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ABSTRACT
Child Sleep and Maternal Labour Market
Outcomes*
We show that sleep deprivation exerts strong negative effects on mothers’ labour market
performance. To isolate exogenous variations in maternal sleep, we exploit unique variations
in child sleep disruption using a UK panel dataset that follows mother-child pairs through
time. We find that sleeping one hour less per night on average significantly decreases
maternal labour force participation, the number of hours worked, and household income.
We identify one mechanism driving the effects, namely the influence of maternal sleep on
selection into full-time versus part-time work. Increased schedule flexibility for mothers with
sufficient tenure mitigates the negative effects of sleep deprivation.
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I. Introduction
Working mothers of small children struggle with keeping a work-life balance, which
impacts negatively their wellbeing and the quality of resting time. According to a recent study
in the UK, mothers getting six or less hours of sleep a night, are so exhausted while dealing
with the conflicting demands of working life and motherhood, that 56% feel depressed and 82%
admit that the lack of sleep affects their performance and output at work. 1 This is because sleep
is an essential human need associated with both good physiological and cognitive functioning.
Paradoxically, the extent to which sleep deprivation hampers parental economic activity has
received very limited attention in economics research so far. The purpose of this paper is to
study the effects of child-related sleep deprivation on mothers’ labour market outcomes both in
the short-run, as well as on mothers’ labour market careers in the longer-run.
Sleep is often overlooked in economics models despite its obvious restorative effects on
human health, alongside its influence on brain plasticity and feelings of well-being (Siegel,
2005; Franck, 2006). Failing to get enough sleep can give rise to chronic diseases associated
with hypertension, diabetes, depression and obesity, as well as a reduced quality of life (Barnes
and Wagner, 2009; Caruso et al., 2006; Scott and Judge, 2006). 2 Sleep-deprived individuals are
more likely to make impulsive decisions, and the prefrontal cortex - which has proven to be
critical for executive functioning - is found to be vulnerable to a lack of sleep (Harrison and
Stone, 2000). Similarly, a meta-analysis of existing research suggests that sleep deprivation
strongly impairs cognitive and motor performance (Pilcher and Huffcutt, 1996; Killgore 2010).
Sleep deprivation, even when moderate, can be detrimental to work performance and this can
translate into earnings, consistently with recent evidence (Gibson and Shrader, 2017).

1

“Working mums: Are you struggling to cope?”, BBC news, April 2002
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These studies also show a significant relationship between sleep deprivation and cancer as well as increased

mortality.
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The fundamental challenge in estimating sleep deprivation effects is that sleep patterns are
not exogenous to individual economic performance. The existing literature has focused on time
use surveys and repeated cross-sections, which makes it hard to isolate the causal effects of
sleep deprivation from confounding factors and reverse causality (e.g. working individuals
reducing their amount of sleep). In this article, we uniquely rely on a very rich UK longitudinal
dataset, the Avon Longitudinal Study of Parents and Children (ALSPAC), that followed a
sample of 14,000 families and collected information on both maternal and child sleep patterns
nearly every year since child’s birth up to age 12. 3 Designed by public health researchers, this
dataset provides us very precise information on child sleep, including whether the child wakes
up at night, sleep time and day sleep, as well as child sleeping routines and environmental
triggers of sleep quality. Following mother-child pairs through time and controlling for
unobserved heterogeneity thanks to mother-child fixed effects, this allows us to exploit
longitudinal variations in child sleep disruption as an instrument for maternal sleep duration
(adjusted for child’s age fixed effects, health, household composition and environmental
triggers). For the sake of causal identification, ruling out any confounding factors is important.
With this in mind, our empirical strategy considers only differences in sleep patterns within
mother-child pairs through time, rather than between them. This is to ensure that time-invariant
confounders (such as genetic predispositions towards poor sleep, education, mother’s ability to
improve the sleep of her child or persistent mother reporting bias) are not driving our results.
The ALSPAC data also allows us to isolate maternal sleep deprivation effects from various
time-varying factors including family-level shocks, parenting style, mother’s and child’s stress,

3

Throughout the article we restrict the sample to families with children under the age of 12 for which we have

information on child sleep.
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to which extent work is important for mother, and father characteristics. 4 Finally, to deal with
the issue of reverse causality, we make use of the panel nature of the data to perform
falsification tests using previous years’ mother sleep patterns and labour market outcomes and
investigate the relationship with current child sleep. These falsification tests support a causal
interpretation of the results.
Our first results demonstrate that there is a significant relationship between the number of
times a child wakes up at night and mother’s sleep duration. We find that a one-unit increase in
the number of times a child wakes up at night leads to a reduction in the mother’s average
duration of sleep by a bit less than 10 minutes per night. Increased child sleep disruption reduces
the probability of both maternal and paternal sleep duration, although the effect on maternal
sleep is more than twice that on paternal sleep. We then assess the impact of child-related sleep
deprivation on mothers’ employment, working-time decisions and income. Using the variations
in child sleep interruption over time as an instrument for changes in mother’s sleep duration,
we estimate the effect of sleep on mothers’ economic performance to be substantial. Improving
the mother’s average nightly sleep duration by half-an-hour 5 would increase her participation
in the labour market by 2.5 percentage points, her number of hours worked by 7%, household
income 6 by 4.95% and her job satisfaction by 0.01 standard deviations.
Sleep interruption can result from children's sleep patterns above and beyond parents’
ability to get their children into a sleeping routine, and hence, entails some degree of uncertainty
that makes it hard to predict. As such, child-related sleep deprivation is an important source of

4

We also implement Oster (2017)’s methodology to assess the importance of unobservables. We find that the

impacts of sleep on mothers’ labour market outcomes are unlikely to be fully explained by selection on
unobservables.
5

We choose to discuss the results in terms of 30-minutes sleep changes (instead of one-hour changes) as the range

of identified variations in mother sleep duration from the first-stage regressions is rather small (from 0 to 40
minutes).
6

Note that the ALSPAC data do not provide information on mother individual income.
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variation in parental sleep duration during the child-bearing time that is worth exploiting. Also,
the negative impact of being a mother on the quality of sleep starts during the pregnancy and
can last well-beyond kindergarten. In our data, almost 40% of children aged 2-5 are still getting
their parents up in the night, whilst this is only the case for 20% of children aged 5-8. Looking
at the effect on mothers’ employment and household income five years later, we find that
mothers with children who had sleeping problems are still less likely to work and have lower
household income than mothers with children who had normal sleeping routines. Five years
later, these mothers have household incomes, which are 3.8% lower compared to mothers who
slept 30 minutes more on average per night.
Investigating potential channels, we find that changes in how mothers value work relative
to other goals in life does not account for these negative effects on mothers’ labour market
outcomes. Instead, we show that a reduction in mother sleep duration is associated with (i) a
higher probability to experience problems at work, (ii) increased difficulties to deal with the
demands of working life and motherhood, and (iii) a shift from full-time to part-time jobs. Also,
we find that the negative effects of child-related sleep deprivation are smaller for mothers with
less responsibilities (only one child), higher educational qualifications, and better organisation
skills. These results suggest that some women have greater ability to adapt to poor child sleep.
Increasing access to flexible working hours could attenuate the negative effects of child-related
sleep deprivation. To illustrate this, we draw on the UK Employment Rights Act 1996, which
entitled the right to request flexible working to parents with 26 weeks’ continuous employment.
Using a triple difference strategy, we show that the UK Employment Right Act 1996 mitigated
the impact of child-related sleep deprivation for mothers of young children who were eligible
to flexible working (either hours, times or location of work). 7
7

In the UK, mothers who have children under 17 and who have worked 26 continuous weeks or more are allowed

to request flexible working under the Employment Rights Act 1996, which employers in turn must address in a
“reasonable manner”. https://www.gov.uk/flexible-working/overview
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The general message of this analysis is that sleep is a major determinant of employment
outcomes that needs more attention in designing employment policies. The number of hours
the average person sleeps has declined over the past century, 8 and we still ignore its effects on
economic activity and economic performance. The estimated effect of sleep in our study can
be attributed to changes in child sleep. To our knowledge, this is the first paper to establish a
link between child sleep and mothers’ labour market outcomes. Over the last decades, women
have experienced substantial gains on the labour market. That is, the gender gap in labour force
participation and earnings have both reduced. Yet, substantial gender gaps remain (Blau and
Kahn, 2006). When mothers return to work after childbirth, they are more likely to work below
their potential and work fewer hours. This downgrading effect is likely to persist over time, as
the birth of a child reduces mothers’ chances of getting promotions and pay rises and their
wages plateau (Waldfogel, 1995; 1997). 9 In contrast, men’s wages continue growing rapidly at
this point in the life cycle (particularly for the highly educated). 10 The results we present in this
article support the view that child-related sleep deprivation is a factor that limits convergence
on the labour market outcomes for working women of young children.

8

In the UK, 33% get 5-6 hours per night in 2017, compared to 27% in 2010. According to NHS guidelines, most

adults require between 6 and 9 hours per night in order to feel refreshed and to function well both mentally and
physically. 50% of British people report losing sleep as a result of worry and stress. Due to internet and cell phone,
people are more active around the clock.
9

Waldfogel (1995) investigates wage differentials among women related to family status as well as wage

inequality between men and women using longitudinal data from the National Child Development Study. She
finds that there is a family gap of 20-22%. In addition, the family gap appears to be due to the direct and indirect
effects of having children.
10

The gender wage gap widens gradually but significantly from the late 20s and early 30s. The arrival of children

accounts for this gradual widening of the gender wage gap with age. By the time of the first child is aged 12,
women’s hourly wages are a third below men’s. By the time their first child is aged 20, women have on average
been in paid work for four years less than men and have spent nine years less in paid work of more than 20 hours
per week. See IFS fiscal studies by Costa Dias et al. (2016).
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The rest of this paper has the following structure. The next section reviews the related
literature. Section III presents the data. Section IV reports OLS regressions of mother sleep
duration on child sleep duration and child awakening. Section V describes the relationship
between mothers’ economic performance and their duration of sleep. Section VI investigates
the robustness checks of the results. Section VII tests for long-term effects, mechanisms,
heterogeneous effects and the role of public policies. Section VIII concludes.

