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Abstract:
We use data drawn from the National Longitudinal Survey of Youth 1979 Cohort to study the effects of leaving
school in an economic downturn on sleep quality and quantity. We account for the potential endogeneity of
economic conditions at school leaving using instrumental variables based on birth year and early state of resi-
dence.We find thatmenwho leave school in an economic downturn initially experience lower quality sleep, but
these men are able to experience improved sleep quality over time. Women who leave school in an economic
downturn experience better sleep quality, although the effect emerges over time. We find that leaving school in
an economic downturn increases sleep quantity amongmen and women. We document heterogeneity by work
type.
Keywords: sleep, health production, time allocation, school leaving, economic conditions
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1 Introduction

Roughly one-third of our time is allocated to sleep (Biddle and Hamermesh 1990); thus, sleep plausibly repre-
sents an important economic resource. Indeed, according to the 2014 American Time Use Survey, on working
days, full-time workers spend nearly as much time sleeping as they do working: 7.8 h sleeping versus 9.8 h
working (Bureau of Labor Statistics 2015).1 Economic models of the demand for health suggest a role for sleep
in the health production function (Grossman 1972). Noneconomic social science studies empirically link sleep,
both in terms of its quantity and quality, with a wide range of physical and mental health outcomes (King et al.
2008; Hill, Burdette, andHale 2009; Cappuccio et al. 2010; Knutson et al. 2010). Literature from across the health
sciences suggests that individuals who are sleep deprived (suboptimal quantity) or achieve low-quality sleep
(suboptimal quality) have worse health than comparable individuals. Moreover, sleep problems are relatively
common. The National Academy of Medicine estimates that 50–70 million American adults suffer from a sleep
disorder (Altevogt and Colten 2006).

Sleep deprivation and poor-quality sleep is linked with lower productivity in the labor market (Williamson
and Feyer 2000; Baldwin and Daugherty 2004; Landrigan et al. 2004; Daley et al. 2009; Lombardi et al. 2012),
increased health-care use (Redline and Newman 2002; Daley et al. 2009), and increased risk of traffic accidents
(Monk 1980; Hicks, Lindseth, and Hawkins 1983; Knipling andWang 1994; Powell et al. 2001). Sleep is believed
to be linkedwith these outcomes through its impact on cognitive performance, decision-making abilities, mem-
ory,mood, reaction times, etc. These findings suggest that theremay be substantial and negative spillovers from
the affected individual to broader society associated with poor sleep outcomes. Surprisingly, there is relatively
little economic evidence on factors that determine sleep, either in terms of its quantity or quality. However, in-
dividuals appear to value sleep as evidenced by their consumption of medications designed to alleviate sleep
disorders (both disorders related to sleep quantity and quality). Approximately 4.1 %ofAmerican adults report
using a prescription sleep medication in the past 30 days (Chong, Fryar, and Gu 2013) and the costs of these
medications exceed $34 billion per year.2

We examine whether leaving school in an economic downturn influences sleep quality and quantity across
the life course. A growing series of economic studies shows that Americans who leave school in an economic
downturn have persistently worse labor market (Kahn 2010; Altonji, Kahn, and Speer 2014), marriage market
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(Maclean, Covington, and Sikora Kessler 2015), and health (Maclean 2013 and 2015) outcomes. To the extent
that labor market, marriage market, and health experiences impact sleep, or that the same factors predict all
outcomes, these findings suggest that theremay be a link between leaving school in an economic downturn and
sleep. Given the importance of sleep as an independent outcome that reflects an important economic resource
and a measure of human well-being, it is important to consider the effects of leaving school in an economic
downturn on sleep in addition to the above-noted outcomes.

To explore the effects of leaving school in an economic downturn on sleep, we use data on a long panel
of individuals drawn from the National Longitudinal Survey of Youth 1979 Cohort (NLSY79) to model sleep
quality and quantity at various points across the adult life course as a function of the state unemployment rate
at school leaving. We exploit variation generated by volatility in the United States economy between 1976 and
1998, proxied by state unemployment rates, to identify sleep effects. We address the potential endogeneity of
the time and location of school leaving with an instrumental variable model using instruments based on birth
year and early state of residence (Kahn 2010). We study heterogeneity in sleep effects across sex, skill (proxied
by educational attainment at school leaving), ability (proxied by the Armed Forces Qualifying Exam), and race
and ethnicity. We also consider possible mechanisms through which leaving school in an economic downturn
impacts sleep. Specifically, we investigate cumulative labor market andmarriagemarket experiences and apply
an Oaxaca Blinder (OB) decomposition to study the relative importance of these potential mechanisms.

Our findings suggest a nuanced relationship between the economic conditions experienced at school leaving
and sleep across the life course. First, we find evidence that men who leave school in an economic downturn
initially experience reductions in sleep quality, but this effect dissipates after 6–10 years in the labor market.
Later in their careers, thesemen eventually experience improvements in sleep quality.Womenwho leave school
during an economic downturn do not experience the initial reduction in sleep quality, but over time they ex-
perience improvements in sleep quality relative to comparable women who leave school in stronger economic
conditions. In terms of sleep quantity, we find that leaving school in an economic downturn shifts the sleep-
quantity distribution toward more sleep among both men and women, although our small sample size limits
our statistical power in these particular analyses. We document heterogeneity.

2 Related Literature

We first review the literature, both noneconomic and economic, that links labor market outcomes with sleep.
We then discuss the economic literature on the effects of leaving school in an economic downturn. We combine
insights from these literatures to guide our analyses.

2.1 Noneconomic Social Science Evidence on Individual Labor Market Outcomes and Sleep

Numerous social science studies outside economics have examined the association between individual labor
market outcomes (such as wages, income, occupational prestige, and the probability of employment) and a
range of sleep quality and quantity outcomes (Moore et al. 2002; Paine et al. 2004; Gellis et al. 2005; Lauderdale
et al. 2006; Friedman et al. 2007; Stamatakis, Kaplan, and Roberts 2007; Krueger and Friedman 2009; Grandner
et al. 2010; Soltani et al. 2012; Pfeifer 2015). These studies collectively suggest that employed and higher wage
and income individuals tend to exhibit more favorable sleep outcomes than unemployed and lower wage and
income individuals.

The hypothesized process is that psychobiological factors (e. g. stress, allostatic load, anxiety, depression)
associated with poor labor market outcomes impede an individual’s ability to achieve desirable sleep, both
in terms of its quantity and quality. To this point, the social science literature outside of economics has not
incorporated economic factors (time costs, income effects, work time, etc.) into the modeling of sleep outcomes.

2.2 Economic Theory and Evidence on the Relationship Between Economic Conditions and Sleep

Biddle and Hamermesh (1990) build on Becker’s seminal theory of time allocation (Becker 1965) and develop
a model of sleep allocation.3 Prior to this effort, economists treated sleep time as an exogenous variable in eco-
nomic models. Thus, the central contributions of Biddle and Hamermesh (1990), henceforth “BH,” are to endo-
genize sleep time allocation choices and explore economic factors that predict the demand for sleep time (i. e.
wages, income, and time allocated to work). The BH model assumes that sleep directly enters the consumer’s
utility function and impacts labor market productivity (i. e. wages).4

Brought to you by | EP Ipswich
Authenticated

Download Date | 6/1/17 10:19 AM

http://rivervalleytechnologies.com/products/


Au
to

m
at

ica
lly

ge
ne

ra
te

d
ro

ug
h

PD
Fb

yP
ro

of
Ch

ec
kf

ro
m

Ri
ve

rV
al

le
yT

ec
hn

ol
og

ie
sL

td
DE GRUYTER Maclean andHill

For the purposes of our study, it is important to note that the BH model focuses exclusively on the quan-
tity of sleep and therefore does not offer predictions for sleep quality.5 Thus, the model does not differentiate
between high- and low-quality sleep. The BH model predicts that both wage and income have ambiguous im-
pacts on sleep quantity. Instead, the net effect of these variables on sleep quantity is determined by the relative
strength of various offsetting relationships between model variables. In an empirical analysis of time use data,
BH demonstrate that the demand for sleep is declining in wages and time spent working but unrelated to in-
come, and wage effects are stronger for men than for women.6

Conceptually, sleep quality could have two offsetting effects on sleep quantity. First, if need for sleep is
related to the need to accumulate a specific amount of energy (where energy is a stock variable that can be
replenished through investment), then individuals who have low sleep quality may need to sleep for longer
periods of time that comparable individuals who have high-quality sleep to accumulate energy stock. Second,
energy stock replenishment that occurs during sleep time can be viewed as the “returns to sleeping.” Taking
this view, low-quality sleep offers lower returns to individuals, which suggests that such individuals will sleep
less.

Related to our work, a handful of studies have examined the relationship between contemporaneous eco-
nomic conditions and sleep. Using the American Time Use Survey (ATUS), Antillón, Lauderdale, and Mullahy
(2014) find that sleep quantity increases modestly during recessions: a 1 percentage point increase in the state
unemployment rate leads to a 0.83-min increase in daily sleep. These findings are supported by research using
Canadian (Brochu, Armstrong, and Morin 2012) and Icelandic (Ásgeirsdóttir et al. 2014 and 2016) data. On the
other hand, Ásgeirsdóttir and Ólafsson (2015) who also use the ATUS data find no evidence of a relationship
between economic conditions and sleep quantity while Pabilonia (2014) provides evidence using the ATUS
that teens sleep less when economic conditions deteriorate. Thus, the relationship between sleep quantity and
economic conditions appears to be context and population specific. To the best of our knowledge, only one
economic study explores the relationship between contemporaneous economic conditions and sleep quality.
Antillón, Lauderdale, and Mullahy (2014) demonstrate that reports of restless sleep, a measure of poor sleep
quality, declines during economic downturns.

2.3 The Impact of Leaving School in an Economic Downturn on Labor Market, Marriage Market,
Fertility, and Health Outcomes

Workers who leave school in an economic downturn may be directed toward low wage and otherwise less
desirable jobs in the short run (Reder 1955; Okun 1973; McLaughlin and Bils 2001). This initial employment
obstacle has been shown to persist over time (Oyer 2006 and 2008; Genda, Kondo, and Ohta 2010; Kahn 2010;
Kwon, Milgrom, and Hwang 2010; Schoar and Zuo 2011; Liu, Salvanes, and Sorensen 2012; Oreopoulos, Von
Wachter, andHeisz 2012;Maclean 2014; Altonji, Kahn, and Speer 2016).7 For example, workerswho leave school
in an economic downturn tend to earn lower wages, have lower earnings, to hold less prestigious jobs, and are
less likely to be promoted. Using the National Longitudinal Survey of Youth, the same data we employ, Kahn
(2010) finds that a 1 percentage point increase in the school-leaving state unemployment rate leads to a 9.1%
reduction in the hourly wage and that this effect is observable for 15 years after school leaving among white,
male college graduates.

Kahn (2010) provides additional evidence that workers who leave school in an economic downturn may
attempt to offset reduced wages by increasing labor supply (measured by any employment and annual weeks
worked) over time. Alternatively, Genda, Kondo, and Ohta (2010) find evidence that leaving school in an eco-
nomic downturn reduces employment propensities for up to 12 years while Altonji, Kahn, and Speer (2016)
document reduced employment propensity, hours worked, and fulltime employment propensity among col-
lege graduates who leave school when the state unemployment rate is high. Thus, the extent to which work
time over the life course is impacted by leaving school in an economic downturn may vary across sample and
time period. While the literature overall suggests that labor market effects are persistent, they are perhaps not
permanent and appear to dissipate within 10–15 years in the labor market.

The career effects attributable to leaving school in an economic downturn are not homogenous across work-
ers. Genda, Kondo, and Ohta (2010) find more persistent wage penalties for college graduates than high school
graduates among men in US labor markets,8 and Hershbein (2012) shows that high school graduates are less
impacted by economic conditions at school leaving than higher skill workers. Finally, Kondo (2015) documents
that the wage penalties due to leaving school in an economic downturn are weaker for women than for men,
but she does not document differences across race and ethnicity.

The career penalties attributable to leaving school in an economic downturn have also been shown to impact
marriage outcomes (Hershbein 2012; Hofmann and Hohmeyer 2014; Maclean, Covington, and Sikora Kessler
2015). For example, American men who leave school in an economic downturn are persistently less likely to
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marry and have children than comparable men who leave school under more favorable economic conditions
(Maclean, Covington, and Sikora Kessler 2015).

A series of studies link economic conditions at school leavingwith a range of health-related outcomes across
the life course, including overall reported health, mental health, risky drinking practices, and body weight,
and outcomes that reflect internal resources such as self-esteem (Maclean 2013; Cutler, Huang, and Lleras-
Muney 2015; Guo andHai 2015; Maclean 2015; Maclean andHill 2015). The hypothesized relationship between
leaving school in an economic downturn and these outcomes is that the labor and marriage market penalties
attributable to leaving school in an economic downturn eventually impact outcomes such as health and self-
esteem. Although there is heterogeneity across studies, the findings suggest that American adults, especially
men, who leave school when the state unemployment rate is high tend to have worse health.

A recent study by Guo and Hai (2015) uses data from the National Longitudinal Survey of Youth 1997 to
examine the effects of leaving school in an economic downturn on sleep quantity alongwith several other health
outcomes and health behaviors. The authors find that high-school graduates who leave school in an economic
downturn increase their sleep duration. We build on the work of Guo and Hai (2015) in two important ways.
We model measures of sleep quantity and quality, and we examine a long panel of individuals which allows
us to explore effects through middle age. Specifically, we are able to track adults into their 50s. The NLSY97
sample members [who are studied by Guo and Hai (2015)] left school during the late 1990s and early 2000s,
this time period was characterized by a relatively strong economy. Our sample of school leavers left school
during the severe recession of the early 1980s, which is the largest economic downturn in the post–World War
II era prior to the recent 2008–2010 recession. With this cohort contrast in mind, our findings may be useful for
thinking through the implications for those individuals who left school during the 2008–2010 recession. Taken
together, these two studies complement each other and broaden our understanding of the lifetime consequences
of leaving school in an economic downturn for sleep outcomes.

2.4 Hypotheses

We hypothesize that the key channels through which leaving school in an economic downturn may impact
sleep are wages, earnings, labor supply, marriage, fertility, and health. We next discuss the specific predictions
that we will test in the data.

