Child Health in Elementary School following California’s
Paid Family Leave Program
Shirlee Lichtman-Sadot∗

Neryvia Pillay Bell†

May 2017

Abstract
We evaluate changes in elementary school children health outcomes following the introduction of California’s Paid Family Leave (PFL) program, which provided parents with paid time off following the birth
of a child. Our health outcomes - hearing-related problems, overweight and ADHD - are characterized
by diagnosis rates which only pick up during early elementary school. Moreover, our health outcomes
have been found to be negatively linked with many potential implications of extended maternity leave increased breastfeeding, prompt medical checkups at infancy, reduced prenatal stress, and reduced nonparental care during infancy. Using the Early Childhood Longitudinal Studies (ECLS) within a differencein-differences framework, our results suggest improvements in health outcomes among California elementary school children following PFL’s introduction. Furthermore, the improvements are driven by children
from less advantaged backgrounds, which is consistent with the notion that California’s PFL had the greatest effect on leave-taking duration after childbirth mostly for less advantaged mothers who previously
could not afford to take unpaid leave.
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Introduction

In July 2004, California became the first state in the U.S. to offer paid family leave. California’s Paid Family
Leave (PFL) program provides employees up to 6 weeks of paid time off in order to care for their newborn,
newly-adopted child, or a sick family member. Prior to PFL, 6-8 weeks of paid leave were available to California mothers immediately following the birth of a child through the state’s disability insurance program.
Thus, California’s PFL increased paid leave eligibility for new mothers by 75-100%.
Recent studies show that the introduction of PFL increased California mothers’ leave-taking duration
after childbirth (Rossin-Slater et al. (2013); Baum and Ruhm (2016)). We assess whether California’s PFL had
an effect on children’s health outcomes in early elementary school - mostly kindergarten. We examine six
health outcomes: overweight, attention deficit/hyperactivity disorder (ADHD), a quantitative measure of
a child’s general health condition, and three hearing-related outcomes (hearing problems, communication
problems, and a history of frequent ear infections).1
We base our hypothesis of extended parental leave having an effect on childhood health outcomes in particular the health outcomes examined in this study - on ample existing literature exhibiting that
overweight, ADHD and ear infections are negatively linked with: increased breastfeeding duration and
initiation, increased parental care at infancy, and reduced prenatal stress, all of which are very plausible
implications of increased parental leave following the birth of a child. We note specifically that Huang
and Yang (2015) and Appelbaum and Milkman (2011) provide evidence that California’s PFL increased
breastfeeding duration and initiation among mothers. Furthermore, mothers’ knowledge of the expected
financial security while taking time off following the birth of a child may reduce maternal stress during
the prenatal period. There is even evidence that PFL increased time off from work for California mothers
prior to giving birth by more than 1 week (Baum and Ruhm (2016)), which could also contribute to reducing maternal stress during the prenatal period. By focusing on early elementary school outcomes we are
able to more accurately evaluate the prevalence of these adverse health conditions since for some of the
health outcomes we evaluate - particularly overweight, ADHD and communication problems - diagnosis
generally increases substantially in early elementary school.2
We utilize data from the Early Childhood Longitudinal Studies (ECLS) for cohorts of children born in
1992-1993, 2001, and 2004-2005, thus providing us with a large sample of children born before and after the
introduction of California’s PFL program from nearly all U.S. states. This allows us to use California’s PFL
policy reform as a natural experiment and perform our analysis within a difference-in-differences (DID)
framework in order to estimate changes in health outcomes for children born before and after the introduction of PFL in California, while controlling for trends in health outcomes for children born in other states
1 Although hearing-related problems are some of the main causes behind communication problems, other causes are also prevalent,
including cognitive disability, autism, and stuttering.
2 Obesity rates among U.S. children in 2011-2012 were 8.4, 17.7 and 20.5 percent for children 2-5, 6-11, and 12-19 years old, respectively (http://www.cdc.gov/NCH’s/data/hestat/obesity_child_11_12/obesity_child_11_12.pdf). Thus, obesity rates more than
double during early elementary school, but increase only slightly thereafter. The average age of ADHD diagnosis is 7 years old
(http://www.cdc.gov/ncbddd/adhd/data.html).
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during the same period. Our results suggest an improvement in all health outcomes observed, with the
exception of communication problems, for which the results are not robust to some checks or alternative
specifications. For frequent ear infections, data limitations do not allow us to confirm that the results are
robust to the existence of pre-trends in improvements in California or to other specifications.
The improvements we observe in health outcomes following California’s PFL are primarily driven by
children from less advantaged backgrounds - i.e. with a lower socioeconomic ranking or with mothers
having lower educational attainment. This result is consistent with the notion that California’s PFL was
most substantial for less advantaged mothers, who could not afford to take unpaid time off to care for a
newborn child prior to PFL’s introduction.3
To the best of our knowledge, our study is the first to inquire about the relationship between longer
maternity leave mandates and child health outcomes during early elementary school, with an emphasis on
health outcomes that are more established in terms of diagnosis rates at this age - overweight, ADHD, hearing problems, communication problems, and a history of frequent ear infections. As advocates of parental
leave policies continuously cite potential health benefits for mother and child as arguments in favor of these
policies, it is extremely important to provide evidence on the actual health effects of these policies. Despite
this need for research on child health following parental leave reforms, the existing research on this subject is quite limited and mostly focuses on breastfeeding initiation and duration (Berger et al. (2005); Baker
and Milligan (2008); Huang and Yang (2015)), infant mortality (Ruhm (2000); Rossin (2011)), immunization (Berger et al. (2005); Tanaka (2005)), and birth outcomes (Rossin (2011); Tanaka (2005); Ruhm (2000)),
rather than longer-term child health outcomes, which are crucial for evaluating the overall advantages
gained from parental leave policies. These longer-term outcomes are particularly valuable to track, as their
prevalence frequently lasts through adulthood and can affect many aspects of adult well-being, such as
educational attainment, earnings or even longevity. Thus, while these health outcomes during childhood
can have contemporaneous economic consequences - such as health care costs or utilization - they likely
also have a long-lasting effect on children and society as a whole.
Although data limitations of our study do not enable us to determine the exact channels through which
longer maternity leave mandates may affect child health outcomes in elementary school, we are able to
rely on existing studies and propose very plausible potential mechanisms - namely breastfeeding, greater
parental care during infancy, and reduced prenatal stress, as discussed above.
We also use our data to examine patterns in maternal employment at kindergarten following PFL’s
introduction and find suggestive evidence that decreases in overweight may be partially driven by reduced
labor force participation among higher socioeconomically-ranked mothers, also in accordance with existing
literature on this subject (Anderson et al. (2003); Ruhm (2008)).
The paper proceeds as follows. Section 2 discusses related literature in two aspects: First, we provide
an overview of the existing literature concerning the effects of parental leave policies on various child out3 See

Rossin-Slater et al. (2013) for empirical evidence on differences in increased leave-taking duration following California’s PFL
based on mothers’ socioeconomic status.
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comes, highlighting this study’s contribution; Second, we elaborate on the literature related to potential
mechanisms that may drive a link between extended parental leave following the birth of a child and the
child health outcomes examined. Section 3 provides background on California’s Paid Family Leave, its
introduction in July 2004, and the maternity leave benefits available to California mothers prior to its introduction. Section 4 discusses the ECLS data used for the analysis. In Section 5, we describe our empirical
strategy and underlying identification assumptions. Results are presented in Section 6, followed by robustness checks in Section 7. In Section 8 we discuss the magnitude of our estimated effect in the context
of magnitudes found in the existing epidemiological literature. We also present suggestive evidence from
our data on changes in maternal employment at kindergarten following PFL’s introduction which could
explain some of the changes we observe in child overweight following California’s PFL. Finally, Section 9
concludes.

