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1 Introduction

Sleep is now a focus of both popular books and academic research in public health and

social sciences (Huffington, 2016; Walker, 2017; Attia, 2023; Haidt, 2024). A growing body

of evidence shows that sleep influences cognitive function, productivity, and long-term health

(Lim and Dinges, 2010; Cappuccio et al., 2010; Grandner, 2022; Gibson and Shrader, 2018;

Giuntella and Mazzonna, 2019; Giuntella et al., 2026). For adolescents, sleep is especially

important, supporting physical growth, emotional regulation, and cognitive development

(Twenge et al., 2017; Lo et al., 2016; Giddens et al., 2022; Creswell et al., 2023). The

American Academy of Sleep Medicine accordingly recommends that adolescents aged 13–18

get 8–10 hours of sleep per night (Paruthi et al., 2016). Yet most fall short of these guidelines,

due to biological, social, and environmental factors (Pallesen et al., 2011; Carskadon et al.,

1998; Carskadon, 2002; Haidt, 2024).

A key barrier to adequate sleep for adolescents is their delayed circadian phase, which

shifts natural sleep-wake cycles later into the night (Crowley et al., 2007). This biological

pattern conflicts with early school start times, generating chronic sleep deficits among teens

(Hafner et al., 2017). Electronic device use compounds the problem by further delaying

sleep onset (Twenge et al., 2019; Billari et al., 2018). The shift toward later sleep timing

also differs by sex: from late adolescence through early adulthood, men’s sleep on free days

is centered later in the night than women’s, and their chronotype continues to delay for

about a year longer (Roenneberg et al., 2004; Fischer et al., 2017). Sleep deficits are also

larger among Hispanic, Black, and low-income adolescents (Guglielmo et al., 2018; Giddens

et al., 2022), potentially reflecting household constraints (e.g., parents’ nonstandard work

schedules, longer commutes, crowded housing, and norms about bedtimes) that make an

early bell harder to accommodate. Differences in biological sleep timing and household

circumstances suggest that the effects of later school start times may vary across students.

A substantial literature has examined how school start times affect adolescent sleep and

academic performance (Heissel and Norris, 2018; Carrell et al., 2011; Groen and Pabilo-
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nia, 2019; Hafner et al., 2017). With few exceptions, this evidence comes from localized

quasi-experiments: district-level or institution-specific schedule changes whose effects de-

pend on the surrounding schedules and institutions. Scaling such a policy from voluntary

local adoption to a statewide mandate may change its effects for three reasons. First, vol-

untary adopters may differ from other districts in their expected benefits, implementation

costs, or capacity to change schedules. A mandate extends the policy to districts that

would not otherwise adopt it. Second, broader implementation may induce adjustments in

transportation, athletics, after-school programs, and family schedules that are less feasible

when adoption is isolated. Third, coordinated changes across districts may ease scheduling

conflicts faced by individual adopters. Estimates from local adoptions therefore need not

predict the effect of a statewide mandate. Recent work stresses that effects estimated in

local experiments often change when a policy is taken to scale (List, 2022, 2024). Effects

at scale could be larger or smaller than those estimated from local adoption. California’s

statewide class-size reduction, for instance, produced smaller gains than those observed in

the Tennessee STAR experiment, as scaling changed who was treated and the quality of the

teachers hired to deliver it (Jepsen and Rivkin, 2009; Adusumilli et al., 2024).

California’s Senate Bill 328 (SB 328) is the first U.S. statewide mandate requiring middle

schools to start no earlier than 8:00 a.m. and high schools no earlier than 8:30 a.m. According

to our own survey, the mandate was binding for roughly 80% of the non-rural California

districts that responded1 and required all affected districts to change at the same time. This

broad implementation allows us to examine both the effects of the mandate and whether

transportation, extracurricular activities, and parents’ work routines adjusted to later school

start times.

We draw on four data sources. The Youth Risk Behavior Survey (YRBS) measures

sleep duration and mental health outcomes for high school students. The American Time

Use Survey (ATUS) provides sleep timing and duration from the time diaries of respondents

1Based on our survey of pre-policy start times; see Section 2.1 and 3.3 for details.

3



aged 15–18, together with their sports participation and its timing, paid work, and phone use,

and the work and commuting schedules of their parents. Children under 13 do not complete

diaries, but adult respondents report when the first child under 13 in the household woke up

and when the last one went to bed, which we use as measures of children’s wake and bedtimes.

For academic outcomes, we use a within-state design that accounts for common California-

wide shocks. We compare schools in counties where the mandate required a larger shift in

schedules with schools in counties that already started late or were exempt,2 proxying pre-

policy start times with teachers’ commute arrival times in the American Community Survey

(ACS) and measuring outcomes with school-level records from the California Department of

Education (CDE).

We first show that teachers and students arrive at school later after the mandate takes

effect, consistent with a shift to later school start times. Using the YRBS, we find that

SB 328 increased the share of students sleeping at least 8 hours per night, the recommended

minimum for this age group, by 13%. In the ATUS, among teenagers aged 15–18, the share

awake by 6 a.m. declined by 61% and the share sleeping at least 8 hours rose by 14%.

For children under 13, later wake times contributed to increases in sleep duration, with the

share awake by 6 a.m. declining by 63% and the share sleeping at least 8 hours increasing

by 12%. Estimates for mental health outcomes in the full sample are imprecise. Turning

to academic outcomes, because the survey response rate was low, we use teachers’ arrival

times at work to proxy for pre-policy school start times. Using administrative data from

the California Department of Education, we find that in schools in counties where pre-policy

start times were earlier the share of students meeting state standards rose by about 1.7–

1.8 percentage points in math, English, and science at the high school level, with gains

accumulating over 2023–2025, comparable gains in math and English and a smaller gain

in science in grade 8, and suggestive declines in dropout and suspension rates. Finally, we

examine how extracurricular activities and family schedules adjusted to the mandate. Time-

2SB 328 explicitly exempted rural school districts from its provisions.
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use diaries suggest that adolescents’ weekday sports participation declined and shifted later

in the day, while parents of affected children woke up and arrived at work slightly later, with

no change in commuting time.

We also examine differences by gender and ethnicity, motivated by the discussion above,

as exploratory analyses. Using YRBS data, we find suggestive evidence that boys experienced

larger improvements in sleep duration than girls, although the differences are not precisely

estimated. For mental health, effects on the likelihood of reporting difficulty concentrating

are similar across genders, but boys show significant reductions in the likelihood of reporting

sadness/hopelessness and suicidal intentions. Hispanic students show the largest reduction

in difficulty concentrating, but not the largest sleep gains. Within California, Hispanic

students also experienced the largest improvements in test performance, and economically

disadvantaged students gained significantly, while gains among White students were smaller

and less precisely estimated. These patterns are consistent with the view that a later start

time relaxes a more binding constraint for groups with larger pre-policy sleep deficits, but we

view them as suggestive: the heterogeneity was not pre-specified, and the subgroup contrasts

are not precisely estimated.

In the YRBS, event-study estimates show no evidence of differential pre-trends, lend-

ing support to the parallel trends assumption underlying our identification strategy. In the

smaller ATUS samples, a few early bins differ from zero, but they do not exhibit a system-

atic trend toward the post-policy estimates. Permutation tests that randomly reassign the

treatment state and adoption year place the estimated California effects toward the tails

of the placebo distributions. As further checks, we find no evidence that SB 328 affected

school-level enrollment, racial or gender composition, or the share of economically disadvan-

taged students. We also find no effects on outcomes unlikely to respond to the policy, such

as vision and hearing difficulties. These results provide reassurance against compositional

changes and broader health trends as explanations for our findings.

We contribute to three related literatures. First, on school start times and academic
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achievement, existing quasi-experimental evidence comes almost entirely from localized vari-

ation (voluntary district-level adoption, institution-specific schedule changes, or naturally

occurring geographic variation (Hinrichs, 2011; Carrell et al., 2011; Edwards, 2012; Heissel

and Norris, 2018; Bastian and Fuller, 2023; James et al., 2023)). SB 328 is a statewide

mandate and, because adoption was simultaneous, we can trace how households and sched-

ules outside the school adjusted. We provide the first evidence from a statewide mandate

and document its effects on sleep, mental health, and achievement in math, English, and

science. Second, on sleep, human capital, and productivity, prior work has documented the

importance of sleep for cognitive performance and earnings (Giuntella et al., 2017; Gibson

and Shrader, 2018; Jagnani, 2021; Bessone et al., 2021; Giuntella et al., 2026). We ex-

tend this literature by estimating the effects of a policy that increases adolescent sleep at

statewide scale and by documenting the household adjustments that accompany it. Third,

we contribute to research on disparities in adolescent sleep and well-being. Prior work has

documented greater sleep deficits among boys and Hispanic youth (Giddens et al., 2022;

Scott et al., 2021). We find suggestive evidence of larger improvements in sadness and suici-

dal ideation among boys and in difficulty concentrating among Hispanic students, although

these patterns are not uniform and subgroup differences are imprecisely estimated.

School start times remain an active policy issue in other states. Florida enacted a similar

statewide mandate in 2023 (House Bill 733), but legislation enacted in 2025 (CS/CS/SB 296)

allowed districts to comply by submitting a report to the Department of Education rather

than changing their schedules. Florida’s rollback highlights the implementation challenges

surrounding statewide start-time mandates and the importance of understanding how schools

and households adjust.3

The remainder of the paper proceeds as follows. Section 2 reviews SB 328 and the

3Legislation proposing statewide minimum school start times was introduced in New York during the
2025–2026 session (S. 2631A, requiring public secondary schools to start no earlier than 8:30 a.m., with
state aid tied to compliance) and Missouri in 2026 (S.B. 1710, proposing an 8:30 a.m. minimum for public
high schools, with hardship waivers). The Florida Senate’s analysis of the state’s 2025 rollback documented
district concerns about bus-driver shortages, transportation costs, child care, and after-school activities.
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prior evidence on school start times, including a PRISMA-style systematic review of quasi-

experimental studies. Section 3 describes the four data sources and the cross-state and

within-state empirical specifications. Section 4 presents the main results on sleep, mental

health, and academic outcomes, together with permutation tests and placebo checks, and

shows how adolescents’ activities and parents’ schedules adjusted. Section 5 documents

heterogeneity by gender and ethnicity. Section 6 concludes.

2 Background

2.1 SB 328

Senate Bill 328 (SB 328), signed into law by Governor Gavin Newsom on October 13, 2019

and codified at California Education Code §46148, requires California middle schools to start

no earlier than 8:00 a.m. and high schools no earlier than 8:30 a.m. Districts were required

to comply by July 1, 2022, or if applicable, upon the expiration of any collective bargaining

agreement in effect as of January 1, 2020, whichever was later. The legislation includes

an exemption for rural school districts, which face distinct logistical challenges including

longer transportation times and fewer resources for schedule adjustments. We exploit this

exemption in the within-state analysis below.

To assess how binding the mandate was at the outset, we conducted a survey of Cali-

fornia school districts on their pre-policy start times. Among the 114 non-rural respondents

reporting whether they shifted schedules in response to SB 328, approximately 80% reported

a shift, indicating that the mandate required schedule changes for the large majority of high

school districts.4 SB 328 makes California the first state in the U.S. to enact a statewide

4Of the 674 relevant California school districts, 421 are high school-relevant (76 high school districts and
345 unified districts that span both elementary and secondary grades); the remaining 253 are elementary
districts which operate no schools subject to SB 328’s high school threshold, but they do include middle
schools or middle school-level grades (hence still subject to SB 328’s middle school threshold). Of the 114
non-rural respondents reporting whether they shifted schedules, 91 (approximately 80%) reported shifting.
Consistently, among 85 non-rural respondents with usable pre-policy start times, 78 (92%) had start times
before the 8:30 a.m. threshold. Rural districts are statutorily exempt and excluded from both calculations.
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mandate on school start times.

2.2 Previous evidence on school start times

Prior research on school start times and student outcomes ranges from cross-sectional cor-

relational analyses to randomized experiments. To organize this evidence we conducted a

PRISMA-style systematic search of the quasi-experimental literature (42 studies, 33 of which

report parametric standard errors; 18 provide effect sizes in a common metric and enter the

pooled forest plots); we summarize the main findings here, the Appendix reports the search

protocol, the list of studies, and the distribution of estimated effects (Figure A.1, Table A.23,

and the forest plots in Figures A.2 and A.10; Table A.1 summarizes representative study-level

estimates).

The most consistent finding in the literature is that later start times increase sleep du-

ration.5 Two meta-analyses that cover 20 and 28 studies confirm this (Bowers and Moyer,

2017; Yip et al., 2022), and Yip et al. (2022) find better sleep and development outcomes for

school start times between 8:30 and 8:59 a.m. than for 8:00–8:29 a.m. Quasi-experimental

estimates of sleep gains in non-boarding settings range from 19 to 43 minutes (Owens et al.,

2017; Widome et al., 2020; Jung and Fenelon, 2024), though the gains from a South Korean

regional mandate largely faded within a year (Jung and Fenelon, 2024).

Evidence on standardized tests is mixed. Hinrichs (2011) uses policy changes in the

Twin Cities metropolitan area and finds no effect on academic achievement. Results for

non-test outcomes are more consistent: Lenard et al. (2020) document increases in absences,

tardiness, and dropout rate when start times are moved earlier, and James et al. (2023) find

improved attendance and reduced tardiness, with GPA gains of up to 0.17 points emerging

in the second year of follow-up.

5Pooling the quasi-experimental sleep estimates in Appendix Figure A.2 with inverse-variance random-
effects (REML) weights gives approximately 39 additional minutes of sleep per one-hour delay in start
time (95% CI: 26–51; k = 10), with substantial heterogeneity across settings (I2 = 90%): non-boarding
studies cluster around 20–45 minutes while boarding-school settings yield 70–90. The corresponding pooled
test-score effect is 0.03 SD per hour (95% CI: 0.01–0.05; k = 18 study–outcome estimates from 9 studies;
I2 = 73%). Study-level estimates are in Appendix Table A.23.
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Several quasi-experimental studies do find positive test score effects. Heissel and Norris

(2018) find +0.06–0.08 SD per hour using variation in sunrise times across a time-zone

boundary, with math effects concentrated among adolescents; Edwards (2012) finds gains of

1.5–3 percentile points per hour using variation driven by bus scheduling in North Carolina

middle schools; Carrell et al. (2011) estimate that a 50-minute earlier start lowers grades

by 0.13 SD (0.15 SD per hour), using random assignment to course schedules at the U.S.