Sleep quality: Success in the labor market (defined by a broad set of factors including wages, employment,
income, occupational prestige, promotions, etc.) is empirically linked with sleep quality, and individuals who
leave school in an economic downturn have persistently diminished wages, earnings, promotion propensity,
and occupational prestige. Leaving school in an economic downturn contributes to worse health outcomes in
general and mental illness and risky drinking practices in particular (Maclean 2013 and 2015; Maclean and Hill
2015). Poor mental health and risky drinking can undermine sleep quality (Roehrs and Roth 2001; Kaneita et
al. 2009; Popovici and French 2013). Therefore, we expect that those individuals who left school when the state
unemployment rate was high will have worse sleep quality through the noted mechanisms of wages, earnings,
employment, and health. We suspect that this negative effect will be muted for men because men who leave
school in an economic downturn are less likely to have children (Maclean, Covington, and Sikora Kessler 2015),
and children are predicted to reduce sleep quality (Asgeirsdottir and Zoega 2011).

Sleep quantity: The direction of the relationship between leaving school in an economic downturn and sleep
quantity is ambiguous. The economic literature suggests that those who leave school in an economic downturn
tend to initially earn lowerwages (which all else equal reflects the price of sleep) and income (which impacts the
consumer’s budget), which may increase or decrease sleep quantity at least during the period in which these
individuals experience lower wages and income. Sleep quantity will increase if standard wage and income
effects dominate, if the opportunity cost of sleep is the wage and sleep is a normal good. However, as BH
point out, there are several offsetting factors. Reduced wages may reduce sleep quantity. Income may also be
unrelated to sleep.9 To offset lower wages, workers who leave school in an economic downturn may over time
increase time spent working,10 which should decrease time spent sleeping.

Finally, the economic literature suggests that men who leave school in an economic downturn are less likely
to marry and have children. If marriage promotes optimal sleep (Hale 2005), this pathway would suggest that
those who leave school in an economic downturn (especially men) will sleep less. However, if men who leave
school in an economic downturn are less likely to have children, they may sleep more without childrearing
responsibilities.11
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3 Data, Variables, and Methods

3.1 Data

We draw data on a long panel of individuals from the NLSY79 Cohort. In particular, we use the geocoded data
which allows us to access state of residence. The original sample consists of 12,686 youth 14–22 in 1979. The
surveywas administered annually by the Bureau of Labor Statistics between 1979 and 1993 and biannually from
1994 to 2012. We utilize measures of the annual state unemployment rate using the Bureau of Labor Statistics
Local Area Unemployment Database.

3.2 Sleep Measures

To measure sleep quality, we rely on an item contained in the Center for Epidemiologic Studies Depression
(CESD) index. The CESD is a validated measure of depressive symptoms (Radloff 1977; Kohout et al. 1993)
that is commonly used in the economics literature to study mental health (Falba, Sindelar, and Gallo 2009;
Maclean 2013; McInerney, Mellor, and Nicholas 2013; Ayyagari and Shane 2015; Sabia and Rees 2015). Our
specific indicator of sleep quality is a single item: “During the past week, my sleep was restless: 1) rarely, none
of the time, or one day; 2) some of the time, a little of the time, or 1 to 2 days; 3) occasionally, a moderate
amount of the time, or 3 to 4 days; and 4) most of the time, all of the time, or 5 to 7 days.” We use the ordinal
score (0–3, with higher scores indicating more restless sleep) and an indicator for occasionally or most of the
time experiencing restless sleep (equal to 1 if the respondent reported value 2 or 3, and 0 otherwise).

This item is a reasonable indicator of sleep quality even though it is reported by the respondent. According to
theNational Sleep Foundation (2015), unrefreshing sleep and nonrestorative sleep are symptoms of insomnia.12
Restless sleep is also conceptually related to a range of adverse sleep outcomes, including difficulty falling
asleep, difficulty staying asleep, waking up too early, fatigue, sleep inefficiency, and poor overall sleep quality.
Moreover, our use of reported sleep problems is consistent with clinical practice as health-care professionals
identify sleep problems using patient reports of symptoms (National Institutes of Health 2012). For example, in
clinical practice, health-care providers will ask patients how often patients awaken during the night, how long
it takes patients to fall sleep, how well rested patients feel upon awakening, and how alert patients feel during
the day.

The CESD restless sleep item is also similar to, or conceptually related to, items from several established
sleep inventories, including, for example, the Sleep Disorders Inventory (“Are you bothered by restless or fitful
sleep?”), the Pittsburgh Sleep Quality Index (“Wake up in the middle of the night or early morning?”), and the
Iowa Sleep Disturbances Inventory (“I have trouble staying asleep.”). The CESD restless sleep item has been
used as a sleep quality outcome in previous research (Kutner et al. 2001). This item has even been used to
validate the Pittsburgh Sleep Quality Index (Carpenter and Andrykowski 1998).

TheCESD is asked four times in theNLSY79: 1992, 1994, theAge 40HealthModule (completed in 1998, 2000,
2002, 2004, or 2006 depending on respondent age), and theAge 50 andOlderHealthModule (completed in 2008,
2010, or 2012 depending on respondent age). We have up to four observations per respondent. We have valid
data on the restless sleep question for 4,001 unique men and 4,098 unique women. We rely on the unbalanced
NLSY79 sample (Kahn 2010) and thus have data on 13,479 male/year and 14,124 female/year observations.

To measure sleep quantity, we use a standard measure of reported sleep duration contained in the Age 50
and Older Health Module (Hill et al. 2014; Guo and Hai 2015). Respondents are asked “How much sleep do
you usually get at night (or in your main sleep period) on weekdays or workdays?” We construct indicators for
the following nightly weekday or workday sleep durations: less than 5 h, 5 to less than 6 h, 6 to less than 7 h, 7
to less than 8 h, 8 to less than 9 h, and 9 or more hours.

3.3 School-Leaving Economic Conditions

The key explanatory variable in this study is the economic conditions at school leaving. To capture this vari-
able, we must first locate the school-leaving period. The school-leaving definition includes both students who
graduated with a degree and who dropped out prior to degree completion (i. e. both graduates and dropouts).
We use responses to education history questions fielded between 1979 and 1998 to identify the year in which
the respondent left school. We exclude all respondent/year observations for which the sleep outcome predates
the school-leaving year.13 We require that respondents report being out of school for a period of 2 years after
school leaving to avoid incorrectly classifying short departures (e. g. sickness, travel) as true school leaving.
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We use geocodes to determine the school-leaving state. Respondents who left school between 1976 and 1978
are assigned the 1979 interview state. This imputation assumes that individuals do not move across state lines
between school leaving and the 1979 interview.14 The interview state is assigned to respondents who left school
between 1979 and 1998.

Appendix Table 26 reports school-leaving cohort size in each year between 1976 and 1998. The largest school-
leaving cohort is 1979 with 1,171 school leavers and the smallest cohort is 1998 with 2 school leavers. Many
respondents left school in the early 1980s, which covered the severe recession of 1981–1982 (National Bureau
of Economic Research 2010). We proxy economic conditions with the school-leaving state unemployment rate
because this is the standard measure in the literature (Kahn 2010; Altonji, Kahn, and Speer 2016).15

3.4 Control Variables

We include a set of predeterminedvariables that are expected to predict sleep outcomes in all regressionmodels:
race and ethnicity (African-American and Hispanic, with White as the omitted group), a proxy for ability (age
standardized Armed Forces Qualification Test [AFQT]),16 parental education as measured by mother’s and
father’s years of education entered linearly and separately, and three indicators for access to cultural materials
within the household at age 14 (library card, newspapers, and magazines).

We include indicators for missing covariates and assign missing observations the sample mean (continuous
variables) or mode (binary variables) in our regression models. Results are robust if we instead drop all obser-
vations with missing information on covariates or if we do not include these control variables in the regression
model. In addition, we include the number of years (entered linearly) between the school-leaving period and
the periods in which sleep quality is measured. This variable is our proxy for potential experience in the labor
market (Kahn 2010). We do not include variables that are plausibly influenced by leaving school in an eco-
nomic downturn (e. g. current wages) as control variables in our regressions to avoid bias from including “bad
controls” (Angrist and Pischke 2009).

3.5 Empirical Model

Equation 1 presents our regression model:

𝑆𝐿u�u�u�u� = 𝛼0 + 𝛼1𝑃𝐸u�u�−u� +
u�=7

∑
u�=2

𝛼u�𝑈𝐸u�u� + 𝛼′
8𝑋u� + 𝛼′

9𝑆u� + 𝛼′
10𝐷u� + 𝛼′

11𝐺u� + 𝜀u�u�u�u� [1]

𝑆𝐿u�u�u�u� is a sleep outcome measured for individual i in school-leaving state s and school-leaving year t mea-
sured in survey year g. 𝑃𝐸u�u�−u� is potential labor market experience (i. e. the number of years between school
leaving and the survey year in which a sleep variable is measured). We seek to understand dynamics in the re-
lationship between economic conditions at school leaving and sleep outcomes across the life course. To this end,
we follow insight offered by Kondo (2015) and interact the annual state unemployment rate in school-leaving
state s in school-leaving year t with indicator variables for 1–5, 6–10, 11–15, 16–20, 21–25, and 26–37 years of

potential experience.17 These variables are reflected by the terms
u�=7
∑
u�=2

𝛼u�𝑈𝐸u�u� in eq. 1). We have very few ob-

servations that we observe within 5 years of school-leaving and we are concerned that estimating regression
coefficients using a small numbers of observations may lead to inconsistent estimates. Therefore, we suppress
the coefficient estimate on the 1–5 years post school-leaving indicator in all analyses.18

𝑋u� is a vector of time invariant personal characteristics (race and ethnicity, ability, parental education, and
access to cultural materials within the home at age 14). 𝑆u� and 𝐷u� are vectors of school-leaving state and year
fixed effects. Inclusion of the school-leaving state fixed effects implies that we use within school-leaving state
variation in unemployment rates to identify treatment effects.19

We utilize OLS for continuous outcomes and linear probability models for binary outcomes. We estimate
regression models separately for men and women given different labor market participation patterns (Blau
and Kahn 2007) and different labor market and marriage market effects due to leaving school in an economic
downturn (Kondo 2015; Maclean, Covington, and Sikora Kessler 2015). We apply that NLSY79 sample weights
but unweighted results are not appreciably different (Solon, Haider, and Wooldridge 2015).

We cluster standard errors around the school-leaving state. Our analysis sample emits 51 cluster cells
(school-leaving states) in the male sample and 49 cluster cells in the female sample. The number of cluster
cells falls in subgroup analyses (detailed later in the manuscript), but the number of cluster cells ranges from
38 to 48 in these regressions. We report the number of cluster cells emitted by the data in each regression in
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the tables. We believe that we are able to estimate consistent standard errors in our data (Cameron and Miller
2015).

3.6 Identification

Identification of eq. 1 requires that the state unemployment rate at school leaving is uncorrelated with the error
term in the sleep equations after we condition on personal characteristics and various fixed effects. A concern is
that the time or location of school leaving is endogenous to the school-leaving state unemployment rate which
would violate our identifying assumption. For example, school leavers may attempt to avoid leaving school in
an economic downturn by enrolling in additional schooling or moving. On the other hand, some individuals
may drop out of school to pursue employment opportunities in economic upturns. We refer to these behaviors
collectively as “endogenous sorting.”

The bias attributable to endogenous sorting is difficult to sign. School leavers who avoid economic down-
turns may have unobservable characteristics (e. g. time preferences) that permit avoidance behavior. An addi-
tional concern is measurement error in the school-leaving variables because we rely on individuals’ reports
of year of school leaving, which may be reported with error, and we must impute the school-leaving state for
some individuals. The impact of such error on regression coefficients is also difficult to sign (Bound, Brown,
and Mathiowetz 2001). Thus, ex ante the direction of bias from these various and potentially offsetting sources
is not clear.

We rely on two stage least squares (2SLS) to address such sources of bias. We select instruments based on
birth year and state of residence at age 14 (Kahn 2010). The IVs assume that respondents adhere to normal school
starting ages and progression through school. We refer to our IV as the “on time” state unemployment rate.
These instruments have been applied in previous investigations into the life course consequences of leaving
school in an economic downturn (Kahn 2010; Maclean 2013 and 2015; Maclean and Hill 2015).

The on time IV utilizes state unemployment rate variation that is generated exogenously by birth year and
state of residence at age 14. For example, we assign a 4-year college graduate the annual state unemployment
rate in the year she turned 22 (age 22 is the modal age for 4-year college graduates in our sample) in the state
of residence at age 14 (parents or caregivers likely determine state of residence early in life rather than school
leavers themselves). We make similar IV assignments for all educational levels regardless of whether or not
the respondent left school with a standard educational credential (e. g. high school diploma or 4-year college
degree).20 We exclude respondents who did not reside in the United States at age 14 because we cannot match
them to a state of residence and use historical compulsory schooling laws to calculate school start dates (Ace-
moglu et al. 2001). We assign the modal school starting age in our sample (7 years) to respondents not born in
the United States.

One may be concerned that the instrument is more accurately measured for credentialed school leavers
(those adults who leave school with a high school diploma or a 4-year college degree) than for those who left
school without a credential (dropouts) and school leavers who obtain a less common educational credential
(e. g. a 2-year college degree or Masters’ degree). We address this potential concern later in the manuscript by
separately estimating our regression models on a “standard credential” sample (i. e. respondents who leave
school with a high school diploma or a 4-year college degree) and a “nonstandard credential” sample (all other
respondents, including dropouts).We chose to retain all respondents regardless of their educational attainment
in the analytic sample to account for the possibility that economic conditions impact the level of completed
schooling and that stratifying the sample on this variable can lead to bias in regression coefficients.

A related concern is that the instruments may be more or less likely to satisfy the exclusion restriction for
standard credential school leavers and nonstandard credential school leavers (aswe have defined these groups).
For example, it is plausible that individuals who leave school without a standard credential may be more re-
sponsive to economic conditions in terms of the decision to remain in school than other school leavers. Such be-
havior may lead nonstandard credential school leavers to drop out during downturns, and if education impacts
sleep, then the exclusion restriction may be violated. On the other hand, if individuals who leave school with a
standard credential are more likely to stay in school to complete their credential during economic downturns,
then this behavior may also lead to a violation of the exclusion restriction. We note the potential differential
likelihood of the exclusion restriction violation by educational credentials as a limitation of the study.

Without further assumptions, the causal effect estimated by an instrumental variable model is the causal
effect for compliers only. In other words, an instrumental variable model estimates the local average treatment
effect. In our study, compliers are individuals who do not alter their education profile or state of residence in re-
sponse to economic conditions at school leaving. The generalizability of our 2SLS estimates to other individuals
is not clear.