II. Literature Review
The current economics literature on sleep is still at its infancy. Drawing on the tradition of
Becker (1965)’s and Grossman (1972)’s models on allocation of time and their application to
health, a seminal work by Biddle and Hamermesh (1990) developed an optimal model of time
to study sleep. Although standard economic models implicitly assumed that individuals are
endowed with a fixed amount of time allocated between work and leisure, Biddle and
Hamermesh (1990) allowed the amount of sleep time at an individual’s disposal to vary over
time. These variations in sleep time could then affect the choice between work and leisure. In
their empirical work, they used a cross section of time-use survey data and estimated that a onehour increase in paid work reduces sleep by 10 minutes. More recently, Hamermesh et al.
(2008) examined how cues such as TV programs and sunlight affect sleep and coordination.
A handful of studies have examined economic influences on sleep including the effect of
income and education, financial market performance, and employment (Gardner et al., 2010;
Kamstra et al., 2000; Szalatonai, 2006; Brochu et al., 2012; Bonke, 2012; Antillon et al., 2014;
Ásgeirsdóttir and Ólafsson, 2015). Gardner et al. (2010) showed that more affluent individuals
appear to take longer to get to sleep but are more efficient in their sleep. Similarly, Kamstra et
al. (2000) found an influence of sleep on financial market performance. However, income
differences in sleep problems no longer appear significant when health and other characteristics
7

are controlled for. Szalatonai (2006) examined the effect of income on sleep in South Africa,
and Brochu et al. (2012) used data from Canada to estimate the impact of changes in wages on
sleep time. Using time-use data, Bonke (2012) attempted to identify circadian rhythms to
examine its impact on productivity. Two other papers using American Time Use survey data
found a consistent relationship between wages, employment and sleep. Antillon et al. (2014)
examined the effect of unemployment on sleep and found evidence of sleep to be
countercyclical. However, unlike Antillon et al. (2014), Ásgeirsdóttir and Ólafsson (2015)
found an inverse relationship between wages and sleep, where a 1% increase in wages is
associated with a 9-second reduction in sleep duration.
Our paper also contributes to the understanding of the nexus between socio-economic
characteristics and household-derived sleep deprivation. Arber et al. (2009) established that
women suffer more on average from sleep deprivation than men. Similarly, children from lower
socio-economic groups appear to have relatively more sleeping problems (Carrell et al., 2011).
Partnered individuals have been found to exhibit better sleep quality (Gardner et al., 2010).
Particularly relevant for our current paper is the scarce literature on the economic returns of
health behaviours, which attempts to capture a causal link between sleep quality and economic
performance. Only one paper deals with the endogeneity of sleep by using an instrumental
variables approach as we do here. Gibson and Shrader (2017) instrument for sleep by using the
short and long-term sunset times. Using time use diaries from the United States, they
demonstrate that later sunset time reduces worker sleep and wages. Note that the evidence relies
on location-level variations. Their estimates, therefore, cannot be interpreted as individual
effects. 11

11

They potentially include spillovers across people who live in the same location.
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Finally, our paper is also related to the medical literature that investigates the impact of
sleep deprivation on cognitive and task performance (see Van Dongen and Dinges (2005) and
Banks and Dinges (2007) for a review).
Our paper is novel with respect to various dimensions: First, it is, to the best of our
knowledge, the first paper that studies the effect of child-related sleep deprivation on economic
performance. Second, we can draw on individual variations in sleep quality to document the
effects of sleep deprivation on wages and employment through time. Unlike previous sleep
studies, we rely on micro-longitudinal data, and we do not employ cross-sectional time-use
surveys. Third, the institutional context of UK allows us to uniquely study the role of public
policies on the economic returns to sleep.

III. The ALSPAC Data
We use a unique dataset, the ALSPAC data, which has followed more than 14,000 families
from childbirth to age 25. This is a near-census English cohort study, which was primarily
designed to investigate environment, genetic, and socioeconomic influences on health and
development over the life course. 12 The study recruited 14,541 pregnant women residing in the
Avon area of the UK with expected delivery dates between April 1, 1991, and December 31,
1992. 13 This corresponds to roughly 70% of the eligible pregnancies in the area. If we examine
the sample characteristics, higher socioeconomic status groups, as well as people of white
ethnicity, are slightly over-represented compared to the national population (Boyd et al., 2012).
79% of mothers in ALSPAC lived in owner-occupied accommodation in 1991, 79% were

12

Please note that the study website contains details for all the data that is available through a full separable data

dictionary: http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/
13

14,541 is the initial number of pregnancies for which the mother enrolled in the ALSPAC study and had either

returned at least one questionnaire or attended a “Children in Focus” clinic by 19/07/99. Of these initial
pregnancies, there was a total of 14,676 foetuses, resulting in 14,062 live births and 13,988 children who were
alive at 1 year of age.
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married, and 2% were non-white. In Britain, 63% of mothers lived in owner-occupied
accommodation in 1991, 72% were married, and 8% were non-white (1991 census).
Data on Sleep and Labour Market Outcomes. The study includes rich information on
parental characteristics and family background as well as indicators of child well-being,
physical health and cognitive skills. In particular, the dataset provides precise information on
parental and child sleep over time. In addition, it contains various variables on mothers’
employment, working-time decisions, income and job satisfaction, for our purposes. Table 1
provides the descriptive statistics for the key variables of interest distinguishing employmentrelated and sleep-related variables. The sample is restricted to families with children under the
age of 12 (for which we have information on child sleep). This gives us a sample size of roughly
12,000 families. After age 12, the survey questions on child sleep are no longer available. Child
sleep information are available for a number of years since childbirth: at 1, 6, 18, 30, 42, 57,
69, 81, 108 and 134 months. Child duration of sleep is measured using the following question:
“Approximately how many hours sleep does your baby/child have during each night”, where
the mother provides a number of hours (see Appendix C for a detailed description of the
variables). Similarly, the ALSPAC survey includes a question on the probability and the
number of times a child wakes up at night: “How often does your baby/child wake at night?”
Never – Occasionally – Most nights – Every night – More than once per night (How many
times?). One might prefer these measures since they explicitly refer to sleep disruption. On the
other hand, they may be noisier measures of child sleep than the child average duration of sleep.
In row 4, we also document whether the child has a regular sleeping routine as an alternative
measure of child sleep. Table A1 in the Online Appendix examines the correlation between the
different measures of child sleep used in this paper. 14 Overall, we find significant correlations

14

Appendix Figure A1 shows a scatterplot of the share reporting adequate sleep against reported sleep duration.

We see that as mother sleeps more hours, she is also more likely to report having enough sleep.
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that suggest that waking up reduces sleep duration and having a sleep routine increases it. Note
that if mother’s sleep is affected by the frequency of child wakings, she might have a natural
bias in misreporting child sleep disruption when she does not get enough sleep. 15
We use several variables to capture mother sleep. Our main variable, reported in the fifth
row of Table 1, is an average of mother’s sleep duration. The question is as follows: “How
many hours of sleep do you get altogether during an average night?”. On average, mothers
sleep about 7 hours per night. We use the continuous variable for our main specification.
However, one might also want to consider different categories: whether the mother sleeps less
than 6 hours, between 6 and 7 hours or more than 7 hours per night. These categories are
appropriate for our purposes since the focus here is on differences in economic performance
originating from sleep deprivation. Specifically, we wish to establish if the mother has enough
sleep in order to be productive and not only how many hours the mother sleeps. The next row
of Table 1 gives an alternative relevant measure, which is whether the mother feels she has
enough sleep (from 0 to 1). We expect our notion of getting enough sleep to correspond to the
number of hours slept, but the threshold may differ across individuals. 16 Therefore, it is
interesting to consider both types of measures of sleep. Fortunately, the ALSPAC data also
include questions on father sleep, reported by the father himself. 17 We use two variables to
capture father sleep: average of father’s sleep duration and whether the father feels he has
enough sleep. 18

15

To deal with this issue, we would like to be able to compare mother’s reports with father’s and child’s reports.

Unfortunately, this is not possible in this dataset. See Section VI for further discussion.
16

The correlation between the number of hours slept and getting enough sleep for mother is 0.462.

17

Note that father here refers to the mother’s partner living in the household at time t. It could be someone different

than the biological father.
18

Note that time use questions are usually included in a full-time diary with questions about particular uses and

reported to an interviewer. From this point of view, ALSPAC does not adhere to these practices. We are aware
that this could generate reporting biases (see Hamermesh et al., 2005; Schober and Conrad, 1997).
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The following six rows report measures of parents’ employment outcomes, which we use
for measuring economic performance. The first is a measure of employment status (whether the
mother/father currently works) and the second is a measure of part-time versus full-time jobs.
In our sample, 59% of mothers work and 84% of fathers work. 23% of the mothers work parttime. Interestingly, we are comparing individuals for whom having children is a choice. Hence,
we expect individuals in our sample to be more comparable to the extent that they are all
parents. In the following rows, we give the mean and the standard deviation of the number of
hours worked. The second-to-last row gives information on the annual household income. The
final row gives a measure of job satisfaction, reported on 0-1 scale, which is our measure of
wellbeing at work. In our sample, 66% of mothers report being satisfied at work. 19 Note that
labour market choices are usually joint at the household level. It is therefore quite important,
both from an economics and policy perspective, to consider impacts not only on maternal but
also on paternal sleep and labour market outcomes since they are available.
[Table 1 about here]
Descriptive Statistics on Child Sleep. The first interesting fact is that there are large
variations in child average duration of sleep and the probability that child wakes up at night.
According to Table 1, the standard deviation is 1.24 for a child’s average duration of sleep and
0.45 for the probability that the child wakes up at night. Children between 0 and 24 months
sleep a little more than 11 hours. This pattern decreases over time and by age 8, children sleep
about 10 hours every 24 hours. As expected, we also find that over time children are more likely
to adjust to a sleeping routine and by age 8, 94% of children already have a sleeping routine
(see Appendix Figures A2 and A3).
We can also examine how child sleep disruption evolves over time. Figure 1 depicts
changes in the number of times the child wakes up at night relative to the first year of life, by

19

Job satisfaction is positively correlated with the number of hours worked and income in our sample.
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age and gender. We find a spike in the number of times the child wakes up at night between 25 years of age which is in line with findings of a recent review of observational studies (Galland
et al., 2012). In our sample, 40% of children wake up at night between 2-5 years of age, and
still 20% of children wake up at night between 5-12 years of age. Night wakings are common
in infancy and early childhood. Several factors influence these wakings and children’s ability
to return to sleep unaided plays a crucial role in determining whether or not wakings will persist
and become problematic. Arguably, the frequency of night wakings and parents’ reported
quality of child sleep are positively correlated. 20
[Figure 1 about here]
At a given age, sleep patterns also do vary across children. Sleep-wake patterns are driven
by a mix of several factors, including environmental, behavioural and social factors, but also
biological processes. They can vary widely across children and are hard to predict. For instance,
although the average duration of sleep is a little more than 11 hours at age 2, there are large
cross-sectional variations in child duration of sleep and the number of times a child wakes up
at night (see Appendix Figures A4 and A5). There is no “normal” duration of sleep. At a given
age, average child duration of sleep varies between roughly 8 and 16 hours across children. The
number of times the child wakes up varies from 0 to 4. 21
These large and quite unpredictable variations in child sleep interruption can be very
detrimental to parents’ sleep. They diminish both sleep duration and cause fragmentation, which

20

Palmstierna et al. (2008) investigate what influence parent-reported child sleep using data from parents of around

10,000 children from birth to age 5 in a cohort questionnaire study in Sweden. They find that reports of frequent
night wakings and low sleep quality are strongly associated with each other within and between the age groups.
21

There is apparently remarkably little evidence on the determinants of individual differences in child sleep

duration. A review of previous literature on sleep quality in adults (using twin studies) reveals a moderate
contribution of genes to explain these variations in sleep duration (approximately 30%). There have been very few
studies of the heritability of children’s sleep and results appear inconsistent so far. See Touchette et al. (2013),
Dionne et al., (2011), Gehrman et al., (2011), and Moore et al., (2011). Overall, these studies conclude that
substantial individual variations remain at all ages (Inglowstein et al., 2013; Acebo et al., 2015).
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impacts on mothers’ mood and attention (Kahn et al., 2014). In our sample, 72% of mothers of
one-year-olds declare feeding their baby when waking up at night, and 40% cuddle them. In
addition, 65% of mothers have already taken their baby into bed after a night waking.
Accordingly, there are large variations in mother’s sleep time. According to Table 1, mothers
sleep on average 7 hours per night. Yet, 13% sleep less than 6 hours per night on average. 54%
sleep between 6 and 7 hours and 33% sleep more than 7 hours per night. 22 Hence, it is
reasonable to think that mothers who have children with sleeping problems are also more likely
to report sleeping problems compared to mothers who have children with normal sleeping
routines. We explicitly test this hypothesis in Section IV.