Air Force Academy. Groen and Pabilonia (2019), using time-diary data from the Child

Development Supplement to the Panel Study of Income Dynamics (PSID-CDS), document

suggestive reading gains of 0.16–0.28 SD for female students with no detectable effect for

males, though their identification relies on OLS with selection bounds rather than a quasi-

experimental design.6

Prior studies also report heterogeneity along the dimensions we examine. Bastian and

Fuller (2023), using six years of statewide administrative data from North Carolina with

student fixed effects, find that later start times reduce absences and suspensions among eco-

nomically disadvantaged students, consistent with the larger academic gains among Hispanic

students and the significant gains among economically disadvantaged students that we doc-

ument. Evidence on gender is mixed: Groen and Pabilonia (2019) find gains only for girls,

whereas Lusher and Yasenov (2016, 2018), exploiting a double-shift setting in which schools

alternate monthly between morning and afternoon blocks, find that boys benefit from later

starts while girls are unaffected, which explains up to 16% of the gender performance gap in

morning classes. They attribute this to gender differences in sleep cycles, the mechanism we

discussed above and one consistent with the somewhat larger, though imprecisely estimated,

sleep gains we find for boys in the YRBS.

6Two studies provide evidence on the effect of sleep itself. Jagnani (2021), exploiting variation in sunset
times across Indian districts that shifts children’s sleep, finds that less sleep reduces human capital formation.
Giuntella et al. (2026), in a randomized field experiment with U.S. university students, show that incentives
increasing weeknight sleep by 19 minutes raise semester grades by 0.10–0.11 SD, with effects operating
through cognitive and regularity channels rather than attendance. Because the latter varies sleep without
changing schedules or light exposure, it supports sleep as a mechanism distinct from other features of later
start times.
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3 Data and empirical specification

3.1 Data

Our analysis draws on four data sources: the Youth Risk Behavior Surveillance System

(YRBS), the American Time Use Survey (ATUS), administrative school-level records from

the California Department of Education (CDE), and the American Community Survey

(ACS). The YRBS and ATUS data support the cross-state difference-in-differences anal-

ysis of sleep and mental health. The CDE and ACS data support the within-state analysis

of academic outcomes, with CDE providing school-level outcomes and ACS providing teach-

ers’ commute arrival times used as a proxy for pre-policy school start times. We also examine

state-level SAT score reports from the College Board as a descriptive complement for high

school outcomes as discussed below.

3.1.1 Youth Risk Behavior Surveillance System (YRBS)

The Youth Risk Behavior Surveillance System (YRBS), conducted biennially by the Cen-

ters for Disease Control and Prevention (CDC), collects data on a nationally representative

sample of high school students in grades 9–12 (typically ages 14–18). The survey covers

health behaviors including sleep duration, mental health, physical activity, and substance

use. We use the national YRBS samples, which identify the respondent’s state of residence;

over our sample period they cover 47 states and Washington D.C. (South Dakota, Vermont,

and Wyoming do not appear), with between 25 and 31 states represented in any given wave.

We focus on the years 2007–2023. Summary statistics are reported in Table A.2.

3.1.2 American Time Use Survey

The American Time Use Survey (ATUS), conducted annually by the U.S. Bureau of Labor

Statistics, provides self-reported data on daily activities and time allocation for a nationally

representative sample of U.S. residents. We focus on weekdays and two analysis samples:
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adolescents aged 15–18 and children aged 0–12, for whom we observe wake-up times, bed-

times, and sleep duration.7 We use data from 2003 to 2024, excluding 2020 due to the

COVID-19 pandemic. For children under 13, the ATUS instructs the respondent to report

time use for either the eldest or youngest child in the household. To ensure that wake-up

and bedtime reports can be attributed to the same child, we restrict the under 13 analysis

to single-child households and report results including all households with at least one child

under 13 as a robustness check in the Appendix. Summary statistics for both samples are

reported in Table A.3. The share of adolescents sleeping at least 8 hours is much higher in

the ATUS (70%) than in the YRBS (27%): the diary records the actual sleep episodes of one

specific day, including weekday diaries from school holidays, whereas the YRBS asks students

to classify their sleep on a usual school night into hour categories, and self-reported sleep is

known to differ systematically from diary- and actigraphy-based measures (Lauderdale et al.,

2008). Our estimates compare changes within each survey, so the level difference does not

affect them. For the analysis of adjustment margins in Section 4.5, we construct from the

adolescents’ diaries indicators for any sports or exercise on the diary day and for its timing,

for any paid work, and for time spent on the phone, messaging, and social media, and we

use the diaries of parents aged 25–64 whose eldest own child in the household is at least 11

and whose youngest is at most 18 for their wake-up and bedtimes and the hours at which

they are at work. The ACS, described below, provides the time at which parents arrive at

work and their commute duration.

3.1.3 California Department of Education (CDE)

For academic outcomes, we draw on administrative data from the California Department

of Education (CDE), which publishes annual school-level records for all public middle and

high schools in California. These data provide a rich set of outcomes spanning academic

achievement and disciplinary measures. Although SB 328 applies to middle and high schools,

7As a robustness check, we further exclude observations from the summer and other holidays.
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younger students may be affected indirectly, through district-wide bell-schedule changes that

move elementary start times together with secondary ones, especially in K–8 or 6–12 school

configurations, and through shared household routines (Edwards, 2012; Groen and Pabilonia,

2019; Foster and Kalil, 2007).8

For academic outcomes, we use school-level data on standardized test scores from the

California Assessment of Student Performance and Progress (CAASPP). Specifically, we

examine the log of the mean scale score and the share of students meeting or exceeding the

state standard in mathematics, English language arts/literacy (ELA), and science. Math

and English outcomes are measured for Grade 11 at the high school level and Grade 8 at the

middle school level. California Science Test (CAST) is administered by middle schools in

Grade 8, while high schools can choose to administer it in Grade 10, 11, or 12. For dropout

rates and disciplinary outcomes, we use school-level data on four-year cohort dropout rate,

suspension rate, and the number of suspensions per 1,000 pupils. The dropout rate is

available only for high schools, while suspensions sample covers both school levels combined.

The CDE data span the academic years 2011–12 through 2024–25, but data availability

varies by outcome.9 For assessment outcomes, we exclude the school years 2019–20 and

2020-21 due to the disruption to standardized testing caused by the COVID-19 pandemic.10

The resulting panel covers approximately 1,700–2,500 schools for assessment outcomes and

roughly 6,200 schools for school-wide suspension outcomes.

As a descriptive complement, we also use state-level SAT scores published by the College

Board.11 The SAT was redesigned in 2016, and we use scores for the 2018 and 2021–2023

graduating cohorts. For students with multiple test attempts, the data report the most

8Our district survey did not ask about elementary start times. The ACS arrival times of elementary
and middle school teachers, who share an occupation code, do shift later after 2022 (Table A.4), consistent
with some elementary schedules moving as well. We return to the interpretation of the under-13 estimates
in Section 4.

9Suspensions data is available for academic years 2011–12 through 2024–25; math and English assessment
data is available for academic years 2014–15 through 2024–25; dropout data is available for academic years
2016–17 through 2024–25; science assessment data is available for academic years 2018–19 through 2024–25.

10Standardized testing in California generally takes place in the spring, with most school districts imple-
menting it between March and May (source: California Department of Education, 2025).

11https://reports.collegeboard.org/sat-suite-program-results
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recent section scores. SAT data are available only at the state level, precluding heterogeneity

analysis. We interpret the SAT results as descriptive rather than causal, since the test-

optional admissions policies adopted during COVID-19 changed the composition of SAT

takers in ways that confound simple pre-post comparisons; we discuss this further below.

3.1.4 American Community Survey (ACS)

The American Community Survey (ACS), conducted by the U.S. Census Bureau, records for

each employed respondent the time they leave home for work, the duration of their commute,

and their occupation, from which we infer the time they arrive at work. We use the ACS

in three ways. First, the arrival times of K–12 teachers (IPUMS occupation codes 2310 for

elementary and middle school teachers and 2320 for high school teachers) provide the proxy

for pre-policy school start times that defines treatment in the within-state analysis; we use

the 2015–2019 five-year sample to construct county-level pre-policy arrival-time distributions

and the 2023 one-year sample to document the post-policy shift (Section 3.3). Second, for

the analysis of household adjustment in Section 4.5, we use the 2015–2024 samples of parents

aged 25–64 with a child aged 11–18 in the household to measure the time they arrive at work

and the length of their commute, excluding 2020 (the experimental pandemic sample) and

2022 (for which the interview month is unavailable). Third, the ACS reports self-assessed

vision and hearing difficulties for adolescents, which we use as placebo outcomes that school

schedules should not affect. ACS person weights are used throughout.

3.2 Empirical specification

To identify the causal effects of SB 328 on sleep and mental health, we estimate a difference-

in-differences (DID) model. We compare changes in sleep and mental health outcomes for

students in California after the 2022 implementation of SB 328 to changes in other states

over the same period.12 We complement this cross-state DID with a within-state design

12The timing of treatment varies slightly across datasets, reflecting differences in data collection schedules.
For the YRBS, the treatment period corresponds to the 2023 wave, the first survey conducted after the
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that exploits variation in pre-policy compliance across California districts, described in Sec-

tion 3.3.

Formally, we estimate the following DID model:

yist = α+ β SB328st + γXist + τt + ηs + ϵist (1)

where yist is a metric of sleep or mental health outcomes; β captures the effect of the SB 328

adoption in California, Xist is a battery of individual controls (e.g. sex, age), and τt and

ηs are year and state fixed effects, respectively. Standard errors are clustered at the state

level. Identification rests on the parallel trends assumption: in the absence of SB 328,

outcomes in California and other states would have followed parallel trends. We assess this

assumption through event-study estimates and through permutation tests that reassign the

treatment to other states. Because YRBS and ATUS are nationally representative but not

state-representative, we weight observations using population data from the National Cancer

Institute’s Surveillance, Epidemiology, and End Results (SEER) Program, assigning weights

to each respondent based on state of residence, survey year, age, sex, and race.13

To examine dynamic treatment effects and assess the plausibility of the parallel trends

assumption more directly, we also estimate an event-study specification of the form:

yist = α+
∑
k ̸=−1

δk · 1{s = CA} · 1{t− 2022 = k}+ γXist + τt + ηs + ϵist (2)

where 1{s = CA} is an indicator for California, 1{t − 2022 = k} is an indicator for year

k relative to the 2022 SB 328 implementation, and δk captures California’s deviation from

the comparison-state trend in event-time k. We omit k = −1 as the reference period. The

policy’s implementation. The ATUS collects data continuously throughout the calendar year and includes
month-level identifiers; we define the treatment period as beginning with the 2022–2023 academic year, when
SB 328 took effect. For the SAT score data, the treatment period begins with the 2023 graduating cohort.
For the CDE data, the treatment period begins with the 2022–2023 academic year, the first full school year
under SB 328; the 2019–2020 and 2020–2021 school years are excluded due to COVID-19 disruptions to
standardized testing.

13For the ATUS sample of children under 13, individual demographic characteristics are not consistently
observed; we instead weight by the state-year population of individuals aged 0–12.
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vectorXist includes individual-level controls and state-level covariates capturing demographic

composition and economic conditions.14 Because of limited annual sample sizes in the ATUS

and inconsistent state-year coverage in the YRBS, we aggregate observations into multi-year

bins for the event-study analysis of these data, which improves power while preserving pre-

and post-treatment dynamics.

3.3 Within-state analysis

For academic outcomes, and to address potential concerns about state-level confounders

more generally, we use a within-state identification strategy that exploits variation in pre-

existing compliance with SB 328 across California school districts. SB 328 only required

changes from districts with pre-policy start times earlier than the new thresholds (8:00 a.m.

for middle schools and 8:30 a.m. for high schools). Districts with earlier start times were

therefore directly affected by the mandate, while already-compliant districts together with

rural districts (exempt from the SB 328 provisions) serve as a within-California control

group. In practice, we compare changes in school outcomes before and after 2022 in counties

where the mandate required a larger shift (i.e., where teachers used to arrive earlier) with

changes in counties whose schools already started late or were exempt. This design absorbs

common statewide shocks (e.g., concurrent state education reforms, demographic trends,

or statewide changes in schedules and transportation) that could otherwise confound the

cross-state estimates, although it does not rule out differential shocks across counties.

Direct district-level data on pre-policy start times are not systematically available. The

district survey described in Section 2 (approximately 80% of responding non-rural high school

districts reported shifting schedules in response to SB 328) confirms that the mandate was

binding for the large majority of high school districts subject to the law. However, although

14For YRBS, state-level covariates include population, population density, share of households with chil-
dren, marital status and education variables, unemployment rate, median household income, and child
poverty rate. For ATUS respondents aged 15–18, state-level covariates include the share of households with
children, married share, school dropout rate (aged 16-19), unemployment rate, and child poverty rate. For
children under 13, the vector adds total state population, share of divorced individuals, share of individuals
with at least a high school degree, and median household income.
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we contacted all 674 relevant California school districts, the response rate among the 421

high school-relevant districts (76 high school-only and 345 unified) was approximately 27%

and likely selective, making the survey unsuitable as a systematic district-level measure of

treatment intensity. We do, however, use the responding districts as a validation sample:

estimates that define treatment from the surveyed start times are reported in Appendix

Table A.16 and are in line with those based on the teacher-arrival proxy.

We therefore proxy for pre-policy school start times using teachers’ commute arrival

times from the American Community Survey. In districts with earlier school start times,

teachers arrive earlier, so reported commute arrival times should reflect the underlying school

schedule. We validate this proxy with two comparisons. First, the arrival-time distribution

for California high school teachers shifted markedly toward later hours following SB 328’s

implementation in 2022, while distributions for teachers in other states were stable over

the same period (Figure 1), indicating the shift was California-specific. Second, within

California, commute schedules for workers in other occupations remained stable over the same

period (Appendix Figure A.5), making broader labor-market shifts an unlikely alternative

explanation. Together, these patterns support the use of pre-policy teacher arrival times as

a proxy for pre-policy school start times.