2
2.1

Related Literature
Child Outcomes following Parental Leave Reforms

Our study is an important extension of the existing literature on the effects of parental leave policies, which
facilitate parents’ ability to bond with their children after birth. The majority of the existing literature
focuses on the effects of extended maternity leave policies on cognitive outcomes during childhood and
adolescence, as well as adult outcomes such as wages, graduation or unemployment. Many of these studies
fail to find an effect of longer maternity leave mandates on these outcomes (Baker and Milligan (2010);
Dustmann and Schonberg (2012); Rasmussen (2010)). Some studies find positive long-term cognitive effects
only on children with highly-educated mothers (Liu and Nordstrom (2009); Danzer and Lavy (2017)).
Carneiro et al. (2015) is one of the few papers evaluating an introduction of paid maternity leave benefits,
as opposed to an extension. The reform evaluated increased paid leave entitlements in Norway from 0 to
4 months. Moreover, the authors used data that allowed them to identify children of mothers who were
eligible for the reform, based on their employment history. They find that the introduction of paid maternity
leave benefits decreased dropout rates and increased earnings during adulthood. Baum (2003) is a related
study that does not evaluate extended maternity leave, but does examine the effect of maternal labor force
participation in the first months of a child’s life. The findings suggest a decrease in cognitive measures at
age 5 as a result of mothers returning to work before the child is 3 months old.
The mixed results in the above studies may be due to differences in initial levels of maternity leave durations when reforms to extend them took place - in particular, the marginal benefit of extending maternity
leave duration may be declining, and as such, the effect of maternity leave reforms may vary depending
on how many weeks were offered to begin with. Moreover, the discrepancies between the studies’ results
highlight the importance of identifying precisely the population of mothers actually treated - i.e. those who
ended up taking longer leaves from their work following the birth of a child.
3

Our study does not have the ability to precisely identify children of mothers who were treated and
extended their leave duration following the birth of a child due to California’s PFL, and our estimates are
intent-to-treat (ITT) estimates - i.e. we estimate changes in health outcomes among all California children
in our sample following PFL’s introduction, although some of these children’s mothers did not necessarily
increase their leave-taking duration after childbirth due to California’s PFL. However, our setting does
have the advantage of evaluating a change in paid leave duration from extremely low initial levels. Paid
maternity leave duration eligibility in California before PFL’s introduction was six to eight weeks long and
the mean take-up was three weeks (Rossin-Slater et al. (2013)). Following PFL’s introduction, the mean
take-up increased to roughly eight weeks (Baum and Ruhm (2016); Rossin-Slater et al. (2013)). Thus, if the
marginal benefit of greater leave duration is decreasing for health outcomes - as it seems to be for cognitive
and other human capital accumulation measures - then our setting has the advantage of greater ability to
detect this benefit, even if our treatment group is not precisely identified.
Studies on the effect of extended maternity leave benefits on children’s health outcomes are fewer than
those evaluating cognitive, human capital accumulation or labor market outcomes during the children’s
lives. Ruhm (2000) and Tanaka (2005) find that longer maternity leave mandates in European countries
decreased the incidence of low birth weight, as well as infant and child mortality rates, and increased child
immunization. Rossin (2011) evaluates the introduction of job-protected maternity leave in the U.S. with
the introduction of the Family and Medical Leave Act (FMLA) in 1993, and finds an increase in birth weight
and decreases in premature birth and infant and child mortality rates among children of higher-educated
and married mothers, who were more able to take advantage of the unpaid leave option. Berger et al. (2005)
do not evaluate maternity leave policies directly, but do compare health outcomes - such as breastfeeding,
immunizations, and externalization of behavior problems - between children whose mothers returned to
work within 12 weeks of giving birth and children of mothers with longer leave from work after birth.
Their findings suggest longer breastfeeding durations and an improvement in the above-mentioned health
outcomes among children whose mothers returned later to work.
Our work differs in that it examines health outcomes that can only be evaluated later in a child’s life
when diagnosis rates stabilize. Furthermore, our health outcomes can have a profound effect on important
long-term adult outcomes, such as wages and educational attainment (see Currie et al. (2010) and Fletcher
(2014) on ADHD and Cawley (2010) on childhood obesity). Thus, our work is related to a large body of research linking early childhood conditions to long-term adult outcomes and well-being. As this relationship
has been more clearly established in recent years, more studies have emerged to investigate policies that can
potentially improve early childhood conditions, including family policies. These policies have frequently
been found to benefit primarily children from disadvantaged populations, who are often more vulnerable
to adverse conditions than more advantaged children, and these disparities can have a long-standing effect
on the gaps between advantaged and disadvantaged children. Currie and Rossin-Slater (2015) provide an
overview of this literature and these policies.
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2.2

Potential Mechanisms Linking Child Health Outcomes and Extended Parental
Leave

Existing studies link improved child health outcomes to: increased breastfeeding duration and initiation,
greater maternal presence in the house following the birth of a child, and lower maternal stress levels
during pregnancy. All of these can be direct implications of policies providing longer paid leave following
the birth of a child, and hence are potential mechanisms through which we might expect the introduction of
PFL in California to result in a decrease in the adverse health outcomes we examine - overweight, ADHD,
hearing problems, and ear infections - among elementary school children.
Huang and Yang (2015) and Appelbaum and Milkman (2011) provide evidence that California’s PFL
increased breastfeeding duration among new mothers. According to Appelbaum and Milkman (2011), PFL
roughly doubled the median number of weeks new mothers breastfed from 5 to 9 for mothers holding
low-quality jobs, and from 5 to 11 for mothers holding high quality jobs. According to Huang and Yang
(2015), the probability of breastfeeding following California’s PFL increased by 10-20 percentage points at
various infant ages that are less than 1 year old. Baker and Milligan (2008) show that extended maternity
leave increases breastfeeding duration among new mothers in Canada. Berger et al. (2005) also show that
longer maternity leave durations among 1979 National Longitudinal Survey of Youth (NLSY) mothers are
associated with longer breastfeeding durations.
The epidemiological literature provides ample evidence positively linking improvements in health outcomes with increased breastfeeding duration. Ear infections are found to be associated with decreased
breastfeeding durations, which in turn affect the prevalence of hearing problems (Duncan et al. (1993);
Duffy et al. (1997); Paradise et al. (1997)). Arenz et al. (2004) and Owen et al. (2005) review published
epidemiological studies investigating the association between breastfeeding and obesity and conclude that
breastfeeding is associated with a reduced risk of obesity among children. Furthermore, the Center for Disease Control and Prevention (CDC) lists reduced breastfeeding as one of the potential contributors to childhood overweight or obesity.4 Julvez et al. (2007) and Mimouni-Bloch et al. (2013) are two separate studies
of populations in Spain and Israel, respectively, showing that longer breastfeeding durations - even among
siblings - are associated with a decrease in the likelihood of being diagnosed with ADHD during childhood.
Thus, one potential channel through which our health outcomes - specifically overweight, ADHD and ear
infections - may improve with more generous parental leave policies is increases in breastfeeding durations
or initiations, as mothers postpone their return to work.
Rossin-Slater et al. (2013), Baum and Ruhm (2016), and Bartel et al. (2015) find that California’s PFL
increased mothers’ and fathers’ leave-taking duration following the birth of a child by 3-5 weeks and 2-3
days, respectively. Although there is no direct evidence linking increased parental presence in the household following birth - without the addition of increased breastfeeding duration - with improved childhood
health outcomes specifically in terms of overweight, ADHD, ear infections or hearing problems, this is
4 Source:

http://www.cdc.gov/obesity/childhood/causes.html
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still a potential channel. Berger et al. (2005) present evidence that longer maternity leave durations among
NLSY mothers increased the probability of the child receiving timely medical check-ups and vaccinations.
Prompt medical check-ups may also have an effect on some of our long-term health outcomes, in particular
the development of acute ear infections, which can have an effect on childhood hearing problems, or proper
awareness of suggested children’s diets to prevent overweight. In a meta-analysis of epidemiological studies, Uhari et al. (1996) find that child care outside the home significantly increases the risk of frequent ear
infections, due to greater contact with other children who may be infected. By spending more time at home
with a newborn, parents are likely delaying child care at a day care center, which would provide some
protection against frequent ear infections.
It is also very plausible that PFL’s introduction reduced stress during pregnancy, as mothers knew in
advance that they would be financially secure during their time off from work to be with their newborn.5
Furthermore, Baum and Ruhm (2016) present evidence that PFL increased time off from work for California
mothers prior to giving birth by more than 1 week, which could also contribute to reducing maternal stress
during the prenatal period. Reduced stress-levels during the prenatal period could also play a role in
improving child health outcomes later in life. Higher stress levels during pregnancy can adversely affect
birthweight and the probability of premature birth (Copper et al. (1996); Carlson (2015); Persson and RossinSlater (2015)), which are strongly linked to ADHD and overweight among children.6
Income effects may also play a role, although it is not clear that the household would experience an
increase in its overall income during this period, as leave-taking is actually associated with a reduction
in overall salaries, due to the fact that the benefit is only 55% of pay. Thus, mothers (and fathers) may be
foregoing some salary if they choose to take longer leave from work as opposed to continue work at 100% of
their salary. Even if income effects would play a role, it should be noted that the maximal monetary benefit
from PFL as of 2004 was less than $5000 for the six weeks of paid leave. It would be very surprising if such
an amount would have an effect on children’s long-term health outcomes. Nevertheless, it should still be
kept in mind that longer maternity leave mandates may have positive long-run implications in terms of
maternal labor force participation,7 and this could potentially increase household income in the long-run
and in turn positively affect children’s long-term health outcomes.
Rossin-Slater et al. (2013) and Baum and Ruhm (2016) find evidence of increased maternal employment
up to 36 and 12 months after birth, respectively. We are not aware of existing studies linking maternal
employment to our child health outcomes, with the exception of overweight. Anderson et al. (2003) and
Ruhm (2008) both find evidence that greater maternal employment for children from higher socioeconomic
5 In Rossin (2011), reduced prenatal stress is the suggested mechanism for findings on improved birth outcomes following the
introduction of FMLA - unpaid job-protected maternity leave in the U.S.
6 Persson and Rossin-Slater (2015) directly link maternal stress during pregnancy to ADHD in the offspring later in life.
7 According to Ruhm (1998), increases in paid parental leave in Europe increased female employment but decreased their wages.
Mark Curtis et al. (2016) examine new hires and labor market flows specifically in the context of the introduction of PFL in California.
Their findings also suggest a decrease in wages among young women but an increase in employment rates. Baum and Ruhm (2016)
and Rossin-Slater et al. (2013) find higher probabilities of maternal employment in California 9-36 months after the birth of a child following PFL’s introduction. Schonberg and Ludsteck (2014) find very minimal long-term effects of extended maternity leave mandates
on maternal labor market outcomes and Lalive and Zweimüller (2009) find no long-term effects on employment and earnings.
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status while growing up increases these children’s risk of overweight and obesity. Both papers find no
effect on children from lower socioeconomic backgrounds.

3

California’s Paid Family Leave Program

3.1

California Maternity Leave Prior to PFL

The United States is the only industrialized nation in the world to have no legislative mandate providing
women paid maternity leave. At the federal level, the Family Medical Leave Act (FMLA) of 1993 provides
up to 12 weeks of job-protected unpaid leave to employees of both genders for medical and family purposes, such as: personal or family illness, military service, family military leave, pregnancy, adoption, or
the foster care placement of a child. FMLA covers less than 60% of the U.S. workforce, due to eligibility
criteria based on the size of the employer and the tenure of the employee.8
In five states, new mothers can receive partial wage replacement through state-funded temporary disability insurance (TDI) programs: California, Hawaii, New Jersey, New York, and Rhode Island. In California, the TDI program is called State Disability Insurance (SDI). With the exception of Hawaii, these
programs were created in the 1940’s but did not apply to pregnant women until the 1970’s with the passage
of the Pregnancy Discrimination Act. TDI leave is job-protected. In 2004, all five states provided at least
six weeks of TDI benefits for pregnancy at various wage replacement rates, ranging from 0.5 to 0.58, with a
maximum weekly benefit rate ranging from $170 in New York to $728 in California.9 In California, eligibility for SDI payments for expectant and new mothers begins four weeks before the due date and runs six or
eight weeks immediately after birth for a vaginal or cesarean delivery, respectively.
The existence of FMLA job-protected leave for 12 weeks after the birth of a child along with SDI payments for 6-8 weeks immediately after the birth of a child resulted in two possibilities concerning maternity
leave for California mothers prior to PFL’s introduction: Mothers covered by FMLA (less than 60% of the
workforce nationally) were eligible for 12 weeks of job-protected leave, out of which 6-8 weeks were paid
with partial wage replacement; Mothers not covered by FMLA were eligible for 6-8 weeks of protected paid
leave immediately after the birth of a child.
Employers can provide paid family leave benefits to their employees independent of the benefits set
at the state and federal levels. While there are reports indicating that the percent of workers in the U.S.
covered by employer-provided paid family leave policies has risen over the last two decades, coverage is
still very low and was 11 percent of workers in 2012 (U.S. Department of Labor (2012); Van-Giezen (2013)).
8 A survey conducted by the U.S. Department of Labor in 2000 showed that only 58.3% of employees in the U.S. were covered by
the FMLA. Source: http://woe.dol.gov/whd/fmla/chapter3.htm
9 The extremely low cap for New York of $170 in weekly payments implies that in New York the actual replacement rate is much
less than 0.5 for the vast majority of the TDI recipient population.
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3.2

The Introduction of PFL

California’s PFL Program went into effect on July 1, 2004 and was the first program in the U.S. to provide
paid leave of up to six weeks for workers who take time off to care for an ill family member or for parental
bonding with a newborn, beyond disability insurance payments for mothers giving birth. The program
extended paid leave eligibility for new mothers in California from the 6-8 weeks already available under
the state’s SDI program to 12-14 weeks.
The program passed as part of California’s legislation in September 2002, 22 months prior to its implementation. Thus, the program’s implementation was anticipated and mothers could have planned their
pregnancies accordingly, if the monetary benefit of six weeks paid leave was sufficiently valuable. Indeed,
Lichtman-Sadot (2014) presents evidence of changes in birth timings in California through November 2004
which were consistent with mothers postponing their births. In the construction of our dataset, we address
this concern for the slight variation in mothers’ observed or unobserved characteristics based on manipulation of birth timing during 2004, as further explained in Section 4.
The PFL program is funded by an employee-paid payroll tax as part of California’s state disability insurance (SDI) program. Thus, any employee who was eligible for California’s SDI program is also eligible for
benefits under the PFL program. Unlike FMLA, California’s PFL is nearly universal in its coverage: apart
from some self-employed persons, virtually all private-sector (and nonprofit-sector) workers are included,
regardless of the size of their employer. California public-sector employees may be covered if the agency
or unit that employs them opts into the program, but most are not eligible for PFL. Workers need not have
been with their current employer for any specific period of time to be eligible for PFL; they need only to
have earned at least $300 in an SDI-covered job during any quarter in the “base period,” which is five to
seventeen months before filing a PFL claim.
California’s PFL does not provide job protection. However, mothers covered by FMLA, which provides
12 weeks of unpaid job-protected leave for new parents, can combine the SDI and PFL payments to receive
12 weeks of paid job-protected leave during the period they are eligible for FMLA benefits. New mothers
not covered by FMLA can receive the SDI and PFL payments for 12-14 weeks after giving birth (as specified
above) but only the period of SDI payments is job-protected.
PFL significantly increased the amount of parental time spent with the child immediately after birth.
Prior to PFL, California mothers took an average of three weeks of maternity leave after childbirth, and the
introduction of PFL increased this leave-taking by 3 to 5 weeks (Baum and Ruhm (2016); Rossin-Slater et al.
(2013)), thus more than doubling the amount of mothers’ leave from work following the birth of a child.10
This increased leave for new mothers was mostly concentrated around the time SDI payments end (Baum
and Ruhm (2016)). Further, Rossin-Slater et al. (2013) show that other leave-taking (including vacations,
layoffs and labor disputes) are unaffected by PFL, indicating that PFL actually increased maternity leave
10 Bartel et al. (2015) show that the probability of leave-taking for California fathers increased by over 46 percent of the pre-PFL mean
(6 days) in California after the introduction of PFL.
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rather than merely crowding out other forms of paid and unpaid leave that mothers might have previously
used in the time after birth. Rossin-Slater et al. (2013) find that PFL had especially large effects on leavetaking for black, non-college educated, unmarried and Hispanic mothers. The focus of this paper is the
effect of this extended maternal leave - together with increased breastfeeding and reduced maternal stress
resulting from it - on child health outcomes.
Since California’s path-breaking introduction of PFL, several other states have implemented paid family
leave programs - New Jersey in July 2009, Rhode Island in January 2014, and New York approved a PFL
policy in April 2016.