Potential labor market experience and the interaction terms between potential experience and the school-
leaving state unemployment rate indicator variables are also potentially endogenous in eq. 1 due to endogenous
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sorting. We therefore instrument these variables. First, we instrument potential labor market experience with
potential experience implied by the instrument. For example, if a respondent is 41 in 2006 and left school with
a college degree, the potential experience implied by the on time instrument is 19 years. We define this variable
similarly (i. e. using the difference between age at the survey year in which sleep is measured and age at on-time
school leaving as outlined earlier in this section) for all other individuals regardless of whether they left school
with a standard credential, a nonstandard credential, or no credential. Second, we instrument the interaction
terms with the instrument interacted with comparable potential experience indicator variables implied by the
instrument.

In our 2SLS models, we cluster standard errors around the state of residence at age 14. This means that the
number of clusters emitted by the data varies across OLS and 2SLS models as the school-leaving state differs
from the on time school-leaving state for some respondents. We also replace school-leaving state and year fixed
effects with state of residence at age 14 and on time year fixed effects in our 2SLS models to account for omitted
variables (Maclean 2013).

3.7 Mechanisms

To understand the mechanisms that may link leaving school in an economic downturn to sleep outcomes, we
use data in the NLSY79 on cumulative labor market and marriage market outcomes. We first regress several
cumulative labor andmarriage market outcomes on the school-leaving unemployment rate to understand how
our potential mechanisms are impacted by school-leaving state unemployment rates. For brevity, we focus
on 2SLS results generated in the sleep quality sample.21 Second, we conduct a OB decomposition analysis to
understand the relative importance of labor market andmarriagemarket outcomes for sleep outcomes (Blinder
1973; Oaxaca 1973).

The OB decomposition is used to study differences in outcomes across groups. Although the original appli-
cations explored wage differentials across groups the method can be applied to understand why two groups
have differences in awide range of outcome variables, including health variables (Kirby, Taliaferro, andZuvekas
2006; Powell et al. 2012). In our context, we compare individuals in the top and bottom halves of the empiri-
cal distribution of our sample of school-leaving state unemployment rates. We apply the OB decomposition as
follows:

𝑆𝐿u� − 𝑆𝐿u� = �̄�′
u�

̂𝛽u� − �̄�′
u�

̂𝛽u� = (�̄�′
u� − �̄�′

u�) ̂𝛽 − �̄�′ ( ̂𝛽u� − ̂𝛽u�) = (explained) + (unexplained) [2]

where 𝐿 and 𝐻 indicate the samples that left school when the state unemployment rate was low (at or
below the sample mean) and high (above the sample mean). 𝑆𝐿u� and 𝑆𝐿u� are the mean sleep values for these
two groups. �̄�′

u� and �̄�′
u� are the mean values of the included control variables and ̂𝛽u� and ̂𝛽u� are the associated

regression coefficient estimates. �̄�′ and ̂𝛽 are weighted averages of the group specific means and regression
coefficient estimates.

The OB method decomposes the differences in sleep quality between the two groups into those due to
group differences in the mean values of the included covariates (“endowments”) and those differences across
the groups in terms of the estimated coefficients (“returns”). We follow Neumark (1988) and use the estimated
coefficients from a pooled regression (i. e. including individuals in both groups as defined by the school-leaving
state unemployment rate in the sample and including an indicator variable for group status in the regression
model) to obtain the weighted average for ̂𝛽. We also transform the coefficients on categorical variables (e. g.
race and ethnicity) included in the regression model such that the decomposition results are insensitive to the
choice of the omitted category.

In eq. 2), the explained portion of the difference in sleep quality outcomes is determined by differences in
endowments of the included covariates (𝑋). The unexplained portion is determined by the differences in the
estimated coefficients (returns). Thus, the unexplained portion of the difference in sleep quality outcomes can
be interpreted as the differential response to sleep quality determinants (i. e. included covariates) by the groups.
However, the unexplained portion also reflects other unobserved differences between groups.

Of particular interest is the contribution of labor market andmarriage market mechanisms.We consider the
following labor market mechanisms: earnings from salary and wages, number of jobs held, and weeks worked.
Themarriagemarket mechanisms are as follows: number of partners and number of children.22 These variables
are cumulative from the period of school-leaving through the survey year in which sleep is measured.23 We
focus onOLS regressions in the decomposition analysis, but results based on 2SLS are available on request from
the corresponding author.24 We note that the labor market andmarriage market outcomes are likely influenced
by leaving school in an economic downturn, so the causal interpretation of our decomposition analysis is not
clear (Angrist and Pischke 2009).
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4 Results

4.1 Summary Statistics

Summary statistics are reported in Table 1 (sleep quality sample) and 2 (sleep quantity sample). Although the
sleep quality regressionmodelsweuse up to four observations per respondent,we include only one observation
per respondent in Table 1 (specifically, we use the first observed measure, which is typically measured in 1992
or 1994). On average, the sleep quality score is 0.65 among men and 0.82 among women (this variable ranges
from 0 to 3). The share of men in our sample reporting frequent restless sleep is 16.9 %while 22.6 % of women
in our sample report this sleep outcome. The average state unemployment rate at school leaving is 7.5 % among
both men and women. Men left school 12.7 years prior to measurement of the sleep outcomes and women left
school 11.6 years prior. Demographics of the analytic sample are comparable to an older sample such as the
NLSY79.

Table 1: Summary statistics for sleep quality sample: NLSY79.

Sample Men Women

Sleep quality outcomes
Restless sleep (0–3) 0.6477 0.8167
Frequent restless sleep (0/1) 0.1688 0.2263
School-leaving economic conditions
State unemployment rate 7.4992 7.5079
Demographics
Years since school leaving 12.709 11.595
White 0.8004 0.8044
African-American 0.1373 0.1365
Hispanic 0.0623 0.0591
Mother’s education 12.010 11.818
Father’s education 11.763 11.628
Age adjusted AFQT score −0.0790 −0.1093
Library card in the home at age 14 0.7478 0.7830
Magazines in the home at age 14 0.6791 0.6705
Newspapers in the home at age 14 0.8441 0.8317
Observations 4,001 4,098

Notes: Sample includes one observation per respondent. NLSY79weights applied.

In terms of sleep quantity (Table 2), we find that 6.0 % of men sleep less than 5 h per night, 10.4 % sleep 5
to less than 6 h per night, 27.5 % sleep 6 h to less than 7 h per night, 32.4 % sleep 7 h to less than 8 h per night,
20.6 % sleep 8 to less than 9 h per night, and 3.1 % sleep 9 or more hours per night. Among women, these shares
are 5.4 %, 9.6 %, 25.8 %, 31.2 %, 23.5 %, and 4.4 %. Thus, the majority of the sample reports sleeping between 6
and 9 h per week night.

Table 2: Summary statistics for sleep quantity sample: NLSY79.

Sample Men Women

Sleep quantity outcome variables
Sleep less than 5 h per night 0.0604 0.0541
Sleep 5 to less than 6 h per night 0.104 0.0964
Sleep 6 to less than 7 h per night 0.275 0.258
Sleep 7 to less than 8 h per night 0.324 0.312
Sleep 8 to less than 9 h per night 0.206 0.235
Sleep 9 or more hours per night 0.0306 0.0439
School-leaving economic conditions
State unemployment rate 7.479 7.590
Demographics
Years since school leaving 31.47 31.76
White 0.804 0.811
African-American 0.136 0.133
Hispanic 0.0602 0.0555
Mother’s education 11.75 11.66
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Father’s education 11.99 11.82
Age adjusted AFQT score 0.0388 −0.0359
Library card in the home at age 14 0.759 0.797
Magazines in the home at age 14 0.681 0.667
Newspapers in the home at age 14 0.863 0.856
Observations 2,361 2,565

Notes: Sample includes one observation per respondent. NLSY79weights applied.

4.2 OLS Regression Results for Sleep Quality

Table 3 reports OLS estimates of the effect of leaving school in an economic downturn on sleep quality among
men and women. Our findings suggest that men who leave school in an economic downturn have lower sleep
quality than comparable menwho did not leave school in an economic downturn. The observed effects for men
dissipate after 10–15 years in the labor market. More specifically, a 1 percentage point increase in the school-
leaving state unemployment rate leads to a 0.03 unit (4.1 %) increase in restless sleep that persists 6–10 years
after school leaving. In terms of the probability of reporting frequent restless sleep, a 1 percentage point increase
in the school-leaving state unemployment rate leads to a 1.3 percentage point (7.9 %) increase in the probability
of reporting frequent restless sleep 6–10 years after school leaving and a 0.8 percentage point (4.7 %) increase in
this probability 11–15 years after school leaving. The coefficient estimates on more distal potential experience
indicators are small in magnitude and are not statistically different from zero, suggesting that sleep quality
effects dissipate by 15 years after school leaving.

Table 3: Effect of economic conditions faced at school leaving on sleep quality: NLSY79 OLS model.

Outcome Restless sleep (0–3) Frequent restless sleep

Men
Sample mean/Proportion 0.6477 0.1688
6–10 years potential experience 0.0266*** 0.0134***

(0.0097) (0.0040)
11–15 years potential experience 0.0144 0.0079**

(0.0087) (0.0035)
16–20 years potential experience 0.0029 0.0037

(0.0086) (0.0032)
21–25 years potential experience −0.0059 0.0009

(0.0100) (0.0035)
26–37 years potential experience 0.0018 0.0032

(0.0126) (0.0042)
Observations 13,479 13,479
Clusters 51 51
Women
Sample mean/proportion 0.8167 0.2263
6–10 years potential experience −0.0006 −0.0000

(0.0112) (0.0038)
11–15 years potential experience −0.0064 −0.0028

(0.0098) (0.0036)
16–20 years potential experience −0.0146 −0.0053

(0.0108) (0.0043)
21–25 years potential experience −0.0142 −0.0046

(0.0109) (0.0046)
26–37 years potential experience 0.0027 0.0012

(0.0119) (0.0054)
Observations 14,124 14,124
Clusters 47 47

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith OLS and control for potential experience, demographics, school-leaving state fixed e昀�fects, and school-leaving year fixed
e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the school-leaving state.
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Coefficient estimates are not statistically different from zero in the female regressions.However, themajority
of the coefficient estimates are negative suggesting thatwomenwho leave school in an economic downturnmay
experience better sleep quality.

4.3 Instrumental Variables

The key empirical challenge we face is bias from endogenous sorting and measurement error. To address these
potential sources of bias, we estimate 2SLSmodels. Before proceeding to the 2SLS analysis, we provide evidence
on the suitability of our selected instruments.

Table 4 presents results fromfirst stage regressions: the school-leaving state unemployment rate is regressed
on the IVs and other covariates included in eq. 1 usingOLS. For brevity, we report regressions of the continuous
school-leaving state unemployment rate on the continuous instrumental variable (the on time school-leaving
state unemployment rate) rather than the categorical variables utilized in the regressions. The IV is a strong pre-
dictor of the school-leaving state unemployment rate: the F statistic is approximately 62 in the male sample and
43 in the female sample, both above minimum thresholds suggested by Stock and Yogo (2005). Quantitatively,
a 1 percentage point increase in the on time state unemployment rate is associated with a 0.28 percentage point
(roughly 3.7–3.8 %) increase in the school-leaving state unemployment rate in the male and female samples
(p<0.01).

Table 4: First stage OLS regressions: NLSY79.

Sample Men Women

Sample mean 7.4992 7.5079
On time state unemployment rate 0.2826*** 0.2805***

(0.0363) (0.0430)
F statistic on the on time
school-leaving state unemployment
rate (p value)

60.46 (0.0000) 42.53 (0.0000)

Observations 13,479 14,124
Clusters 51 47

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: The outcome variable in all regressions in the school-leaving state unemployment rate. All models estimatedwith OLS and control for potential
experience, demographics, on time school-leaving state fixed e昀�fects, and on time school-leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard
errors reported in parentheses and clustered around the school-leaving state.

Table 5 presents results from the 2SLS models for men and women. The results present a more nuanced
relationship between leaving school in an economic downturn and sleep quality than was revealed in the OLS
regressions. First, amongmen, we find evidence that leaving school in an economic downturn leads to an initial
increase in the probability of reporting restless sleep but, over time, this pattern is reversed and men who leave
school in an economic downturn are less likely to experience restless sleep than comparable men who did not
leave school in an economic downturn.Overall, themale 2SLS results suggest an invertedU-shaped relationship
between leaving school in an economic downturn and restless sleep. In particular, a 1 percentage point increase
in the school-leaving state unemployment rate leads to 0.015 unit (2.3 %) increase in the restless sleep score and
a 1.4 percentage point (8.2 %) increase in the probability of reporting frequent restless sleep 6–10 years after
school leaving (the coefficient estimate in the restless sleep score is not statistically different from zero). Over
time, however, the direction of the relationship changes. By 16–20 years after school leaving, men who leave
school in an economic downturn are less likely to report restless sleep. More specifically, a 1 percentage point
increase in the school-leaving state unemployment rate leads to a 0.023 unit (3.5 %) decrease in the restless
sleep score and a 0.37 percentage point (2.2 %) reduction in the probability of reporting frequent restless sleep
16–20 years after school leaving (coefficients in the probability of reporting restless sleep regressions are less
precise). The improvements in restless sleep due to leaving school in an economic downturn dissipate after
25 years in the labor market (the coefficient estimates on the indicator for 26–37 years potential experience carry
negative signs, but the magnitude of the effect declines and becomes statistically indistinguishable from zero).

Table 5: Effect of economic conditions faced at school leaving on sleep quality: NLSY79 2SLS model.

Outcome Restless sleep (0–3) Frequent restless sleep

Men
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Sample mean/proportion 0.6477 0.1688
6–10 years potential experience 0.0152 0.0138**

(0.0190) (0.0066)
11–15 years potential experience −0.0092 −0.0012

(0.0130) (0.0047)
16–20 years potential experience −0.0226* −0.0037

(0.0122) (0.0044)
21–25 years potential experience −0.0295** −0.0076*

(0.0116) (0.0041)
26–37 years potential experience −0.0207 −0.0057

(0.0155) (0.0052)
Observations 13,479 13,479
Clusters 48 48
Women
Sample mean/proportion 0.8167 0.2263
6–10 years potential experience −0.0368 −0.0104

(0.0296) (0.0098)
11–15 years potential experience −0.0279 −0.0120*

(0.0219) (0.0072)
16–20 years potential experience −0.0469** −0.0160**

(0.0213) (0.0071)
21–25 years potential experience −0.0306* −0.0093

(0.0176) (0.0066)
26–37 years potential experience −0.0037 0.0012

(0.0194) (0.0083)
Observations 14,124 14,124
Clusters 48 48

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school-leaving state fixed e昀�fects, and on time
school-leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school-leaving
state.