Appendix Figures A.6 and A.7 provide analogous evidence for middle school teachers.

Both show a post-implementation shift toward later arrivals, smaller in magnitude than

for high school teachers. This is consistent with the mandate being less binding for mid-

dle schools: pre-policy middle school teacher arrivals were already concentrated near the

8:00 a.m. threshold.

Table A.4 formalizes this pattern, with treatment defined at the county level. Following

SB 328, high school teachers’ arrival times in treated California counties shifted approx-

imately 19 minutes later (p < 0.05), and elementary and middle school teachers’ arrival

times by approximately 12 minutes (p < 0.01).

We further validate the proxy using self-reported school arrival times of 15–18 year olds

16



Figure 1: Validating the Teacher Arrival-Time Proxy: ACS Arrival Times, California High
School Teachers vs. High School Teachers in Other States, Pre- vs. Post-SB 328

Notes: The figure presents kernel density estimates of self-reported arrival times at work among high school teachers, using
data from the American Community Survey (ACS) for the years 2015–2019 and 2023. The pre-SB 328 period uses the 5-year
ACS sample (2015–2019); the post-SB 328 period employs the 1-year 2023 ACS sample, the first full wave after the policy took
effect on July 1, 2022. High school teachers are identified using IPUMS 2018 occupation code 2320. The sample is restricted to
respondents with reported arrival times between 5:00 a.m. and 10:00 a.m. Observations are weighted by ACS person weights
(perwt). The vertical dashed line at 8:30 a.m. marks the minimum high school start time mandated by SB 328. The figure
shows a marked rightward shift in the distribution of California high school teacher arrival times following the policy, with
the post-period mass concentrating immediately below the 8:30 a.m. threshold, while the distribution of arrival times for high
school teachers in other states is essentially unchanged between the pre- and post-periods. This pattern supports the use of
pre-policy teacher arrival times as a proxy for pre-policy school start times in the within-state analysis.
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in the ATUS, restricted to metropolitan areas (Table 1).15 We measure the time each student

arrives at school as the first minute at school recorded in the diary. Across the estimation

sample, 85% of high-school students in metropolitan areas who attended class were at school

by 8:30 a.m., the earliest start time the law permits for high schools; after SB 328, that share

fell by 38 percentage points in California relative to students in other states (p < 0.01). The

share at school by 8:00 a.m. fell by 20 percentage points (sample mean 67%), while the share

at school by 7:30 a.m. was unchanged, consistent with early-morning athletics and “zero

period” classes continuing as before. The mandate thus moved arrivals from the hour before

8:30 a.m. to 8:30 a.m. or later.

We define a county’s treatment intensity based on its pre-policy teacher arrival-time

distribution, constructed from the ACS 2015–2019 5-year sample. For high school outcomes,

counties in the bottom three quartiles of pre-policy mean teacher arrival time are classified

as treated and the top quartile plus rural counties as control; for middle school outcomes,

counties in the bottom two quartiles are classified as treated and the top two plus rural

as control.16 The asymmetry reflects the weaker bite of the mandate at the middle school

level (Appendix Figure A.6).17 The cut points are guided by the pre-policy arrival-time

distributions in Figure 1 and Appendix Figures A.6–A.7, which show that teachers’ arrival

times differ sharply across school levels; results are robust to alternative cuts, including

a top-versus-bottom-quartile contrast and an above-versus-below-mean measure (Appendix

Tables A.14 and A.15; the sharper top-versus-bottom contrast is less precisely estimated).

15We restrict to respondents in metropolitan areas (IPUMS metro codes 1–3) to exclude rural areas, which
approximate the rural districts exempted from SB 328 under the statute. Restricting further to central cities
(metro code 1, Panel B) yields larger shifts: the share at school by 8:30 a.m. falls by 66 percentage points,
consistent with the mandate binding most strongly in urban districts with the earliest pre-policy start times.

16Throughout the within-state analysis, “rural” counties are those that cannot be identified in the ACS
public-use microdata because of their small population (the ACS identifies counties only when they contain
at least one public-use microdata area, in practice counties with roughly 100,000 residents or more). These
small, predominantly rural counties have no teacher arrival-time measure and are assigned to the control
group. This is an approximation to the statute’s exemption, which applies to rural districts as designated by
the state rather than to counties: we have not matched the two classifications, and exempt districts located
in identified counties are classified by their county’s arrival times like any other school.

17For schoolwide suspension outcomes in a combined high school/middle school sample, we apply the
high school treatment definition utilizing arrival times of all non-higher ed. teachers.
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Table 1: SB 328 and the Time Students Arrive at School, ATUS (Ages 15–18)

(1) (2) (3)
Share of students already at school by

7:30 a.m. 8:00 a.m. 8:30 a.m.

Panel A: All metropolitan areas (metro ≤ 3)

Policy (SB 328) −0.048 −0.200∗∗∗ −0.383∗∗∗

(0.066) (0.058) (0.023)

Observations 2,600 2,600 2,600
R-squared 0.100 0.107 0.116
Mean of dep. var. 0.355 0.665 0.849

Panel B: Metropolitan, central cities (metro = 1)

Policy (SB 328) −0.070 −0.440∗∗∗ −0.662∗∗∗

(0.063) (0.078) (0.059)

Observations 708 708 708
R-squared 0.217 0.215 0.289
Mean of dep. var. 0.330 0.618 0.817

Notes: Data come from the 2003–2024 American Time Use Survey (ATUS). 2020 is omitted due to incomplete data
collection during the COVID-19 pandemic, and observations are restricted to weekday diaries. Each column within
a panel reports estimates from a separate difference-in-differences regression of an indicator for being at school by
the stated time on a post-SB 328 × California interaction (post = September 2022 onward), with state, year, sex,
age, month, SEER race and Hispanic-origin fixed effects and the state-level controls of Table 3; observations are
weighted by SEER state-year-age-sex-race population weights. The time a student arrives at school is the first
minute at school recorded in the diary, obtained from the minutes spent at school between 7:00 and 8:00 a.m. and
between 8:00 and 8:30 a.m.; a student who reports no time at school before 8:30 a.m. arrived at 8:30 a.m. or
later. The three indicators are cumulative: column (3) is one for every student at school by 8:30 a.m., the earliest
start time SB 328 permits for high schools. The sample is restricted to ATUS respondents aged 15–18, enrolled
full time in high school, who report attending class on the diary day. Panel A includes all metropolitan areas
(IPUMS metro codes 1–3), excluding nonmetropolitan areas that most closely correspond to the rural districts
exempted from SB 328; Panel B restricts to central cities of metropolitan areas (metro code 1). Standard errors in
parentheses, clustered at the state level. *** Significant at the 1% level, ** Significant at the 5% level, * Significant
at the 10% level.
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We aggregate teacher arrival times to the county of work—the finest geography at which ACS

cell sizes are large enough to construct stable pre-policy means—and assign every school the

treatment status of its county. We then estimate two-way fixed effects models of the form:

yst = α+ β · Policyct + γXst + τt + ηs + ϵst (3)

where yst is an outcome of interest in school s and year t; Policyct is an indicator equal to

one for non-compliant counties in post-implementation years; Xst is a vector of time-varying

school-level controls; and τt and ηs are year and school fixed effects respectively. Standard

errors are clustered at the county level.

We additionally estimate event-study specifications analogous to equation (2) to trace

the dynamic evolution of treatment effects and assess pre-trend balance. Outcomes are the

school-level CDE records described in Section 3.

To assess the validity of the within-state design, we conduct two placebo tests. First, in

Table A.6 (cols. 3–4), we use the ACS-based treatment intensity measures to predict out-

comes that should be unaffected by school schedules (self-reported serious vision and hearing

difficulties). We find no effect, supporting the interpretation that our identifying variation

captures schedule changes rather than broader correlated trends. Second, in Table A.7, we

use the CDE data to test whether SB 328 affected school-level composition (total enrollment,

racial composition, gender composition, share of economically disadvantaged students). The

estimates are small relative to the means and precise enough to exclude meaningful compo-

sitional shifts: total enrollment changes by −14 students on a mean of 803 (95% CI −42 to

+14), the Hispanic share by −0.4 percentage points on a mean of 56 (CI −1.8 to +1.1), the

White share by +0.3 points (CI −0.7 to +1.3), the female share by +0.1 points (CI −0.1 to

+0.2), and the socioeconomically disadvantaged share by +0.7 points on a mean of 61 (CI

−1.6 to +3.0). Compositional change is therefore an unlikely driver of the academic results.
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4 Results

4.1 Effects of SB 328 on sleep

Table 2: Policy and Sleep Outcomes, YRBS (2007–2023)

(1) (2) (3)
Sleep ≥ 6 hours Sleep ≥ 7 hours Sleep ≥ 8 hours

CA SB 328 0.067*** 0.070*** 0.036**
(0.017) (0.017) (0.017)

Observations 118,035 118,035 118,035
R-squared 0.024 0.037 0.037
Mean of dep. var. 0.792 0.558 0.271
Std. dev. of dep. var. 0.406 0.497 0.445

Notes: Data comes from the 2007-2023 national samples of the Youth Risk Behavior Survey (YRBS). Observations are
weighted by population weights obtained from National Cancer Institute’s SEER Program and assigned according to
individual’s state of residence, survey year, age, sex, and race. All specifications control for individual-level covariates
(grade, race/ethnicity, sex) and state-level characteristics (population, population density, % households with children,
marital status & education-related variables, unemployment rate, median household income, and child poverty rate). All
regressions further include state and year fixed effects. Standard errors in parentheses, clustered at the state level. ***
Significant at the 1% level ** Significant at the 5% level * Significant at the 10% level.

This section reports effects on sleep at the individual level, using YRBS and ATUS data.

Table 2 reports the effects of SB 328 on sleep duration in the YRBS. The policy increased

the share of students sleeping 6 hours or more by 6.7 percentage points (an 8% increase

relative to the mean; p < 0.01), the share sleeping 7 hours or more by 7 percentage points

(13%; p < 0.01), and the share sleeping 8 hours or more by 3.6 percentage points (13%;

p < 0.05). Figure 2 shows the corresponding event-study, comparing sleep among students

in California and other states before and after SB 328. We find no evidence of differential pre-

trends, supporting the parallel trends assumption, and the event-study estimates corroborate

the difference-in-differences results in Table 2.
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Figure 2: California SB 328 and Sleep, YRBS

Notes: The figure illustrates the differences in sleep behavior among students in California and other states before and after the
adoption of SB 328. Data comes from the 2007-2023 national samples of the Youth Risk Behavior Survey (YRBS). Observations
are weighted by population weights obtained from the National Cancer Institute’s SEER Program and assigned according to
individual’s state of residence, survey year, age, sex, and race. Survey years were pooled as follows: (1) 2008 combines 2007 &
2009; (2) 2012 combines 2011 and 2013; (3) 2016 combines 2015 and 2017; (4) 2020 combines 2019 and 2021; (5) 2023 is the
2023 wave alone. Standard errors are clustered at the state level. Coefficient estimates are provided together with the 95%
confidence intervals.
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Table 3 Panel A turns to the ATUS time diaries of respondents aged 15–18 on weekdays.

The pattern mirrors the YRBS: the share awake by 6 a.m. fell by 17.2 percentage points

(61% of the mean; column 1), the share awake by 7 a.m. by 18.4 points (31%; column 2),

and the share awake by 8 a.m. by 9.4 points (column 3); total sleep rose by about 28 minutes

(column 7), and the shares sleeping at least 7 and 8 hours by 11.5 and 9.7 points (columns

9–10). Bedtimes moved little (columns 4–6).

Figure 3: California SB 328 and Sleep, ATUS (Adolescents Aged 15–18)

Notes: The figure illustrates the differences in sleep behavior among students in California and other states before and after
the adoption of SB 328. Data come from the 2003–2024 American Time Use Survey (ATUS), excluding 2020. Observations
are weighted by population weights obtained from the National Cancer Institute’s SEER Program and assigned according to
individual’s state of residence, survey year, age, sex, and race. Survey years were pooled as follows: (1) 2004 combines 2003–
2006; (2) 2009 combines 2007–2011; (3) 2014 combines 2012–2016; (4) 2019 combines 2017–2021 and January–August 2022
(excluding 2020); (5) 2024 combines September 2022–2024. Year fixed effects are at the bin level, whereas Table 3 uses annual
year fixed effects, so the post-period coefficient and the pooled estimate need not coincide.

Figure 3 reports the corresponding event-study. Pre-period coefficients are small and

show no trend toward the post-period estimates, although with five-year bins a few early

bins differ from zero; the post-period estimates are of the same sign and similar magnitude

as the difference-in-differences estimates.

We next examine sleep effects for children under 13, using ATUS data on the wake-up
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Figure 4: California SB 328 and Sleep, ATUS (Children Under 13)

Notes: The figure illustrates the differences in sleep behavior among students in California and other states before and after
the adoption of SB 328. Data come from the 2003–2024 American Time Use Survey (ATUS), excluding 2020. Observations
are weighted by population weights obtained from the National Cancer Institute’s SEER Program and assigned according
to individual’s state of residence, survey year, age, sex, and race. Survey years were pooled as follows: (1) 2004 combines
2003–2006; (2) 2009 combines 2007–2011; (3) 2014 combines 2012–2016; (4) 2019 combines 2017–2021 and January–August
2022 (excluding 2020); (5) 2024 combines September 2022–2024. Standard errors are clustered at the state level. Coefficient
estimates are provided together with the 95% confidence intervals. Year fixed effects are at the bin level, whereas Table 3 uses
annual year fixed effects, so the post-period coefficient and the pooled estimate need not coincide.
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time and bedtime of the child in single-child households (Panel B of Table 3).18 As in Panel

A, we restrict to weekdays. Children under 13 were 8.1 percentage points less likely to be

awake by 6 a.m. (a 63% decline relative to the mean; p < 0.01, column 1) and 8.2 percentage

points less likely to be awake by 7 a.m. (19%; p < 0.01, column 2). We find no effect on the

likelihood of being awake by 8 a.m., the time by which most elementary pupils must be up.