IV. Child and Parental Sleep
In this section, we begin by examining the correlations between child duration of sleep and
the number of times the child wakes up at night with maternal sleep duration (the first stage of
our IV strategy). The estimated equation is as follows:
(1)

MSit = δ + μ CSit + β CIit + Zit λ + ρi + uit

where MSit is our measure of sleep of mother of child i at age t. CSit is our measure of child
sleep duration, and CIit is our measure of child sleep interruption. Zit is a vector of covariates
that include a wide range of time-varying child and mother characteristics, including child’s
age dummies, child’s health, mother’s general health, mother’s mental health, the number of
children in the household, whether mother is separated, and environmental triggers (noise and
whether child shares bedroom). ρi are mother-child fixed-effects. 23 Standard errors are clustered
on mother-child pairs. 24

22

Appendix Figure A6 plots the distribution of mother’s sleep.

23

Note that we cannot include sibling-fixed effects as only one child per family is observed in the ALSPAC data.

24

As shown in the Online Appendix, Appendix Table A10, our results are robust to two-way clustering on mother-

child and year.
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Our source of identification corresponds to deviations in child sleep disruption and child
sleep duration of sleep, adjusted for child’s age dummies and other covariates. Because child
sleep disruption and child sleep duration can be both detrimental to parents’ sleep, it is
important to consider both effects in our regressions. Conditioning on age fixed effects better
isolates random variations in sleep. Moreover, because these deviations could be driven by
child’s health problems, which could also affect mother’s sleep, we must control for the direct
effect of child’s health. If there are multiple children in the household and sleep is correlated
among them, then the sleep of the observed child will potentially be capturing the poor sleep of
other children. Not controlling for the number of children in the household could potentially
generate spurious correlations. Noise in the house and sharing a room can increase the
probability of (and the number of times) a child wakes up at night and reduce the probability of
a child adopting a sleeping routine. The quality of the sleep environment also matters because
it is directly correlated with maternal sleep and potentially with socio-economic characteristics
of the household. Some maternal characteristics are important: mothers with bad health or who
are anxious/depressed are likely to sleep less. If mothers are nervous, their children are also
more likely to be nervous and report bad sleeping quality. Finally, mother-child fixed effects
allow us to control for any unobserved heterogeneity across mother-child pairs, including
genetic propensity for interrupted sleep and mother persistent reporting bias.
We begin by graphically examining the relationship. Figure 2 plots mother’s average
duration of sleep against the number of times the child wakes up at night. To construct this
scatter plot, we first average the number of times the child wakes up at night by mother-child
pairs. We then plot the means of the y-variable within each average against the mean value of
the number of times the child wakes up at night within each mother-child pair. As expected,
there is a strong relationship between the number of times the child wakes up at night and the
mother’s average duration of sleep. This indicates that mothers who have a child with good

15

sleeping routines and who seldom wakes up at night, sleep longer on average than mothers who
have a child with sleeping problems. To interpret the magnitude of the impact, an increase by
one-unit in the number of times the child wakes up at night decreases the average duration of
mother sleep by 7%, relative to a sample mean of 6.86 (std = 1.38). We find in addition, that
the association is more heterogeneous after the first wake up given that the reason and duration
of each night time wake up becomes more varied after the first awakening (e.g. sickness,
nightmares, sleep problems, toileting, etc.).
[Figure 2 about here]
We then run OLS regressions of equation (1) including a wide range of controls for child
and mother characteristics as well as mother-child fixed effects. The results are presented in
Table 2. Appendix Table A2 reports control coefficients. Columns (1) and (2) use mother’s
hours slept as the dependent variable and confirm that there is a strong correlation between the
number of times the child wakes up at night and the mother’s average duration of sleep. A oneunit increase in the number of times a child wakes up at night decreases the mother’s hours
slept by 0.105 (6.3 minutes) and increases the probability of sleeping less than 6 hours per night
by 2.3 percentage points. Note that the estimates are much smaller than the slope in Figure 2 as
we control for a range of child and mother characteristics as well as mother-child fixed effects
(see Appendix Table A3 for the cross-section estimates). Finally, column (3) indicates that
when a child sleeps longer, the mother is more likely to feel that she is getting enough sleep.
Similarly, when a child wakes up at night, the mother is more likely to feel that she is not getting
enough sleep.
[Table 2 about here]
We also perform the analysis by first-differencing mother sleep duration and child sleep
quality to explicitly control for child-specific trends. Using this model corrects for any linear
trend in unobserved heterogeneity across mother-child pairs as we keep controlling for mother-
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child fixed effects. Column (4) indicates that the results are robust to this alternative
specification, although the estimates vary. The coefficient on the number of times the child
wakes up at night is now 0.036, suggesting that a one unit-increase in the number of times a
child wakes up at night decreases the mother’s hours slept by 2.2 minutes and an hour increase
in child sleep duration increases the mother’s hours slept by 5.9 minutes.
Beyond the inclusion of child-specific trends, we further check the exogeneity of observed
child sleep patterns using a placebo test. A threat to our identification strategy would be that
mother sleep patterns are systematically associated with child sleep due to omitted factors (e.g.
genetic predispositions to poor sleep, social cues, reporting bias in sleep or mothers’ ability to
keep their children to a sleeping routine). Considering mother’s sleep duration five years prior
– thereby guaranteeing that child sleep patterns could not have possibly affected mother sleep
duration at that time – column (5) shows that there is reassuringly no effect of child sleep
duration and the number of times the child wakes up on previous mother’s sleep.
The remaining specification examines the effect of child sleep disruption on father’s sleep.
As with mother, we find that child sleep duration (the number of times the child wakes up at
night) increases (reduces) the father’s average duration of sleep. Yet the effect on paternal sleep
is half the effect on maternal sleep when comparing with column (1). 25 Interestingly, fathers
are less affected when child wakes up at night. This is consistent with the fact that, in our
sample, 6.20% of fathers report waking up at night to feed the child, while the proportion is
63.69% for mothers. 26

25

The coefficient on child’s sleep duration is 0.01 (compared to 0.03 for mothers) and -0.04 for the number of

times the child wakes up at night (compared to -0.105 for mothers).
26

Biddle and Hamermesh (1990) also find heterogeneous effects of having young children on parents’ sleep time.

They write: “Men’s sleep duration is essentially unaffected [by having children], but young mothers’ sleep is
substantially reduced by the care devoted to young children”.
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V. Maternal Sleep and Economic Performance
We now empirically analyse the effect of mother sleep duration on a number of mother’s
employment outcomes including labour market participation, working-time decisions, income
and job satisfaction. We build on the results of Section IV and construct an instrument for
mother sleep based on measures of child sleep during the first 12 years of life. More specifically,
we instrument maternal sleep duration by deviations in child sleep disruption and child sleep
duration as in equation (1). 27 Our strategy relies on two hypotheses: First, one can identify
significant variations in child sleep over time, which in turn affect mother sleep (see Section
IV). Second, conditional on observables and mother-child fixed effects, child sleep is
orthogonal to factors that might directly influence mother’s employment and labour market
outcomes. A threat to the exclusion restriction would be that time-varying unobserved shocks
are systematically associated with child sleep disturbance, child sleep duration and mothers’
labour market outcomes (e.g. mothers’ ability to improve the sleep of their children, mothers’
stress levels, family-level shocks, parenting style and choices of child-care use). With this
respect, a reassuring fact is the robustness of our results when a range of time-varying factors
are included (Panels A-E in Table 4). Another reassuring patterns is the observation in Panel G
of Table 4 of significant reduced-form effects of child sleep interruption and child sleep
duration on maternal labour outcomes. Finally, we explore further this question in Section VI.
Among other validity checks, we implement Oster (2017)’s methodology to assess the
importance of unobservables (Panel E of Table 4) and test for reporting bias (Appendix Table
A11). We find that the impacts of sleep on mothers’ labour market outcomes are unlikely to be
fully explained by selection on unobservables.
The empirical specification we estimate is represented in the following equation:
27

The first stage regression is the one presented in Table 2, column (1). We also present robustness checks using

only child sleep disruption as instrument for mother sleep, controlling for child sleep duration (see Appendix Table
A8).
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(2)

Yit = α + β MSit + Xit γ + μi + εit

where Yit is employment status, the number of hours worked, household income, or job
satisfaction of mother of child i at age t. MSit is the mother duration of sleep instrumented by
child sleep disruption and child sleep duration, Xit is the same vector of covariates as in equation
(1) and μi is a mother-child fixed-effect. Standard errors are clustered on mother-child pairs.
The coefficient of interest is β, the effect of mother sleep duration on her economic performance
Yit. 28
Table 3 reports the results of equation (2) for the four different outcomes. We focus on
mother sleep duration – although robustness checks for mother sleeping less than 6 hours and
mother getting enough sleep are reported in Table A4 of the Online Appendix. In Panel A of
Table 3, we perform simple OLS regressions, while Panel B presents the central results of this
section and reports two-stage least square (2SLS) estimates of the coefficient of interest, β from
equation (2). The weak identification tests produce large Kleibergen-Paap statistics (F >50) that
compare favourably to the statistics reported in Stock and Yogo (2005). This allows us to reject
the hypothesis of weak instruments for all regressions.
Column (1) shows a robust and significant relationship between mother’s sleep duration
and the mother’s employment probability. In terms of magnitude, the estimate in column (1),
Panel B, 0.050, indicates that a 30-minutes increase in mother sleep duration would increase
employment by 2.5 percentage points. In column (2), we test the effect of mother’s sleep
duration on the number of hours worked. The coefficient on mother’s average sleep duration is
positive and significant, indicating that a 30-minutes increase in maternal sleep duration would
increase her number of hours worked by 7%. In column (3), we use the log of household income
as the dependent variable. The coefficient on mother’s sleep duration is statistically significant.
28

Covariates include child’s age dummies, child health, mother’s general health, mother’s mental health, the

number of children in the household, whether mother is separated, and environmental triggers (noise and whether
child shares the bedroom).
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The estimate in column (3), Panel B, indicates that a 30-minutes increase in mother’s sleep
duration increases household income by 4.95%. Note that household income is a function of
mother’s sleep, but also father’s sleep (which is also shown to be impacted, although less, by
child sleep). Hence these income regressions control for father’s sleep and should be interpreted
as an effect of sleep on both mother’s and father’s income. Appendix Table A5 displays the
estimation results of our income regression when father’s sleep is not controlled for. It also
presents our income regression when sleep is aggregated at the household level and
instrumented by child sleep. The coefficient of household sleep is slightly reduced but it
remains statistically significant and positive. 29 Finally, in column (4) of Table 3, we look at the
effect of mother’s sleep on mother’s satisfaction with job (which we expect to pick up potential
work-life balance effects of sleep deprivation that are not necessarily reflected in participation,
hours worked and income effects). The effect is not statistically significant in both Panels A
and B. There are a number of potential reasons why the effect on job satisfaction is insignificant.
First, mothers satisfied with their job are more likely to sleep less than mothers not satisfied
with job, which could raise even more the reverse causality issue. In addition, the measure of
job satisfaction is reported by the mother herself and can be subject to large measurement errors
as the scale goes from 0 to 1.
[Table 3 about here]
Overall, the results in Table 3 are consistent with the existence of a strong and significant
effect of mother’s sleep on several employment outcomes including employment, working-time
decisions, household income and job satisfaction. The 2SLS estimates are larger than the OLS
estimates reported in Table 3, Panel A. This suggests that the OLS estimates were downward
biased. Does the 2SLS estimate make quantitative sense? To better compare magnitudes across

29

Appendix Table A5 also displays the effect of father sleep on the father’s probability to work and household

income. The coefficients are statistically significant using 2SLS.
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columns, Appendix Table A6 replicates the estimation results using the same sample across
specifications 1-3. The results do exhibit some changes but remain in the same range. 30 Overall,
the results suggest large effects of mother sleep on employment outcomes, consistent with
available evidence from the sleep-labour literature. For example, Gisbon and Shrader (2017)
find that sunset time one hour later decreases long-run wages by 5%. Similarly, Biddle and
Hamermesh (1990) find that a one-hour difference in sleep duration is associated with a 15%
difference in the number of hours worked. Szalontai (2006) finds that a one hour-increase in
sleep duration is the predicted difference in sleep time for someone earning an average wage
and an individual in the highest income group. 31 In practice, the presence of measurement errors
complicates this interpretation. But overall, the estimates imply a not implausibility large effect
of child-related sleep deprivation on mother economic performance.