4
4.1

Data
Sample

We use data from the Early Childhood Longitudinal Study (ECLS), a survey conducted by the National
Center for Education Statistics (NCES), that longitudinally follows the development, school readiness, and
early school experiences of children in the U.S. We use results from the kindergarten surveys, when children
are 5-6 years of age.
The ECLS-K1999 and ECLS-K2011 follow a nationally-representative sample of children from over 1,000
kindergarten programs beginning in the fall of the 1998–99 and 2010-2011 school years, respectively. The
ECLS-K1999 covers a population of over 21,000 kindergartners born late 1992 through 1993, prior to the
introduction of PFL in California, while the ECLS-K2011 covers over 18,000 children born late 2004 through
2005, after the introduction of PFL in California. The ECLS-B covers a nationally-representative sample of
children born in 2001, before the introduction of PFL, and followed from birth through kindergarten entry 10,688 infants are included in the first wave but by kindergarten only 7,022 remain. The time span between
our pre- and post-treatment periods is less than three years, which is the time difference between the latest
ECLS-B birth and the earliest ECLS-K2011 birth.
Our sample is restricted to children whose state of residence is reported, who reside with their biological
mother, who were born in the United States, and who do not have a twin sibling. We exclude children not
residing with their biological mother in kindergarten since the ECLS-K datasets do not indicate who was
caring for the child when s/he was born, whether the care-taker was eligible or not for PFL, and whether
the mother was present to be able to breastfeed the child, one of our key proposed mechanisms for health
outcome improvements. Twin siblings are excluded because mothers may have very different responses in
terms of their return to work and breastfeeding initiation and duration following the birth of twins, which
may in turn generate a different effect for twin siblings in response to PFL’s introduction.
We limit the sample of states to those covered in the ECLS-K2011 and either the ECLS-K1999 or ECLS-B.
Children from the excluded states do not contribute to the analysis, as they are observed only in either the
pre-treatment or the post-treatment periods and our specifications include state fixed effects. This restric9

tion resulted in the exclusion of roughly 2,000 children from 8 states and Washington, DC, with 42 states
remaining in the sample.
We further limit our sample to children with non-missing values across all the health variables we
investigate. This is to ensure that any varying effects across different health outcomes are not being driven
by a different sample of children. While this exclusion results in the loss of roughly 5,000 observations for
some of our health outcomes, the results are not very sensitive to this.
The PFL program was announced 22 months prior to its implementation on July 1, 2004. As such, we
are concerned with mothers timing their pregnancies during 2004 in order to be eligible for the PFL benefit
after the birth of their child. Indeed, Lichtman-Sadot (2014) presents evidence of changes in birth timings
in California through November 2004 which were consistent with mothers postponing their births. This
raises the concern that treatment is assigned to some California mothers who self-selected into a pregnancy
occurring after PFL’s introduction. If these mothers have observable or unobservable characteristics that
are different from California mothers who gave birth prior to PFL’s introduction, and these characteristics
are correlated with our outcomes of interest, then our identification assumptions would be jeopardized.
Due to concern for mothers selecting their birth timing in California through November 2004, we wish
to restrict our sample of California children from the ECLS-K2011 to those born beginning December 2004.
Because December 2 is the cutoff date for starting kindergarten in California during our entire sample period (i.e. for children starting kindergarten between Fall 1998 and Fall 2010), we restrict the age composition
of all kindergarten cohorts for all states based on their local kindergarten entry cutoff date. Thus, for each
state in our sample, each cohort includes only children who entered kindergarten “on time” based on their
local kindergarten entry cutoff date. We exclude children who were either “redshirted” and postponed
their kindergarten entry by one year or children who entered kindergarten too early.11,

12

This results in

a consistent age composition across all states and cohorts, that accommodates our need to drop California
children born prior to December 2004 in the kindergarten 2011 cohort.13 Our consistent age composition
of children across all states and cohorts ensures that the results are not biased, for example, by the exclusion of children who were “redshirted” in California, but the inclusion of such children in other states. If
“redshirting” children becomes more prevalent in these other states over time, this may differentially affect
observed child health outcomes in these other states.
11 Several states (CO, MA, NH, NJ, NY, PA, VT) allow the kindergarten cutoff date to be determined by the local educational authority
(LEA). For these states, we assigned a cutoff month based on the pattern of birth months for children who turned 6 before January 1
of their kindergarten year.
12 The ECLS-B samples children born between January 1, 2001 and December 31, 2001. As such, these children attended kindergarten
either during the 2006-2007 school year or during the 2007-2008 school year, depending on their local kindergarten cutoff dates and
parental and professional discretion. We keep in our sample children from both kindergarten school years in the ECLS-B when their
birth month is according to their state’s kindergarten cutoff month for that specific school year. Our specifications control for the
school year ECLS-B children are surveyed in, along with ECLS-survey-specific fixed effects.
13 The exact months of birth included depends on the kindergarten cutoff date in each state for each cohort. Thus, in California
(Dec. 2 cutoff), children born in December 2004 - November 2005 are included, while in a state such as Texas where the cutoff date is
September 1 we include children born September 2004 - August 2005.
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4.2

Health Outcomes and Treatment Assignment

We examine six health outcomes provided in the data: overweight, attention deficit/hyperactivity disorder
(ADHD), a rating of the child’s overall health condition, hearing problems, communication problems and
a history of frequent ear infections.14 All health outcomes are based on parents’ responses to interviews
during kindergarten, with the exception of overweight, for which we use height and weight measurements
of the children from the kindergarten interview in order to calculate their BMI. We construct a dummy
variable equal to one if a child’s BMI in kindergarten was over the 85th percentile for his/her age, which
indicates that the child is overweight.15 We construct three indicator variables equal to one if the child’s
parent reported by kindergarten that he/she was diagnosed with ADHD, hearing problems, or communication problems by a health professional.16 Parents are asked in the kindergarten questionnaires about
frequent ear infections as the child was growing up, and we create an indicator variable equal to one if the
parent answered positively to this question.17 Parents are requested to assess their child’s health on a scale
of 1 (best) to 5 (worst). We standardize these scales to Z-scores based on means and standard deviations of
these scales in each survey.
In some specifications with ADHD as the dependent variable we use only first grade data from the two
ECLS-K surveys, as the ECLS-B only surveys children through kindergarten. We need to use first grade,
rather than kindergarten, ADHD data for statistical power in the differential effects analysis in Section 6.4,
which separately estimates PFL’s effect on population subgroups. Diagnosis rates for ADHD increase by
more than 50%, and even double for some populations, between kindergarten and first grade. Moreover,
although far from established in the medical and epidemiological literature, the leading causes of ADHD
are related to environments and conditions very early in a child’s life, most likely prior to pre-school. Thus,
first grade diagnosis rates should more precisely capture the prevalence of ADHD, without being driven
by contemporaneous conditions experienced by the child between kindergarten and first grade.
Our data has the advantage of covering a large and diverse sample of children in kindergarten from
across the United States, along with information regarding their mothers. Despite the rich set of variables
available from this data, the ECLS-K data does not provide information on the child’s state of birth. Thus,
our measure of treatment (i.e. being a child in California) is based on the child’s state of residence while
in kindergarten, which likely results in measurement error in our treatment variable. Furthermore, in the
ECLS-K, there are no questions on the mother’s labor force participation prior to giving birth or length of
14 The following health outcomes are included in the ECLS questionnaires but we do not include them in our analysis, due to
very low positive reporting of these (less than 1% of the sample): learning disability, dyslexia and autism. Questions about diagnosis of vision problems are also included in the surveys, but we do not include this variable in the analysis, due to significant
changes in California public school vision testing during 2005 - see http://wow.cde.ca.gov/ls/he/hn/documents/visionreport.pdf.
Child cognitive assessment scores are available for each ECLS study separately, but they are not comparable across studies - see
https://nces.ed.gov/ecls/comparisons2011.asp
15 BMI percentiles by age in months and sex are available from the 2000 Center for Disease Control (CDC) Growth Charts for the
United States - http://www.cdc.gov/nchs/data/series/sr_11/sr11_246.pdf
16 The diagnosis of hearing problems include difficulties due to ear infections, ear drum problems, toxic exposure to drugs, genetic
causes, and other factors. Communication problems include, among others, articulation problems and stuttering.
17 This health outcome is not available in the ECLS-B survey so all results presented for frequent ear infections use just the two
ECLS-K surveys.
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maternity leave after giving birth.18 From this perspective, our estimates of any treatment effect will be at
the intent-to-treat (ITT) level.19

4.3

Hearing Screening Data

An important robustness check is a regression specification with hearing problems as an outcome variable
while controlling for the percent of newborns screened for hearing problems in each state by their year
of birth (see discussion in Section 5.2 on the need for this robustness check). Our data on hearing screenings was constructed by Directors of Speech and Hearing Programs in State Health and Welfare Agencies
(DSHPSHWA) in collaboration with the Centers for Disease Control and Prevention (CDC) Early Hearing
Detection and Intervention (EHDI) via an annual survey sent to state representatives.
Unfortunately, this data is available only starting in 1999. As such, this robustness check is only possible
in regression specifications that use the ECLS-B and ECLS-K2011 data, as ECLS-K1999 children were born
in 1993. We observe large increases in hearing screening tests during this period - from a mean of 75.04%
in 2001 (year of birth for ECLS-B children) to a mean of 94.75% in 2005 (latest year of birth for ECLS-K2011
children).