Because the sample consists of single-child households, these shifts cannot reflect an older

sibling’s schedule. Two channels remain. First, districts may have moved elementary bell

times together with secondary ones: the ACS arrival times of elementary and middle school

teachers, who share an occupation code, shift later after 2022 (Table A.4), although we

cannot separate the two groups. Second, the household’s morning routine as a whole moved

later, consistent with the later wake-up and work-arrival times among parents of school-age

children documented in Section 4.5. The child’s age is observed in single-child households,

but only four treated diaries refer to children aged 11–12, too few to isolate the direct effect

of the middle-school threshold; the estimates are driven by children aged 6–10, to whom the

mandate did not apply.19 We therefore read the under-13 results as evidence of household-

and district-level schedule adjustment rather than of a direct effect of the mandate.

For sleep duration, we combine wake-up and bedtime reports within single-child house-

holds, where both can be confidently attributed to the same child. Sleep duration increased

by approximately 22 minutes on average (p < 0.01, column 7). The share of children sleeping

at least 7 hours rose by 7.1 percentage points (an 8% increase relative to the mean; p < 0.01,

column 9), and the share sleeping at least 8 hours rose by 10.6 percentage points (12%;

p < 0.01, column 10).

18Table A.8 reports results including all households with at least one child under 13. In these households,
the reported wake-up time refers to the first child to rise and the bedtime to the last child to go to bed,
so the two need not describe the same child and the implied sleep duration is mismeasured; the estimates
are correspondingly attenuated and imprecise, and the sleep-duration coefficient turns negative. Table A.9
reports results excluding observations with imputed sleep below 2 or above 15 hours; the threshold estimates
are very similar to the main estimates, while the estimates for hours of sleep are smaller and imprecise.

19Restricting to children aged 6–10 (17 treated diaries), the share awake by 6 a.m. falls by 16 percentage
points and sleep duration rises by about 75 minutes; for ages 11–12 the estimates are imprecise and change
sign across outcomes.
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Table 4: SB 328 and Mental Health, YRBS (2007-2023)

(1) (2) (3)
Difficulty Felt sad/hopeless Suicidal intentions

concentrating

CA SB 328 -0.054* -0.024 -0.013
(0.027) (0.015) (0.011)

Observations 48,199 134,396 119,283
R-squared 0.053 0.067 0.030
Mean of dep. var. 0.389 0.319 0.181
Std. dev. of dep. var. 0.487 0.466 0.385

Notes: Data comes from the 2007-2023 national samples of the Youth Risk Behavior Survey (YRBS). Observations are weighted
by population weights obtained from National Cancer Institute’s SEER Program and assigned according to individual’s state
of residence, survey year, age, sex, and race. All specifications control for individual-level covariates (grade, race/ethnicity, sex)
and state-level characteristics (population, population density, % households with children, marital status & education-related
variables, unemployment rate, median household income, and child poverty rate). All regressions further include state and year
fixed effects. Standard errors in parentheses, clustered at the state level. *** Significant at the 1% level ** Significant at the
5% level * Significant at the 10% level.

Figure 4 reports the corresponding event-study for children under 13. The pre-2022

coefficients show no trend toward the post-period estimates, with no sign of a California-

specific secular trend in children’s sleep behavior, although some early bins differ from zero.

Post-period estimates show declines in the share awake by 6 a.m. and 7 a.m. and increases

in the share sleeping at least 7 or 8 hours.20

As a robustness check, we restrict the sample to metropolitan areas, where the mandate

applied; the estimates are essentially unchanged (Table A.10).21 Results excluding summer

and holiday diaries are broadly similar, although the smaller sample makes several estimates

less precise and the under-13 estimate for awake by 8 a.m. changes sign (Table A.11).

Because the ATUS is collected continuously through the year, we also re-estimate the models

with academic-year (September–August) rather than calendar-year fixed effects; again the

20The event-study point estimates are somewhat smaller than the pooled DiD estimates because they
reflect a single post-period bin (2022–2024) rather than averaging across the full sample.

21The ATUS contains no rural California diaries after 2022, so a within-California urban–rural contrast
cannot be estimated; the table reports the California × post-SB 328 coefficient among metropolitan respon-
dents, controlling for metropolitan status and its interactions with California and the post period.
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estimates are very similar (Table A.12).

Putting these estimates on the per-hour footing used in Section 2 requires a measure

of how much start times moved, which none of our data provide directly for the cross-state

comparison. The within-California shift in teachers’ arrival times (19 minutes between more-

and less-exposed counties, Table A.4) and the movement of students’ arrivals out of the hour

before 8:30 a.m. (Table 1) both suggest an average delay well under an hour, on the order

of 20–30 minutes. Scaled by that range, the ATUS gain of 28 minutes of sleep corresponds

to roughly 55–85 minutes per hour of delay, and the outlier-trimmed estimate of 19 minutes

(Table A.9) to about 40–60; these are at or above the 20–45 minutes per hour typical of

non-boarding studies and rest on 23 treated diaries, so we read them as imprecise estimates

to be interpreted cautiously rather than as evidence of unusually large effects.

4.2 Effects on mental well-being

Table 4 reports YRBS estimates for mental health outcomes. We find a marginally signif-

icant decline of approximately 5 percentage points in the likelihood of reporting difficulty

concentrating or making decisions due to physical or mental health conditions (a 14% reduc-

tion relative to the mean; p < 0.10, column 1). Pooled effects on sadness/hopelessness (−2.4

pp; p = 0.13, column 2) and suicidal ideation (−1.3 pp; p = 0.25, column 3) are negatively

signed but imprecisely estimated, and the corresponding event-study estimates do not reach

statistical significance.

These muted average effects mask heterogeneity, which we document in Section 5. Boys

exhibit significant declines in sadness/hopelessness (−2.3 pp; p < 0.05) and suicidal ideation

(−3.8 pp; p < 0.01), in addition to a decline in difficulty concentrating (−5.6 pp; p < 0.10),

and Hispanic students show the largest reduction in difficulty concentrating (−9.9 pp; p <

0.01). Whether these groups also experienced the largest sleep gains is less clear-cut, as we

discuss later in the text.
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4.3 Effects on academic outcomes

We then turn to the effects of delayed school start times on academic outcomes. Because

statewide test-score trends after 2022 reflect the uneven recovery from the pandemic across

states, a cross-state comparison cannot cleanly attribute changes in California’s scores to the

mandate. We therefore use the within-state design described in Section 3.3: we proxy for

pre-policy school start times using teachers’ commute arrival times in the ACS and compare

changes in school outcomes before and after 2022 in counties where the mandate required a

larger shift—where teachers used to arrive earlier—with changes in counties whose schools

already started late or were exempt. This design absorbs statewide shocks, including the

pandemic and its aftermath, that would confound a cross-state comparison; it does not rule

out differences in recovery across counties that happen to be correlated with pre-policy start

times, a caveat we keep in mind when interpreting the estimates. Outcomes are drawn from

school-level California Department of Education (CDE) records on academic performance

and disciplinary measures, and the results are presented in Figures 5–9 and Table 5.

Figure 5 reports within-state event-study estimates for math achievement at the high

school (Grade 11) and middle school (Grade 8) levels; estimation uses the full 2014–15 onward

sample and the figures display coefficients from 2017 onward. Pre-period estimates are

close to zero, consistent with parallel trends between more- and less-exposed districts within

California. Post-period estimates turn positive and increase year-over-year through 2025.

At the high school level, the share of students meeting or exceeding the state math standard

rises by approximately 1.1 percentage points in 2023 and 2.7 percentage points by 2025; log

mean scale scores show the same upward pattern, with 2025 estimates corresponding to a

0.4% gain.22 Middle school effects follow a similar trajectory but are smaller in magnitude,

with the share meeting or exceeding standards rising by approximately 1.4 percentage points

by 2025, consistent with the weaker bite of the mandate at the middle school level. The

22The percentage-point movement on the share-meeting-standards is mechanically larger than the log-
scale-score movement when test scores cluster near the proficiency threshold, so the two outcomes need not
scale linearly.
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Figure 5: Within-State Analysis – Effect of SB 328 on Math Achievement (CDE)

Notes: The figure illustrates the differences in math standardized test performance among high school (Grade 11) and middle
school (Grade 8) students within California before and after the adoption of SB 328. Data come from the California Department
of Education for the academic years 2014–15 through 2024–25. All specifications include school fixed effects, year fixed effects,
baseline-enrollment-quartile-by-year linear trends, and control for total enrollment, the shares of White, Hispanic, and female
students, and the share of socioeconomically disadvantaged students. Academic years 2019-2020 and 2020-2021 are excluded
due to COVID-19 disruptions. Standard errors are clustered at the county level. Coefficient estimates are provided together
with the 95% confidence intervals.

accumulating pattern across 2023–2025 is consistent with academic benefits compounding

with exposure to the new schedule.

Figures 6 and 7 extend the within-state analysis to English language arts/literacy and

science. As with math, pre-period estimates are close to zero and show no pre-trends.

Following implementation, English scores improve at both school levels: the share meeting

or exceeding standards rose by approximately 2.3 percentage points at the high school level

and 1.2 percentage points at the middle school level by 2025, with log mean scale scores

following a similar upward trajectory. Science gains are particularly notable at the high

school level (Grades 10–12), where the share meeting or exceeding standards increased by

approximately 2 percentage points in 2023–2024 and 2.9 percentage points by 2025, with

all post-period estimates statistically distinguishable from zero; middle school science effects
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Figure 6: Within-State Analysis – Effect of SB 328 on English Achievement (CDE)

Notes: The figure illustrates the differences in English standardized test performance among high school (Grade 11) and
middle school (Grade 8) students within California before and after the adoption of SB 328. Data come from the California
Department of Education for the academic years 2014–15 through 2024–25. All specifications include school fixed effects, year
fixed effects, baseline-enrollment-quartile-by-year linear trends, and control for total enrollment, the shares of White, Hispanic,
and female students, and the share of socioeconomically disadvantaged students. Academic years 2019-2020 and 2020-2021 are
excluded due to COVID-19 disruptions. Standard errors are clustered at the county level. Coefficient estimates are provided
together with the 95% confidence intervals.
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Figure 7: Within-State Analysis – Effect of SB 328 on Science Achievement (CDE)

Notes: The figure illustrates the differences in science standardized test performance among high school (Grades 10-12) and
middle school (Grade 8) students within California before and after the adoption of SB 328. Data come from the California
Department of Education for the academic years 2018–19 through 2024–25. All specifications include school fixed effects, year
fixed effects, baseline-enrollment-quartile-by-year linear trends, and control for total enrollment, the shares of White, Hispanic,
and female students, and the share of socioeconomically disadvantaged students. Academic years 2019-2020 and 2020-2021 are
excluded due to COVID-19 disruptions. Standard errors are clustered at the county level. Coefficient estimates are provided
together with the 95% confidence intervals.

Figure 8: Within-State Analysis – Effect of SB 328 on Dropout Rate (CDE)

Notes: The figure illustrates the differences in high school cohort-specific dropout rate among students within California before
and after the adoption of SB 328. Data come from the California Department of Education for the academic years 2016–17
through 2024–25. All specifications include school fixed effects, year fixed effects, baseline-enrollment-quartile-by-year linear
trends, and control for total enrollment, the shares of White, Hispanic, and female students, and the share of socioeconomically
disadvantaged students. Standard errors are clustered at the county level. Coefficient estimates are provided together with the
95% confidence intervals.
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Figure 9: Within-State Analysis – Effect of SB 328 on Suspensions (CDE)

Notes: The figure illustrates the differences in school-level suspension outcomes among students within California before and
after the adoption of SB 328. Estimation sample combines high schools and middle schools. Data come from the California
Department of Education for the academic years 2011–12 through 2024–25. All specifications include school fixed effects, year
fixed effects, baseline-enrollment-quartile-by-year linear trends, and control for total enrollment, the shares of White, Hispanic,
and female students, and the share of socioeconomically disadvantaged students. Standard errors are clustered at the county
level. Coefficient estimates are provided together with the 95% confidence intervals.

are positive but less precisely estimated.

Figures 8 and 9 report effects on dropout rates and suspensions, available only in the

within-state CDE data. The high school dropout rate declines by approximately 1.3 per-

centage points by 2025, though we interpret this pattern cautiously given some positive

pre-period drift. Suspension rates show a suggestive and accumulating decline through the

post-period.

Table 5 reports the corresponding two-way fixed effects estimates. Panel A confirms

positive effects on high school achievement: math, English, and science estimates are sta-

tistically significant across both outcome measures (log mean scale score and share meeting

standards). Panel B shows broadly consistent results for middle school, with math, English,

and science each yielding statistically significant effects on at least one measure. Panel C

reports dropout rates and disciplinary outcomes: a marginally significant decline in the high

school dropout rate of approximately 0.97 percentage points (p < 0.10), a marginally signifi-

cant decline in the suspension rate of 0.32 percentage points (p < 0.10), and a corresponding

reduction of approximately 6.8 suspensions per 1,000 students (p < 0.10).

As a descriptive complement for high school seniors, we examine state-level SAT scores

(Appendix Table A.5). California’s average total SAT score rose by approximately 25 points
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(a 2% gain relative to the mean) relative to the national trend following SB 328’s implementa-

tion, with gains of roughly 11 points on math and 13 points on English, Reading, and Writing

(ERW). We interpret this pattern as descriptive rather than causal. SAT data are available

only at the state level, and the composition of SAT test-takers changed substantially during

the sample period as colleges adopted test-optional admissions in response to COVID-19;

California saw both a sharp decline in SAT participation and a rise in average scores after

2020, consistent with selection into testing by higher-achieving students. More generally,

the uneven recovery from the pandemic across states means that cross-state comparisons

of test scores after 2022 cannot isolate the policy. The within-state CAASPP estimates for

grade 11 are not affected by test-optional selection and net out statewide trends, although

they remain exposed to differential trends across counties.

4.4 Robustness checks

We evaluate our findings using permutation tests (Figure 10). In each of 2,000 draws we

assign a placebo treatment to a randomly chosen state and a randomly chosen adoption

year between 2007 and 2023, re-estimate equation (1) with the placebo indicator in place

of SB 328, and compare the observed California coefficient with the distribution of placebo

coefficients. This addresses inference with a single treated state. We focus on the outcomes

for which the baseline specifications detected statistically significant effects.