VI. Robustness Checks
The previous sections show that child-related sleep deprivation decreases mother labour
force participation, the number of hours worked, and household income. However, given that
the identification of the causal effect of mother sleep on employment outcomes can be affected
by several biases, this section is devoted to considering such potential biases one by one
alongside several robustness checks.
We begin by considering the inclusion of various additional controls influencing child sleep,
such as family-life events, new household composition, parenting style and father’s
characteristics, which might also directly influence mother’s employment outcomes. Overall,
we find that our results change remarkably little with the inclusion of these variables. In Panel

30

We choose not to use the same sample across specifications 1-3 in the main analyses as this would decrease by

20% the size of specification 1 sample.
31

For comparison, the effect of an additional year of schooling would have the same wage return as an increase in

average sleep duration by 2 hours (see Angrist and Krueger, 1991; Card, 1995).
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A of Table 4, we first investigate the effects of family-life events such as the presence of a new
parent, a new sibling, hospital visit, child is taken into care, the presence of a new carer, child,
started crèche, loss of a parent, loss of a sibling, loss of a close friend, whether mother has
problem with law, whether parents divorced, moved house, father lost his job, and whether pet
died. This has little effect on our 2SLS estimates. For example, the estimate of the effect of
sleep duration on employment is 0.050 (s.e.=0.021) without controlling for family life events
and again 0.041 (s.e.=0.021) with family life events. The effects on hours worked and log
household income are now 0.119 (s.e.=0.060) and 0.094 (s.e.=0.019), respectively.
Similarly, the presence of other children can influence child sleep, mother sleep and mother
economic performance. To control for this, in Panel B, we run equation (2) including the
number of children in the household, whether there is a new sibling, whether there is a new
carer/parent in the household, whether mother has a new partner and whether parents divorced.
Again, these controls have small qualitative effect on our main estimates. Note that the
coefficient on the number of hours worked is now 12% instead of 14% in Table 3. In Panel C,
we investigate whether our instruments could be capturing any effect related to father’s
characteristics. One might argue that child sleep would affect mother’s sleep differently
according to father’s behaviour. Controlling for father’s health, father’s mental health and
father’s sleep, our results do exhibit some changes. The coefficient on employment is 0.051.
The coefficient on the number of hours worked is now 14.3% instead of 14% in Table 3.
Further, the effect on income is 15.4%, instead of 9.9%. 32
Parenting style is argued to be important for sleep (Mindell et al., 2013). Bedtime and wakeup time, as well as day, sleep significantly influence child sleep. In Panel D, we control for the
following variables: the number of hours spent in childcare (commercial carer and nursery),
32

Note that the ALSPAC data do not provide information on whether the father wakes up at night to deal with

child sleeping problems. From Table 2, we know, however, that fathers are less affected by child sleeping
problems.
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time the child goes to bed, time the child wakes up, and whether there is any sleep during
daytime. Also, if mothers who value more work manage to improve their child sleeping routine,
it is important to control for mother’s attitudes towards work. The ALSPAC data provide
information on reasons why working at different points in time. In Panel D, we control for
whether mother works for career reasons. Our estimates of the effect of sleep duration on
economic performance increase and remain significant.
Overall, some deviations from our baseline estimates emerge after controlling for familylevel shocks, household composition, father’s characteristics, and parenting style altogether
(Panel E). The effects of sleep on the probability to work and the number of hours worked are
estimated to be slightly higher, while the effect of sleep on income is estimated to be a bit
smaller. However, note that the differences between coefficients are not statistically significant.
We can conclude that the results are consistent with sleep being a significant determinant of
mother economic performance, with little effect from family-level shocks, household
composition, father’s characteristics, and parenting style.
[Table 4 about here]
Despite our attempts to control for various observable factors, our estimates could still be
biased by unobservable factors correlated with both child sleep and mother’s labour market
outcomes. We try to assess the extent to which unobservables bias our estimates following the
strategy proposed by Oster (2017). In Panel E, we consider two sets of regressions. Our
restricted regressions are unconditional regressions of mother sleep on economic performance
and our full regressions are those in Panel E of Table 4. 33 None of the ratios associated with the
probability to work, the number of hours worked, and the log of income, reported in Table 4,
are less than 1. Their value ranges from 1.25 to 7.42, with an average of 5.13. This means that

33

2
Note that we follow Oster’s suggestion and measure 𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚
as 1.3 times the R-squared of our full regressions in

Panel E of Table 4.
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selection on unobservables would have to be at least 1.25 times that on observables and, on
average, over roughly 5 times as strong to account for the full effects of sleep. These are large
values, above the critical value of 1.
We also conduct two alternative exercises to test for unobserved heterogeneity. First, Panel
F of Table 4 run the 2SLS regressions by first-differencing mother labour market outcomes and
mother sleep duration. The coefficients retain statistical significance. Panel G displays the
reduced-form effects of mother labour market outcomes on child sleep duration and the number
of times the child wakes up at night. In most cases, the relationships are statistically significant
at the 1% level. They demonstrate economically important effects of child sleep on maternal
labour market outcomes without requiring any exclusion restriction. Panel H replicates the
analysis by substituting age trends to age fixed effects. Similar results are obtained.
One might still be concerned by the validity of our exclusion restriction that is, the quality
of child sleep exerts no direct effect on mother’s labour market outcomes, other than its effect
through mother sleep deprivation. To deal with these remaining concerns, one can try to assess
the importance of the exclusion restriction for our results, using a method described in Conley
et al. (2012). Applying their methodology to our case, we find that all the confidence intervals
include our point estimates even with a substantial relaxation of the exclusion restriction (see
Appendix Table A7). 34 Assuming these estimations are compelling, this would imply that our
results remain informative even if the exclusion restriction underlying the validity of our IV
strategy is partially violated.

34

Conley et al. (2012) provide a method in which the correlation γ between the instruments (child sleep duration

and child sleep interruption) and the unobservables influencing mothers’ labour market outcomes is assumed to
be near 0 but not exactly 0. They first present different inference strategies where it is possible to specify a set of
values for γ. Interval estimates for the coefficients of interest can then be obtained according to these different
values.
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Another important threat to the identification lies in the reverse causality of mother’s
employment patterns on sleep and child outcomes. For instance, if the mother is struggling at
work and brings stress back to the household, it is possible that her stress affects both her sleep
patterns and the sleep patterns of her child. To address this issue, Panel I presents the
instrumental regressions using one-year lag for mother sleep duration. This leads to a slight
decrease in magnitudes but the coefficients remain statistically significant.
Still, one might argue that if there is persistence in mother economic conditions which in
return affect her sleep patterns and child sleep patterns, using lags does not fully address these
reverse causality concerns. Let us consider two arguments. First, Table 4 (Panels A-E) controls
for parenting style, child-care arrangements, mother attitudes towards work and other variables
which could be correlated with mother employment outcomes and sleep. Again, the results have
been found to be remarkably robust to the inclusion of such controls. Second, if there is
persistence in mother economic conditions, this should be partially controlled for after
including mother-child fixed-effects and mother-child specific trends.
However, one can perform Granger causality tests to evaluate to which extent child sleep
patterns cause mother labour market outcomes or vice versa. The results are reported in Table
4, Panels Ja and Jb. The basic idea is that if past values of child sleep patterns (and mother
sleep patterns) are significant predictors of the current value of mother labour market outcomes
even when past values of mother labour market outcomes have been included in the model, then
child sleep patterns (and mother sleep patterns) exert a causal inference on labour market
outcomes. According to Panel Ja, the coefficients of interest are all significant at the 5% level,
indicating that Granger causality from sleep patterns to mother labour market outcomes exists.
Vice versa, in Panel Jb, the coefficients on past values of mother’s labour force participation
and working hours are not significant. Note however that the coefficient on past value of income
is positive and statistically significant at the 1% level. This is an indication that the relationship
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between sleep and wages is causal in both directions (according to Granger causality). In
interpreting these results, it is also important to note, however, that these tests do not evaluate
simultaneous reverse causality.
Finally, our results are also robust to alternative specifications. In Appendix Table A8, we
estimate our baseline results with child sleep duration used as a control, rather than an
instrument. Arguably, child sleep disturbance is more plausibly independent of the second-stage
error term than child sleep duration. Our estimates of mother sleep on mother economic
performance increases but remain statistically significant. In Appendix Table A9, we replicate
the baseline results, using probit instrumental regressions. The results remain statistically
significant. In Appendix Table A10, we replicate our baseline estimates with standard errors
clustered at the mother-child X year level (two-way clustering). This gives us robust results.
We also perform a falsification test to assess the probability that reporting bias would drive our
results. More specifically, we substitute mother sleep by another reported variable that is
“satisfaction with neighbourhood”. Appendix Table A11 reports the results. The coefficients
are not statistically significant (except for household income).

VII. Labour Market Careers and Flexible Time Schedules
Previous sections conclude that mothers are less likely to work, work fewer hours and earn
less when they have children with sleeping problems and these results are robust to various
robustness checks, supporting a causal interpretation. If such negative effects exist, one might
expect the difference in the labour market outcomes among mothers to persist over time. In this
last section, we document the impact of child-related sleep deprivation on mother labour market
careers in the long run and discuss potential mechanisms. We then focus on the role of flexible
time schedules.