5

Empirical Strategy

5.1

Regression Specifications

We wish to assess how child health outcomes vary 5-6 years after birth, depending on whether the mother
was exposed to extended paid maternity leave benefits resulting from the implementation of California’s
PFL program. We employ a difference-in-differences (DID) strategy, which compares outcomes between
children born in California prior to PFL and children born in California after PFL’s implementation, while
controlling for trends in these outcomes among children outside of California during both these periods.
With the exception of the child’s Z-score health scale, all our dependent variables are indicator variables.
We report all our baseline results when the dependent variable is an indicator variable using a non-linear
probit model. Thus, when our dependent variable is the child’s Z-score health scale, our baseline specification takes the following standard DID form:
18 Recall

from Section 3 that women who had not worked 5-17 months prior to giving birth are not eligible for PFL benefits.
ECLS-K’s do inquire in the kindergarten questionnaire about when the child began regular child care arrangements (home
day care/person other than parents/formal child care). Unfortunately, a large number of parents do not report any child care outside
of the home (13 percent and 11 percent of the ECLS-K2011 and ECLS-K1999, respectively), and for the observations that do report the
existence of regular child care arrangements, the average age reported for children is much larger than the general age of children
when mothers in the US return to work following the birth of a child. In particular, the average age at which a child is reported to
have first received care outside the home is 21 months in both ECLS-K1999 and ECLS-K2011. This contrasts sharply with an average
length of maternity leave of 10.3 weeks in the U.S. over 2006-2008 for the 71% of working women who take any maternity leave at
all (U.S. Department of Health and Human Services (2011)). It also contrasts with the ECLS-B data which indicate that the average
maternity leave was 11 weeks for those taking any maternity leave, and that among those mothers who worked (62% of all mothers
at the time the child is 9 months old), they returned to, or started, work when the child was 13.7 weeks on average.
19 The
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Outcomeiys

= α0 + α1 Cali f orniais ∗ PostPFLiy + α2 ECLSSurveyiy + α3 Xiys + γs + ε iys

(1)

When the dependent variable in an indicator variable, our baseline specification takes the following
form:

Outcomeiys

= Φ( α0 + α1 Cali f orniais ∗ PostPFLiy + α2 ECLSSurveyiy + α3 Xiys + γs )

(2)

where Φ is the CDF of the normal distribution.
In equations (1) and (2), the dependent variable is a measure of child i ’s health in kindergarten, with y
representing the ECLS survey the child took part in ye{K1999, B, K2011} and s representing his/her state of
residence. Our coefficient of interest is α1 , the coefficient on the dummy variable that is equal to one if the
child is observed in California and was born after PFL’s implementation. α1 measures how our outcome
of interest changed for California children who were born after PFL’s implementation in comparison to
children outside of California. α2 controls for differences in the outcome’s levels between children surveyed
in different ECLS surveys and as such also captures differences for children who were born after PFL’s
implementation (i.e. children who are in the ECLS-K2011 survey). Within the ECLS-B survey, we also
control for differences between children surveyed in kindergarten of different school years (2006-2007 vs.
2007-2008) by splitting the indicator for the ECLS-B survey into two.
The indicator for whether a child is observed in California is absorbed in the state-level fixed effects (γs )
in the specification, which allow us to control for non-time-varying state-level characteristics that are correlated with our outcomes of interest. We also control for child-individual characteristics (Xiys ): mother’s
age during the kindergarten interview (<26, 26 to 30, 31 to 35, 36 to 40, 41 to 45, >45, and missing), child’s
race (non-Hispanic white, non-Hispanic black, Hispanic, other, and missing), mother’s education (less than
high school, high school diploma, some college, bachelor, graduate studies, and missing ), child’s month of
birth (indicators), child’s age at start of kindergarten, household’s socioeconomic status rating in quartiles,
whether the child’s mother was married at birth, whether English is the child’s second language, the child’s
sex, number of older siblings the child has, and a quadratic function of household income.20
PFL’s introduction in California had the greatest effect in terms of leave-taking duration after childbirth
on less-advantaged mothers (Rossin-Slater et al. (2013)), who could not afford to take unpaid leave already
provided by FMLA. As such, we wish to assess whether changes in outcomes varied differentially following
20 Household socioeconomic scale and income may be endogenous to our specification, if the PFL program had an effect on overall
household income in the long term (e.g., through different maternal labor force participation patterns). However, we note that our
measure of socioeconomic status is categorical and indicates the household’s quartile in the distribution of socioeconomic scales in the
survey, and our measure of household income is derived from income brackets provided in the original ECLS data files. Thus, while
the PFL may have affected household income or socioeconomic ranking, we do not think the effect will be substantial enough such
that households change income brackets or quartiles in their socioeconomic scale. Nevertheless, all results are robust to the exclusion
of household income and socioeconomic status as control variables.
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California’s PFL program, based on child, household or maternal characteristics. For this purpose, we
expand the dummy variable Cali f orniais ∗ PostPFLiy in equation (1) to interact with additional dummy
variables for child, household or maternal characteristics, such as socioeconomic status, mother’s education
level, and child’s gender. All other controls in the DID specification (i.e. the Cali f ornia and PostPFL
indicator variables) also now interact with additional dummy variables for child characteristics.
As such, if our sample is broken down to n mutually exclusive groups (n ≥ 2), with each group assigned
j

a dummy variable Chariy for je{1, ..., n}, which equals one for that group and zero otherwise (e.g., four
indicator variables for which quartile of the socioeconomic status ranking the child’s household belongs
to), then our linear regression specification (equation (1)) will now be of the form:

n

Outcomeiys

=

β0 +

∑ β1 Cali f orniais ∗ PostPFLiy ∗ Chariy
j

j

j =1
n

n

+ ∑ β 2 Cali f orniais ∗ Chariy + ∑ β 3 PostPFLiy ∗ Chariy
j

j

j

j

(3)

j =1

j =1

+ β 4 Xiys + γs + ε iys
It was not possible to compute the third-order interaction effects required for estimating differential
changes in response to California’s PFL in non-linear probit models, due to failure of Stata’s optimization
routine in about 50% of our desired regressions. Thus, when the dependent variable is an indicator variable, we revert to a linear probability model (LPM), despite a relatively large fraction (5-13%) of predicted
values falling outside the (0,1) range when examining hearing problems, ADHD, and frequent ear infections with differential effects based on children’s characteristics. We note that a LPM for our baseline DID
equation, without differential effects, produced similar estimates on the main interaction term for the DID
specification as those from a probit model with the interaction effects calculated in the way proposed by Ai
and Norton (2003).21
In equation (3), Xiys , γs and ε iys are as defined in equation (1). Note that Xiys includes Chariy , by its
j

definition above. The coefficients of interest in equation (3) are β 1 for je{1, ..., n}. Each βn1 estimates how
our outcome of interest changed for California children born after PFL’s implementation who belong to
group je{1, ..., n} within the Char breakdown.