For sleep, the observed effects on sleeping at least 6 and at least 7 hours lie in the extreme

tails of the placebo distribution (one-sided empirical p-values below 0.001 and of 0.001); the

effect on sleeping at least 8 hours has an empirical p-value of 0.06, and the effect on difficulty

concentrating 0.03. Appendix Figures A.3 and A.4 report permutation tests for the ATUS

sleep outcomes.

We supplement the permutation tests with two placebo checks. First, we test whether

SB 328 affected school-level characteristics that should not respond to the policy (total enroll-

ment, racial composition, gender composition, and the share of economically disadvantaged

34



Table 5: Within-State Analysis – Effect of SB 328 on Academic and School Outcomes, CDE
(1) (2) (3) (4) (5) (6)

Math English Science

ln score % met ln score % met ln score % met

Panel A: High School (Grade 11 / Grades 10–12)

Policy (SB 328) 0.0021** 1.823** 0.0016** 1.745*** 0.0017*** 1.729***
(0.001) (0.686) (0.001) (0.591) (0.001) (0.627)

Observations 13,653 13,660 13,668 13,676 8,014 8,014
R-squared 0.163 0.092 0.076 0.064 0.245 0.143
Mean of dep. var. 24.81 50.93 26.32
Std. dev. of dep. var. 20.47 23.46 18.27

Panel B: Middle School (Grade 8)

Policy (SB 328) 0.0012* 1.700*** 0.0010* 1.697*** 0.0010** 0.693*
(0.001) (0.483) (0.001) (0.539) (0.000) (0.395)

Observations 17,236 17,243 17,246 17,252 10,116 10,116
R-squared 0.893 0.875 0.867 0.852 0.034 0.041
Mean of dep. var. 33.95 48.09 30.17
Std. dev. of dep. var. 20.79 19.37 18.33

(1) (2) (3)
Dropout Suspension No. Suspensions
Rate Rate per 1,000

Panel C: Dropout rates and Disciplinary Outcomes

Policy (SB 328) -0.967* -0.324* -6.776*
(0.562) (0.178) (3.799)

Observations 14,507 75,541 75,541
R-squared 0.023 0.168 0.105
Mean of dep. var. 8.700 3.624 60.56
Std. dev. of dep. var. 12.28 5.279 117.8

Notes: Data come from the California Department of Education for the academic years 2014–15 through 2024–25 (Panels A
and B, cols. 1-4); academic years 2018–19 through 2024–25 (Panels A and B, cols. 5-6); academic years 2016–17 through

2024–25 (Panel C, col. 1); and academic years 2011–12 through 2024–25 (Panel C, cols. 2-3). In Panels A and B, academic

years 2019-2020 and 2020-2021 are excluded due to COVID-19 disruptions. Panel C contains school-wide outcomes, with high
school-only sample in col. (1), and a combined high school/middle school sample in cols. (2)-(3). All specifications include

school fixed effects, year fixed effects, baseline-enrollment-quartile-by-year linear trends, and control for total enrollment, the

shares of White, Hispanic, and female students, and the share of socioeconomically disadvantaged students. Regressions in
Panel A (and Panel C, col. 1) use teacher-arrival treatment intensity defined for high school teachers (IPUMS occupation 2320;

bottom three quartiles vs. top quartile plus rural counties). Regressions in Panel B use teacher-arrival treatment intensity
defined for elementary/middle school teachers (IPUMS occupation 2310; bottom two quartiles vs. top two quartiles plus rural

counties). Panel C (cols 2-3) regressions use a combined HS+ES/MS teacher-arrival treatment intensity (IPUMS occupations

2320 and 2310; bottom three quartiles vs. top quartile plus rural counties). Standard errors in parentheses, clustered at the
county level. *** Significant at the 1% level, ** Significant at the 5% level, * Significant at the 10% level.
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Figure 10: Permutation Tests

Notes: The figure illustrates the results of permutation tests for various outcomes, where the policy adoption year was randomly
reassigned to other states to create placebo scenarios. Sleep and mental health outcomes come from the YRBS. The red vertical

line represents the observed treatment effect, while the dashed lines indicate the 1%, 5%, and 10% significance thresholds
derived from the placebo distribution. By comparing the observed effect to the distribution of placebo effects, the test evaluates

whether the observed policy effect is statistically significant or could plausibly arise by random chance. Standard errors are

clustered at the state level.
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students) using CDE data (Table A.7). As discussed in Section 3.3, the estimates are small

relative to the means and their confidence intervals exclude changes larger than about three

percentage points in any demographic share, making compositional change an unlikely driver

of the academic results.

Second, we test whether the SB 328 treatment predicts adolescent health outcomes that

should be unaffected by school schedules, specifically self-reported vision and hearing diffi-

culties in the ACS (Table A.6). The placebo test uses both levels of variation: the cross-state

comparison (columns 1–2) addresses the concern that California-specific health trends might

confound our YRBS and ATUS estimates, and the within-state comparison (columns 3–4)

addresses the concern that our ACS-based teacher-arrival proxy might be capturing broader

correlated trends rather than schedule changes. We find no significant effects in either spec-

ification.

One concern these checks address only partly is the pandemic: the post-period coincides

with the recovery from COVID-19, and if adolescents’ sleep or mental health in California

recovered differently from other states for reasons unrelated to the mandate, the cross-state

estimates would absorb that difference. The permutation tests show that few other states

display changes of the observed size over the same period, but we cannot rule this out entirely.

Together, these robustness checks make random chance, compositional shifts, and broader

correlated trends unlikely explanations for our results.

4.5 Adjustment margins: adolescents’ activities and parents’ sched-

ules

As argued in the introduction, a statewide mandate has effects beyond school schedules.

Table 6 uses the ATUS to document how adolescents’ days changed (Appendix Figure A.8

reports the corresponding event studies), and Appendix Table A.13 turns to their parents,

combining ATUS diaries with commuting data from the ACS.

Among adolescents aged 15–18, weekday participation in sports and exercise declined by
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13 percentage points (from a mean of 34%; p < 0.10), and among those who did exercise,

the share doing so after 4 p.m. rose by 19 percentage points (from a mean of 66%; p < 0.01):

sport became less frequent and moved later in the day. Paid work did not change. Time on

the phone, messaging, and social media rose by about 22 minutes (from a mean of 15). The

diaries do not distinguish school-based from outside activities, so we cannot tell whether the

decline reflects fewer activities overall or activities moved into the school day.

Parents of children aged 11–18 adjusted in parallel (Appendix Table A.13). In the ATUS

they were 6.5 percentage points less likely to be awake by 6 a.m. (from a mean of 58%) and

5.8 points more likely to be still at work after 4 p.m. The ACS, with close to two million

parent-year observations, shows the corresponding shift at the start of the workday: the

share arriving at work between 7 and 8 a.m. fell by 1.1 percentage points (4% of the mean)

and the share arriving between 8 and 9 a.m. rose by 1.2 points (6%), while commuting time

did not change (+0.02 minutes on a mean of 28). Parents’ workdays thus started and ended

slightly later rather than becoming shorter. Appendix Figure A.9 reports the corresponding

event-study estimates; pre-period coefficients are close to zero.

The ATUS estimates rest on few treated diaries (23 adolescents) and we therefore read

the time-use evidence as descriptive of the direction of household adjustment rather than as

precise magnitudes; the ACS commuting estimates are precisely estimated but small. Taken

together, they indicate that the mandate’s sleep gains came with some rescheduling—less,

and later, weekday sport for adolescents and a slightly later workday for parents—that a

cost–benefit assessment of statewide adoption needs to weigh.

5 Heterogeneity

There are reasons to expect the effects of a later start time to differ across groups. Sex

differences in circadian timing make early schedules more binding for boys: from late ado-

lescence men’s sleep on free days is centered later in the night than women’s, and their
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Table 6: SB 328 and Adolescents’ Non-School Time Use, Evidence from ATUS
(1) (2) (3) (4)
Sports activities Paid work Phone/screen

any after 4pm | any any minutes

CA SB 328 -0.127* 0.191*** -0.034 21.86***
(0.074) (0.059) (0.025) (3.57)

Observations 5,784 1,936 5,784 5,784
R-squared 0.051 0.065 0.088 0.031
Mean of dep. var. 0.335 0.663 0.149 14.50
Std. dev. of dep. var. 0.472 0.473 0.356 45.59

Notes: Data come from the 2003–2024 American Time Use Survey (ATUS), excluding 2020 and restricted to weekday diaries
of respondents aged 15–18. Each column reports a separate difference-in-differences regression of the outcome on a California
× post-SB 328 indicator (post = September 2022 onward). Observations are weighted by population weights obtained from
the National Cancer Institute’s SEER Program and assigned according to an individual’s state of residence, survey year,
age, sex, and race. All specifications include state, year, interview month, sex, age, SEER race and Hispanic-origin fixed
effects, and control for state-level characteristics (% households with children, marital status & education-related variables, the
unemployment rate, and the child poverty rate). Sleep outcomes for this sample are reported in Table 3. Column (1) is an
indicator for any participation in sports or exercise on the diary day; column (2) is, conditional on any sports or exercise that
day, an indicator for sports or exercise after 4pm; column (3) is an indicator for any paid work; and column (4) is defined as
minutes spent on telephone calls, email, messaging, and social media. Standard errors in parentheses, clustered at the state
level. *** Significant at the 1% level ** Significant at the 5% level * Significant at the 10% level.

chronotype continues to delay for about a year longer (Roenneberg et al., 2004; Fischer

et al., 2017). Hispanic and economically disadvantaged adolescents are less likely to obtain

sufficient sleep than their White and more affluent peers (Guglielmo et al., 2018; Giddens

et al., 2022), reflecting household constraints (i.e., parents’ work schedules, longer com-

mutes, shared bedrooms, and norms about bedtimes and evening activities) that an earlier

start time compounds and a later one relaxes. On this view, the groups with the most

binding morning constraints before the policy should gain the most sleep from it. Whether

those gains translate into mental-health and academic improvements depends in addition on

baseline levels and on complementary inputs at school and at home, so we do not expect a

one-to-one mapping. Two caveats apply throughout this section. First, the heterogeneity

analysis was not pre-specified and we present it as exploratory. Second, the ATUS treated

cell is too small to split by gender or ethnicity, so the subgroup analysis relies on the YRBS,

with several thousand California respondents per wave, and on the CDE academic data.
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5.1 Effects by gender

Table A.17 reports the heterogeneity of the effects on sleep and mental wellbeing by gender

using YRBS data, with separate rows for girls and boys. Among girls in grades 9–12, SB 328

led to a 6.9 percentage point increase in the likelihood of sleeping at least 6 hours (+9%,

p < 0.01, column 1); a 5.2 percentage point increase in the likelihood of sleeping at least

7 hours (+10%, p < 0.05, column 2); and a non-statistically significant 3.2 percentage

point increase in the likelihood of sleeping at least 8 hours (column 3). We also find a 5.5

percentage point decline in the likelihood that girls reported difficulties making decisions or

concentrating because of physical or mental health problems (−12%, p < 0.10, column 4)

and a non-statistically significant 3.4 percentage point decline (column 5) in the likelihood of

reporting feelings of sadness and hopelessness. There is no evidence of a decline in suicidal

intentions.

Effects on sleep appear larger in magnitude among boys (Boys rows), although the gender

difference is small relative to the standard errors. Specifically, SB 328 led to a 6.8 percentage

point increase in the likelihood of sleeping at least 6 hours among boys in grades 9–12 (+8.4%,

p < 0.01, column 1); an 8.6 percentage point increase in the likelihood of sleeping at least

7 hours (+15%, p < 0.01, column 2); and a 4.1 percentage point increase in the likelihood

of sleeping at least 8 hours (+14%, p < 0.05, column 3). On mental well-being, we find a

marginally significant 5.6 percentage point decline in the likelihood of reporting difficulties

concentrating among boys (−19%, p < 0.10, Boys rows, column 4). We estimate a 2.3

percentage point decline in the likelihood of reporting feelings of sadness and hopelessness

(−10%, p < 0.05, column 5), and a significant decline of 3.8 percentage points in suicidal

intentions (−31%, p < 0.01, column 6). We caution that the cross-gender contrast on sadness

and hopelessness reflects differences in precision rather than in point estimates: the girls’

coefficient (−3.4 pp) is in fact larger in magnitude than the boys’ (−2.3 pp), but is less

precisely estimated, and the two are not statistically distinguishable from one another.

The CDE estimates by gender (Tables A.18 and A.19) show positive academic effects
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for both groups; at the high school level the effects on the share meeting standards are

statistically significant in math, English, and science for both girls and boys, while at the

middle school level they are significant across subjects for girls and for math only among

boys, with point estimates somewhat larger for girls. The gender differences lie within the

standard error bands, so we do not read them as evidence that one group gained more.

5.2 Heterogeneity by ethnicity

Hispanic students represent approximately 56% of California’s public school enrollment,

making heterogeneity across ethnic groups especially relevant for the policy’s distributional

implications.

Hispanic students. In the YRBS (Table A.20), Hispanic students show significant sleep

gains: a 5.7 percentage point increase in the likelihood of sleeping at least 6 hours (7%;

p < 0.10, column 1) and a 4 percentage point increase in the likelihood of sleeping at least

7 hours (7%; p < 0.01, column 2). On mental health, the likelihood of reporting difficulty

concentrating fell by 9.9 percentage points (-25%; p < 0.01, column 4), substantially larger

than the overall estimate. Effects on sadness, hopelessness, and suicidal intentions are not

statistically significant in the YRBS. Hispanic students thus show the largest reduction in

difficulty concentrating, but their sleep gains are, if anything, smaller than those of White

students (columns 1–3).

Academic gains are also concentrated among Hispanic students. The within-state CDE

estimates show that Hispanic students have the largest and most consistently significant

gains across all subjects at both school levels (Tables A.21 and A.22): at the high school

level, the share meeting or exceeding standards rises by approximately 1.9 percentage points

in both math and English, slightly larger than the overall estimates of 1.8 points in math

and 1.7 in English.
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White students. White students show somewhat larger sleep gains in the YRBS but

smaller mental health and academic effects. The likelihood of sleeping at least 6 hours

increased by 8 percentage points (+10%; p < 0.01), at least 7 hours by 9.3 percentage

points (+16%; p < 0.01), and at least 8 hours by 5.6 percentage points (+20%; p < 0.05)

in Table A.20. On mental health, only the decline in sadness or hopelessness is marginally

significant (-3.1 pp, -10%; p < 0.10, column 5); the concentration effect documented for

Hispanic students is not present for White students. Academic effects in the CDE data are

smaller and less precisely estimated than for Hispanic students.