26

Labour Market Careers. To assess the long-term impact of sleep deprivation, we first
exploit the longitudinal dimension of the ALSPAC data. The mothers are observed up to 20
years after pregnancy. We run the baseline specifications where mother labour market outcomes
are observed 5 years after measuring child sleep quality. Table 5 presents the results. On
average, a one-hour reduction in sleep duration decreases the probability to work in 5 years by
3.1 percentage points (s.e = 0.018). 35 This is smaller than the estimated magnitudes reported in
Table 3, yet significant, suggesting that the effects are persistent over time. Column (2) presents
the results on the number of working hours. The effect is 0.090 (s.e. = 0.054). Again, given that
they are measured five years later, the point estimates for sleep effects reflect some attenuation
but remain persistent (this is 0.140 in Table 3). The difference in household income five years
later from an increase in sleep duration by one hour per night is about 3.8%. These are
meaningful effects. The coefficient is not statistically significant for job satisfaction.
One might be worried that regressions with a single arbitrarily chosen lag will yield biased
estimates. Appendix Table A12 provides results using a distributed lag model where lags from
one to five years prior are included. The results indicate some interesting patterns. While the
effects of sleep on mother labour force participation and hours worked quickly adjust, the
effects on household income decrease at a lower rate and seem to be more persistent over time.
This would suggest large cumulative effects of sleep deprivation on household income over
five years.
How to understand the persistence of these effects? The presence of new children in the
household do not account for this (see Appendix Table A12) nor do current health problems
(see Appendix Table A13). By contrast, labour market mechanisms might put working mothers
suffering from child-related sleep deprivation at a disadvantage. First, because mothers
experiencing child-related sleep deprivation are exhausted, their effort and their productivity

35

The results are robust to the use of alternative lags (e.g. 7 and 10 years later).
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on the job might fall. Second, there might be wage costs associated with mother’s work
interruptions (due to child-related sleep deprivation) as they prevent mothers from the
accumulation of additional human capital. Third, mothers’ adaptation to their role of caregiver
and the need to deal with child sleeping problems might influence their behaviours on the labour
market – switching to part-time jobs or more mother-friendly employment, for example.
[Table 5 about here]
Potential Mechanisms. To better understand the channels through which child-related
sleep deprivation affects working mothers, we briefly examine its effects on alternative labour
market outcomes. The first potential explanation advanced for a decrease in income is that
mothers experience a fall in productivity. To test this, we look at the effect of sleep deprivation
on the mother’s probability to experience problems at work. Self-reported problems at work are
not necessarily a high-quality measure of productivity at work. Yet, we believe that this
provides a first indication of whether mothers suffering from child-related sleep deprivation
encounter more difficulties at work. Table 5, Panel B, reports the results. The estimated
coefficient reveals that a one-hour increase in average night sleep decreases the probability to
experience problems at work by 9 percentage points.
The second explanation invoked was that mothers who experience child-related sleep
deprivation might move from full-time to part-time jobs to provide them with the flexibility to
manage their work and their family life. In other words, it is likely that child-related sleep
deprivation affects incomes through conflicting schedules. In the ALSPAC data, mothers are
asked whether they work in a full-time or a part-time job. Table 5 indicates that a one-hour
reduction in sleep duration reduces the probability to work full-time by 3.8 percentage points.
These are meaningful effects and suggest that selection into jobs matter. This is line with our
previous results showing a significant effect on the number of working hours. Arguably,
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moving from full-time to part-time jobs is also likely to produce sustainable shocks on mothers’
labour market careers and limit the convergence in the following years. 36
If mothers decide to work part-time to deal with their family life, while their job satisfaction
is not affected, this might reveal a change in values with respect to work, which could also
explain the decrease in income and labour force participation. In the ALSPAC data, mothers
are asked whether they have chosen to stay at home instead of work in the past year. In our
sample, 16% of mothers did this choice. Work values can differ significantly across mothers.
In our data, 49% declare working for financial reasons, 45% for their career, 16% for enjoyment
and 30% for getting out of home. If mothers who have children with sleeping problems are also
mothers who are less career-oriented, they may be more likely to quit their job and decide to
stay at home to take care of their child. Moreover, if these mothers have no choice but to deal
with their child sleeping problems, this can increase their probability to subordinate their careers
to the needs of their children, leading them to accept jobs for which they are over-qualified and
with lower wages. Column (3) of Table 5 report the results. The estimates reveal a well-defined
zero effect on the probability that mothers decide to stay at home instead of work due to childrelated sleep deprivation. Finally, we investigate the effects of child-related sleep deprivation
on mother work-life balance. The ALSPAC data provides information on whether the mothers
find it hard to cope with child after work. We replicate the baseline regressions with this variable
as alternative outcome. Interestingly, one-hour reduction in sleep duration substantially
increases the probability that mother finds hard to cope with child after work. 37

36

These results are consistent with the view that part of the decrease in income is due to fewer hours of work and

a shift towards more mother-friendly employment. This is also consistent with previous studies arguing that
scheduling poses real problems for working mothers. In a 1997 Pew Research Center survey, 73% of the 457
mothers interviewed rated a flexible work schedule as “very important” in choosing a job.
37

These results are again consistent with the idea that sleep deprivation influences mother work-life balance.

Moreover, by reducing attention when coping with their child after work, sleep deprivation can also affect maternal
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Overall, these results are important – they provide a first attempt to explore potential
mechanisms – but they are somewhat hindered by limited data. For instance, if women in the
sample are financially constrained and hence feel compelled to work, the value of work could
change substantially but they still would not choose to stay at home. Therefore, they have to be
taken with caution. Further analysis would be required to convincingly isolate those channels.
Heterogeneous Effects. In Appendix Table A14, we also study heterogeneous effects with
respect to: (i) child age (ii) whether the child is the first one or not, (iii) mother educational
level, (iv) whether mother is self-employed, and (v) whether mother has organisation skills.
There is some evidence of significant differences across these different subgroups. In particular,
we see that the effects are concentrated among mothers with more than one child, stronger for
mothers with no A level, and not “organised”. This could suggest that some women have greater
ability to adapt to poor child sleep.
Policy Implications. One policy implication of these results could be to provide more
access to flexible time schedules. This could decrease the probability of mothers to opt out of
the labour market or decrease their number of working hours when exposed to difficulties in
dealing with family and work constraints. This last subsection investigates this type of policy
and analyses the effect of the UK Employment Rights Act 1996, which provided the ability to
parents who have worked more than 26 weeks to request flexibility working.
This policy change created a natural experiment that allow us to uniquely assess how
flexible working can mediate the relationship between child-related sleep deprivation and
mother labour market outcomes. Before the reform, mothers needed to work a standard core
time and could not vary their start, finish and break times to adjust to child bearing. Similarly,
there was no disposition to allow mothers to work from home or adjust their working hours.

coordination capacity. Consequently, this might have additional effects on the child development – reducing the
amount of time the mother spent with the child – playing, reading, or doing other activities.
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Such tight schedule was difficult and did not allow to combine family and work constraints.
The UK Employment Rights Act 1996 applied the right to request flexible working to mothers
with 26 weeks continuous employment, thus providing much broader possibilities to mothers
to deal with family-life constraints, such as child sleep problems (e.g. working part-time, from
home or compressed hours). 38 Hence, we expect the negative effects of child-related sleep
deprivation on mother labour market outcomes to be attenuated for mothers who had the right
to request flexible working.
Fortunately, the ALSPAC data collects information on mothers’ employment spell in 1996.
We compute a dummy variable for whether the mothers were eligible to request flexible
working in 1996 when the reform was implemented, and we analyse subsequent mother labour
market outcomes. Though limited, this evidence is to our knowledge, new to the literature and
fills a gap by documenting how public policies can tackle sleep-deprivation effects. Table 6
reports the triple difference estimates. The equation is as follows:
(3)

Yit = α + β MSit + θ Postt + δ EligibleiMSit + ζ EligibleiPostt + λ MSitPostt
+ ν MSitEligibleiPostt + Xit γ + μi + εit

where ν is our coefficient of interest and corresponds to the differential effect of mother sleep
duration (MSit) for women who had the right to request flexible working (Eligiblei) after
implementation of the UK Employment Rights Act 1996 (Postt). The results in Table 6 show
that for mothers who were eligible to flexible working, the UK Employment Rights Act 1996
attenuated the effect of sleep duration on labour market performance. For eligible mothers, the
marginal effect of sleep on labour force participation was -0.021+0.102=0.081 in the pre-reform
period against -0.021+0.102+0.013-0.071=0.023 in the post-reform period. Not only, the

38

Under UK employment rules, the statutory right to request flexible working entitles qualifying employees to

apply to their employers for a change to their terms and conditions of employment relating to their hours, times or
location of work. Employers may only refuse the request on grounds defined in legislation, for example, the burden
of additional costs or a detrimental effect on the ability to meet customer demand.

31

probability to drop out of the labour force is lower by 7 percentage points, but also the decrease
in the number of hours worked by 13%. The marginal effect of sleep on the number of hours
worked was -0.036+0.207=0.171 in the pre-reform period and -0.036+0.207+0.0130.129=0.055 in the post-reform period. In column (3), we report the results for household
income. Here, the magnitude suggests again an attenuation of the relationship between sleep
duration and household income by 1.3%. Note that household income is a function of both
mother and father sleep. It is unlikely that there both request flexible working. Hence, the effect
could still be there at the household level. This first piece of evidence has the virtue of showing
significant effect of public policies on sleep deprivation effects. Note, however, that these
effects could potentially suffer from endogeneity bias, as mother characteristics could affect
both the probability to be eligible and the probability to request flexible working. However,
given that workers in the sample chose jobs well before the reform was enacted, this is less of
a concern. To be on the safe side, we include a robustness check, in Appendix Table A15, where
we perform placebo tests investigating the effects of the reform 3, 2, and 1 year prior.
Reassuringly, we find no effect for the interaction terms between maternal sleep duration and
the right to request flexible working 3, 2 and 1 year prior the implementation of the reform
(except for household income). 39
[Table 6 about here]

VIII. Conclusion
This paper shows that child sleep patterns exert a significant effect on maternal sleep quality
and mother labour market outcomes, both in the short run and in the long run. Using child sleep
as a source of variation during child-bearing time, mother sleep duration significantly

39

This might suggest that households for whom the sleep-income relationship was stronger were more likely to

be eligible and request flexible working schedules.
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influences mother labour force participation, alongside the number of hours worked and the
resulting household income. Flexible time schedules mitigate the negative effects, while fathers
are somewhat less affected by child sleep problems.
Many economists and social scientists have studied how people allocate time to competing
activities, and most prominently income and leisure. However, they have largely ignored the
time spent sleeping and its impact on economic activity. The substantial effects of child sleep
patterns on mother sleep, and labour market choices suggest that by ignoring this area, the vast
literature on labour supply contains a difficulty that could have important consequences for
understanding the allocation of time between home and the market.

These effects are

particularly important in a context of slow-moving social norms and persistent traditional roles
within households. We conclude that sleep should be a significant variable to consider in the
design of employment policies to supporting working mothers.
While our empirical work focuses on the United Kingdom, strong and persistent negative
effects of motherhood on women labour force participation and income are found in a large
number of countries. Several policies have been enacted over the past decades across the
industrial world to help mothers dealing with family and career choices. Key among those are
maternity and parental leave systems. Others include access to more flexible working schedules.
Additional research would be required to understand how such policies can help working
mothers in the context of sleep deprivation.
In future work, we would like to understand better how sleep deprivation affects individual
choices and behaviours in a broad range of situations. While the evidence in this article suggests
that child-related sleep deprivation helps explain parental economic outcomes, this could also
affect the patterns of divorce, social relationships and health of parents. More research on these
areas should be encouraged.
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Figure 1: The Number of Times a Child Wakes up At Night by Age and Gender

Notes: The figure represents the estimated differences in the number of times a child wakes up at night per night
relative to the first year of life by child age and gender.

Figure 2: The Relationship between the Number of Times the Child Wakes up at Night and Mother
Sleep Duration

Notes: The figure is a scatter plot of mother’s average duration of sleep against the number of times the child
wakes up at night. To construct this scatter plot, we first average the number of times the child wakes up at night
by mother-child pairs. We then plot the means of the y-variable within each average against the mean value of the
number of times the child wakes up at night within each mother-child pair. The solid line shows the best quadratic
fit estimated.
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Table 1. Descriptive Statistics of Families with Child under 12

Sleep related variables:
Child duration of sleep: hours
Child wakes up at night: Yes/No
Frequency child wakes up at night
Child has a regular sleeping routine
Mother duration of sleep: hours
Mother sleeps less than 6 hours
Mother sleeps between 6 and 7 hours
Mother is getting enough sleep
Father duration of sleep: hours
Father is getting enough sleep

(1)
Obs.