Turning towomen, we see that leaving school in an economic downturn has beneficial effects for women but
these effects are not immediately observable (i. e. they are not statistically distinguishable in the initial period
we measure: 6–10 years after school leaving). Instead, 11–20 years after school leaving those women who leave
school in an economic downturn are less likely to experience restless sleep. For example, a 1 percentage point
increase in the school-leaving state unemployment rate leads to a 1.2 percentage point (5.3 %) and a 1.6 percent-
age point (7.1 %) reduction in the probability of reporting frequent restless sleep after 11–15 and 16–20 years
after school leaving. After 20 years in the labor market, the coefficient estimates are no longer statistically differ-
ent from zero in the probability of reporting frequent sleep problems regression, although the estimates on the
indicator variables for these more distal periods do carry negative signs. The coefficient estimates in the sleep
quality score are broadly similar.

4.4 Heterogeneity

Economic theory and previous research suggest differences in the labor market and marriage market penalties
attributable to leaving school in an economic downturn by worker characteristics. In particular, the literature
highlights the importance of considering heterogeneity by worker skill level (Genda, Kondo, and Ohta 2010),
ability (Mansour 2009), and race and ethnicity (Kondo 2015).25 We next explore heterogeneity in sleep quality
effects across these worker characteristics. More specifically, we stratify our sample by skill as defined by educa-
tion at school leaving (less than a 4-year college degree vs. a 4-year college degree or more),26 ability as defined
by the age adjusted AFQT score (the top tercile vs. the second and first tercile of the empirical distribution),
and race and ethnicity (White vs. non-White). We report results generated in 2SLS regressions for brevity.

As noted in Section 3.5, one may be concerned that our instruments are more accurately measured for those
respondentswho leave schoolwith a standard educational credential (i. e. high school diploma or 4-year college
degree) than for those who leave school with a nonstandard degree or who drop out (e. g. a 2-year college
degree, those who drop out before completing a credential). Moreover, it is plausible that these groups are
differentially likely to violate the exclusion restriction. We therefore estimate separate 2SLS regressions for the
sample of standard credentialed students (high school diploma and 4-year college degree at school leaving)
and nonstandard credentialed students (all other students).

Before preceding to our analysis of heterogeneity, we report first stage regressions and associated F statistics
for each of the subsamples described above. Results are reported in Table 6. Overall, our analysis of the first
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stage regressions across our subsamples suggests that the IV is a strong predictor of our treatment variable.
More specifically, the F statistic ranges from a low of 22 (high ability women as defined by the age adjusted
AFQT score) to a high of 62 (low ability women as defined by the age adjusted AFQT score). Moreover, the
coefficient estimates on the instrument (the on time school-leaving state unemployment rate) are all positive
and statistically different from zero at the 1 % level. One exception to this pattern of results is the high-skill
men and women samples as defined by education at school leaving. The F statistics on the instrument in these
samples are 18 (high-skill men) and 5 (high-skill women). We note that the IV is weak in these subsamples as
a limitation of the study and encourage readers to interpret findings generated in the subsamples of high-skill
men and women with some caution.

Table 6: Heterogeneity across subgroups in first stage OLS regressions: NLSY79.

Sample Men Women

Skill level heterogeneity
Sample mean 7.6637 7.9334
High skill 0.1737*** 0.1064***

(0.0407) (0.0461)
F statistic on the on time
school-leaving state unemployment
rate (p value)

18.22 (0.0001) 5.33 (0.0256)

Observations 2,167 2,342
Clusters 46 46
Sample mean 7.3789 7.3481
Low skill 0.2911*** 0.2972***

(0.0392) (0.0411)
F statistic on the on time
school-leaving state unemployment
rate (p value)

55.27 (0.0000) 52.31 (0.0000)

Observations 11,312 11,782
Clusters 49 44
Ability heterogeneity
Sample mean 7.4180 7.4870
1st AFQT tercile 0.2644*** 0.2250***

(0.0423) (0.0477)
F statistic on the on time
school-leaving state unemployment
rate (p value)

39.08 (0.0000) 22.20 (0.0000)

Observations 4,699 4,562
Clusters 49 44
Sample mean 7.4572 7.4512
2nd and 3rd AFQT tercile 0.3076*** 0.3196***

(0.0403) (0.0407)
F statistic on the on time
school-leaving state unemployment
rate (p value)

58.18 (0.0000) 61.63 (0.0000)

Observations 8,780 9,562
Clusters 48 44
Race and ethnicity heterogeneity
Sample mean 7.4723 7.5116
White 0.2814*** 0.2767***

(0.0379) (0.0486)
F statistic on the on time
school-leaving state unemployment
rate (p value)

55.16 (0.0000) 32.39 (0.0000)

Observations 6,973 7,320
Clusters 49 44
Sample mean 7.3048 7.2826
Nonwhite 0.2493*** 0.2926***

(0.0365) (0.0392)
F statistic on the on time
school-leaving state unemployment
rate (p value)

46.72 (0.0000) 55.83 (0.0000)

Observations 6,506 6,804
Clusters 43 43
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Credentialed heterogeneity
Sample mean 7.5034 7.4953
Standard credential 0.3015*** 0.2862***

(0.0417) (0.0451)
F statistic on the on time
school-leaving state unemployment
rate (p value)

52.40 (0.0000) 40.21 (0.0000)

Observations 9,562 9,739
Clusters 50 46
Sample mean 7.2590 7.3974
Nonstandard credential 0.2366*** 0.2700***

(0.0345) (0.0548)
F statistic on the on time
school-leaving state unemployment
rate (p value)

46.92 (0.0000) 24.31 (0.0000)

Observations 3,917 4,385
Clusters 44 43

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: The outcome in all regressions in the school-leaving state unemployment rate. All models estimatedwith OLS and control for potential experience,
demographics, on time school-leaving state fixed e昀�fects, and on time school-leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors
reported in parentheses and clustered around the on time school-leaving state.

Table 7–Table 14 report heterogeneity in the effects of leaving school in an economic downturn on sleep
quality by skill, ability, race/ethnicity, and educational credentials, respectively.

Table 7: Heterogeneity by skill level in the effect of economic conditions faced at school leaving on sleep quality among
men: NLSY79 2SLS model.

Outcome Restless sleep (0–3) Frequent restless sleep

High-skill men
Sample mean/proportion 0.5418 0.1218
6–10 years potential experience 0.0554 0.0390**

(0.0430) (0.0187)
11–15 years potential experience 0.0323 0.0215

(0.0381) (0.0143)
16–20 years potential experience 0.0215 0.0183

(0.0403) (0.0148)
21–25 years potential experience −0.0154 0.0114

(0.0397) (0.0165)
26–37 years potential experience 0.0245 0.0125

(0.0502) (0.0173)
Observations 2,167 2,167
Clusters 41 41
Low-skill men
Sample mean/proportion 0.7158 0.1973
6–10 years potential experience 0.4674 0.1603

(0.5516) (0.1963)
11–15 years potential experience 0.4526 0.1495

(0.5947) (0.2202)
16–20 years potential experience 0.0631 0.0213

(0.4584) (0.1543)
21–25 years potential experience 0.1175 0.0389

(0.3113) (0.1086)
26–37 years potential experience 0.1695 0.0572

(0.2085) (0.0798)
Observations 11,312 11,312
Clusters 48 48

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school-leaving state fixed e昀�fects, and on time
school-leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school-leaving
state.
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Table 8: Heterogeneity by skill level in the effect of economic conditions faced at school leaving on sleep quality among
women: NLSY79 2SLS model.

Outcome Restless sleep (0–3) Frequent restless sleep

High-skill women
Sample mean/proportion 0.7120 0.1761
6–10 years potential experience 0.0204 0.0428

(0.0989) (0.0338)
11–15 years potential experience 0.0100 0.0330

(0.0844) (0.0297)
16–20 years potential experience 0.0045 0.0348

(0.0918) (0.0335)
21–25 years potential experience −0.0434 −0.0064

(0.1072) (0.0449)
26–37 years potential experience 0.0173 0.0346

(0.0835) (0.0309)
Observations 2,342 2,342
Clusters 41 41
Low-skill women
Sample mean/proportion 0.8987 0.2535
6–10 years potential experience −0.2544*** −0.0703***

(0.0549) (0.0159)
11–15 years potential experience −0.0465 −0.0188

(0.0495) (0.0142)
16–20 years potential experience −0.0166 −0.0096

(0.0520) (0.0151)
21–25 years potential experience 0.0045 −0.0024

(0.0410) (0.0114)
26–37 years potential experience 0.0564 0.0144

(0.0463) (0.0141)
Observations 11,782 11,782
Clusters 48 48

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school-leaving state fixed e昀�fects, and on time
school-leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school-leaving
state.

In terms of worker skill, we find that the sleep quality effects that we observe in the full sample of men are
only observable in the high-skill sample ofmen: leaving school in an economic downturn leads to an increase in
restless sleep early in the career, but not after 10 years. Interestingly, we do not observe the reduction in restless
sleep later in the career that we observed in the full sample of men. Indeed, while the coefficient estimates
are imprecise, they do generally carry a positive sign and suggest that higher skill men who leave school in
an economic downturn may persistently experience restless sleep. While the estimates are again imprecise, we
also find evidence that lower skill men who leave school in an economic downturn have more restless sleep,
and this effect persists.

Among higher skill women, we find some evidence of the U-shaped relationship between leaving school in
an economic downturn and restless sleep that we observed in the full sample, but all coefficient estimates are
imprecise. Lower skill womenwho leave schoolwhen the state unemployment rate is high experience improved
sleep quality, but this effect is only precisely estimated 10 years after school leaving. In subsequent periods, the
estimated effects are no longer different from zero (in the most distal period, coefficient estimates are positive).

We next stratify the sample based on ability as proxied by the age adjusted AFQT score (Table 9 and Table
10). Although higher ability men (top tercile of the age adjusted AFQT distribution) appear to experience an
inverted U relationship between economic conditions at school leaving and restless sleep comparable to the full
sample (i. e. an initial increase in low-quality sleep early in the career followed by declines in low-quality sleep
later in the career), the coefficient estimates are generally imprecise. While the findings for lower ability men
do not reveal many statistically significant coefficient estimates, overall lower ability men who leave school in
an economic downturn appear less likely to experience restless sleep.

Table 9: Heterogeneity by ability level in the effect of economic conditions faced at school leaving on sleep quality among
men: NLSY79 2SLS model.

Outcome Restless sleep (0–3) Frequent restless sleep

Men in the 1st AFQT tercile
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Sample mean/proportion 0.6197 0.1532
6–10 years potential experience 0.0040 0.0105

(0.0278) (0.0111)
11–15 years potential experience −0.0180 −0.0018

(0.0226) (0.0094)
16–20 years potential experience −0.0342 −0.0076

(0.0225) (0.0083)
21–25 years potential experience −0.0423* −0.0105

(0.0224) (0.0088)
26–37 years potential experience −0.0273 −0.0097

(0.0241) (0.0084)
Observations 4,699 4,699
Clusters 47 47
Men in the 2nd and 3rd AFQT tercile
Sample mean/proportion 0.7312 0.2061
6–10 years potential experience −0.1202 −0.3501

(0.3078) (0.4111)
11–15 years potential experience 0.0303 0.0143

(0.0298) (0.0147)
16–20 years potential experience 0.0001 −0.0018

(0.0166) (0.0106)
21–25 years potential experience −0.0131 −0.0067

(0.0174) (0.0123)
26–37 years potential experience −0.0208 −0.0074

(0.0145) (0.0078)
Observations 8,780 8,780
Clusters 47 47

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school-leaving state fixed e昀�fects, and on time
school-leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school-leaving
state.

Table 10: Heterogeneity by ability level in the effect of economic conditions faced at school leaving on sleep quality
among women: NLSY79 2SLS model.

Outcome Restless sleep (0–3) Frequent restless sleep

Women in the 1st AFQT tercile
Sample mean/proportion 0.7719 0.2001
6–10 years potential experience −0.0644* −0.0170

(0.0379) (0.0151)
11–15 years potential experience −0.0346 −0.0123

(0.0292) (0.0117)
16–20 years potential experience −0.0641** −0.0239**

(0.0284) (0.0116)
21–25 years potential experience −0.0395 −0.0149

(0.0263) (0.0116)
26–37 years potential experience −0.0111 −0.0095

(0.0267) (0.0118)
Observations 4,562 4,562
Clusters 45 45
Women in the 2nd and 3rd AFQT tercile
Sample mean/proportion 0.9304 0.2673
6–10 years potential experience −0.0182 −0.0090

(0.0250) (0.0092)
11–15 years potential experience −0.0298 −0.0148*

(0.0224) (0.0090)
16–20 years potential experience −0.0368 −0.0118

(0.0224) (0.0085)
21–25 years potential experience −0.0289 −0.0066

(0.0188) (0.0070)
26–37 years potential experience −0.0004 0.0105

(0.0257) (0.0098)
Observations 9,562 9,562
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Clusters 47 47

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

Among women, we find that those with higher ability experience better sleep quality 20 years after school
leaving (although the coefficient estimates are less precise at 6–10 years after school leaving than they are at
midcareer). We find some evidence that lower ability women who leave school in an economic downturn may
experience improvements in sleep quality, but only one coefficient estimate (the coefficient on the indicator
variable for 11–15 years after school leaving) is statistically distinguishable from zero.

We next split the sample by race and ethnicity and estimate our regression models (Table 11 and Table
12). Among white men, we observe the initial increase in low-quality sleep (through the first 10 years after
school leaving), then a reduction in low-quality sleep that dissipates after 25 years in the labormarket (although
coefficients retain a negative sign over the period for which we can track men) among those who leave school
when the state unemployment rate is high. We observe a similar inverted U-shape relationship between the
school-leaving state unemployment rate and sleep quality among nonwhite men, but the coefficient estimates
are generally not statistically different from zero. Among women, both white and nonwhite, we find that those
who leave school when the state unemployment rate is high experience better sleep quality, but the coefficients
are only statistically different from zero for white women and at midcareer (16–20 years after school leaving).

Table 11: Heterogeneity by race and ethnicity in the effect of economic conditions faced at school leaving on sleep quality
among men: NLSY79 2SLS model.

Outcome Restless sleep (0–3) Frequent restless sleep

White men
Sample mean/proportion 0.6825 0.1817
6–10 years potential experience 0.0167 0.0163*

(0.0229) (0.0080)
11–15 years potential experience −0.0162 −0.0030

(0.0150) (0.0056)
16–20 years potential experience −0.0244 −0.0034

(0.0150) (0.0055)
21–25 years potential experience −0.0335*** −0.0089**

(0.0127) (0.0044)
26–37 years potential experience −0.0232 −0.0070

(0.0178) (0.0059)
Observations 6,973 6,973
Clusters 47 47
Nonwhite men
Sample mean/proportion 0.6657 0.1799
6–10 years potential experience 0.0350 0.0098

(0.0231) (0.0129)
11–15 years potential experience 0.0414* 0.0106

(0.0243) (0.0093)
16–20 years potential experience −0.0029 −0.0050

(0.0201) (0.0067)
21–25 years potential experience −0.0021 −0.0017

(0.0211) (0.0077)
26–37 years potential experience −0.0059 −0.0020

(0.0251) (0.0087)
Observations 6,506 6,506
Clusters 46 46

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

Table 12: Heterogeneity by race and ethnicity in the effect of economic conditions faced at school leaving on sleep quality
among women: NLSY79 2SLS model.