Other groups and economic status. Sleep and mental health effects for other ethnic

groups are not statistically significant (bottom rows of Table A.20). Beyond ethnicity, so-

cioeconomically disadvantaged students also show significant academic gains in the CDE

data (Panel C of Tables A.21 and A.22): at the high school level, the share meeting stan-

dards rises by 1.5 percentage points in math and English and by 1.9 points in science, with a

significant decline in the dropout rate. These gains are larger than those of White students,

though smaller than the full-sample estimates in math and English. Across groups, the con-

centration and academic gains are consistently largest for Hispanic students, whereas sleep

gains in the YRBS are not. We view the heterogeneity as exploratory.

6 Conclusions

California’s Senate Bill 328 increased the share of students sleeping at least 8 hours per

night by 13%, with suggestive evidence of larger gains among boys. Time-use evidence

further reveals that wake-up times shifted later for adolescents and for younger children in

affected households, and that parents of school-age children woke up and arrived at work

later, indicating that the mandate shifted the schedule of the whole household rather than

only that of the students it covered. Average mental health effects are imprecisely estimated.

Boys show statistically significant declines in sadness/hopelessness and suicidal ideation, and
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Hispanic students show a large reduction in difficulty concentrating; we read these subgroup

patterns as exploratory.

The policy improved academic outcomes. Within California, high schools in counties

with earlier pre-policy start times saw increases of about 1.7–1.8 percentage points in the

share of students meeting state standards in math, English, and science relative to schools

in less-exposed counties. We find comparable gains in math and English and a smaller gain

in science in grade 8, with academic gains accumulating over 2023–2025. We also find a

suggestive decline in high school dropout rates, though we interpret this cautiously given

some pre-period drift. Academic gains are largest in magnitude among Hispanic students and

statistically significant among economically disadvantaged students, suggesting that SB 328

may also narrow achievement gaps.

The mandate’s broad implementation also allows us to examine adjustments beyond

school schedules. We find suggestive evidence that adolescents were less likely to participate

in sports on weekdays and, when they did, participated later in the day. Parents of af-

fected children arrived at work slightly later, with no detectable change in commuting time.

These household adjustments, together with districts’ transition costs, should be considered

alongside the sleep and achievement gains when assessing statewide adoption.

With Florida’s 2023 mandate substantially weakened by 2025 legislation and other states

still weighing comparable measures, California’s experience provides the first evidence on

the effects of a statewide mandate. Longer follow-up will establish whether the academic

gains persist or grow and whether they translate into changes in college enrollment and labor

market entry.
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Appendix

Figure A.1: PRISMA Flow Diagram: Systematic Review of Quasi-Experimental Evidence
on School Start Times

Identification
320 records identified through
database and citation search

Screening
136 records retained after
title/abstract screening

184 records excluded:
off-topic or duplicate

Eligibility 42 records meeting all
five inclusion criteria

94 records excluded:
no comparison group, no
extractable effect size,
or non-school start-time IV

Included 42 studies included

33 studies in
quantitative synthesis

9 studies in
qualitative synthesis

Notes: PRISMA-style flow diagram for the systematic review described in Section 2. Records were identified through backward
and forward citation searches via OpenAlex, anchored on Bowers and Moyer (2017), Yip et al. (2022), Carrell et al. (2011),
and Heissel and Norris (2018), and supplemented with keyword searches of the NBER and IZA working paper series. Inclusion
criteria: (i) school start time as the independent variable; (ii) sleep, academic, or mental-health outcome; (iii) a design that
provides a counterfactual (a comparison-group design for academic and mental-health outcomes; for sleep duration also pre/post
designs measuring the same students before and after a change), or a selection-on-observables design with formal omitted-variable
bounds; (iv) peer-reviewed publication in English; (v) extractable effect sizes. The 9 qualitative studies report effects without
parametric standard errors and so do not enter the inverse-variance pooled estimates reported in the footnote of Section 2.
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Figure A.2: Meta-Analytic Forest Plot: Sleep Duration Effects of Later School Start Times

Jung & Fenelon (2024) 19 [6, 32]

Yang & Choi (2021) 22 [20, 23]

Temkin et al. (2018) 28 [13, 43]

Fuller & Bastian (2024) 31 [24, 37]

Lo et al. (2018) 31 [22, 39]

Chan (2024) 35 [20, 50]

Owens (2017) 36 [29, 43]

Widome (2020) 43 [26, 60]

Boergers et al. (2014) 70 [51, 88]

Owens (2010) 90 [68, 112]

0 20 40 60 80 100

Additional sleep minutes per 1-hour delay in school start time

DiD Pre/Post

Notes: Each point represents a study-level estimate of additional sleep minutes per one-hour delay
in school start time, with 95% confidence interval. Marker size is proportional to inverse-variance
weight. Colors indicate identification strategy. The figure displays the full distribution of effects
rather than an inverse-variance-pooled point estimate (see the footnote in Section 2.2 of the text
for a single rough-benchmark pooled value computed for comparability with prior meta-analyses).
Chan et al. (2018) and Chan et al. (2024) report on the same Hong Kong residential boarding-school
intervention (7:30 a.m. → 8:30 a.m. SST change implemented September 2017) with overlapping
Cohort 1 baseline samples; only the longer-term Chan (2024) follow-up is shown to avoid double-
counting.
Study-specific disclosures. Yang & Choi (2021): the plotted point is the weekday-only sleep gain
(raw +16.1 min, rescaled to +22 min/hr); the same source reports a partially offsetting weekend
decline of −7.6 min/night, so the weekly-average effect is smaller (≈ +9.3 min/day before rescaling).
Widome et al. (2020): the plotted point is the school-night-only effect at follow-up 1 (raw +41 min);
the same source reports concurrent weekend-night declines of −24 min (FU1) and −34 min (FU2).
The per-hour rescale uses the midpoint of the two treated schools’ delays (50 and 65 min). Lo et al.
(2018): the plotted point is one-month time-in-bed (TIB); the same source reports a smaller +10
min total-sleep-time effect at nine-month follow-up. Jung & Fenelon (2024): the plotted point is
the year-0 effect from the event-study specification; the same source documents that this gain fades
to +7 min within one year as bedtimes shift later (see Table A.23 footnote h).
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Figure A.3: Permutation Tests, Adolescents Aged 15–18, ATUS

Notes: The figure illustrates the results of permutation tests for various outcomes from ATUS respondents aged 15-18, where
the policy adoption year was randomly reassigned to other states to create placebo scenarios. The red vertical line represents

the observed treatment effect, while the dashed lines indicate the 1%, 5%, and 10% significance thresholds derived from the

placebo distribution. By comparing the observed effect to the distribution of placebo effects, the test evaluates whether the
observed policy effect is statistically significant or could plausibly arise by random chance. Standard errors are clustered at the

state level.
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Figure A.4: Permutation Tests, Children Under 13, ATUS

Notes: The figure illustrates the results of permutation tests for various outcomes from ATUS respondents under the age of
13, where the policy adoption year was randomly reassigned to other states to create placebo scenarios. The red vertical line

represents the observed treatment effect, while the dashed lines indicate the 1%, 5%, and 10% significance thresholds derived

from the placebo distribution. By comparing the observed effect to the distribution of placebo effects, the test evaluates whether
the observed policy effect is statistically significant or could plausibly arise by random chance. Standard errors are clustered at

the state level.
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Figure A.5: Validating the Teacher Arrival-Time Proxy: ACS Arrival Times, California High
School Teachers vs. Other Workers, Pre- vs. Post-SB 328

Notes: The figure presents kernel density estimates of self-reported arrival times at work among California workers, using
data from the American Community Survey (ACS) for the years 2015–2019 and 2023. The pre-SB 328 period uses the 5-year
ACS sample (2015–2019); the post-SB 328 period employs the 1-year 2023 ACS sample, the first full wave after the policy
took effect on July 1, 2022. High school teachers are identified using IPUMS 2018 occupation code 2320. “Other workers”
excludes all K–12 teachers (IPUMS codes 2310 and 2320). The sample is restricted to California residents with reported arrival
times between 5:00 a.m. and 10:00 a.m. Observations are weighted by ACS person weights. The vertical dashed line at
8:30 a.m. marks the minimum high school start time mandated by SB 328. The figure shows a marked rightward shift in
the distribution of high school teacher arrival times following the policy, with the post-period mass concentrating immediately
below the 8:30 a.m. threshold, while the distribution of arrival times for non-teacher workers is essentially unchanged between
the pre- and post-periods. This pattern supports the use of pre-policy teacher arrival times as a proxy for pre-policy school
start times in the within-state analysis.
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Figure A.6: Teacher Arrival Time Proxy, Middle School Teachers: ACS Arrival Times,
California vs. Other States, Pre- vs. Post-SB 328

Notes: The figure presents kernel density estimates of self-reported arrival times at work among middle school teachers,
using data from the American Community Survey (ACS) for the years 2015–2019 and 2023. The pre-SB 328 period uses the
5-year ACS sample (2015–2019); the post-SB 328 period employs the 1-year 2023 ACS sample, the first full wave after the
policy took effect on July 1, 2022. Note that the underlying ACS variable OCC2010 (value 2310) does not actually distinguish
between elementary and middle school teachers. Hence, the graph captures the combined elementary school/middle school
arrival time distributions. The sample is restricted to respondents with reported arrival times between 5:00 a.m. and 10:00 a.m.
Observations are weighted by ACS person weights. The vertical dashed line at 8:00 a.m. marks the minimum middle school
start time mandated by SB 328. The figure shows a modest rightward shift in the distribution of arrival times for California
elementary/middle school teachers following the policy, while the corresponding distribution for elementary/middle school
teachers in other states remains largely unchanged. The smaller magnitude of the shift reflects both the fact that pre-policy
arrival times for middle school teachers were already concentrated closer to the 8:00 a.m. threshold, as well as the contamination
of the sample with elementary school teachers.
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Figure A.7: Teacher Arrival Time Proxy, Middle School Teachers: ACS Arrival Times,
California Middle School Teachers vs. Other Workers, Pre- vs. Post-SB 328

Notes: The figure presents kernel density estimates of self-reported arrival times at work among California workers, using
data from the American Community Survey (ACS) for the years 2015–2019 and 2023. The pre-SB 328 period uses the 5-year
ACS sample (2015–2019); the post-SB 328 period employs the 1-year 2023 ACS sample, the first full wave after the policy took
effect on July 1, 2022. Note that the underlying ACS variable OCC2010 (value 2310) does not actually distinguish between
elementary and middle school teachers. Hence, the graph captures the combined elementary school/middle school arrival time
distributions. “Other workers” excludes all K–12 teachers (IPUMS codes 2310 and 2320). The sample is restricted to California
residents with reported arrival times between 5:00 a.m. and 10:00 a.m. Observations are weighted by ACS person weights. The
vertical dashed line at 8:00 a.m. marks the minimum middle school start time mandated by SB 328. The post-period shift is
directionally consistent with the SB 328 mandate but smaller in magnitude than for high school teachers, reflecting both the
fact that pre-policy MS teacher arrivals were already concentrated before the 8:00 a.m. threshold, as well as the contamination
of the sample with elementary school teachers.
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Figure A.8: SB 328 and Adolescents’ Non-School Time Use, Evidence from ATUS (2003-24)

Notes: The figure illustrates the differences in non-school time use among adolescents, ages 15-18, in California and other
states before and after the adoption of SB 328. Data come from the 2003–2024 American Time Use Survey (ATUS). 2020 is
omitted due to incomplete data collection during the COVID-19 pandemic, and observations are restricted to weekday diaries.
Observations are weighted by population weights obtained from the National Cancer Institute’s SEER Program and assigned
according to an individual’s state of residence, survey year, age, sex, and race. The survey years were pooled as follows: (1) 2004
combines 2003-2006; (2) 2009 combines 2007-2011; (3) 2014 combines 2012-2016; (4) 2019 combines 2017-2021 and January–
August 2022 (excluding 2020); (5) the post-period point, labelled 2023 in the figure, combines September 2022–2024. Top-left
graph depicts an indicator for any participation in sports or exercise on the diary day; top-right graph shows an indicator for
sports or exercise after 4pm (conditional on any sports or exercise that day); bottom-left graph depicts an indicator for any
paid work; and bottom-right graph shows the number of minutes spent on telephone calls, email, messaging, and social media.
Standard errors are clustered at the state level. Coefficient estimates are provided together with the 95% confidence intervals.
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Figure A.9: SB 328 and Parental Work-Related Time Use, ATUS (2003-24), ACS (2015-24)

Notes: The figure illustrates the differences in work-related time use among parents (ages 25-64) of children (ages 11-18),
who worked away from home, in California and other states before and after the adoption of SB 328. Data come from the
2003–2024 American Time Use Survey (ATUS): top-left and bottom-right graphs; and the 2015–2024 American Community
Survey (ACS): top-right and bottom-left graphs. ATUS sample excludes 2020 due to incomplete data collection during the
COVID-19 pandemic. ACS sample excludes 2020 (experimental COVID-19 sample) and 2022 (interview month is unavailable).
Observations in ATUS analyses are weighted by population weights obtained from the National Cancer Institute’s SEER
Program and assigned according to individual’s state of residence, survey year, age, sex, and race. In ATUS analyses, the
survey years were pooled as follows: (1) 2004 combines 2003-2006; (2) 2009 combines 2007-2011; (3) 2014 combines 2012-2016;
(4) 2019 combines 2017-2021 and January–August 2022 (excluding 2020); (5) the post-period point, labelled 2023 in the figure,
combines September 2022–2024. Standard errors are clustered at the state level. Coefficient estimates are provided together
with the 95% confidence intervals.
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Figure A.10: Meta-Analytic Forest Plot: Academic Effects of Later School Start Times

B&F (2018, biology) −0.04 [−0.07, 0.00]

F&B (2024, Math I) −0.03 [−0.12, 0.06]

B&F (2018, English) −0.01 [−0.03, 0.01]

Hinrichs (2011) −0.01 [−0.05, 0.04]

F&B (2024, ACT) 0.01 [−0.06, 0.08]

