost-effective
solution to boost the school engagement and achievement
outcomes of students (particularly disadvantaged
students).

Our findings address these gaps in the literature and
present a mixed picture of the associations between high
school start times and student outcomes. In our overall
analyses (Tables 3 and 4), we found that students were
less likely to be suspended during the school year in
later-starting high schools—particularly in high schools
starting at 8:30 am or later. To our knowledge, this is the
first study to examine the associations between start
times and student behavior. This is particularly important
given the context of racial disparities in suspension rates
and the ways in which disciplinary incidents may influ-
ence student achievement (Gregory, Skiba, & Noguera,
2010). Additionally, results indicate that students attend-
ing later-starting high schools had lower EOC exam
scores in biology. This negative result was partially
driven by high biology scores in the two largest school
districts in the state, which both started their high schools
before 7:30 am.

When we separately assessed engagement and achieve-
ment outcomes for disadvantaged and advantaged stu-
dents, we found several areas in which the results differed.
Importantly, all three of these differences favored disad-
vantaged students. Beginning with absences, there was no
relationship between school attendance and school start
times for disadvantaged students. However, advantaged
students missed more school days when they attended
later-starting high schools. This may represent an area for
continued research—replication studies, mixed-methods
approaches—to confirm such a finding and explore

reasons for the result. Similarly, we show that while course
grades were unrelated to start times for advantaged stu-
dents, their disadvantaged peers had slightly higher GPAs
(overall and in first-period classes) when attending later-
starting high schools. Regarding achievement, there was
no return on delayed start times for advantaged students;
however, disadvantaged students had higher algebra I
scores in later-starting high schools. Not all of our analy-
ses revealed differences in results across student sub-
groups. For disciplinary incidents, we found that
disadvantaged and advantaged students were both less
likely to be suspended in high schools that started later.
Results also show that both student groups had lower biol-
ogy scores in later-starting high schools.

The limitations of the present study should be con-
sidered alongside its contributions. Our primary limi-
tation concerns trade-offs between internal and
external validity. By leveraging statewide student-
level data, we assessed a diverse range of schools and
students, which benefits the generalizability of our
work. However, these results are not causal: they rep-
resent associations between later school start times
and measures of student engagement and achieve-
ment. We controlled for a rich set of student and
school covariates but acknowledge that there may be
school and/or district characteristics associated with
start times and student outcomes that we did not
include in analyses. As such, we estimated specifica-
tion checks that include a school fixed effect or a dis-
trict fixed effect. Estimates from fixed effect models
were often similar to those from our preferred models
in direction and magnitude, with two main exceptions:
first, fixed effect results in biology were statistically
insignificant rather than negative; second, school
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fixed effect results in algebra I were negative rather
than insignificant (Table 4) or positive for disadvan-
taged groups (Table 6). Given these concerns about
internal validity, our study is not definitive on high
school start times. Rather, it is one that uncovered
several interesting results, particularly for disadvan-
taged students, and it encourages continued analyses
to replicate the findings and extend our understanding
of school start time impacts.

Moving forward, we believe that educational research-
ers need to catch up to the momentum behind delayed
school start times and conduct a host of studies to support
evidence-based school start time decisions. In particular,
researchers should pair quantitative analyses with primary
data collection to hear the voices of key constituent
groups—parents, students, school personnel—influenced
by start time changes. This may help districts and schools
better implement delayed start times. Additionally,

researchers should continue to focus on disadvantaged
students and rigorously assess whether start times repre-
sent a policy approach to narrow school engagement and
achievement gaps. If results remain promising, it will also
be important to test mechanisms explaining why disad-
vantaged students particularly benefit from later start
times. Finally, we encourage researchers to consider the
potential for unintended consequences with school start
time changes. For many districts, a delay in high school
start times must be accompanied by earlier elementary or
middle school start times to accommodate multiple bus-
ing runs and to lessen traffic congestion. While younger
students may not experience phase delays in their sleep-
wake cycles, schedule changes due to early school start
times may still affect their health and academic outcomes.
As such, continued research is needed to build an eviden-
tiary base about start time impacts in elementary and mid-
dle schools.

Appendix

TABLE Al

Are Later School Start Times Associated With Student Engagement?