Outcome Restless sleep (0–3) Frequent restless sleep
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White women
Sample mean/proportion 0.8583 0.2365
6–10 years potential experience −0.0350 −0.0086

(0.0303) (0.0099)
11–15 years potential experience −0.0230 −0.0095

(0.0214) (0.0067)
16–20 years potential experience −0.0444** −0.0144**

(0.0209) (0.0067)
21–25 years potential experience −0.0251 −0.0065

(0.0182) (0.0068)
26–37 years potential experience 0.0024 0.0039

(0.0209) (0.0087)
Observations 7,320 7,320
Clusters 45 45
Nonwhite women
Sample mean/proportion 0.8712 0.2430
6–10 years potential experience −0.0322 −0.0135

(0.0366) (0.0151)
11–15 years potential experience −0.0361 −0.0179

(0.0301) (0.0122)
16–20 years potential experience −0.0419 −0.0178

(0.0325) (0.0130)
21–25 years potential experience −0.0429 −0.0166

(0.0280) (0.0110)
26–37 years potential experience −0.0174 −0.0059

(0.0354) (0.0134)
Observations 6,804 6,804
Clusters 44 44

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

As noted earlier in the manuscript, a concern with our instruments is that they are potentially more ac-
curately measured for those individuals who leave school with a standard educational credential (i. e. a high
school diploma or a 4-year college degree) than for other individuals. Moreover, one may be concerned that
those individuals who leave school with and without a standard educational credential (as we have defined
them) may be differentially responsive to economic conditions in terms of remaining in school, which may in
turn lead to differential risk for violation of the exclusion restriction between these two groups.

To explore these possibilities, we estimate separate regressions for those individualswho leave schoolwith a
standard educational credential (i. e. a high school diploma or a 4-year college degree) and all other individuals
in our sample. Results are reported in Table 13 and Table 14. Among credentialed men, we observe an inverted
U relationship between the school-leaving state unemployment rate and restless sleep. However, the estimated
coefficients are often imprecise. These findings are comparable to the full sample and the samples of higher
skill and ability men. In the nonstandard credential sample, we find no statistically significant evidence that
leaving school in an economic downturn impacts sleep quality. The coefficient estimates are generally negative,
which suggests that noncredentialedmenwho leave school in an economic downturn experience higher quality
sleep, but the coefficients are imprecise. In the female sample, we observe evidence that women, regardless of
their educational credential at school leaving, experience better quality sleep, but the coefficients are generally
imprecise.27

Table 13: Heterogeneity by educational credentials in the effect of economic conditions faced at school leaving on sleep
quality among men: NLSY79 2SLS model.

Outcome Restless sleep (0–3) Frequent restless sleep

Standard credential men
Sample mean/proportion 0.6572 0.1740
6–10 years potential experience 0.0381 0.0220**

(0.0236) (0.0095)
11–15 years potential experience 0.0074 0.0041

(0.0202) (0.0078)
16–20 years potential experience −0.0067 0.0018

(0.0190) (0.0069)
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21–25 years potential experience −0.0163 −0.0042
(0.0174) (0.0065)

26–37 years potential experience −0.0151 −0.0044
(0.0215) (0.0078)

Observations 9,562 9,562
Clusters 47 47
Nonstandard credential men
Sample mean/proportion 0.7401 0.2018
6–10 years potential experience −0.0206 −0.0026

(0.0443) (0.0146)
11–15 years potential experience −0.0222 −0.0075

(0.0424) (0.0166)
16–20 years potential experience −0.0436 −0.0158

(0.0347) (0.0131)
21–25 years potential experience −0.0272 −0.0053

(0.0332) (0.0124)
26–37 years potential experience −0.0049 0.0014

(0.0325) (0.0124)
Observations 3,917 3,917
Clusters 43 43

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

Table 14: Heterogeneity by educational credentials in the effect of economic conditions faced at school leaving on sleep
quality among women: NLSY79 2SLS model.

Outcome Restless sleep (0–3) Frequent restless sleep

Standard credential women
Sample mean/proportion 0.8440 0.2333
6–10 years potential experience −0.0468 −0.0153

(0.0388) (0.0136)
11–15 years potential experience −0.0357 −0.0153

(0.0269) (0.0101)
16–20 years potential experience −0.0512* −0.0182

(0.0304) (0.0114)
21–25 years potential experience −0.0383 −0.0116

(0.0255) (0.0102)
26–37 years potential experience −0.0135 −0.0008

(0.0286) (0.0124)
Observations 9,739 9,739
Clusters 48 48
Nonstandard credential women
Sample mean/proportion 0.9021 0.2487
6–10 years potential experience −0.0224 −0.0023

(0.0281) (0.0124)
11–15 years potential experience −0.0220 −0.0085

(0.0315) (0.0131)
16–20 years potential experience −0.0477* −0.0135

(0.0270) (0.0125)
21–25 years potential experience −0.0199 −0.0060

(0.0301) (0.0137)
26–37 years potential experience 0.0150 0.0049

(0.0399) (0.0168)
Observations 4,385 4,385
Clusters 43 43

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.
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4.5 Sleep Quantity

We next examine the impact of leaving school in an economic down turn on sleep quantity. To examine sleep
quantity, we rely on information collected in theNLSY79Age 50 andOverHealthModule. Thismodulewas col-
lected in 2008, 2010, and 2012 when respondents are approximately 50 years of age. A limitation of using these
data is that not all respondents have completed theModule because the final round of theModulewas collected
in 2014 andwill not be available to researchers until late 2016.28 Nonetheless, using information collected in the
Module allows us to provide some evidence on the long run impacts of leaving school in an economic downturn
on sleep quantity. We have sleep quantity data on 2,361 unique men and 2,565 unique women.

We rely on up to one observation per respondent, and we have data on only three quarters of the NLSY79
sample. To account for a smaller sample, we estimate a variant of eq. 1 to study sleep quantity. Specifically,
we do not allow for interactions between the school-leaving state and potential experience as we believe this
asks too much of the data (Maclean 2013). This model assumes that the effect of leaving school in an economic
downturn on sleep quantity is constant for members of this sample, we note this as a limitation of the study.
We report results generated in both OLS and 2SLS models.

Table 15 presents OLS results on sleep quantity for the full sample of men and women. Although the co-
efficient estimates are not statistically different from zero, we find that men who leave school when the state
unemployment rate is high are less likely to sleep less than 5 h per night and less likely to sleep 5 to less than 6 h
per night. We observe that a 1 percentage point increase in the school-leaving state unemployment rate leads to
a 12.4 % increase in the probability of sleeping 6 to less than 7 h per night and a 9.2 %decrease in the probability
of sleeping 7 to less than 8 h per night, and these coefficient estimates are statistically different from zero. The
coefficient estimates in the regressions of the propensity to sleep 8 to less than 9 h and 9 or more hours suggest
that a 1 percentage point increase in the school-leaving state unemployment rate reduces the former propensity
by 2.1 % and increases the latter propensity by 8.5 %.

Table 15: Effect of economic conditions faced at school leaving on sleep quantity outcomes: NLSY79 50 and Over Health
Module OLS model.

Outcome Sleep <5h Sleep 5–<6h Sleep 6–<7h Sleep 7–<8h Sleep 8–<9h Sleep 9+ h

Men
Sample
proportion

0.0604 0.1039 0.2751 0.3243 0.2056 0.0306

School
leaving

−0.0012 −0.0015 0.0341** −0.0297** −0.0043 0.0026

state UE rate (0.0036) (0.0081) (0.0131) (0.0115) (0.0086) (0.0031)
Clusters 2,361 2,361 2,361 2,361 2,361 2,361
Observations 49 49 49 49 49 49
Women
Sample
proportion

0.054 0.0964 0.2581 0.3123 0.2352 0.0439

School
leaving

−0.0177*** 0.0006 0.0058 0.0028 0.0045 0.0040

state UE rate (0.0062) (0.0073) (0.0078) (0.0087) (0.0114) (0.0041)
Observations 2,565 2,565 2,565 2,565 2,565 2,565
Clusters 47 47 47 47 47 47

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith OLS and control for potential experience, demographics, school leaving state fixed e昀�fects, and school leaving year fixed
e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the school leaving state.

Among women leaving school in an economic downturn appears to shift the sleep distribution to the right:
away from the shortest sleeps (less than 5 h per night) and toward longer sleeps. In particular, the coefficient
estimates on the school-leaving state unemployment rate in regressions of all measures of longer sleep carry a
positive sign, although the coefficient estimates are not statistically different from zero.

Before preceding to our 2SLS results, we report first stage regressions in the sleep quantity sample and
associated F statistics (Table 16). As in the sleep quality sample, the instruments are powerful predictors of the
school-leaving state unemployment rate. The F statistic is 34 in the male sample and 32 in the female sample.
Moreover, a 1 percentage point increase in the on time state unemployment rate leads to a 0.24 percentage point
(3.4 %) increase in the school-leaving state unemployment rate for both men and women (p<0.01).

Table 16: First stage OLS regressions: NLSY79 50 and Over Health Module sleep quantity sample.
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Sample Men Women

Sample mean 7.1612 7.2094
On time state unemployment rate 0.2444*** 0.2441***

(0.0419) (0.0430)
F statistic on the on time school
leaving state unemployment rate (p
value)

34.00 (0.0000) 32.26 (0.0000)

Observations 2,361 2,565
Clusters 49 47

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: The outcome variable in all regressions in the school leaving state unemployment rate. All models estimatedwith OLS and control for potential
experience, demographics, on time school leaving state fixed e昀�fects, and on time school leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard
errors reported in parentheses and clustered around the school leaving state.

The results generated in 2SLS regressions are reported in Table 17. Among men, we find a mixed pattern
of results: there is some evidence that leaving school in an economic downturn may shift men away from the
shortest sleeps measured here (less than 5 h per night). Moreover, we find that a 1 percentage point increase
in the school-leaving state unemployment rate increases the propensity for sleeps between 5 to less than 6 h
by 2.6 % and between 6 h to less than 7 h by 5.7 %. On the other hand, the same increase in the school-leaving
state unemployment rate decreases the probability of sleep durations of 7 h to less than 8 h by 1.6 % and sleep
durations of 8 h to less than 9 h by 10.0 %. Leaving school in an economic downturn increases the probability
of the longest sleep duration we examine here: 9 or more hours per night. Overall, the 2SLS estimates suggest
that leaving school in an economic downturn shifts men’s sleep distribution toward longer sleeps, although
the distribution may be dispersed away from middle range sleeps (i. e. 7 to less than 9 h per night).

Table 17: Effect of leaving school in a recession on sleep quantity: 2SLS model NLSY79 50 and Over Health Module sleep
quantity sample.

Outcome Sleep <5h Sleep 5–<6h Sleep 6–<7h Sleep 7–<8h Sleep 8–<9h Sleep 9+ h

Men
Sample
proportion

0.0604 0.1039 0.2751 0.3243 0.2056 0.0306

School
leaving

−0.0007 0.0027 0.0158 −0.0052 −0.0205 0.0078

state UE rate (0.0054) (0.0125) (0.0167) (0.0183) (0.0166) (0.0055)
Observations 2,361 2,361 2,361 2,361 2,361 2,361
Clusters 46 46 46 46 46 46
Women
Sample
proportion

0.0541 0.0964 0.2581 0.3123 0.2352 0.0439

School
leaving

−0.0247* 0.0017 0.0052 −0.0043 0.0182 0.0039

state UE rate (0.0127) (0.0089) (0.0138) (0.0118) (0.0149) (0.0100)
Observations 2,565 2,565 2,565 2,565 2,565 2,565
Clusters 46 46 46 46 46 46

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

Broadly, leaving school in an economic downturn shifts women’s sleep duration distribution to the right:
there is a decrease in the probability of reporting the shortest sleep duration (less than 5 h per night) and toward
the probability of reporting longer sleep durations. One exception is the probability of sleeping 7 to less than
8 h per night: the coefficient estimate in this regression carries a negative sign.

We next examine heterogeneity in sleep quantity effects by skill, ability, race and ethnicity, and educational
credentials using the group definitions outlined in Section 4.4 (for brevity, we report 2SLS results only). First
stage regression results and associated F statistics for each of these subgroups are reported in Table 18. In gen-
eral, and comparable to the sleep quality sample results, we find evidence that the IVs are strong predictors of
the school-leaving state unemployment rate. The coefficient estimates are all positive, suggesting that increases
in the on time state unemployment rate lead to increases in the school-leaving state unemployment rate for all
of the groups we examine. We find evidence that our IVs are strong: the F statistics on the IV are generally at
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or above accepted minimum values within the economics literature (Stock and Yogo 2005). However, there are
some subgroups for whom the IV may be weak (e. g. high-skill and credentialed women). We note weak IVs
for these subgroups as a limitation of the study and encourage readers to interpret findings for these groups
with caution.

Table 18: Heterogeneity across sub-groups in first stage OLS regressions: NLSY79 50 and Over Health Module.