F&B (2024, biology) 0.01 [−0.07, 0.10]

B&F (2018, algebra) 0.01 [−0.01, 0.04]

F&B (2024, English) 0.02 [−0.05, 0.09]

B&F (2018, ACT) 0.02 [−0.01, 0.05]

Edwards (2012, reading) 0.04 [0.01, 0.06]

B&F (2023, reading) 0.04 [0.00, 0.07]

Lenard et al. (2020) 0.04 [−0.19, 0.28]

Edwards (2012, math) 0.06 [0.04, 0.08]

Heissel & Norris (2018, reading) 0.06 [0.01, 0.10]

B&F (2023, math) 0.08 [0.03, 0.13]

Heissel & Norris (2018, math) 0.08 [0.04, 0.12]

Carrell et al. (2011) 0.15 [0.01, 0.29]

Groen & Pabilonia (2019, F) 0.16 [0.00, 0.32]

−0.05 0 0.05 0.10 0.15 0.20

Effect on test scores (SD per 1-hour SST delay)

IV Random assignment (within institution) DiD OLS

Notes: Each point is a study-level effect estimate placed on a common metric: every study’s co-
efficient has been expressed in outcome standard-deviation (SD) units and linearly rescaled to a
one-hour delay in school start time, so estimates are comparable across studies despite differing
original outcome scales and treatment doses. Bars are 95% confidence intervals; marker area is pro-
portional to inverse-variance weight and colors indicate identification strategy. Confidence intervals
extending beyond the axis are clipped at the boundary, with the full interval shown at right. We dis-
play the full distribution of estimates rather than a pooled point estimate; a single rough-benchmark
pooled value is reported in the footnote in Section 2.2 for comparability with prior meta-analyses.
James et al. (2023) is omitted because its outcome is GPA points, not SD-normalized test scores.
For Bastian & Fuller (2023) the school-FE specification is shown (the student-FE alternative is
smaller but similar). Several rows rest on documented rescaling or interpretive assumptions—Fuller
& Bastian (2024) ACT (SD imputed from B&F 2018), Carrell et al. (2011) (contrast SE is an upper
bound), Heissel & Norris (2018) (morning-sunlight IV read as a start-time delay), and Lenard et al.
(2020) (advance rescaled to a delay)—each detailed in Appendix Table A.23.
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Table A.1: Meta-Analytic Summary: Quasi-Experimental Evidence on School Start Times
Study Design Scope Sleep Academic MH

(min./hr) (SD/hr)
Panel A: Sleep duration

Owens et al. (2017) Pre/post QE 1 district +36.1
(3.6)

Widome et al. (2020) DiD + actigra-
phy

1 metro +43
(8.6)

Lo et al. (2018) Pre/post QE 1 school +30.9
(4.3)

+

Jung & Fenelon
(2024)

DiD (mandate) Multi-
state

+19
(6.8)

Panel B: Academic achievement

Hinrichs (2011) Cross-district
DiD

Multi-
district

0.00 (0.02)

Edwards (2012) Transportation
IV

1 district +0.06
(0.01)

Carrell et al. (2011) Random assign-
ment (within in-
stitution)

1 academy +0.15
(0.07)a

Heissel & Norris
(2018)

Time-zone IV 1 state +0.08
(0.02)b

Groen & Pabilonia
(2019)

OLS + Oster
bounds

National +0.16
(0.08)c

Bastian & Fuller
(2023)

Panel DiD 1 state +0.08
(0.03)g

James et al. (2023) DiD + actigra-
phy

1 metro +0.17
GPA pts
(0.03)d

Panel C: Mental health

Chan et al. (2024) Pre/post board-
ing

1 school +35
(7.7)

+e

Sadikova et al.
(2024)

IV (SST→sleep) 1 metro +f

Notes: Sleep effects in additional minutes per one-hour delay in school start time (Panel A entries normalized uniformly to per-
hour scale; raw source treatments: Owens 2017 50 min, Widome 2020 57 min, Lo 2018 45 min). Academic effects in SD units per
one-hour delay. Standard errors in parentheses. MH = + indicates improvement in mental health outcomes. Panels A–C display
representative studies; a single rough-benchmark random-effects pooled estimate is reported in the footnote in Section 2.2 of
the text for comparability with prior meta-analyses. See Appendix Table A.23 for the principal studies discussed in the text;
Figure A.1 reports the PRISMA flow.
aPer-hour-equivalent of the 7:00 vs. 7:50 a.m. first-period contrast at USAFA, rescaled from the source paper’s 50-min contrast.
bAdolescent (pubescent) subsample; near zero for younger children. cFemale subsample; OLS with Oster (2019) bounds
(0.16–0.28 SD); males null. dEffect reported in GPA points (not SD units); excluded from the pooled academic estimate.
GPA at two-year follow-up; attendance improves immediately. eSignificant reductions in depression, anxiety, and insomnia
(d = 0.29–0.67); the d = 0.72 figure in Chan et al. (2024) refers to total sleep time, not mental health. f IV-estimated: a
policy-induced 30-min sleep gain yields −0.78 depression points (SE 0.27) and −1.36 fatigue points (SE 0.38). gSchool-fixed-
effect specification shown; the student-fixed-effect alternative reports math +0.039 (SE 0.012) and reading +0.026 (SE 0.009),
both reported by the authors as robust.
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Table A.2: Summary Statistics - YRBS (2007–2023)
Mean Std. Dev. N

Covariates
Age categories 5.00 1.25 139,021
Female 0.50 0.50 139,703
Asian 0.04 0.20 139,703
Black 0.16 0.36 139,703
Hispanic 0.25 0.44 139,703
White 0.45 0.50 139,703
Outcomes
Sleep ≥ 6 hours 0.79 0.41 120,919
Sleep ≥ 7 hours 0.56 0.50 120,919
Sleep ≥ 8 hours 0.27 0.44 120,919
Concentration difficulties 0.39 0.49 49,362
Sadness/hopelessness feelings 0.32 0.47 137,950
Suicidal intentions 0.18 0.39 122,451

Notes: Summary statistics reported for the full YRBS sample (2007–2023), including main covariates and mental health
outcomes. Age categories are coded from 1 (≤12 years) to 7 (≥18 years). Outcomes are based on self-reported responses.
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Table A.3: Summary Statistics – ATUS (2003–2024, Excluding 2020)

Panel A: Children aged 15–18 Mean Std. Dev. N

Awake by 6am 0.283 0.450 5,785
Awake by 7am 0.591 0.492 5,785
Awake by 8am 0.714 0.452 5,785
Bedtime after 9pm 0.694 0.461 5,785
Bedtime after 10pm 0.354 0.478 5,785
Bedtime after 11pm 0.226 0.418 5,785
Sleep hours 9.120 2.346 5,785
Sleep at least 6 hours 0.942 0.234 5,785
Sleep at least 7 hours 0.862 0.345 5,785
Sleep at least 8 hours 0.703 0.457 5,785

Panel B: Children under 13 Mean Std. Dev. N

Awake by 6am 0.128 0.334 11,825
Awake by 7am 0.432 0.495 11,825
Awake by 8am 0.758 0.428 11,825
Bedtime after 9pm 0.322 0.467 11,825
Bedtime after 10pm 0.135 0.341 11,825
Bedtime after 11pm 0.066 0.248 11,825
Sleep hours 9.657 1.997 11,825
Sleep at least 6 hours 0.965 0.184 11,825
Sleep at least 7 hours 0.938 0.241 11,825
Sleep at least 8 hours 0.876 0.330 11,825

Notes: Summary statistics are reported for the ATUS sample for key sleep-related outcomes. Panel A presents results for
children aged 15–18. Panel B presents results for children under 13, based on parental reports and linked child-level sleep data.
Means and standard deviations are rounded to three decimal places.
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Table A.4: SB 328 and Teacher Arrival Time in California (ACS Evidence)

(1) (2)
High School Teachers Middle & Elemen. School Teachers

Arrival time Arrival time

Policy (SB 328) 18.93∗∗ 12.30∗∗∗

(8.32) (3.50)

Observations 8,387 25,808
R-squared 0.085 0.027

Notes: The table reports difference-in-differences estimates of the effect of SB 328 on teacher
arrival-at-work time, using individual-level data from the American Community Survey (ACS)
for the years 2015-2024 (2020 wave is dropped due to COVID-19; 2022 wave is dropped since
the month of interview is not reported in ACS). Column (1) restricts to high school teach-
ers (IPUMS 2018 occupation code 2320), while column (2) restricts to elementary & middle
school teachers (IPUMS 2018 occupation code 2310). Note that the occupation code 2310
does not distinguish between elementary and middle school teachers. Hence, col. (2) captures
a combined effect on elementary school and middle school teachers. The dependent variable
is the arrival time at work (in minutes from midnight). Regression in col. (1) uses teacher-
arrival treatment intensity defined for high school teachers (IPUMS occupation 2320; bottom
three quartiles vs. top quartile plus rural counties). Regression in col. (2) uses teacher-arrival
treatment intensity defined for elementary/middle school teachers (IPUMS occupation 2310;
bottom two quartiles vs. top two quartiles plus rural counties). All specifications include
county-of-work and year fixed effects, individual-level controls (sex, marital status, number of
children, race/ethnicity, education), and ACS person weights. Standard errors in parentheses,
clustered at the county-of-work level. *** Significant at the 1% level, ** Significant at the 5%
level, * Significant at the 10% level.
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Table A.5: CA SB 328 and High School Senior SAT Scores
(1) (2) (3)
SAT Math Evidence-based

reading and writing score

CA SB 328 24.987*** 10.673*** 13.313***
(4.793) (2.288) (2.535)

Observations 204 204 204
Mean of dep. var. 1,112 549.7 562.3
Std. dev. of dep. var. 95.05 49.49 45.87

Notes: Data on SAT scores were published by the College Board. Data include 50 US states and Washington, D.C., for the
years 2018, 2021, 2022, and 2023. All estimates include state and year fixed effects. Standard errors in parentheses, clustered
at the state level. *** Significant at the 1% level ** Significant at the 5% level * Significant at the 10% level.
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Table A.6: ACS Placebo Test (Adolescents, Ages 11-18) – Vision and Hearing Difficulties

(1) (2) (3) (4)
State Level California

Vision Hearing Vision Hearing

Policy (SB 328) 0.0005 0.0004 -0.0013 0.0001
(0.0005) (0.0004) (0.0021) (0.0010)

Observations 2,551,938 2,551,938 306,465 306,465
R-squared 0.001 0.000 0.002 0.001
Mean of dep. var. 0.011 0.006 0.010 0.006
Std. dev. of dep. var. 0.104 0.078 0.100 0.076

Notes: This table reports placebo estimates of the effect of the ACS-based teacher arrival-time treatment on outcomes that
should be unaffected by the schedule mandate, namely DIFFEYE (whether respondent is blind or has a serious vision difficulty)
and DIFFHEAR (whether respondent is deaf or has a serious hearing difficulty). Data comes from the 2015-2024 American
Community Survey (ACS). 2020 wave is dropped due to COVID-19; 2022 wave is dropped since the month of interview is not
reported in ACS. Columns (1)–(2) use the full U.S. sample of teens aged 11–18; columns (3)–(4) use within-California variation
with a sample of teens aged 11–18. Regressions in cols. (1)–(2) use the California x post-SB 328 interaction term. Regressions
in cols. (3)–(4) use teacher-arrival treatment intensity defined for high school teachers (IPUMS occupation 2320; bottom three
quartiles vs. top quartile plus rural counties). All specifications include state/county and year fixed effects, individual-level
controls (age, sex, race/ethnicity), and ACS person weights. Analyses in cols. (1)–(2) further employ state-level time-varying
socioeconomic covariates. Standard errors in parentheses, clustered at the state level (cols. 1–2) or county level (cols. 3–4).
*** Significant at the 1% level, ** Significant at the 5% level, * Significant at the 10% level.

Table A.7: CDE Placebo Test on School Characteristics
(1) (2) (3) (4) (5)

Total Enrollment White Share Hispanic Share Female Share Socioecon. Disadvantaged Share

Policy (SB 328) -13.92 0.283 -0.383 0.079 0.693
(14.46) (0.516) (0.748) (0.083) (1.189)

Observations 63,450 64,024 76,551 63,450 63,450
R-squared 0.024 0.345 0.192 0.002 0.216
Mean of dep. var. 803.2 25.78 56.02 48.21 61.31
Std. dev. of dep. var. 703.7 21.21 27.58 4.514 26.05

Notes: This table reports placebo regressions using school-level characteristics from CDE data for the academic years 2014–
15 through 2024–25. The dependent variables include total enrollment and demographic shares (race/ethnicity, sex, and
socioeconomically disadvantaged students). All regressions use a combined HS+ES/MS teacher-arrival treatment intensity
(IPUMS occupations 2320 and 2310; bottom three quartiles vs. top quartile plus rural counties). All specifications include
school and year fixed effects, as well as time-varying demographic covariates unrelated to the outcome tested. Standard errors
in parentheses, clustered at the county level. *** Significant at the 1% level, ** Significant at the 5% level, * Significant at the
10% level.
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Table A.13: SB 328 & Parental Work-Related Time Use, ATUS (2003–24), ACS (2015-2024)
(1) (2) (3) (4) (5)

Awake by 6am Arrival at work (7-8am) Arrival at work (8-9am) Commuting time Working past 4pm

CA SB 328 -0.065*** -0.011*** 0.012*** 0.021 0.058**
(0.022) (0.002) (0.003) (0.181) (0.022)

Observations 14,000 1,973,940 1,973,940 1,973,940 14,000
R-squared 0.024 0.021 0.023 0.036 0.035
Mean of dep. var. 0.583 0.301 0.218 28.04 0.485
Std. dev. of dep. var. 0.493 0.459 0.413 23.78 0.500