Student Suspended in Overall Course Course Grades in
Absences Current Year Grades First Period
School fixed effects

Start time
Economically disadvantaged students
Yes

0.169 (0.633)

~0.048 (0.639)

~0.016 (0.018)

~0.018 (0.018)
~0.012 (0.018)

~0.021 (0.018)
~0.011 (0.018)

~0.024 (0.019)
~0.018 (0.019)

School district fixed effects

No 0.405 (0.635)
Minority students

Yes —0.329 (0.655)

No 0.526 (0.646)
Low-performing students

Yes —0.458 (0.614)

No 0.102 (0.591)
Start time —0.168 (0.377)

Economically disadvantaged students
Yes

—0.477 (0.408)

No 0.045 (0.379)
Minority students

Yes ~0.601 (0.394)

No 0.303 (0.381)
Low-performing students

Yes ~0.628 (0.420)

No 0.045 (0.363)

~0.012 (0.010)

~0.015 (0.011)
~0.009 (0.010)

~0.015 (0.010)
~0.008 (0.010)

~0.017 (0.011)
~0.008 (0.010)

0.007 (0.028)

0.030 (0.029)
~0.019 (0.029)

0.062* (0.029)
~0.034 (0.029)

0.069* (0.028)
0.003 (0.026)

0.021 (0.033)

0.061° (0.035)
~0.007 (0.034)

0.075* (0.034)
~0.039 (0.034)

0.073* (0.033)
~0.013 (0.031)

0.042 (0.042)

0.057 (0.042)
0.026 (0.042)

0.074" (0.041)
0.005 (0.042)

0.045 (0.037)
0.003 (0.036)

0.077* (0.033)

0.102%* (0.035)
0.060°" (0.033)

0.115%* (0.033)
0.031 (0.033)

0.098%* (0.032)
0.037 (0.029)

Note. This table displays results from models estimating the associations between high school start times and student engagement outcomes. Values are

presented as B (SE). p < 10. *p < .05. **p < .01.
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TABLE A2
Are Later School Start Times Associated With Student Achievement?

EOC Algebra I EOC Biology EOC English I/II ACT Composite
School fixed effects

Start time -0.079" (0.040) 0.047 (0.038) 0.030 (0.026) —0.183 (0.253)
Economically disadvantaged students

Yes —0.077" (0.039) 0.042 (0.038) 0.027 (0.026) —0.183 (0.261)

No —0.082" (0.040) 0.052 (0.038) 0.034 (0.026) —0.191 (0.256)
Minority students

Yes —0.068+ (0.040) 0.036 (0.038) 0.021 (0.026) —0.187 (0.258)

No —0.090" (0.040) 0.052 (0.038) 0.036 (0.027) —0.201 (0.251)
Low-performing students

Yes —0.074+ (0.040) 0.034 (0.039) 0.020 (0.027) 0.068 (0.250)

No —0.081" (0.040) 0.050 (0.038) 0.033 (0.027) —0.136 (0.235)

School district fixed effects

Start time 0.015 (0.030) 0.013 (0.046) 0.049 (0.031) 0.414" (0.235)
Economically disadvantaged students

Yes 0.021 (0.030) 0.005 (0.046) 0.046 (0.031) 0.433" (0.242)

No 0.007 (0.030) 0.019 (0.047) 0.051 (0.031) 0.404" (0.243)
Minority students

Yes 0.027 (0.030) 0.006 (0.046) 0.045 (0.032) 0.484" (0.238)

No —0.005 (0.030) 0.022 (0.047) 0.053+ (0.031) 0.351 (0.251)
Low-performing students

Yes 0.026 (0.030) —0.008 (0.046) 0.037 (0.032) 0.608" (0.212)

No 0.011 (0.030) 0.017 (0.046) 0.051 (0.031) 0.314 (0.210)

Note. This table displays results from models estimating the associations between high school start times and student achievement outcomes. Values are

presented as B (SE). EOC = end of course. 'p < 10. *p <.05. **p < .01.
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Notes

1. During our study period, North Carolina provided school
transformation/turnaround services to the 22 lowest-performing
high schools (part of the state’s Race to the Top initiative). Three
of these high schools started before 7:30 am, five between 7:30
AM and 7:59 am, seven between 8:00 am and 8:29 Am, and seven
at 8:30 am or later. Results from specification checks controlling
for a “turnaround” indicator were consistent with the main results
presented in Tables 3 to 6.

2. We preferred linear probability models for binary outcomes
for the ease in interpreting coefficients. Specification checks with
logit models returned similar results.

3. Our student achievement models for algebra I, biology, and
English also included select classroom and teacher covariates.

4. The median time difference between the earliest- and latest-
starting high schools was 20 minutes.

5. Given the small sample of schools making start time changes,
we did not model nonlinear start time effects with indicator vari-
ables (e.g., before 7:30 am, 7:30-7:59 am).

6. In addition to models with a school district fixed effect, we
estimated models with a School District x Year fixed effect. This

accounted for time-varying district effects (e.g., policies/interven-
tions) that may have influenced our start time estimates. Results
from these analyses were very similar to those from school dis-
trict fixed effect models.

7. The estimate for the continuous start time measure was
—0.013; the estimates for the start time indicators, in reference to
schools starting before 7:30 am, were —0.045, —0.038, and —0.029,
respectively.

8. We also estimated models interacting the student indicators
with the categorical start time indicators. The results were consis-
tent with those generated with the continuous start time variable, so
only the continuous interactions are displayed for brevity.
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