Sample Men Women

Skill level heterogeneity
Sample mean 7.9427 8.2194
High skill 0.1128*** 0.0903***

(0.0349) (0.0352)
F statistic on the on time school
leaving state unemployment rate (p
value)

10.41 (0.0025) 6.59 (0.0138)

Observations 376 423
Clusters 42 44
Sample mean 6.9503 6.9519
Low skill 0.2378*** 0.2238***

(0.0412) (0.0363)
F statistic on the on time school
leaving state unemployment rate (p
value)

33.26 (0.0000) 37.97 (0.0000)

Observations 1985 2142
Clusters 46 45
Ability heterogeneity
Sample mean 7.3795 7.4648
1st AFQT tercile 0.2479*** 0.2255***

(0.0504) (0.0505)
F statistic on the on time school
leaving state unemployment rate (p
value)

24.23 (0.0000) 19.91 (0.0001)

Observations 844 824
Clusters 47 45
Sample mean 6.9560 7.007
2nd and 3rd AFQT tercile 0.2299*** 0.2333***

(0.0441) (0.0399)
F statistic on the on time school
leaving state unemployment rate (p
value)

27.16 (0.0000) 34.10 (0.0000)

Observations 1,517 1,741
Clusters 44 44
Race and ethnicity heterogeneity
Sample mean 7.1777 7.2500
White 0.2443*** 0.2460***

(0.0458) (0.0487)
F statistic on the on time school
leaving state unemployment rate (p
value)

28.46 (0.0000) 25.49 (0.0000)

Observations 1,218 1,330
Clusters 45 45
Sample mean 7.0937 7.0349
Nonwhite 0.2064*** 0.2428***

(0.0452) (0.0492)
F statistic on the on time school
leaving state unemployment rate (p
value)

20.86 (0.0000) 24.31 (0.0000)

Observations 1,143 1,235
Clusters 42 43
Credential heterogeneity
Sample mean 6.9338 6.9023
Standard credential 0.2197*** 0.2240***

(0.0471) (0.0591)
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F statistic on the on time school
leaving state unemployment rate (p
value)

21.79 (0.0000) 14.34 (0.0005)

Observations 842 918
Clusters 45 45
Sample mean 7.2995 7.4039
Nonstandard credential 0.2095*** 0.2159***

(0.0352) (0.0496)
F statistic on the on time school
leaving state unemployment rate (p
value)

35.52 (0.0000) 18.98 (0.0001)

Observations 1,519 1,647
Clusters 47 45

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: The outcome in all regressions in the school leaving state unemployment rate. All models estimatedwith OLS and control for potential experience,
demographics, on time school leaving state fixed e昀�fects, and on time school leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors
reported in parentheses and clustered around the on time school leaving state.

Table 19–Table 22 report heterogeneity in the sleep quantity effects by worker skill, ability, race and ethnic-
ity, and educational credentials. We estimate numerous regressions in our analysis of heterogeneity in sleep
quantity effects and most estimates are not statistically different from zero (potentially due to the fact that our
sleep quantity samples are small to begin with and stratification worsens our small sample problems). Thus,
we chose to discuss the broad patterns we observe for each subgroup rather than specific point estimates. In
particular, we focus on whether leaving school in an economic downturn shifts, compresses, or disperses the
sleep quantity distribution for the subpopulations we study here.

Table 19: Heterogeneity by skill level in the effect of leaving school in a recession on sleep quantity: 2SLS model NLSY79
50 and Over Health Module sleep quantity sample.

Outcome Sleep <5h Sleep 5–<6h Sleep 6–<7h Sleep 7–<8h Sleep 8–<9h Sleep 9+ h

High-skill men
Sample
proportion

0.0203 0.0550 0.2714 0.4562 0.1940 0.0031

School
leaving

0.0224 0.0594* 0.0607 −0.0427 −0.1004* 0.0006

state UE rate (0.0171) (0.0337) (0.0748) (0.0669) (0.0518) (0.0027)
Observations 376 376 376 376 376 376
Clusters 39 39 39 39 39 39
Low-skill men
Sample
proportion

0.0713 0.1171 0.2761 0.2887 0.2087 0.0380

School
leaving

−0.0059 −0.0054 0.0198 0.0078 −0.0283* 0.0120*

state UE rate (0.0087) (0.0175) (0.0167) (0.0194) (0.0172) (0.0072)
Observations 1,985 1,985 1,985 1,985 1,985 1,985
Clusters 46 46 46 46 46 46
High-skill
women
Sample
proportion

0.0604 0.1039 0.2751 0.3243 0.2056 0.0306

School
leaving

−0.0050 −0.0664 −0.2123 0.2090 −0.0034 0.0780

state UE rate (0.0496) (0.0748) (0.3229) (0.2469) (0.1055) (0.1786)
Observations 423 423 423 423 423 423
Clusters 40 40 40 40 40 40
Low-skill
women
Sample
proportion

0.0635 0.1019 0.2632 0.2905 0.2357 0.0452

School
leaving

−0.0183 0.0136 0.0011 −0.0046 0.0147 −0.0064

state UE rate (0.0121) (0.0110) (0.0137) (0.0156) (0.0168) (0.0084)
Observations 2,142 2,142 2,142 2,142 2,142 2,142
Clusters 45 45 45 45 45 45
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***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

Among higher skill men (Table 19), we find evidence that leaving school in an economic downturn shifts
the sleep distribution to the left, that is those high-skill men who leave school when the state unemployment
rate is high are more likely to report both lower sleep quantity and more likely to report higher sleep quantity,
but overall it appears that the sleep distribution is shifted to the left which reflects shorter sleeps. We observe
a contrasting distributional shift among lower skill men: leaving school in an economic downturn appears to
shift the sleep duration distribution to the right, away from short duration sleep and toward long duration
sleep. In the female sample(Table 20), the sleep distribution for high-skill women who leave school in an eco-
nomic downturn is shifted to the right (i. e. sleep duration broadly increases overall for suchwomen). However,
among lower skill women, leaving school in an economic downturn appears to compress the sleep quantity dis-
tribution. In other words, we see decreases (increases) in the probability of reporting both short and long sleep
duration (midrange sleep duration, in particular sleeping 6 to less than 7 h per night).

Table 20: Heterogeneity by ability level in the effect of leaving school in a recession on sleep quantity: 2SLS model
NLSY79 50 and Over Health Module sleep quantity sample.

Outcome Sleep <5h Sleep 5–<6h Sleep 6–<7h Sleep 7–<8h Sleep 8–<9h Sleep 9+ h

Men in 1st
AFQT tercile
Sample
proportion

0.0397 0.0852 0.2654 0.3967 0.1937 0.0195

School
leaving

0.0144 0.0104 −0.0151 −0.0039 −0.0164 0.0106

state UE rate (0.0090) (0.0135) (0.0279) (0.0265) (0.0185) (0.0091)
Observations 844 844 844 844 844 844
Clusters 44 44 44 44 44 44
Men in 2nd
and 3rd AFQT
tercile
Sample
proportion

0.0799 0.1216 0.2841 0.2564 0.2170 0.0410

School
leaving

−0.0097 −0.0076 0.0502** −0.0240 −0.0204 0.0115

state UE rate (0.0101) (0.0176) (0.0244) (0.0179) (0.0237) (0.0100)
Observations 1,517 1,517 1,517 1,517 1,517 1,517
Clusters 45 45 45 45 45 45
Women in 1st
AFQT tercile
Sample
proportion

0.0266 0.0837 0.2349 0.3774 0.2328 0.0446

School
leaving

−0.0313*** 0.0003 −0.0067 −0.0120 0.0128 0.0369**

state UE rate (0.0117) (0.0193) (0.0222) (0.0249) (0.0185) (0.0175)
Observations 824 824 824 824 824 824
Clusters 42 42 42 42 42 42
Women in 2nd
and 3rd AFQT
tercile
Sample
proportion

0.0758 0.1065 0.2765 0.2609 0.2371 0.0434

School
leaving

−0.0153 −0.0010 0.0072 0.0039 0.0195 −0.0143*

state UE rate (0.0128) (0.0125) (0.0208) (0.0152) (0.0222) (0.0085)
Observations 1,741 1,741 1,741 1,741 1,741 1,741
Clusters 44 44 44 44 44 44

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.
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Table 20 reports regression results from our analysis of heterogeneity by worker ability. The sleep quantity
of high and low ability men is differentially impacted by leaving school in an economic downturn. On the one
hand, the sleep quantity distribution of high-ability men is dispersed (i. e. those men who leave school in an
economic downturn are more likely to report both short and long sleeps, and less likely to report midrange
sleeps). Alternatively, overall we find that leaving school in an economic downturn compresses the sleep quan-
tity distribution of lower ability men toward midrange sleeps. Higher ability women who leave school in an
economic downturn appear to increase sleep duration (i. e. overall the sleep distribution for such women shifts
to the right) while lower ability women who leave school in an economic downturn experience reduction in
very short and long sleeps and increases in midrange sleeps (i. e. the sleep distribution is compressed).

Both white men and women who leave school in an economic downturn sleep more than otherwise similar
white men and women (Table 21). That is, the overall sleep distribution shifts to the right for such individu-
als. Nonwhite men leave school in an economic downturn sleep less than comparable individuals. The coeffi-
cient estimates in the nonwhite female sample suggest that nonwhite women who leave school in an economic
downturn are more likely to report midrange sleeps than long or short sleeps (i. e. the sleep distribution is
compressed).

Table 21: Heterogeneity by race and ethnicity in the effect of leaving school in a recession on sleep quantity: 2SLS model
NLSY79 50 and Over Health Module sleep quantity sample.

Outcome Sleep <5h Sleep 5–<6h Sleep 6–<7h Sleep 7–<8h Sleep 8–<9h Sleep 9+ h

White men
Sample
proportion

0.0517 0.0949 0.2690 0.3576 0.1997 0.0271

School
leaving

−0.0066 −0.0041 0.0190 0.0078 −0.0275 0.0115

state UE rate (0.0051) (0.0141) (0.0184) (0.0212) (0.0212) (0.0075)
Observations 1,218 1,218 1,218 1,218 1,218 1,218
Clusters 44 44 44 44 44 44
Nonwhite men
Sample
proportion

0.0963 0.1408 0.3000 0.1880 0.2300 0.0450

School
leaving

0.0172 0.0314 0.0231 −0.0541** −0.0078 −0.0099

state UE rate (0.0195) (0.0220) (0.0259) (0.0211) (0.0341) (0.0184)
Observations 1,143 1,143 1,143 1,143 1,143 1,143
Clusters 43 43 43 43 43 43
White women
Sample
proportion

0.0453 0.0894 0.2515 0.3305 0.2389 0.0444

School
leaving

−0.0309** −0.0020 0.0085 −0.0034 0.0230 0.0047

state UE rate (0.0150) (0.0087) (0.0164) (0.0146) (0.0158) (0.0122)
Observations 1,330 1,330 1,330 1,330 1,330 1,330
Clusters 43 43 43 43 43 43
Nonwhite
women
Sample
proportion

0.0916 0.1266 0.2865 0.2343 0.2190 0.0420

School
leaving

−0.0073 0.0265** 0.0087 0.0075 −0.0251 −0.0103

state UE rate (0.0170) (0.0125) (0.0251) (0.0237) (0.0291) (0.0091)
Observations 1,235 1,235 1,235 1,235 1,235 1,235
Clusters 42 42 42 42 42 42

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

Finally, we explore heterogeneity across educational credentials at school leaving. Recall that the purpose of
our exploration into this margin of worker heterogeneity is to examine the hypothesis that our instrumentsmay
bemore accurately defined for those individuals who leave school with a standard credential and/or that there
are differences in the risk of violating the exclusion restriction across standard and nonstandard credentialed
individuals. Results from this analysis are reported in Table 22.Menwho leave schoolwith a standard credential
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are less likely to report midrange sleeps and more likely to report either short or long sleep if they leave school
in an economic downturn (thus, their sleep duration distribution is dispersed). On the other hand, nonstandard
credentialedmenwho leave school in an economic downturn aremore likely to report midrange sleep duration
(i. e. their sleep duration distribution is compressed). Standard credentialed women who leave school in an
economic downturn are more (less) likely to experience midrange (i. e. both short and long sleeps) sleeps while
nonstandard credentialed women sleep more (i. e. the sleep distribution for such women shifts to the right).

Table 22: Heterogeneity by educational credential in the effect of leaving school in a recession on sleep quantity: 2SLS
model NLSY79 50 and Over Health Module sleep quantity sample.

Outcome Sleep <5h Sleep 5–<6h Sleep 6–<7h Sleep 7–<8h Sleep 8–<9h Sleep 9+ h

Standard
credential men
Sample
proportion

0.0568 0.1010 0.2947 0.3020 0.2129 0.0326

School
leaving

0.0266* −0.0334* −0.0184 −0.0118 0.0064 0.0307*

state UE rate (0.0139) (0.0175) (0.0401) (0.0505) (0.0379) (0.0145)
Observations 842 842 842 842 842 842
Clusters 45 45 45 45 45 45
Nonstandard
credential men
Sample
proportion

0.0626 0.1057 0.2632 0.3379 0.2012 0.0294

School
leaving

−0.0145* 0.0173 0.0287 0.0005 −0.0311* −0.0007

state UE rate (0.0087) (0.0169) (0.0265) (0.0244) (0.0162) (0.0069)
Observations 1,519 1,519 1,519 1,519 1,519 1,519
Clusters 44 44 44 44 44 44
Standard
credential
women
Sample
proportion

0.0419 0.1143 0.2687 0.2902 0.2376 0.0472

School
leaving

−0.0322 0.0033 0.0092 −0.0269 0.0544 −0.0079

state UE rate (0.0225) (0.0228) (0.0239) (0.0341) (0.0442) (0.0277)
Observations 918 918 918 918 918 918
Clusters 42 42 42 42 42 42
Nonstandard
credential
women
Sample
proportion

0.0618 0.0851 0.2513 0.3263 0.2336 0.0418

School
leaving

−0.0272** 0.0125 −0.0011 0.0051 0.0062 0.0045

state UE rate (0.0123) (0.0126) (0.0180) (0.0170) (0.0117) (0.0105)
Observations 1,647 1,647 1,647 1,647 1,647 1,647
Clusters 45 45 45 45 45 45

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

4.6 Pathways through which Leaving School in an Economic Downturn may Impact Sleep

We next explore several possible labor and marriage market pathways through which leaving school in an eco-
nomic downturn may impact sleep outcomes. We focus on the sleep quantity sample. Table 23 (labor market)
and 24 (marriage market) report results from this analysis. These potential mechanisms are measured cumu-
latively from the period of school leaving through the time at which a sleep variable is measured.29 In terms
of labor market earnings (i. e. earnings from salary and wages), we find that men (but not women) who leave
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school in an economic downturn have lower labor market earnings, and this penalty is statistically distinguish-
able fromzero 15 years after school leaving.More specifically, a 1 percentage point increase in the school-leaving
state unemployment rate leads to a 9.7 % and 6.8 % reduction in cumulative earnings at 6–10 and 11–15 years
after school leaving. Coefficient estimates on indicators frommore distal time periods carry a negative sign but
are smaller inmagnitude and imprecise. The duration and themagnitude of this effect is broadly comparable to
labor studies of the wage and earnings effects of leaving school in an economic downturn (Kahn 2010; Altonji,
Kahn, and Speer 2014).

Table 23: Effect of economic conditions faced at school leaving on cumulative labor market outcomes: NLSY79 2SLS
model.