(2)
Mean

(3)
Sd

(4)
Min

(5)
Max

142,081
142,081
142,081
142,052
142,081
142,081
142,081
141,125
99,888
100,022

11.13
0.29
0.42
0.92
6.86
0.13
0.54
0.59
6.74
0.62

(1.24)
(0.45)
(0.78)
(0.27)
(1.38)
(0.34)
(0.50)
(0.49)
(1.36)
(0.49)

1
0
0
0
0
0
0
0
0
0

18
1
4
1
9
1
1
1
9
1

Employment related variables:
Mother works 142,081
0.59
(0.49)
0
1
Father works 121,966
0.84
(0.36)
0
1
Mother works part-time 135,276
0.23
(0.42)
0
1
Mother's hours worked per week 133,297
21.58
(11.79)
1
90
Household income (2008 prices) 121,595
23,229
(13,691)
2,934
72,131
Mother is satisfied with job
78,061
0.66
(0.48)
0
1
Notes: This table provides the list, arithmetic mean and standard deviation alongside extreme values of all sleep
and labour variables of interest.
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Table 2: Effect of Child Sleep Duration and Child Sleep Disruption on Parental Sleep Quality
(First Stage)
Mother has
enough sleep

Δ (Mother’s
sleep duration)

(1)

Mother sleeps
less than 6
hours
(2)

(3)

(4)

No. of times child
wakes up at night

-0.105
(0.007)

0.023
(0.002)

Child’s sleep duration

0.028
(0.005)

-0.009
(0.001)

Mother’s sleep
duration

Δ (No. of times child
wakes up at night)

Mother’s sleep
duration
(5 years lagged)
(5)

Father’s sleep
duration

-0.036
(0.002)

0.010
(0.015)

-0.044
(0.007)

0.007
(0.002)

-0.006
(0.008)

0.009
(0.004)

(6)

-0.036
(0.006)

Δ (Child’s sleep
duration)

0.099
(0.004)

Observations
142,081
142,081
141,125
130,192
82,912
99,888
R-squared
0.644
0.587
0.624
0.0497
0.450
0.742
Child controls
Yes
Yes
Yes
Yes
Yes
Yes
Parent controls
Yes
Yes
Yes
Yes
Yes
Yes
Mother-child FE
Yes
Yes
Yes
Yes
Yes
Yes
No. of mother-child
11,935
11,935
11,857
11,935
11,910
8,501
Notes: All specifications are estimated using OLS and include mother-child fixed effects. Specifications (1) to (5)
also control for child’s age dummies, child health, mother’s general health, mother’s mental health, the number of
children in the household, whether mother is separated, and environmental triggers (noise and whether child shares
bedroom). Specification (6) controls for the same child covariates but includes father’s general health, father’s
mental health, the number of children in the household, and the same environmental triggers (noise and whether
child shares bedroom). Clustered standard errors on mother-child are in parentheses.
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Table 3: Effect of mother sleep duration on mother’s economic performance

Panel A: Correlation (OLS)
Sleep (hours)

Panel B: Instrumental variables (2SLS)
Sleep (hours)

Probability to
work
(1)

Log
(Hours worked)
(2)

Log
(HH income)
(3)

Satisfied
with job
(4)

0.010
(0.002)

0.028
(0.005)

0.016
(0.002)

-0.004
(0.003)

0.050
(0.021)

0.140
(0.060)

0.099
(0.018)

0.003
(0.035)

Observations
142,081
133,297
121,595
78,061
No. of mothers
11,935
11,832
10,610
9,325
Outcome mean
0.591
1.631
5.754
0.660
Outcome standard deviation
0.491
1.511
0.685
0.479
Kleibergen-Paap statistic
126.5
118
139.8
45.98
Notes: Specifications in Panel A are estimated using OLS, and include mother-child fixed effects, child’s age
dummies, child health, mother’s general health, mother’s mental health, the number of children in the household,
whether mother is separated, and environmental triggers (noise and whether child shares the bedroom).
Specifications in column 3 also include father’s sleep duration. Specifications in Panel B include the same
covariates but are estimated using 2SLS. The number of observations across outcomes varies due to data
availability. Clustered standard errors on mother-child are in parentheses.
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Table 4: Robustness Checks
Probability
to work
(1)

Log (Hours
worked)
(2)

Log (HH
income)
(3)

Satisfied
with job
(4)

0.041
(0.021)
142,081

0.119
(0.060)
133,297

0.094
(0.019)
121,595

0.004
(0.034)
78,061

0.043
(0.021)
142,081

0.120
(0.060)
133,297

0.106
(0.020)
121,595

0.003
(0.035)
78,061

0.051
(0.021)
142,081

0.143
(0.062)
133,297

0.154
(0.019)
121,595

0.005
(0.036)
78,061

Panel D: Controlling for mother attitudes towards work and parenting style (2SLS)
Sleep (hours)
0.079
0.251
0.176
(0.021)
(0.061)
(0.019)
Observations
142,081
133,297
121,595

-0.004
(0.036)
78,061

Panel A: Controlling for life events (2SLS)
Sleep (hours)
Observations
Panel B: Controlling for household composition (2SLS)
Sleep (hours)
Observations
Panel C: Controlling for father characteristics (2SLS)
Sleep (hours)
Observations

Panel E: All controls (2SLS)
Sleep (hours)
Observations
2
𝛿𝛿̂ = 𝜌𝜌� (𝑅𝑅𝐹𝐹2 − 𝑅𝑅𝑅𝑅2 )/(𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚
− 𝑅𝑅𝐹𝐹2 )

Panel F: First difference estimates (2SLS)
Δ (Sleep (hours))
Observations
Panel G: Reduced form
No. of times child wakes up at night
Child’s sleep duration
Observations
Panel H: Age trends and no age fixed effects (2SLS)
Sleep (hours)
Observations
Panel I: Lagged estimates (2SLS)
Sleep (hours) – 1 year lagged
Observations
Panel Ja: Granger causality tests
Sleep (hours) – 1 year lagged
Observations
Panel Jb: Granger causality tests
Sleep (hours) – dependent variable
Observations

0.059
(0.021)
142,081
7.417

0.195
(0.062)
133,297
6.729

0.060
(0.020)
121,595
1.249

-0.002
(0.037)
78,061
1.111

0.101
(0.013)
130,192

0.346
(0.035)
122,014

0.028
(0.013)
111,593

0.191
(0.024)
74,043

-0.013
(0.002)
-0.011
(0.002)
142,081

-0.041
(0.007)
-0.042
(0.005)
133,297

-0.030
(0.002)
-0.045
(0.001)
121,595

0.000
(0.003)
0.001
(0.002)
78,061

0.057
(0.017)
142,081

0.095
(0.049)
133,297

0.099
(0.018)
121,595

0.092
(0.029)
78,061

0.021
(0.035)
130,192

0.136
(0.105)
122,014

0.269
(0.037)
111,593

-0.020
(0.058)
74,043

0.003
(0.001)
130,199

0.008
(0.003)
119,556

0.005
(0.001)
111,019

-0.003
(0.002)
66,003

0.003
(0.007)
130,199

0.002
(0.003)
121,876

0.048
(0.008)
111,019

-0.023
(0.009)
70,167

Notes: See Table 3 for reduced form and IV estimation. Robustness checks are described in detail in the text.
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Table 5: Effect of Mother Sleep in the Long Term and Other Labour Market Outcomes

Panel A: Correlation (OLS)
Sleep (hours)

Panel B: Instrumental variables (2SLS)
Sleep (hours)

Observations
No. of mothers
Outcome mean
Outcome standard deviation
Kleibergen-Paap statistic

Panel A: Correlation (OLS)
Sleep (hours)

Panel B: Instrumental variables (2SLS)
Sleep (hours)

Probability to
work
5 years later
(1)

Log (Hours
worked)
5 years later
(2)

Log (HH income)
5 years later

Satisfied with job
5 years later

(3)

(4)

0.003
(0.001)

0.018
(0.004)

0.020
(0.001)

0.000
(0.002)

0.031
(0.018)

0.090
(0.054)

0.038
(0.016)

0.006
(0.024)

82,469
11,874
0.651
0.476
126.2
Mother has
problems at work

78,038
11,598
1.841
1.490
113.2
Probability to
work full time

(1)

(2)

71,702
10,559
5.810
0.690
180.9
Mother chooses to
stay at home
instead of work
(3)

51,532
8,863
0.635
0.481
87.71
Mother finds hard
to cope with child
after work
(4)

-0.006
(0.004)

0.002
(0.001)

0.002
(0.003)

-0.023
(0.006)

-0.090
(0.036)

0.038
(0.017)

-0.001
(0.024)

-0.139
(0.067)

Observations
55,409
135,276
22,098
14,096
No. of mothers
11,864
9,780
8,424
7,211
Outcome mean
1.423
0.770
0.161
1.868
Outcome standard deviation
0.922
0.420
0.368
0.676
Kleibergen-Paap statistic
154.6
199.1
57.85
27.16
Notes: Specifications in Panels A are estimated using OLS, and include mother-child fixed effects, child’s age
dummies, child health, mother’s general health, mother’s mental health, the number of children in the household,
whether mother is separated, and environmental triggers (noise and whether child shares the bedroom).
Specifications in column 3 (log HH income) also include father’s sleep duration. Specifications in Panels B include
the same covariates but are estimated using 2SLS. The number of observations across outcomes varies due to data
availability. Clustered standard errors on mother-child are in parentheses.
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Table 6: Effect of the Employment Rights Act 1996 on Mother Sleep and Economic Performance

Panel A: Correlation (OLS)
Sleep (hours)

Panel B: Triple differences (OLS)
Sleep(hours)
Eligible × Sleep(hours)
Post

Post × Sleep(hours)
Post × Eligible

Post × Eligible × Sleep(hours)

Probability to
work
(1)

Log
(Hours worked)
(2)

Log
(HH income)
(3)

Satisfied with job

0.010
(0.002)

0.020
(0.006)

0.005
(0.001)

-0.002
(0.004)

-0.021
(0.002)
0.102
(0.001)
0.111
(0.017)
0.013
(0.002)
0.453
(0.024)

-0.036
(0.005)
0.207
(0.002)
0.368
(0.045)
0.013
(0.006)
0.835
(0.065)

0.000
(0.001)
0.001
(0.000)
0.002
(0.026)
0.004
(0.004)
0.119
(0.035)

-0.002
(0.004)
0.002
(0.001)
0.176
(0.028)
0.002
(0.004)
0.000
(0.030)

-0.071
(0.003)

-0.129
(0.009)

-0.013
(0.005)

-0.001
(0.004)

(4)

Observations
58,732
54,494
49,322
26,204
No. of mothers
11,768
11,591
9,878
6,855
Outcome mean
0.488
1.280
5.639
0.650
Outcome standard deviation
0.499
1.483
0.662
0.476
Notes: All specifications are estimated using OLS and include child’s age dummies, child’s health, mother’s
general health, mother’s mental health, the number of children in the household, and whether mother is separated.
Column (3) also includes father’s sleep duration. The sample is restricted to years 1991-1997. The number of
observations across outcomes varies due to data availability. Clustered standard errors on mother-child are in
parentheses.
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SUPPLEMENTARY MATERIAL (FOR ONLINE PUBLICATION)
A. Figures
Figure A1. The Relationship Between Mother Having Enough Sleep and Mother Average Duration of
Sleep

Notes: The figure is a scatter plot of mother having enough sleep against mother’s average duration of sleep. To
construct this scatter plot, we first average mother’s average duration of sleep by mother-child pairs. We then plot
the means of the y-variable within each average against the mean value of mother’s average duration of sleep
within each mother-child pair. The solid line shows the best quadratic fit estimated.