5.2

Identification

Our main identification assumption is that absent the introduction of PFL, health outcomes for children
both in and outside of California would have continued on the same trend. Our identification assumption would be violated if California children experienced any other policy introductions or changes to their
21 All our standard errors are heteroskedasticity-robust, in addition to being clustered at the state level. This eliminates concerns for
inefficiency of the standard errors, which arises from using OLS without accounting for heteroskedasticity within a LPM framework.
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environment between 2001 and late 2004 - besides the introduction of PFL - which affected their health
outcomes or the diagnosis rates of health outcomes. We are unaware of any such policy or environmental changes during this period that would affect our outcomes of interest, with the potential exception of
hearing problems.22
During this period many states introduced legislation promoting newborn hearing screening programs.23
In 1993 (the year of birth of most of the ECLS-K1999 cohort), only Hawaii and Rhode Island had mandated
newborn hearing screening, while currently 43 states, including California, have legislative mandates related to newborn hearing screening programs. This likely contributed to the increase in the percentage of
newborn screened for hearing loss from 47% in 1999 to 92% in 2004 in the U.S. (Curry and Gaffney (2010)) In
turn, the percent of children positively diagnosed with hearing problems also increased during this period.
This can raise concerns for our identification strategy if California was differentially slower in adopting
these policies, thus increasing its diagnosis of hearing problems to a lesser extent than other states over our
sample period. To address this concern, we conduct a robustness check for the results on hearing problems
by including the percentage of newborns screened for hearing in a child’s state and year of birth to control
for the extent of hearing screening programs. Because data on the percent of newborns screened each year
for each state is only available beginning 1999, this robustness check can only be performed using ECLS-B
and ECLS-K2011 data (as children in ECLS-K99 were born in 1992/3).
We note that our results show an improvement across a range of health outcomes - ADHD, overweight,
hearing problems, and ear infections - and it seems unlikely that each of these changes is being driven by
a different policy or environmental change. Since our results demonstrate differential effects of PFL for
children from advantaged and less advantaged backgrounds, changes in California’s policies or environment that threaten our identification assumption would have to be targeted at these precise populations.
We further assume as part of our identification that the average trend for children outside of California
was maintained during this period - i.e. no substantial policy reforms or environmental changes occurred
in states outside of California (with the exception of the increases in hearing screenings), and if any such
changes did occur, they cancel each other out when examining the overall trend for children in all states
outside of California.
With the exception of overweight, our health outcomes are parent-reported. Moreover, many of our
health outcomes are based on diagnosis of a certain health condition by health professionals. This raises
concern that any effect on these health outcomes in response to California’s PFL is not reflecting an actual
improvement in children’s health, but rather a decrease in parents’ awareness of potential health conditions
or a decrease in access to healthcare professionals who diagnose these conditions. While we are unable to
address this concern empirically and prove otherwise, we could not think of a compelling story or mechanism for why parents who spend a few more weeks at home with their child as an infant would experience
22 For ear infections, the time span for which California children could not have experienced any policy introductions or significant
changes related to this outcome would have to be 1999-2011, as the analysis only uses the ECLS-K surveys.
23 For details see http://www.infanthearing.org/legislation/ and http://www.ncsl.org/research/health/newborn-hearingscreening-state-laws.aspx.
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decreases in their awareness of potential health conditions or access to health professionals as the child is
growing up. On the contrary, it would make more sense for there to be an increase in awareness of health
conditions or access to health professionals if parents spend more time with their child after birth. In this
case our estimated effect of California’s PFL would be biased downwards.
Identification is also potentially threatened if, over our sample period, there were changes in the timevarying characteristics of California children or their mothers/households, which are also potential determinants of health outcomes. Such changes could be, for example, driven by compositional changes in
California’s population during this period relative to population trends in states outside of California. We
note that it is highly unlikely that the introduction of PFL affected mothers’ migration patterns into California, as the monetary benefit - capped at less than $5,000 over a six-week period - should not have justified
inter-state migration. Another potential source for differential compositional changes in our sample is due
to our exclusion of children who were redshirted - if California’s PFL affected child health or other outcomes, then this could potentially change the composition of children being redshirted as parents feel their
child is more or less ready for entering kindergarten after PFL’s introduction.
We test whether maternal and child characteristics in California changed substantially between the periods before PFL’s introduction and after PFL’s introduction, relative to these characteristics in all other
states, by estimating a variation of our DID model in equation (1) with child, maternal or household characteristics used as dependent variables (and no control variables). We do this using either the ECLS-K1999
and ECLS-B samples as our pre-treatment samples, or just the ECLS-K1999 sample as our pre-treatment
sample, as the ECLS-K1999 is more similar to the ECLS-K2011 sample in its sampling procedure. Our tests
are at the state-survey level. The results - described in more detail and presented in Table 8 in the Appendix
- show that coefficient estimates in 3 of the 34 regressions run with maternal or household characteristics
as dependent variables are statistically significant at the 10% level or less, which is consistent with 10% of
tests being significant by chance.
We further address concerns regarding our identification assumption in several ways. We check for
pre-existing trends using the ECLS-K1999 and ECLS-B samples within a DID framework, where ECLS-B
children are assigned the PostPFL indicator. We also conduct the analysis using a more comparable set
of control states constructed through a variation of the synthetic control method specified in Abadie et al.
(2010) and Abadie and Gardeazabal (2003). We elaborate on the synthetic control method and how it is
used in this study in Section 7.1.

6
6.1

Results
Summary Statistics

Table 1 presents summary statistics, broken down by the period before treatment (ECLS-K1999 and ECLS-B)
and the period after treatment (K2011) and for children in California and children outside of California. As
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can be seen, there are significant differences between California and other states in the racial composition
and other socioeconomic variables (such as education or socio-economic status). This can raise concern
that differences in trends in our health outcomes are being driven by either these observed differences
or unobservable differences correlated with these variables. We will address this concern in two ways:
First, we will show regression results both with and without controlling for child, mother and household
characteristics. If the coefficient estimates between the two specifications are similar, then this suggests that
our results are not driven by differences in either observed or unobservable characteristics. Second, we
will implement a variation of the synthetic control method. This method will limit the states in our control
group to those most comparable to California in terms of the outcome and characteristic trends over time
prior to treatment. For further details, see Section 7.1.
We can use the means in Table 1 to get an initial sense of PFL’s effect on California children by computing the differences between California and the other states in the pre-treatment (K1999 and B) and
post-treatment (K2011) differences. The changes in the means over the two periods are given in the last
column of Table 1, and suggest that PFL had a positive effect on the health outcomes of California children:
there is a reduction of 4.3, 0.6, 2.2, 0.5, and 2.5 percentage points in the probability of overweight, ADHD,
hearing problems, communication problems, and frequent ear infections, respectively. Post PFL, parents
of California children report a reduction in the health scale of 0.056 of a standard deviation for the Z-score
constructed for this measure, which represents an improvement in the health scale.
At first glance, it appears from Table 1 that the improvements in ADHD and hearing problems are being
driven by a worsening of these health outcomes in other states rather than an improvement in California.
However, the US as a whole experienced increasing ADHD rates over this period, and the increases in
hearing problems are likely due to state legislative changes concerning hearing screenings. Pastor, Duran
and Reuben (2015) show that ADHD diagnosis rates among US children aged 5-17 years increased from 7%
in 1997-1999 to 10.2% in 2012-2014.24 This increase in ADHD rates may be due to many factors including
changes in diagnostic criteria, increased availability of checklists on the internet, and advocacy groups
(Conrad and Bergey (2014)). The increase in hearing problem diagnosis in other states is likely due to the
introduction of programs promoting newborn hearing screening, as discussed in Section 5.2 where we also
address the potential concerns for identification raised by these increases in hearing screenings.
Table 1 also shows a significant decline in frequent ear infections across California and other states that
mirrors the trend experienced for the US as a whole over this period (Marom et al. (2014)). Possible reasons
for the decline in frequent ear infections over this period include increased breastfeeding, reduced smoking,
and pneumococcal and influenza virus vaccines (Chonmaitree et al. (2016)).
24 The numbers in Table 1 are lower than these overall diagnosis rates since we are only looking at diagnosis by the time the child is
in kindergarten.
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Table 1: Summary Statistics

Notes:
Sample excludes children not residing with their biological mother, born outside the U.S., with unidentified state of residence, or with
a twin sibling. Sample further excludes children who turned six years old more than a year prior to their state’s kindergarten cutoff
date. ADHD, hearing problems, and communications problems are based on diagnosis by Spring of kindergarten year. Health scale is
a measure of 1 through 5 that a parent provides in response to a question on the child’s general health assessment, with 1 representing
the best health, and 5 representing the poorest health.
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6.2

Baseline Results

The results of our DID specifications in equations (1) and (2) are presented in Table 2 for overweight, ADHD
and health scale (top panel), and for hearing-related outcomes (bottom panel). For each outcome of interest,
the estimate for α1 in equations (1) or (2) is reported when the regression is estimated with state fixed effects
but without control variables, and with state fixed effects and control variables. As can be seen, the estimate
for α1 is relatively stable as we transition from specifications that exclude the child-level control variables to
specifications that include them. This is with the exception of when the dependent variable is the indicator
variable for frequent ear infections. This alleviates to some extent concerns that the results are being driven
by differences between California and other states that are correlated with our outcomes of interest (except
for possibly with regards to frequent ear infections).
Table 2 presents evidence that children born after the introduction of PFL in California had lower risks
of being overweight, or being diagnosed with ADHD, hearing problems, or communication problems by
kindergarten. Their parents were more likely to assess their child’s overall health more positively and
less likely to report a history of frequent ear infections. The reductions are sizable - a 4.1, 0.7, 2.4, 1.1
and 2.7 percentage point reduction in overweight, ADHD, hearing problems, communication problems
and frequent ear infections, respectively, among California children born after PFL’s introduction. For the
health scale, reductions indicate that parents are reporting better overall health for their children, and we
observe a decrease of 0.056 of a standard deviation for the Z-score constructed for this measure. With the
exception of communication problems, these effects are very similar in magnitude to the simple differences
in means computed in Table 1.