Outcome Log(earnings) Number of jobs Weeks worked

Men
Sample mean 523,819.7 10.27 833.08
6–10 years potential −0.0966*** −0.1574 −6.6161
experience (0.0331) (0.1722) (4.0937)
11–15 years potential −0.0675* −0.1127 −3.0843
experience (0.0346) (0.1786) (4.2830)
16 –20 years potential −0.0288 −0.1119 3.5683
experience (0.0324) (0.1781) (3.5046)
21–25 years potential −0.0412 −0.0376 3.5382
experience (0.0308) (0.1871) (3.8956)
26–37 years potential −0.0427 −0.0892 8.1579
experience (0.0317) (0.2023) (5.2991)
Observations 13,479 13,479 13,479
Clusters 48 48 48
Women
Sample mean 309,566.9 9.59 695.56
6–10 years potential −0.0042 −0.1036 0.4452
experience (0.0375) (0.1273) (6.6814)
11–15 years potential −0.0195 −0.0563 −5.0504
experience (0.0314) (0.1353) (6.1777)
16–20 years potential 0.0002 −0.1199 1.7067
experience (0.0333) (0.1334) (6.0511)
21–25 years potential −0.0028 −0.0579 −1.6191
experience (0.0319) (0.1513) (5.9736)
26–37 years potential −0.0119 −0.2053 1.1362
experience (0.0364) (0.1721) (6.6918)
Observations 14,124 14,124 14,124
Clusters 48 48 48

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

Table 24: Effect of economic conditions faced at school leaving on cumulative marriage market outcomes: NLSY79 2SLS
model.

Outcome Number of partners Number of children

Men
Sample mean 1.1732 1.4026
6–10 years potential experience 0.0201 −0.0934***

(0.0269) (0.0238)
11–15 years potential experience 0.0274 −0.0439*

(0.0264) (0.0208)
16–20 years potential experience 0.0138 −0.0224

(0.0273) (0.0218)
21–25 years potential experience 0.0259 −0.0340

(0.0276) (0.0212)
26–37 years potential experience −0.0011 −0.0699***

(0.0305) (0.0266)
Observations 13,479 13,479
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Clusters 48 48
Women
Sample mean 1.2821 1.6789
6–10 years potential experience −0.0276 −0.0401*

(0.0188) (0.0224)
11–15 years potential experience −0.0354* 0.0338

(0.0189) (0.0310)
16–20 years potential experience −0.0504*** 0.0407

(0.0171) (0.0298)
21–25 years potential experience −0.0399** 0.0353

(0.0181) (0.0349)
26–37 years potential experience −0.0699*** −0.0076

(0.0231) (0.0394)
Observations 14,124 14,124
Clusters 48 48

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith 2SLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

In regressions for measures of cumulative number of jobs, we find evidence that men who leave school in
an economic downturn hold fewer jobs but the point estimates are not statistically different from zero. Further,
our estimates of the effect of leaving school in an economic downturn on cumulative labor supply, although
imprecise, suggest that initially (up to 15 years after school leaving), men who leave school in an economic
downturn work fewer weeks per year, but, as time passes, such men work more (i. e. 16 years through 37 years
after school leaving). Turning to women, we see similar patterns in terms of the sign on the effect of leaving
school in an economic downturn, but coefficient estimates aremuch smaller inmagnitude andnever statistically
different from zero. The effect of leaving school in an economic downturn on cumulative numbers of jobs and
weeks worked mirror those for men but as in the male sample the estimates are imprecise.

In terms of marriage market experiences, we find evidence that men who leave school in economic down-
turn have fewer children and this finding is observable throughout the period over which we are able to track
NLSY79 members (thus, these results suggest that we observe quantum effects, not tempo effects). While the
coefficient estimates are generally small in magnitude and are never statistically different from zero, we do find
evidence that men who left school in an economic downturn have more partners across the life course. We
observe statistically significant evidence that women who leave school in an economic downturn have fewer
partners and this effects is observable throughout our study period (i. e. up to 37 years after school leaving). We
find no precise evidence that women’s fertility as measured by the number of children is impacted by economic
conditions at school leaving.30

To dig deeper into the potential mechanisms through which leaving school in an economic downturn may
impact sleep, we conduct a decomposition analysis (Blinder 1973; Oaxaca 1973). Results are reported in Table
26. Among men, we find that the difference in the mean sleep score (share reporting frequent sleep problems)
between those who left school when the state unemployment rate was low and those who left school when
the state unemployment rate is 0.021 units (0.5 percentage points). Based only on differences in endowments
between the two groups (the explained portion of the difference in sleep outcomes), we would expect the gaps
in the sleep score and the share reporting frequent sleep problems to be 0.036 units and 1.5 percentage points,
thus larger than the differences that we observe in the data. The unexplained portion of the difference offsets
these differences attributable to endowments: the portion of the differences due to differences in returns and
unmeasured factors is negative. In terms of the explained differences across those men who left school when
the state unemployment rate was low and high, differences in cumulative labor market experience suggest a
difference in the sleep score and the probability of reporting frequent sleep problems of −0.02 units and −0.8
percentage points. Cumulative marriage market experiences offset these differences: the explained differences
between the two groups of men based on our marriage market variables suggest differences in the sleep score
and the probability of reporting frequent sleep problems of 0.01 units and 0.2 percentage points.

Table 25: Oaxaca Blinder decomposition analysis: NLSY79.

Outcome Restless sleep (0–3) Frequent restless sleep

Men
Sample mean/proportion 1.1732 1.4026
Overall differences
Mean/proportion in low school
leaving state UE rate group (N=6,488)

0.6906 0.1838

Brought to you by | EP Ipswich
Authenticated

Download Date | 6/1/17 10:19 AM

http://rivervalleytechnologies.com/products/


Au
to

m
at

ica
lly

ge
ne

ra
te

d
ro

ug
h

PD
Fb

yP
ro

of
Ch

ec
kf

ro
m

Ri
ve

rV
al

le
yT

ec
hn

ol
og

ie
sL

td
DE GRUYTER Maclean andHill

Mean proportion in high school
leaving state UE rate group (N=6,991)

0.6689 0.1792

Difference 0.0217 (0.0215) 0.0046 (0.0093)
Explained 0.0358 (0.0218) 0.0151* (0.0085)
Unexplained −0.0141 (0.0227) −0.0104 (0.0084)
Explained differences
Labor market mechanisms −0.0238** (0.0121) −0.0082* (0.0044)
Marriage market mechanisms 0.0069** (0.0027) 0.0024** (0.0010)
Observations 13,479 13,479
Clusters 48 48
Women
Sample mean/proportion 1.2821 1.6789
Overall differences
Mean/proportion in low school
leaving state UE rate group (N=6,753)

0.8902 0.2508

Mean proportion in high school
leaving state UE rate group (N=7,371)

0.835 0.2265

Difference 0.0548** (0.0266) 0.0243** (0.0104)
Explained −0.0112 (0.0227) −0.0060 (0.0089)
Unexplained 0.0660** (0.0287) 0.03031*** (0.0109)
Explained differences
Labor market mechanisms −0.0149* (0.0083) −0.0062* (0.0034)
Marriage market mechanisms 0.0028 (0.0022) 0.0010 (0.0008)
Observations 14,124 14,124
Clusters 48 48

***; **; and * = statistically di昀�ferent from zero at the 1 %; 5 %; and 10 % level, respectively.
Notes: Allmodels estimatedwith OLS and control for potential experience, demographics, on time school leaving state fixed e昀�fects, and on time school
leaving year fixed e昀�fects. NLSY79 sampleweights applied. Standard errors reported in parentheses and clustered around the on time school leaving state.

Among women, the differences between the two groups are 0.05 units in the sleep score and 2.4 percentage
points. Overall, differences in endowments cannot explain these differences (i. e. the explained portions of the
differences are not statistically different from zero) and the differences are attributable to differences in returns
to endowments and unmeasured factors. However, when examining the portion of the difference explained
by difference in endowments, it appears that experiences in the labor market, but not the marriage market,
are important for the observed differences in sleep outcomes. Indeed, the labor market endowment differences
suggest that differences between the two groups of women would be smaller than the differences we actually
observe in the data. Collectively, the findings from our analysis of mechanisms suggests that both labor market
and marriage market experiences are important for understanding the sleep effects we observe in the data.

5 Discussion

In this study, we provide new evidence on the effects of leaving school in an economic downturn on sleep, as
measured by both quality and quantity, using a long panel of individuals drawn from the NLSY79 Cohort. Our
findings add to the growing literature that examines the life course effects of leaving school in an economic
downturn and the social science literature on factors that determine sleep outcomes.

We find that men who leave school in an economic downturn initially experience lower quality sleep, but
these men are able to experience improved sleep quality over time. Women who leave school in an economic
downturn experience better sleep quality. In terms of sleep quantity, we find that leaving school in an economic
downturn shifts the sleep quantity distribution toward more sleep among men and women. Cumulative labor
andmarriagemarket experiences appear to be importantmechanisms for the observed sleep effects.We observe
heterogeneity in effects across subgroups of the population.

It is reasonable to ask why we observe the nuanced patterns between leaving school in an economic down-
turn and sleep quality outcomes. In particular, our predictions from economic theory and empirical evidence
were not entirely clear and lead to various, often offsetting, pathways through which leaving school in an eco-
nomic downturn could impact sleep. Among men who leave school in an economic downturn, we observe an
inverted U relationship: an initial (6–10 years after school leaving) increase in poor sleep quality followed by a
decrease in this probability. Comparing this patternwith labor literature that examines the career effects of leav-
ing school in an economic downturn, we observe that the effects of wages, earnings, and labor supply dissipate
between 10 and 15 years in the labor market, which is broadly comparable to the timing of our negative sleep
quality effects. Thus, it is plausible that men who leave school in an economic downturn experience depressed
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labor market outcomes early in their career, and these experiences impede their ability to achieve high-quality
sleep. The ability of these men to “catch up” in terms of their labor market experiences (i. e. we observe that the
estimated earnings penalty becomes statistically indistinguishable from 0 after 10 years) to their peers who left
school during stronger economic conditions allows suchmen to achieve higher quality sleep. Onemay question
why simply “catching up” in terms of labor market outcomes leads to improvements in men’s sleep quality. We
note that men who leave school in an economic downturn have fewer children, and this finding is persistent
throughout the period we are able to track men. Other studies have documented similar fertility effects among
American men (Maclean, Covington, and Sikora Kessler 2015). Given that children are linked with worse sleep
quality, having fewer childrenmay allow these men to have better quality sleep after their initial labor obstacles
have dissipated. Indeed, our decomposition analysis suggests that both labor andmarriage market experiences
(which includes fertility) are important mechanisms.

Among women, we find that those who leave school in an economic downturn experience declines in the
probability of poor quality sleep, although these effects are not immediately statistically different from zero.
We do not observe any labor market effects for women, but we do find that women who leave school in an
economic downturn have fewer partners. This finding is in line with the hypothesis that these women have
fewer marriages and potentially more stable marriages, which favors higher sleep quality. Moreover, it may be
that the types of jobs that men and women are able to obtain when they leave school in an economic downturn
allow for higher quality sleep, perhaps due to a less stressful work environment in some way that it is not
directly reflected in our measures.

We find that, in the full sample, men and women who leave school in an economic downturn sleep more.
While economic theory and empirical evidence suggested several, offsetting pathways from leaving school in an
economic downturn, overall it appears that the reduced time costs of sleep early in the career combined with
reduced childrearing responsibilities (for men) and stabile marriages (for women) permit more sleep. These
hypotheses are of course speculative and are not fully satisfactory. A future study with access to richer data on
relationships and job characteristics could further explore these possibilities.

Comparing our findings with the economic literature that explores the effect of contemporaneous economic
downturns is important for understandinghowour findings fit into the broader literature.Overall, the literature
suggests that most groups of individuals sleep more during economic downturns. Our results for quantity are
broadly in line with these previous findings. In terms of sleep quality, our findings suggest that men who leave
school in an economic downturn experience initial increases in poor sleep quality, but this trend is reversed
over time. On the other hand, we observe that women experience higher quality sleep.31

The literature on contemporaneous economic conditions suggests that sleep quality improves within the
working age adult population during downturns. Our findings formen depart from this tendency. One possible
reason for the different findings across studies is that different studies focus on different populations ofworkers.
We focus on new labor market entrants who differ from the general working age population in several ways.
The former group of workers may (1) be more vulnerable to economic conditions, (2) have accumulated limited
financial resources as they are new workers, (3) have limited job search skills to help weather job loss due to
reductions in labor demand that occur during downturns, and/or (4) have accumulated college related debt.

Another reason is that we examine the persistent effects of leaving school in an economic downturn, which
we argue leads to persistent (although potentially provisional) changes in time costs, income, marriage and fer-
tility propensities, mental health, and drinking practices. We note that previous economic studies focus more
on transitory changes. It is plausible that transitory and persistent changes in these factors may have different
impacts on sleep outcomes. Finally, we find somewhat stronger effects for white and higher skill/ability males
than other workers. The former group of workers, while generally not considered a vulnerable group, may be
the most affected by leaving school in an economic downturn in terms of their careers and relative socioeco-
nomic standing. That is, relative income hypotheses and peer effectsmay be particularly strong for these groups
of workers. The relative labor market disadvantage in early career may impede high-quality sleep by creating
stress for advantaged men who left school in an economic downturn. Over time, such men are able to obtain
higher quality sleep as they recover from their initial hardship in the labor market, and reduced childrearing
responsibilities may promote higher sleep quality later in life.

Themost comparable study to our research is Guo andHai (2015). The authors consider the effects of leaving
school in an economic downturn on sleep quantity (and other health outcomes) using theNational Longitudinal
Survey of Youth 1997, thus following respondents through their late 20s and early 30s. We cannot compare our
measures of sleep quality with the findings of Guo and Hai because the authors do not consider this outcome;
however, we can compare our findings for sleep quantity. Guo andHai (2015) find that leaving school when the
state unemployment rate is high leads to longer sleep duration among high-skilled men (those with a college
degree at school leaving) and shorter sleep duration among high-skilledwomen,with no statistically significant
estimates for lower skill (those with a high school diploma at school leaving) men and women. In our analysis,
we observe the reverse pattern among higher skill groups: higher skill men tend to sleep less if they leave school
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in an economic downturn and higher skill women tend to sleep more. We find that lower skill men (women)
who leave school in an economic downturn sleep less (experience a compressed sleep quantity distribution and
a lower propensity for both short and long sleeps).