Figure A2. Child Sleep Duration by Age and Gender

Notes: The figure represents the estimated changes in child sleep duration per night relative to the first year of life
by child age and gender.
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Figure A3. Probability that the Child Has a Sleeping Routine by Age and Gender

Notes: The figure represents the estimated changes in the probability that the child has a sleeping routine relative
to the first year of life by child age and gender.

Figure A4. Distribution of Child’s Duration of Sleep by Age

Notes: The figure represents the distribution of the ALSPAC children duration of sleep when they were 2, 4, 6, 10
and 12.
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Figure A5. Distribution of the Number of Times the Child Wakes up At Night by Age

Notes: The figure represents the distribution of the number of times the ALSPAC children woke up at night when
they were 2, 4, 6, 10 and 12.

Figure A6. Normal Distribution of Mother’s Average Duration of Sleep

Notes: The figure represents the normal distribution of mothers’ average duration of sleep per night in ALSPAC.
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B. Tables
Table A1. Raw Correlations Between Child Sleep Variables
Child sleep
duration

Child sleep duration

No. of times
child wakes
up at night

Probability
that the child
wakes up at
night

Child has a
regular
sleeping
routine

1.00

No. of times child wakes up at night

-0.041

1.00

Probability that the child wakes up at night

-0.011

0.837

1.00

Child has a regular sleeping routine
0.123
-0.213
-0.286
1.00
Notes: All correlations are significant at the 1% level. Child sleep duration is in hours. Probability that child wakes
up at night is a dummy with (1) indicating that child wakes up at night. Child has a regular sleeping routine is a
dummy variable with (1) indicating that child has a regular sleeping routine. All the variables are reported by the
mother.
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Table A2. Effect of Child Sleep Duration and Child Sleep Disruption on Parental Sleep Quality
Mother’s
sleep duration

Mother sleeps
less than 6
hours

Mother has
enough sleep

Δ (Mother’s
sleep
duration)

(1)

(2)

(3)

(4)

No. of times the child
wakes up at night

-0.105
(0.007)

0.023
(0.002)

Child’s sleep duration

0.028
(0.005)

-0.009
(0.001)

Δ (No. of times child
wakes up at night)

Mother’s
sleep duration
(5 years
lagged)
(5)

Father’s sleep
duration

-0.036
(0.002)

0.010
(0.015)

-0.044
(0.007)

0.007
(0.002)

-0.006
(0.008)

0.009
(0.004)

-0.064
(0.025)
-0.007
(0.002)
0.051
(0.025)
0.002
(0.023)
0.014
(0.009)
-0.115
(0.021)
-0.058
(0.013)

0.031
(0.020)
0.032
(0.005)

-0.036
(0.006)

Δ (Child’s sleep
duration)
Mother/Father health
Mother/Father MH
Mother is separated
Child health
Environment: noise
Child shares bedroom
No. of children in HH
Δ (Mother's health)

(6)

0.099
(0.004)
0.032
(0.018)
0.022
(0.001)
-0.030
(0.018)
0.037
(0.017)
-0.001
(0.006)
0.011
(0.018)
-0.151
(0.011)

-0.001
(0.004)
-0.005
(0.000)
0.002
(0.005)
-0.008
(0.004)
-0.001
(0.002)
-0.003
(0.005)
0.033
(0.003)

0.035
(0.006)
0.011
(0.001)
0.008
(0.006)
-0.001
(0.006)
0.003
(0.002)
0.009
(0.006)
-0.046
(0.004)

0.012
(0.016)
0.002
(0.006)
0.018
(0.018)
-0.058
(0.010)

0.026
(0.007)
0.013
(0.001)
-0.053
(0.012)
0.022
(0.007)
0.007
(0.005)
-0.007
(0.010)
-0.104
(0.006)

Δ (Mother mental health)
Δ (Mother is separated)
Δ (Child health)
Δ (Env: noise)
Δ (Child shares bedroom)
Δ (No. of children in HH)

Observations
142,081
142,081
141,125
130,192
82,912
99,888
R-squared
0.644
0.587
0.624
0.0497
0.450
0.742
No. of families
11,935
11,935
11,857
11,935
11,910
8,501
Child age dummies
Yes
Yes
Yes
Yes
Yes
Yes
Mother-child FE
Yes
Yes
Yes
Yes
Yes
Yes
Notes: All specifications are estimated using OLS and include mother-child fixed effects. Clustered standard
errors in parentheses.
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Table A3. Effect of Child Sleep Duration and Child Sleep Disruption on Parental Sleep Quality
(Cross-section)
Mother’s sleep
duration
(1)

Mother sleeps less
than 6 hours
(2)

Mother has enough
sleep
(3)

Father’s sleep
duration
(4)

No. of times the child
wakes up at night

-0.206
(0.011)

0.042
(0.003)

-0.063
(0.004)

-0.110
(0.013)

Child’s sleep duration

0.092
(0.007)

-0.018
(0.002)

0.021
(0.002)

0.047
(0.008)

Observations
142,081
142,081
141,125
99,888
R-squared
0.093
0.075
0.091
0.029
Child controls
Yes
Yes
Yes
Yes
Parent controls
Yes
Yes
Yes
Yes
Mother-child FE
No
No
No
No
No of families
11,935
11,935
11,857
8,501
Notes: All specifications are estimated using OLS. Specifications (1) to (3) control for child’s age dummies, child
health, mother’s general health, mother’s mental health, the number of children in the household, whether mother
is separated, and environmental triggers (noise and whether child shares bedroom). Specification (4) control for
the same child covariates but includes father’s general health, father’s mental health, the number of children in the
household, and the same environmental triggers. Clustered standard errors in parentheses.
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Table A4. Effect of Sleeping 6 Hours and Getting Enough Sleep on Mother’s Economic Performance

Panel A: Instrumental variables (2SLS)
Mother sleep less than 6 hours

Observations
No. of mothers
Kleibergen-Paap statistic
Panel B: Instrumental variables (2SLS)
Mother has enough sleep

Probability to
work
(1)

Log
(Hours worked)
(2)

Log
(HH income)
(3)

Satisfied
with job
(4)

-0.128
(0.090)

-0.236
(0.257)

-0.110
(0.077)

-0.019
(0.146)

142,081
11,933
83.66

133,297
11,811
79.71

121,595
10,501
85.88

78,061
9,142
33.93

0.206
(0.065)

0.608
(0.181)

0.719
(0.069)

0.008
(0.109)

Observations
141,125
132,574
121,055
77,810
No. of mothers
11,857
11,747
10,472
9,118
Kleibergen-Paap statistic
111.2
111.6
121.8
36.16
Notes: Specifications in Panel A and B are estimated using 2SLS. They include mother-child fixed effects, child’s
age dummies, child health, mother’s general health, mother’s mental health, the number of children in the
household, whether mother is separated, and environmental triggers (noise and whether child shares the bedroom).
Specifications in column (3) also control for father’s sleep duration. The number of observations across outcomes
varies due to data availability. Clustered standard errors on mother-child are in parentheses.
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Table A5. Effect of Mother’s and Father’s Sleep Duration on Parent’s Economic Performance
Father
probability
to work

Log
(HH
income)

Father
probability
to work

(1)
(2)
Correlation (OLS)

(3)

Log
(HH
income)

0.032
(0.018)
-0.001
(0.002)

0.003
(0.003)

0.072
(0.049)

Household Sleep (hours)

Log
(HH
income)

(4)
(5)
(6)
Instrumental variables (2SLS)

Mother Sleep (hours)
Father Sleep (hours)

Log
(HH
income)

0.197
(0.059)

Log
(HH
income)
(7)

0.032
(0.019)
-0.002
(0.003)
0.025
(0.013)

Observations
89,593
89,225
89,593
89,225
89,225
89,225
89,225
No. of families
7,822
7,789
7,822
7,789
7,789
7,789
7,789
Child controls
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Parent controls
Yes
Yes
Yes
Yes
Yes
Yes
Yes
(Father)Mother-child FE
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Kleibergen-Paap statistic
23.50
24.55
121.3
112.3
128
Notes: Specifications in columns (1) and (2) are estimated using OLS, and include father fixed effects, child’s age
dummies, child health, father’s general health, father’s mental health, the number of children in the household,
and environmental triggers (noise and whether child shares the bedroom). Specifications in columns (3) and (4)
include the same covariates but are estimated using 2SLS. Specifications in columns (5) and (6) include mother
and father sleep. Column (7) aggregates mother and father sleep at the household level and instruments household
sleep with child sleep disturbances and child sleep duration. The number of observations across outcomes varies
due to data availability. Clustered standard errors on father-child are in parentheses.
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Table A6. Effect of Mother Sleep Duration on Mother’s Economic Performance
(using the same sample across specifications)

Sleep (hours)

Probability to
work
(1)

Log
(Hours worked)
(2)

Log
(HH income)
(3)

Satisfied
with job
(4)

0.033
(0.021)

0.068
(0.062)

0.109
(0.018)

0.003
(0.035)

Observations
114,953
114,953
114,953
78,061
No. of mothers
10,459
10,459
10,459
9,325
Outcome mean
0.591
1.631
5.754
0.660
Outcome standard
0.491
1.511
0.685
0.479
deviation
Kleibergen-Paap statistic
108.8
108.8
133.3
74.96
Notes: Specifications are estimated using 2SLS and include mother-child fixed effects, child’s age dummies, child
health, mother’s general health, mother’s mental health, the number of children in the household, whether mother
is separated, and environmental triggers (noise and whether child shares the bedroom). Specification in column
(3) also includes father’s sleep duration. Clustered standard errors on mother-child are in parentheses.
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Table A7. Plausibly Exogenous Estimations

Sleep (hours)

Probability to
work
(1)

Log
(Hours worked)
(2)

Log
(HH income)
(3)

Satisfied
with job
(4)

[-0.047; 0.074]

[-0.109; 0.149]

[-0.038; 0.114]

[-0.075; 0.079]

Observations
142,081
133,297
121,595
78,061
No. of mothers
11,935
11,832
10,610
9,325
Outcome mean
0.591
1.631
5.754
0.640
Outcome standard deviation
0.491
1.511
0.685
0.479
Notes: This table replicates Table 3 using plausible exogenous estimations developed by Conley et al. (2012). The
method used refers to the union of confidence interval approach (UCI). The table presents the estimated bounds
obtained.
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Table A8. Effect of Mother Sleep Duration on Mother’s Economic Performance
(with child sleep duration used as a control, rather than an instrument)

Sleep (hours)

Probability to
work
(1)

Log
(Hours worked)
(2)

Log
(HH income)
(3)

Satisfied
with job
(4)

0.119
(0.024)

0.388
(0.069)

0.240
(0.022)

-0.001
(0.037)

Observations
142,081
133,297
121,595
78,061
No. of mothers
11,935
11,832
10,610
9,325
Outcome mean
0.591
1.631
5.754
0.660
Outcome standard
0.491
1.511
0.685
0.479
deviation
Kleibergen-Paap statistic
213.1
200.5
258.6
74.96
Notes: Specifications are estimated using 2SLS and include mother-child fixed effects, child’s age dummies, child
health, mother’s general health, mother’s mental health, the number of children in the household, whether mother
is separated, and environmental triggers (noise and whether child shares the bedroom). Specification in column
(3) also includes father’s sleep duration. The number of observations across outcomes varies due to data
availability. Clustered standard errors on mother-child are in parentheses.
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Table A9. Effect of Mother Sleep Duration on Mother’s Economic Performance (IV probit)