6.3

Testing for Pre-Existing Trends

The results of Table 2 crucially depend on the absence of pre-existing differential trends for California
children in our health outcomes of interest. We present results for placebo tests using the ECLS-K1999
and ECLS-B data to evaluate whether any differential changes in children’s outcomes are observed for
California children in the ECLS-B data in comparison to the ECLS-K1999 data. Our objective is to rule out
pre-existing health improvements prior to PFL’s introduction.
The set of results at the top of Table 3 are probit or OLS results using the ECLS-B and ECLS-K1999
data. As can be seen, all coefficient estimates are not statistically significant, with the exception of when
the dependent variable is health scale or communication problems. For health scale, the point estimate is
positive, which is actually counter evidence of pre-existing trends of improvements in this health outcome.
Our results on communications problems are not robust to the placebo analysis, as we do see a statistically
significant negative coefficient, which is evidence of pre-existing trends of this condition’s improvement
prior to PFL’s introduction in California. This may also explain the deviation of the estimated effect from
the simple difference-in-means computed using Table 1.
We also note that we cannot test for pre-existing trends for frequent ear infections, as this outcome
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Table 2: Changes in Health Outcomes for California Children Born After PFL’s Introduction

Notes:
The coefficient estimates presented for California*PostPFL represent α1 from equations (1) and (2) for health scale z-score (OLS model)
and all other dependent variables (probate model), respectively. The sample is all ECLS surveys (K1999, ECLS-B, and K2011), with
the exception of frequent ear infections as a dependent variable which is only the two ECLS-K surveys. Sample excludes children not
residing with their biological mother, born outside the U.S., with unidentified state of residence, or with a twin sibling. Sample further
excludes children who turned six years old more than a year prior to their state’s kindergarten cutoff date or did not turn six by their
state’s kindergarten cutoff date. ADHD, hearing problems, and communications problems diagnosis are based on diagnosis by Spring
of kindergarten year. Overweight is an indicator that the child’s BMI is above the 85th percentile based on their age in months and
sex during kindergarten. Frequent ear infections is an indicator variable based on parents’ reporting of frequent ear infections in the
kindergarten questionnaire. Health scale is a measure of 1 through 5 that a parent provides in response to a question on the child’s
general health assessment, with 1 representing the best health, and 5 representing the poorest health. The sample excludes children
who had missing values for any of the first five dependent variables presented. Despite this, sample sizes vary for the different
dependent variables in the probit regression, due to some control variables in the regression predicting failure perfectly, and thus
the need to exclude observations with certain values for these control variables when running probit regressions. Heteroskedasticityrobust standard errors clustered at the state level are in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
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variable is not available in the ECLS-B data, and so these results should be viewed with this caveat.
Because the placebo analysis utilizes only two, rather than three, ECLS samples, we must verify that
smaller sample sizes are not driving the null effects found. The bottom panel of Table 3 provides our DID
analysis with the ECLS-B (pre) and ECLS-K2011 (post) data - i.e. a DID using only two ECLS samples, with
sample sizes even smaller than when using the ECLS-K1999 and ECLS-B samples. We would expect to find
statistically significant health improvements for our outcomes, largely corresponding to the results in Table
2. Indeed, this is exactly what we observe in the bottom panel of Table 3, suggesting that small sample sizes
are not causing the lack of statistical significance in the placebo tests.
As discussed in Section 5.2, there are potential concerns that the declines in hearing problems observed
in California following PFL’s introduction, relative to other states, can be attributed to a differential trend in
the penetration of hearing screening programs in California instead of by PFL itself. Since the bottom panel
of Table 3 utilizes only the ECLS-B and ECLS-K2011 samples, we can use it to present robustness checks for
the hearing problems results that control for the percent of newborns undergoing hearing screenings in each
child’s state and year of birth. The hearing problem results presented in Table 3 confirm that the statistically significant decrease in hearing problems persists even with this additional control, thereby alleviating
concerns that our results for hearing problems are related to hearing screening policies in California.

6.4

Differential Effects based on Child Characteristics

We next ask whether the improvements in health outcomes observed in Table 2 vary depending on child
characteristics. We examine differential effects based on the following: quartile of child’s socioeconomic
ranking, mother’s education, whether English is child’s first or second language, and sex of child.
As discussed in Section 4.2, ADHD diagnosis rates are very low in kindergarten, such that for some of
our sub-groups in the differential effects analysis, the number of California children with positive ADHD
diagnosis in the pre- or post-treatment periods is less than 10. Because of this, a differential effects analysis
with kindergarten ADHD data may be very sensitive to outliers and, hence, less credible, and so we instead
use first grade ADHD diagnosis rates from both the ECLS-K datasets, as ECLS-B only surveys children
through kindergarten.
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Table 4 presents means and standard deviations of our health outcomes by each of the child characteristics. We use these means to calculate the magnitude of the effect estimated at the child characteristic level
and to examine general differences in health outcomes based on child characteristics. All our outcomes are
based on all three ECLS surveys, with the exception of ADHD and frequent ear infections, which are based
only on the two ECLS-K surveys. The number of observations for each child characteristic both within, and
outside of, California is reported in the last two columns of each section in Table 4. There are at least several
25 Nevertheless, the differential effects analysis using all three ECLS samples and kindergarten ADHD outcomes was very consistent
with the first grade ADHD differential effects analysis. Improvements were driven by children from the lowest SES quartile and with
mothers having less than a high school diploma. Significance levels were lower than those in the first-grade analysis, although pvalues were lower than 0.1.
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Table 3: Testing for Pre-Existing Improvements in California Children Health Outcomes and Results with
only ECLS-B and ECLS-K2011