Notes: Data come from the 2003–2024 American Time Use Survey (ATUS): cols. (1) and (5); and the 2015–2024 American
Community Survey (ACS): cols. (2)-(4). ATUS sample excludes 2020 due to incomplete data collection during COVID-
19 pandemic. ACS sample excludes 2020 (experimental COVID-19 sample) and 2022 (interview month is unavailable). Both
samples are restricted to parents (ages 25-64) of children (ages 11-18), who worked away from home. ATUS analysis is restricted
to weekdays and observations are weighted by population weights obtained from the National Cancer Institute’s SEER Program
(assigned according to individual’s state of residence, survey year, age, sex, and race). All specifications include fixed effects
for state, year, while ATUS regressions also include month fixed effects. All specifications control for the following individual-
level characteristics: age, sex, race/ethnicity, education, marital status, and the number of children in the household. All
specifications further control for the following state-level characteristics: total population, % households with children, share
married, share divorced, share with at least a high school degree, share of 16–19 year-olds out of school, child poverty rate,
unemployment rate, and median household income. Standard errors in parentheses, clustered at the state level. *** Significant
at the 1% level, ** Significant at the 5% level, * Significant at the 10% level.
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Table A.20: SB 328, Sleep and Mental Health by Race (YRBS)

(1) (2) (3) (4) (5) (6)
Sleep ≥ 6 Sleep ≥ 7 Sleep ≥ 8 Difficulty Felt Suicidal

concentrating sad/hopeless intentions

Hispanics

CA SB 328 0.057* 0.040*** 0.012 -0.099*** -0.010 -0.025
(0.030) (0.014) (0.009) (0.027) (0.021) (0.018)

Observations 30,043 30,043 30,043 12,745 34,745 30,144
R-squared 0.021 0.037 0.030 0.057 0.065 0.030
Mean of dep. var. 0.799 0.569 0.286 0.404 0.343 0.179
Std. dev. of dep. var. 0.401 0.495 0.452 0.491 0.475 0.383

Whites

CA SB 328 0.080*** 0.093*** 0.056** -0.033 -0.031* -0.016
(0.023) (0.026) (0.026) (0.034) (0.018) (0.012)

Observations 55,808 55,808 55,808 22,566 61,574 55,325
R-squared 0.020 0.034 0.038 0.053 0.068 0.030
Mean of dep. var. 0.818 0.590 0.281 0.379 0.307 0.183
Std. dev. of dep. var. 0.386 0.492 0.449 0.485 0.461 0.387

Others

CA SB 328 0.017 -0.007 -0.009 -0.007 -0.016 0.020
(0.021) (0.019) (0.016) (0.019) (0.028) (0.017)

Observations 32,184 32,184 32,184 12,888 38,077 33,814
R-squared 0.023 0.032 0.033 0.062 0.064 0.037
Mean of dep. var. 0.740 0.491 0.241 0.391 0.316 0.181
Std. dev. of dep. var. 0.439 0.500 0.428 0.488 0.465 0.385

Notes: Data comes from the 2007-2023 national Youth Risk Behavior Survey (YRBS). Observations are weighted by population
weights obtained from National Cancer Institute’s SEER Program and assigned according to individual’s state of residence,
survey year, age, sex, and race. All specifications control for individual-level covariates (grade, sex) and state-level characteristics
(population, population density, % households with children, marital status & education-related variables, unemployment rate,
median household income, and child poverty rate). All regressions further include state and year fixed effects. Standard errors
in parentheses, clustered at the state level. *** Significant at the 1% level ** Significant at the 5% level * Significant at the
10% level.
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Evidence Taxonomy

Table A.23 summarizes principal studies discussed in the text, organized by evidence type.

The pool used to construct Figures A.2 and A.10 includes additional within-paper rows

from Bastian & Fuller (2018) and Fuller & Bastian (2024), and several Panel A sleep studies

(Owens 2010; Boergers; Temkin; Yang & Choi) not separately listed here.

Table A.23: Evidence Taxonomy: School Start Times, Sleep, and

Student Outcomes

Study Evidence Design Sleep Academic /

Other

Verdict

Panel A: Correlational and descriptive

Wahlstrom et al. (2001,

2014)

Descriptive Pre/post; no

control

+ Slight GPA

gains; ↓

tardiness

Mixed

Dewald et al. (2010) Correlational Meta-analysis;

26 studies

— r = 0.07–0.13 Suggestive

Dunster et al. (2018) Pre/post Actigraphy; 2

HS; no control

+34 min +4.5% grades Mixed

Bowers & Moyer (2017) Meta-

analysis

20 studies + No academic

pooling

Sleep: +

Yip et al. (2022) Meta-

analysis

28 studies; N ≈

1.8M

+ No significant

pooled effecta

Sleep: +

Panel B: Quasi-experimental — United States

Hinrichs (2011)§ QE Cross-district

DiD

— 0.00 (ACT)b Null

Carrell et al. (2011)§ QE Randomized;

USAFA

— +0.15 SDk Positive

Edwards (2012)§ QE Transportation

IV; NC

— +0.04–0.06

SDc

Positive

Continued on next page
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Table A.23 continued

Study Evidence Design Sleep Academic /

Other

Verdict

Lusher & Yasenov

(2016)

QE Double-shift;

Eastern Europe

— 0.00

(aggregate)d

Null (ag-

gregate)

Lusher & Yasenov

(2018)

QE Same; gender-

disaggregated

— + boys; 0.00

girls

Positive

(boys)

Luong et al. (2019) Experimental Random assign-

ment; Vietnam

+ + (smaller

than obs.)

Positive

Groen & Pabilonia

(2019)§

Observational OLS + Os-

ter bounds;

PSID-CDS

+ (F) +0.16–0.28

SD (F;

suggestive)e

Suggestive

Heissel & Norris

(2018)§

QE Time-zone IV;

FL

— +0.06–0.08

SDf

Positive

Owens et al. (2017)§ Pre/post Pre/post; Fair-

fax County VA

+30 min — Sleep: +

Widome et al. (2020)§ QE DiD + actigra-

phy; MN

+41–43

min

— Sleep: +

Lenard et al. (2020)§ QE DiD (advance);

Wake County

— +0.04 SD

[−0.19, 0.28]†

Null (test)

James et al. (2023) QE DiD; MN

(START co-

hort)

—g +0.17 GPA

pts; ↓ tardi-

ness

Mixedg

Panel C: Quasi-experimental — international and time-of-day

Cortes et al. (2012) QE Admin data;

first-period;

Chicago

— ↓ grades, first

period

Positive

Pope (2016) QE Admin data;

LAUSD

— Mixed

(teacher

learning)

Mixed

Jung & Fenelon (2024)§ QE DiD; South Ko-

rea mandate

+19–7

minh

↓ substance

use

Sleep: +

(fades)

Continued on next page
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Table A.23 continued

Study Evidence Design Sleep Academic /

Other

Verdict

Lo et al. (2018)§ Pre/post Pre/post; Singa-

pore

+23 min

(TIB)

— Sleep: +

Chan et al. (2018) Pre/post Pre/post board-

ing; HK (1-mo

follow-up)

+48

minl

— Excluded

from pooll

Chan et al. (2024)§ Pre/post Pre/post board-

ing; HK (7-mo

follow-up)

+35 min ↑ life satisfac-

tion

Positivei

Sadikova et al. (2024) QE IV (SST→sleep);

MN

— ↓ depression Positivej

Bastian & Fuller

(2023)§

QE Panel DiD; NC

middle

— +0.08 SD

math; +0.04

reading

Positive

Panel D: Experimental evidence on sleep

Giuntella et al. (2026) RCT Field exper-

iment; US

university

+19 min +0.10–0.11

SD

Positive

Continued on next page
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Table A.23 continued

Study Evidence Design Sleep Academic /

Other

Verdict

Notes: QE = quasi-experimental; RCT = randomized controlled trial; DiD = difference-in-differences;

F = female students only; HS = high school; MN = Minnesota. Sleep effects in minutes of additional

school-night sleep; academic effects in SD units where available. Dashes indicate outcome not primary

focus. § Study enters the pooled forest plots (Appendix Figures A.2 and A.10); for sleep duration the pool

includes pre/post designs with repeated measurement of the same students, as stated in inclusion criterion

(iii). Rows without this mark are background studies and are not pooled. a The pooled academic effect

aggregates estimates across designs of varying quality. b The ACT captures cumulative knowledge and is

likely to respond slowly to short-run schedule changes. This caveat applies to every ACT-outcome row

in the meta-analysis, including Hinrichs (2011), Lenard et al. (2020), Bastian & Fuller (2018, ACT), and

Fuller & Bastian (2024, ACT). c Standardized-test (Z-score) coefficients from Edwards (2012), Table 7,

student-school FE specification (math +0.057, SE 0.010; reading +0.035, SE 0.013). d Aggregate null

reflects offsetting gender-specific effects. e OLS with Oster (2019) bounds; not causally identified. f

Effects concentrated among pubescent students; near zero for pre-pubescent children. g The sleep result

of +40 minutes sometimes attributed to James et al. (2023) is a citation of Widome et al. (2020) inside

their introduction, not an independent estimate. James’s GPA effect is reported in grade-point units (not

SD), so the study contributes to the qualitative discussion only and is excluded from the pooled academic

estimate. † Studies a start time advance rather than a delay; the per-hour-delay equivalent is computed

by dividing the raw ACT-points coefficient by the in-sample ACT SD (5.727) and flipping sign to express

on a delay scale. h Initial gain of 19 min. fades to 7 min. within one year as bedtimes shift later. i Seven-

month follow-up; significant reductions in depression, anxiety, and insomnia (d = 0.29–0.67). A separate

d = 0.72 effect-size in the same paper refers to total sleep time (paired-sample), not mental health. j

IV-estimated: 30-min sleep gain → −0.78 depression points (SE 0.27); −1.36 fatigue points (SE 0.38).

k Per-hour-equivalent of the 7:00 vs. 7:50 a.m. first-period contrast at USAFA, rescaled from the source

paper’s 50-min contrast (raw 0.13 SD over 50 min → 0.15 SD per hour). l Same Hong Kong residential

boarding-school intervention as Chan et al. (2024), reported at 1-month follow-up rather than 7-month.

Excluded from the sleep pool to avoid double-counting the shared Cohort 1 baseline sample.
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Meta-analytic synthesis. To situate our estimates within the broader literature, we con-

duct a PRISMA-style systematic review of quasi-experimental evidence on school start times,

which also provides a basis for revisiting the mixed conclusions of prior meta-analyses. We

anchor the search on Bowers and Moyer (2017) and Yip et al. (2022) and on the most fre-

quently cited causally-identified studies in the field (Carrell et al., 2011; Heissel and Norris,

2018), conducting backward and forward citation searches via OpenAlex supplemented with

keyword searches of the NBER and IZA working paper series. After three rounds of citation

expansion and deduplication, 320 candidate records were reduced to 136 after title/abstract

screening and to 42 after applying five inclusion criteria (Appendix Figure A.1): (i) school

start time as the independent variable; (ii) sleep, academic, or mental health outcomes;

(iii) a design that provides a counterfactual: for academic and mental-health outcomes, a

comparison-group design (pre/post with a control group, DiD, IV, or RCT); for sleep du-

ration, also pre/post designs that measure the same students before and after a schedule

change, the standard design of actigraphy studies; or a selection-on-observables design ac-

companied by a formal omitted-variable sensitivity analysis that bounds the estimate (e.g.,

Oster (2019) coefficient-stability bounds), in all cases excluding unadjusted cross-sectional

correlations; (iv) peer-reviewed publication in English; and (v) extractable effect sizes. Of

the 42 included studies, 33 report parametric standard errors and form the quantitative syn-

thesis; 18 of these provide effect sizes in a common metric and enter the pooled forest plots

(10 for sleep duration and 9 for test scores, with one study in both), while the other 15 are

tabulated but not pooled. The remaining 9 studies, which report no parametric standard

errors, contribute to the qualitative synthesis. Exactly one quantitative study, Groen and

Pabilonia (2019), enters under the sensitivity-bounds provision of criterion (iii) rather than

a design-based contrast; it is reported throughout as corroborating rather than design-based

evidence, and its inclusion does not affect the screening counts above. Because the included

estimates span heterogeneous treatment contrasts (delays versus advances; sub-hour ver-

sus multi-hour changes) and populations (U.S. military cadets, middle schoolers, Korean
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high schoolers under a national mandate), and because several studies contribute correlated

math and reading coefficients from a common specification, we present the full distribution of

effects rather than a single inverse-variance-pooled point estimate, which would convey arti-

ficial precision about a parameter whose interpretation is not invariant across the underlying

studies.23 Across the quasi-experimental estimates of academic effects (Figure A.10), point

estimates range from −0.04 to +0.16 SD per one-hour delay, with the bulk between 0.00 and

0.08 SD. Four estimates are non-positive (Hinrichs (2011), the biology and English rows of

Bastian and Fuller (2018), and the Math I row of Fuller and Bastian (2024)); Lenard et al.

(2020) separately studies a start time advance rather than a delay. For sleep duration (Ap-

pendix Figure A.2), non-boarding studies in the U.S., Korea, and Singapore cluster around

20–45 additional minutes per one-hour delay; the largest effects come from boarding-school

settings, where U.S. boarding schools (Owens et al. 2010, Boergers et al. 2014) yield 70–90

minutes and Hong Kong boarding schools (Chan et al. 2018, Chan et al. 2024) yield 35–48

minutes per one-hour delay. Appendix Table A.1 reports representative study-level estimates

across sleep, academic, and mental health outcomes; Appendix Table A.23 summarizes the

principal studies discussed in the text, and Figure A.1 reports the PRISMA flow.

23For completeness, inverse-variance-weighted random-effects (Restricted Maximum Likelihood, REML)
estimation yields a one-hour delay increasing sleep duration by approximately 39 minutes (95% CI: 26–51;
k = 10; I2 = 90%) and raising standardized test scores by 0.03 SD (95% CI: 0.01–0.05; k = 18 study–outcome
estimates from 9 independent studies; I2 = 72.8%). These pooled estimates remain larger and more precisely
estimated than the null effect reported by Yip et al. (2022) (r = 0.026, p = .70, k = 8), a difference we
attribute to our stricter inclusion criteria, which admit design-based estimates, pre/post designs that follow
the same students, and selection-on-observables estimates carrying formal omitted-variable bounds, and
so exclude the unadjusted cross-sectional correlations that enter broader pools such as that of Yip et al.
(2022). We do not provide a forest plot for mental-health outcomes because the included studies use highly
heterogeneous instruments (DASS-21, Kutcher Adolescent Depression Scale, PANAS, single-item depressed-
mood scales, life-satisfaction Likert scales, and substance-use frequency), which preclude a common effect-size
metric without auxiliary scale-conversion assumptions.
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