There are several possible ways to reconcile the findings across the two studies. First, we examine sleep
quantity outcomes among workers at a much later stage in their careers than Guo and Hai. We examine work-
ers at roughly age 50 (30 years after school leaving) while Guo and Hai examine workers in their late 20s to
early 30s. It is conceivable that the relationship between leaving school in an economic downturn and sleep
quantity is nonlinear. Indeed, our findings for sleep quality and previous analyses of the career and human
consequences of leaving school in an economic downturn open the door for the possibility of such nonlineari-
ties (Kondo 2015;Maclean andHill 2015). Second, the two studies exploit variation in economic activity thatwas
generated from two very different recessions. We use variation generated by the recessions of the early 1980s,
in particular the recession of 1981–1982. This recession was the largest recession in the post–World War II era
prior to the recession of 2008–2010 (National Bureau of Economic Research 2010). One the other hand, the early
2000s recession, which offers variation in the Guo and Hai study, was a relatively mild recession. For example,
the recession of 1981–1982 lasted 16 months while the early 2000s recession lasted just 8 months. Moreover, the
1981–1982 recession is referred to as a “double dip” recession as it was preceded by a smaller recession in 1980.
While recessions generally negatively impact workers nationwide, recessions are often concentrated in differ-
ent sectors of the economy, whichmay lead to different types of workers experiencing different degrees of labor
market hardship across recessions. Relatedly, the reduced form effects estimated by both studies reflect the net
effect of a complex and offsetting set of income, substitution, work time, and noneconomic effects. The relative
importance of these effects also plausibly differ across recessions. While Guo and Hai (2015) employ a continu-
ous specification of sleep quantity, we employ a finer categorization of sleep quantity which potentially allows
us to explore the distribution of sleep quantity effects more flexibly. Finally, due to our relatively small sample
size, many of our coefficient estimates are imprecise; thus, it is hard to draw strong conclusions regarding the
differences in findings between our study and the work of Guo and Hai. Ultimately, we view our study and
the study by Guo and Hai as compliments, not substitutes, as together these two studies shed new light on the
lifetime consequences for an important economic resource (sleep) attributable to leaving school in an economic
downturn.

Our analyses confirm previous research showing that individuals who leave school have persistent differ-
ences in their health (Maclean 2013). However, collectively, the emerging body of work on the life course health
effects of leaving school in an economic downturn appears to be outcome and population specific. Put differ-
ently, Maclean (2013) shows that men who leave school in an economic downturn have worse health at age 40
than comparablemenwho leave school inmore prosperous economic conditions while womenmay experience
some mental health gains from leaving school in an economic downturn. Interpreting our findings in the con-
text of Maclean’s work, it is conceivable that the physical health declines experienced by men are offset by their
improved sleep outcomes later in life. While some of the mental health gains experienced by women may be
attributable to sleep, the health impacts of leaving school in an economic downturn are not straightforward. For
example, in a related study, Maclean (2016) shows that men who leave school in an economic downturn have
lower body weight than men who do not leave school in an economic downturn while women’s body weight
is not appreciably impacted by economic conditions at school leaving. One interpretation of these studies is
that reliance on a particular measure of health or health behavior is unlikely to provide complete information
on the human consequences of leaving school in an economic downturn. This finding is comparable to the
labor literature which has explored the effects of leaving school in an economic downturn on a wide range of
employment outcomes, and the effects are not entirely homogenous across the considered outcomes.

Our study has several limitations. First, we rely on one cohort of school leavers. This cohort left school before,
during, and after the large economic downturn of the early 1980s. The generalizability of our findings to more
recent cohorts of school leavers is determined by comparability across cohorts and recessions. Second, our
measures of sleep quality and quantity are reported by individuals. Although these measures are comparable
with methods used to diagnose sleep problems by health-care professionals and measures used in previous
sleep analyses, there may be remaining concerns regarding these measures. Third, our IVs are somewhat weak
in some of the subsamples that we examine which may lead to bias.

In summary, we provide new information on the medium to long run implications of leaving school in
a severe economic downturn. As such, our study extends the understanding of the consequences of leaving
school in an economic downturn and adds to the literature on determinants of sleep outcomes.
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This researchwas conductedwith restricted access to Bureau of Labor Statistics (BLS) data. The views expressed
here do not necessarily reflect the views of the BLS.

Appendix

Table 26: School leaving cohort size by year: NLSY79.

School leaving year Number of school leavers (unweighted)

1976 580
1977 740
1978 1,039
1979 1,171
1980 939
1981 951
1982 895
1983 582
1984 372
1985 258
1986 195
1987 122
1988 71
1989 52
1990 33
1991 18
1992 28
1993 17
1994 15
1995 5
1996 8
1997 6
1998 2
Total 8,099

Notes: A school leaving cohort is defined as individuals who le昀�t school in the same year. The sample includes one observation per respondent.

Notes
1The remaining time is allocated in the following manner: 2.8 h in leisure and sports activities, 0.9 h in household activities, and 3.2 in

other activities.
2http://www.thefiscaltimes.com/Articles/2012/07/23/Sleepless-in-America-A-32-4-Billion-Business; accessed January 25th, 2016.

Authors inflated the originally cited estimate ($32.4B in 2012 dollars) to 2016 dollars using the Consumer Price Index – Urban Consumers.
3We direct interested readers to early economic insights on the optimal sleep allocation offered by El Hodiri (1973), Bergstrom (1976),

and Hoffman (1977).
4Specifically, BH assume that there are two wage components: one that is unrelated to sleep and is instead determined by other fac-

tors unique to the individual; another is a “wage premium” that is attributable to sleep. In other words, sleep provides workers with a
productivity bump on top of their fixed marginal product.

5Theoretical work by Asgeirsdottir and Zoega (2011) and Yaniv (2004) does address sleep quality. However, while both important and
interesting, these models do not directly relate to the principle factors that we hypothesize link leaving school in an economic downturn
and sleep outcomes. For brevity, we refer interested readers to these important studies, but we do not present their models here.

6Several economic studies have replicated the negative relationship between wages and sleep quantity (Szalontai 2006; Ásgeirsdóttir
and Ólafsson 2015; Pfeifer 2015). The empirical economics literature offers mixed evidence as to whether sleep quantity is a normal good
(Szalontai 2006; Antillón, Lauderdale, andMullahy 2014; Pfeifer 2015). There are several economic studies that consider other factors related
to (either causes of or consequences of) sleep. We refer interested readers to the work of Ásgeirsdóttir,Ólafsson, and Zoega (2015); Popovici
and French (2013); and Jin and Ziebarth (2015). However, there is a surprising scarcity of economics studies examining sleep.

7A recent study by Speer (2016) finds severe, but ephemeral, reductions in hours and wages for lower skill workers. In particular, the
negative effects dissipate after 1 year in the labor market. Moreover, among samples of college graduates, Oreopoulos, Von Wachter, and
Heisz (2012) and Altonji, Kahn, and Speer (2016) show that higher skill workers may be sheltered from recession effects relative to less
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skilled workers. In general, the literature appears to suggest that, while effects are persistent for most groups of workers, they are not
permanent and eventually workers are able to overcome the initial hurdle.

8The authors explore the persistent wage effects of leaving school in an economic downturn among Japanese men. They find a different
pattern of results but attribute the findings to specific features of the Japanese labor market.

9In the BH model, the wage/income–sleep relationship is complicated and ex ante ambiguous because there are two wage effects (the
standard wage rate and the wage premium attributable to sleep) and sleep enters directly into the consumer’s utility function. We refer
interested readers to the BH model for more details. Ásgeirsdóttir, Ólafsson, and Zoega (2015) develop a model of sleep which similarly
complicates the wage–sleep relationship.

10We expect that, if present, this increase in working time to occur after the economy recovers (Kahn 2010). It seems unlikely that workers
will be able to increase working time during the economic downturn faced at school leaving when employment prospects decline as firms
demand less labor.

11An important source of heterogeneity in the economic downturn–sleep relationship is the need for sleep across individuals (Ásgeirsdót-
tir, Ólafsson, and Zoega 2015). That is, some individuals require more sleep to work and conduct other activities productively. An obvious
empirical solution to (time invariant) individual heterogeneity is inclusion of person fixed effects in the regression model. However, this
approach is not possible in our study as our key predictor variable (the school leaving state unemployment rate) is fixedwithin individuals.
We note the inability to control for such individual heterogeneity as a limitation of our study.

12According to the National Sleep Foundation, insomnia is defined as “difficulty falling asleep or staying asleep, even when a person has
the chance to do so. People with insomnia can feel dissatisfied with their sleep and usually experience one or more of the following symp-
toms: fatigue, low energy, difficulty concentrating, mood disturbances, and decreased performance in work or at school” (https://sleep-
foundation.org/insomnia/content/what-is-insomnia; accessed October 3rd, 2016).

13For example, if a respondent left school in 1994, we would not include the sleep variable measured in 1992.
14Given that 3 % of Americans move across state lines in any given year historically (Bureau of the Census 1976), we suspect that this

imputation does not lead to substantial measurement error. Results are robust if we exclude individuals who left school between 1976 and
1978 (those adults for whom we impute the school leaving state).

15However, the unemployment rate is but one proxy for economic conditions. In unreported analyses, we found similar results using the
number of employed persons to proxy economic conditions.

16The AFQT was fielded in 1980 when respondents were 15–23 years of age. We might expect that older individuals will, all else equal,
score higher on the AFQT than younger individuals. Therefore, we follow Kahn (2010) and age standardize the score in the following
manner: u�u�u�u�_u�u�u�u�u�u�u� = (u�u�u�u�u� − u�u�u�u�u�) /u�u�u�u�u�u�,u�, where u�u�u�u�u� is the mean AFQT score for age group g, u�u�u�u�u�u�,u� is the
standard deviation of the AFQT score for age group g, and u� ∈ [15 years, 23 years]. A concern with including the AFQT score in our
regressions is that it may be determined by economic conditions at school leaving because the test was fielded in 1980, a year in which
some individuals in our sample left school (see Table 1). The AFQTmay therefore be a “bad control” (Angrist and Pischke 2009). To explore
this possibility, we estimated our regression models excluding the AFQT. Results, available on request, are not appreciably different than
those reported in the manuscript.

17Ideally, we would like to utilize finer bins in the more distal periods (26–37 years after school leaving), but we lack sufficient data to
create such bins.

18These estimates are available from the corresponding author.
19In unreported analyses, we included school-leaving state-specific linear time trends to the OLS regression model. Results are not

appreciably different than those reported here.
20For example, if a respondent left school after completing 1 year of college (e. g. dropping out after the first year of college), we assume

that this respondent left school at age 19 (the modal age for first year college students in the sample). We assign this respondent the annual
state unemployment rate in the year she turned 19 in the state of residence at age 14. We make similar assignments for all individuals
who left school without a credential. For a nonstandard credential (as previously defined), we make similar assignments. For example, we
assume that an individual who left school with a 2-year college degree left school at age 20 as this is the modal age for individuals with a
2-year associates degree. We assign this respondent the annual state unemployment rate in the year she turned 20 in the state of residence
at age 14. Because we rely on years of schooling, there may be some reporting error in the actual level of education at school leaving, but
what is important for the purposes of our study is the precise time at which the individual left school, which is more accurately reflected in
years of schooling than, for example, information contained in questions pertaining to the highest level of education obtained. If we cannot
locate the number of years of schooling, we rely on information on the highest level of education obtained as a proxy for the number of
years to increase sample size. We assume that the respondent passed through the education system on time (e. g. 12 years of schooling for
a high school diploma). Results are not substantially different from those reported here if we instead rely on only those respondents for
whom we have years of schooling information.

21OLS results are similar and are available on request.
22Although previous studies have explored similar relationships (see Section 2.2), we wish to explore which of these specific pathways

are important for our sample. Our intent is not to present these findings as new evidence, but rather to better understand the sleep effects
that we document.

23A concern with our mechanism variables is reporting error. Because the NLSY79 commenced in 1979, we have no information on these
mechanisms (or our other variables) before that year. However, as reported in Table 1, roughly 29 % of our sample left school before 1979.
We are not able to include initial years post school leaving for these individuals. If the early years are important for our mechanisms, and
our analyses and other studies suggest they are, then we will systematically measure these variables with error for members of our sample
who left before and after 1979 (i. e. the former group will have missing information for the years between the school leaving year and 1979,
while the latter group will not). Given that our primary explanatory variable (the school leaving state unemployment rate) is defined at the
school leaving state and year level, this misreporting is particularly concerning from a bias perspective. If systematic measurement error
in both dependent and independent variables can attenuate or amplify regression coefficients (Bound, Brown, and Mathiowetz 2001), it is
difficult to even sign the bias attributable to such measurement error.

24Given that the inclusion of variables that are themselves likely outcomes of the treatment variable (e. g. the labor and marriage market
measures) precludes a causal interpretation of regression coefficients, we chose to use OLS regressions in our decomposition analysis.

25Although we note that Kondo (2015) does not observe precisely estimated differences in wage effects between different racial groups
in her study, the economic theory reviewed by Kondo opens the door for the possibility that there may be heterogeneity across race and
ethnicity.

26A caveat to our analysis by skill level is that educational attainment at school leaving is potentially endogenous to the school leaving
state unemployment rate. Readers should interpret findings generated in this analysis with some caution as stratifying the sample on an
endogenous variable can lead to bias in regression coefficient estimates. A similar argument can be made for stratifying the sample on
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AFQT score. Nevertheless, in unreported analyses, we reestimated our analysis of heterogeneity by skill using father’s education, which is
arguably exogenous to the school leaving state unemployment rate and potentially proxies for worker skill or ability and results are similar.
These results are available on request.

27Interpreting the findings by educational credentials at school leaving is somewhat complex, both in the context of studying sleep
quality and sleep quantity. First, we combine workers with very different skill levels in these classifications. For example, the nonstandard
educational credential sample includes workers with less than high school, some college (but not a 4-year college degree), and those with
more than a 4-year college degree (e. g. a Ph.D. or M.D.). Both economic theory and previous analysis of the life course consequences of
leaving school in an economic downturn will differ across these skill levels. However, we might also expect that the instrument is more or
less suitable for these groups, thus leading to the differential findings. Interpretation of this margin of heterogeneity is further complicated
as we work with a small sample, leaving us little power to detect effects. Finally, interpreting regression results based on samples that are
stratified by an endogenous variable impedes the researcher’s ability to interpret the regression coefficients causally.

28Authors’ personal email communications with NLSY79 administrators on October 30, 2015.
29Recall that we are unable to measure labor market and marriage market experiences prior to 1979, the year in which the NLSY79

commenced, for those individuals who left school before 1979. For such individuals, these measures are cumulative from 1979 through the
survey year in which the sleep variable is measured.

30One may wonder how it is possible to observe such different findings for men and women within the same cohort. We refer interested
readers toMaclean, Covington, and Sikora Kessler (2015) for a full discussion. Broadly, the authors suggest that men andwomenmarry out
of cohort. On average, in an older cohort such as the NLSY79, men tend to marry younger women and women tend to marry older men.
Thus, these differential marriage patterns may allow for differences across men and women in marriage and fertility outcomes within the
same cohort.

31We note that this finding is not precisely estimated in the initial years after school leaving.
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