Panel A: Correlation (probit)
Sleep (hours)

Panel B: Instrumental variables (IV probit)
Sleep (hours)

Probability to
work
(1)

Satisfied
with job
(4)

0.011
(0.006)

-0.007
(0.008)

0.056
(0.021)

0.006
(0.030)

Observations
142,081
78,061
No. of mothers
11,935
9,325
Outcome mean
0.591
0.660
Outcome standard deviation
0.491
0.479
Notes: Specifications in Panel A are estimated using probit regressions, and include mother-child fixed effects,
child’s age dummies, child health, mother’s general health, mother’s mental health, the number of children in the
household, whether mother is separated, and environmental triggers (noise and whether child shares the bedroom).
Specifications in Panel B include the same covariates but are estimated using instrumental probit regressions. The
number of observations across outcomes varies due to data availability. Clustered standard errors on mother-child
are in parentheses.
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Table A10. Effect of Mother Sleep Duration on Mother Economic Performance (Two-way Clustering)

Panel A: Correlation (OLS)
Sleep (hours)

Panel B: Instrumental variables (2SLS)
Sleep (hours)

Probability to
work
(1)

Log
(Hours worked)
(2)

Log
(HH income)
(3)

Satisfied
with job
(4)

0.010
(0.001)

0.028
(0.003)

0.016
(0.001)

-0.004
(0.002)

0.050
(0.023)

0.140
(0.070)

0.099
(0.045)

0.003
(0.036)

Observations
142,081
133,297
121,595
78,061
No. of mothers
11,935
11,832
10,610
9,325
Outcome mean
0.591
1.631
5.754
0.660
Outcome standard deviation
0.491
1.511
0.685
0.479
Kleibergen-Paap statistic
23.67
24.29
26.76
8.334
Notes: Specifications in Panel A are estimated using OLS, and include mother-child fixed effects, child’s age
dummies, child health, mother’s general health, mother’s mental health, the number of children in the household,
whether mother is separated, and environmental triggers (noise and whether child shares the bedroom).
Specifications in column (3) also include father sleep duration. Specifications in Panel B include the same
covariates but are estimated using 2SLS. The number of observations across outcomes varies due to data
availability. Clustered standard errors on mother-child and year are in parentheses.
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Table A11. Effect of Mother Satisfaction with Neighbours on Mother Economic Performance

Instrumental variables (2SLS)
Mother’s satisfaction with neighbours

Probability to
work
(1)

Log
(Hours worked)
(2)

Log
(HH income)
(3)

Satisfied
with job
(4)

0.158
(0.209)

0.826
(0.537)

1.266
(0.475)

-0.518
(0.386)

Observations
140,841
132,291
120,845
77,676
No. of mothers
11,822
11,711
10,446
9,102
Outcome mean
0.591
1.631
5.754
0.640
Outcome standard deviation
0.491
1.511
0.685
0.479
Kleibergen-Paap statistic
3.014
3.750
6.286
2.512
Notes: Regressions are estimated using 2SLS, and include mother-child fixed effects, child’s age dummies, child
health, mother’s general health, mother’s mental health, the number of children in the household, whether mother
is separated, and environmental triggers (noise and whether child shares the bedroom). Column (3) also controls
for father’s sleep duration. Mother satisfaction with neighbours is instrumented using the number of times the child
wakes up and child sleep duration. The number of observations across outcomes varies due to data availability.
Clustered standard errors on mother-child are in parentheses.
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Table A12: Effect of Mother’s Sleep in the Long Term

Panel A: Baseline Results
Sleep (hours)

Panel B: Distributed lag model
Sleep (hours) – 1 year prior
Sleep (hours) – 2 years prior
Sleep (hours) – 3 years prior
Sleep (hours) – 4 years prior
Sleep (hours) – 5 years prior

Panel C: Controlling for new children
Sleep (hours) – 5 years prior

New children in the HH
(between t -5 and t)

Probability to
work
(1)

Log (Hours
worked)
(2)

Log (HH
income)
(3)

Satisfied with
job
(4)

0.050
(0.021)

0.140
(0.060)

0.099
(0.018)

0.003
(0.035)

0.039
(0.017)
0.010
(0.015)
0.003
(0.012)
0.008
(0.011)
-0.002
(0.010)

0.134
(0.051)
0.069
(0.044)
0.017
(0.036)
0.014
(0.033)
0.019
(0.030)

0.154
(0.019)
0.112
(0.015)
0.082
(0.014)
0.045
(0.013)
0.044
(0.012)

0.049
(0.023)
0.047
(0.020)
0.024
(0.018)
0.015
(0.016)
0.001
(0.015)

0.031
(0.018)

0.090
(0.054)

0.036
(0.018)

0.006
(0.024)

-0.037
(0.008)

-0.065
(0.024)

-0.018
(0.010)

-0.002
(0.013)

Observations
82,469
78,038
71,702
51,532
No. of mothers
11,874
11,598
10,559
8,863
Outcome mean
0.651
1.841
5.810
0.635
Outcome standard deviation
0.476
1.490
0.690
0.481
Kleibergen-Paap statistic
126.2
113.3
142.7
87.73
Notes: Specifications in Panel A are the baseline results presented in Table 3, and include mother-child fixed
effects, child’s age dummies, child health, mother’s general health, mother’s mental health, the number of children
in the household, whether mother is separated, and environmental triggers (noise and whether child shares the
bedroom). Column (3) also includes father sleep duration. Specifications in Panel B are estimated using a
distributed lag model instrumenting for each lag with the corresponding lag of the child sleep instruments.
Specifications in Panel C replicate the baseline results presented in Table 5 but control for the presence of new
children in the household between t and t+5. The number of observations across outcomes varies due to data
availability. Clustered standard errors on mother-child are in parentheses.
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Table A13. Effect of Mother’s Sleep in the Long Term – Controlling for Current Health Problems

Panel A: Baseline Results
Sleep (hours) – 5 years prior

Panel B: Controlling for health problems
Sleep (hours) – 5 years prior

Current health problems

Probability to
work
(1)

Log (Hours
worked)
(2)

Log (HH
income)
(3)

Satisfied with
job
(4)

0.031
(0.018)

0.090
(0.054)

0.038
(0.016)

0.006
(0.024)

0.030
(0.018)

0.089
(0.054)

0.031
(0.019)

0.006
(0.024)

-0.008
(0.004)

-0.013
(0.012)

-0.030
(0.005)

-0.003
(0.005)

Observations
82,469
78,038
71,702
51,532
No. of mothers
11,874
11,598
10,559
8,863
Outcome mean
0.651
1.841
5.810
0.635
Outcome standard deviation
0.476
1.490
0.690
0.481
Kleibergen-Paap statistic
126
113.1
137.9
87.67
Notes: Specifications in Panel A are the baseline results presented in Table 5, and include mother-child fixed
effects, child’s age dummies, child health, mother’s general health, mother’s mental health, the number of children
in the household, whether mother is separated, and environmental triggers (noise and whether child shares the
bedroom). Column (3) also includes father sleep duration. Specifications in Panel B include the same covariates
but control for current health problems. The number of observations across outcomes varies due to data
availability. Clustered standard errors on mother-child are in parentheses.
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Table A14. Differences in Mother’s Sleep Effect by Child Age and Mother Socioeconomic
Characteristics
Sleep (hours)

Probability to work
(1)

Log (Hours worked)
(2)

Log (Income)
(3)

Satisfied with job
(4)

Panel A:
Child age: below 5

0.070

(0.026)

0.137

(0.063)

0.032

(0.012)

0.035

(0.037)

Panel B:
First child
Not first child

-0.028
0.073

(0.033)
(0.027)

-0.064
0.194

(0.095)
(0.079)

-0.044
0.107

(0.030)
(0.021)

-0.045
0.020

(0.052)
(0.044)

Panel C:
Mother: A-level
Mother: no A level

-0.056
0.089

(0.042)
(0.025)

-0.230
0.263

(0.124)
(0.073)

0.073
0.093

(0.028)
(0.023)

0.042
-0.015

(0.050)
(0.049)

Panel D:
Self-employed
Not self-employed

0.072
0.045

(0.052)
(0.022)

0.129
0.132

(0.162)
(0.064)

0.109
0.095

(0.041)
(0.019)

-0.017
0.005

(0.068)
(0.039)

Panel E:
Organised
-0.017
(0.046)
0.002
(0.136)
0.130
(0.036)
0.041
(0.062)
Not organised
0.023
(0.033)
0.090
(0.097)
0.195
(0.034)
-0.064
(0.056)
Notes: Panels A, B, C, D and E report the results of separate regressions w.r.t child age, whether child is the first
child or not, mother educational level, whether the mother is self-employed, and organised. All specifications are
estimated using 2SLS and include mother-child fixed effects, child’s age dummies, child health, mother’s general
health, mother’s mental health, the number of children in the household, whether mother is separated, and
environmental triggers (noise and whether child shares the bedroom). Specifications in column (3) also include
father’s sleep duration. The number of observations across outcomes varies due to data availability. Clustered
standard errors on mother-child are in parentheses.
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Table A15. Effect of the Employment Rights Act 1996 on Mother Sleep and Economic Performance
(Placebo test)
Probability to
work
(1)

Log
(Hours worked)
(2)

Log
(HH income)
(3)

Satisfied with
job
(4)

Post × Eligible × Sleep(hours) – 3 years prior

0.006
(0.004)

0.015
(0.013)

0.012
(0.004)

0.004
(0.013)

Post × Eligible × Sleep(hours) – 2 years prior

-0.001
(0.003)

-0.004
(0.010)

0.014
(0.004)

0.008
(0.008)

Post × Eligible × Sleep(hours) – 1 year prior

-0.004
(0.003)

-0.015
(0.008)

0.008
(0.003)

-0.001
(0.004)

Observations
58,732
54,494
49,322
26,204
No. of mothers
11,768
11,591
9,878
6,855
Outcome mean
0.488
1.280
5.639
0.650
Outcome standard deviation
0.499
1.483
0.662
0.476
Notes: Specifications are estimated using OLS, and include the same covariates as in Table 6, except that the postreform variable has been replaced by lags and leads before and after the reform. The sample is restricted to years
1991-1997. The number of observations across outcomes varies due to data availability. Clustered standard errors
on mother-child are in parentheses.
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C. Additional Data Definitions
In this appendix, we detail the questions used in ALSPAC to assess:
Mother duration of sleep
“How many hours of sleep do you get altogether during an average night?”
Answer: number of hours
Mother has enough sleep
“Mother feels she gets enough sleep”
Answer: Yes – No
Child duration of sleep
“Approximately how many hours sleep does your baby/child have during each night”
Answer: number of hours
Child wakes up at night
“How often does your baby/child wake at night?”
Answer: Never – Occasionally – Most nights – Every night – More than once per night (How
many times?)
Mother has problems at work
“Mother had problems at work in the past year”
Answer: Yes always – Yes mostly – Sometimes – Not very often – Never
Mother chooses to stay at home instead of work
“Mother has chosen not to work so she can stay at home with child”
Answer: Yes - No
Mother finds it hard to cope with child after work
“Mother finds it hard to cope with child after work”
Answer: Yes, almost always – Yes, often – Not very often – Never
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