Notes:
For sample restrictions and details on health outcomes, see Table 1. The ECLS sample used or specification is indicated at the top
above each panel. The coefficient estimates presented for California*PostPFL represent α1 from equations (1) and (2) for health scale
Z-score (OLS model) and all other dependent variables (probit model), respectively. In the specification for the ECLS-K1999 and ECLSB sample analysis, the PostPFL indicator is a placebo variable and is thus assigned to California observations from the ECLS-B sample.
Results for hearing problems in the bottom panel (with the ECLS-B and ECLS-K2011 samples) control for the percent of newborns
reported having had hearing screenings a the year of birth and state level. Heteroskedasticity-robust standard errors clustered at the
state level are in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
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hundred observations in California for each characteristic, thus alleviating concern about lack of statistical
power in the differential effects analysis.
According to Table 4, children are worse off in terms of overweight, ADHD and their health scale as
their socioeconomic status or mother’s education decreases. However, hearing problems, communication
problems and frequent ear infections do not vary substantially based on socioeconomic status or mother’s
education.
Table 4 shows that children are worse off - or have higher diagnosis rates - for diagnosis-based health
conditions - ADHD, hearing problems, communication problems, and frequent ear infections - when English is their first language. For overweight and the health scale - which are not diagnosis-based - the
opposite is true.26,27 This suggests reduced awareness or access to health professionals among immigrant
populations, and that diagnosis rates for children with English as a second language are not reflecting the
actual prevalence of these health conditions.28
Because some health outcomes vary substantially by sex, the last breakdown is by this characteristic.
This is particularly so for ADHD - boys are nearly three times more likely than girls to be diagnosed with
ADHD,29 and this is also observed in our data. Communication problems are also substantially more
prevalent among boys than they are among girls in our data. Lastly, parents report poorer health scales for
their sons than for their daughters.
Differential effects in child health outcomes in response to the introduction of California’s PFL may be
driven by several factors. First, as explained in Section 3, California’s PFL program increased leave-taking
following the birth of a child primarily for mothers with lower socioeconomic status, who did not have
any paid leave benefits from their employer prior to the policy and could not afford to take leave from
work at no pay. Thus, we would expect greater effects among children coming from lower socioeconomic
backgrounds. Nevertheless, the greatest effect does not necessarily have to be for the lowest socioeconomic
ranking. This is because leave-taking is still associated with a 45% reduction in salary, it is not necessarily
protected leave (which may offset the incentive to take leave for the lowest socioeconomic status mothers),30
and the mother had to be working prior to giving birth. Thus, the most disadvantaged mothers may still
be unable to take full advantage of the new policy.
Second, a higher prevalence of adverse health outcomes may lead to an estimated effect of greater magnitude. This would be consistent with an improvement in health for the same percent of children across a
certain characteristic, which would translate into a larger percentage point reduction in the probability of
26 English as a second language is most notably relevant for the Hispanic population, which is the ethnicity with the highest rates of
child overweight and obesity in the U.S. Source: http://www.cdc.gov/obesity/data/childhood.html
27 Recall that overweight is not parent-reported but rather based on BMI measurements during the survey.
28 Elder (2010) and Evans et al. (2010) are two studies showing that an environment with greater access to professionals aware of
ADHD - in their case the start of elementary school - substantially increases ADHD diagnosis rates.
29 Source: http://www.cdc.gov/nchs/data/series/sr_10/sr10_258.pdf
30 The paid leave provided under PFL is only protected if the employee is eligible for FMLA benefits, which are available to less than
60% of the workforce in the U.S. (see Section 3). Because FMLA covers only employees working for larger employers, and wages at
larger employers are generally higher (Bayard and Troske (1999); Brown and Medoff (1989)), this results in the leave being protected
for a greater proportion of advantaged mothers.
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the adverse health outcome for population segments with greater prevalence. Furthermore, a statistically
significant effect may be easier to detect for health outcomes with greater prevalence. Thus, despite the
greater expected effect on children from lower socioeconomic backgrounds, we may also have a greater
effect for hearing problems, communication problems, frequent ear infections, and ADHD among children
with English as a first language, which is actually correlated with a higher socioeconomic ranking. We may
also expect greater effects among male children as opposed to female children, given the higher prevalence
of these adverse health outcomes among this population.
If children with English as a second language are not sufficiently diagnosed with certain health conditions, then we may not be able to detect an improvement in these health outcomes because the diagnosis
rates observed in the data for this population are not reflective of the actual prevalence. Under such circumstances, null findings for PFL’s effect on children with English as a second language do not necessarily
indicate that there was no actual improvement in these health conditions among these children.31
Table 5 presents the results for our analysis of differential effects in response to PFL’s introduction based
j

on child characteristics. The table presents the estimates for β 1 for je{1, ..., n} in equation (3). For all dependent variables, with the exception of the health scale variable, the regressions are linear probability models
(see discussion on choice of econometric models in Section 5).
According to Table 5, for overweight and ADHD, decreases are driven by children from the lowest socioeconomic ranking and with mothers having less than a high school diploma. For overweight, reductions
are 9.7 to 14.7 percentage points, while for ADHD, these are 3.1 to 3.7 percentage point reductions. Improvements in the health scale (0.134-0.144 of a standard deviation) and the decrease in hearing problems (2.5-4.5
percentage points) are driven by children from up to the third quartile of socioeconomic ranking and for
mothers with relatively low education levels. For communication problems and frequent ear infections,
we do not observe any statistically significant effects when the effect is broken down by either socioeconomic ranking or mother’s education. Overall, the majority of our health outcomes exhibit improvements
primarily for disadvantaged children, in terms of socioeconomic ranking and their mother’s education.
We note that a statistically significant 6.5 percentage points reduction in overweight is also observed for
children with mothers having a bachelor degree. Moreover, the estimated 2.9 percentage point decrease
in the probability of being overweight is close to being statistically significant for children with English as
a first language, with a p-value of 0.18. Thus, despite the greatest and most highly statistically significant
reductions for overweight being observed among the least advantaged children, there is also some evidence
of a reduction in overweight among higher SES children.
Diagnosis-dependent conditions - ADHD, hearing problems, communication problems, and frequent
ear infections - decrease more among children with English as a first language, as opposed to children with
31 We note that a greater prevalence of undiagnosed but present health conditions among certain population segments may also
exist for other population breakdowns among our diagnosis-based health conditions. Although the pervalence of hearing problems,
communication problems and frequent ear infections does not differ substantially based on socioeconomic ranking or mother’s education levels, this may still reflect under-reporting of these conditions among certain population segments if, for example, children
from lower socioeconomic status should have a higher prevalence of these health conditions.
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Table 4: Means of Health Outcomes by Child Characteristics

Notes:
For sample restrictions and details on health outcomes, see Table 1. Number of observations is the number for each group of children
with relevant characteristic with non-empty values for all health outcomes excluding frequent ear infections. A lower health scale
indicates a higher overall health assessment for the child. Standard deviations are in parenthesis.
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English as a second language. Statistically significant decreases of 1.6, 2.6 and 5.9 percentage points are observed for ADHD, hearing problems, and frequent ear infections, respectively. Most of the point estimates
for English as a second language are negative, but none are close to being statistically significant. As discussed above, it is possible that this differential effect in favor of children with English as a first language is
due to substantially higher diagnosis rates of these adverse health conditions at the baseline, in comparison
to children with English as a second language. Moreover, these results do not necessarily rule out a health
benefit for children with English as a second language, as there may be undiagnosed cases among these
children, as discussed above. Lastly, we note that a differential effect in favor of children with English as a
first language is not necessarily reflective of a greater effect for children with high socioeconomic ranking.
In our data, roughly 16 and 30 percent of children with English as a first language are at the bottom and top
quartiles of socioeconomic ranking, respectively. For the two outcomes that are not diagnosis-dependent overweight and health scale - we do see an improvement primarily for children with English as a second
language.
In terms of gender, the decrease appears to be driven by male rather than by female children. This is
consistent both with evidence that the male population is more susceptible to many of these health conditions and with the mechanical explanation provided above that when the baselines are higher, if the percent improvements across subgroups are similar, subgroups with higher baselines will experience a greater
magnitude in their improvements.
When the decreases are statistically significant, they are sizable relative to the means of the population segments observed in Table 4. Some of the average estimated decreases in hearing problems and
ADHD may be too large, due to the use of a linear probability model with an indicator dependent variable.
We note that all effects estimated are intent-to-treat (ITT). As such, the actual treatment effect on children
whose mothers extended their maternity leave duration is likely larger. Furthermore, as labor force participation rates decrease with lower socioeconomic status, and for most health outcomes the effects are
greater for children from lower socioeconomic status, the differences in the effects between higher and
lower socioeconomically-ranked children are likely larger than the estimates presented in Table 5.
In addition to the results in Table 5, which present point estimates for the third-order interaction terms
from equation (3), we also estimated differential changes in child health outcomes following PFL’s introduction by running separate DID regressions (as specified in equations (1) and (2)) for each sub-group (i.e.,
each child characteristic). This can address concerns about the specification in equation (3), by allowing the
effect of the control variables to vary across subgroups. Furthermore, because these are standard DID regressions, probit regressions can be estimated when the dependent variable is an indicator variable, rather
than linear probability models. The results from these regressions can be found in Table 9 in the Appendix.
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Table 5: Differential Changes in Health Outcomes for California Children Born After PFL’s Introduction

Notes:
For sample restrictions and details on health outcomes, see Tables 1 and 4. All coefficient estimates are from linear probability models
(with the exception of the health scale dependent variable). The table presents coefficient estimates on the third-order interaction
terms from equation (3). For each characteristic breakdown, a separate regression was run. Education levels are mother’s educational
attainment. SES Quartile is the Quartile of the child’s socioeconomic ranking. A lower health scale indicates improved health outcomes. Number of observations ranges from 26,405 to 26,437, with the exception of ADHD and frequent ear infections, which only
use the ECLS-K surveys and have a range of observations from 17,471 to 17,473. Heteroskedasticity-robust standard errors clustered
at the state level are in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
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Table 6: The Synthetic Control Method and Only the ECLS-K Samples - Child Health in California in Various DID Specifications

Notes:
For sample restrictions and details on health outcomes, see Table 1. The ECLS sample used or specification is indicated at the top
of each panel. All health outcome dependent variables are as reported for the kindergarten ECLS surveys, with the exception of
the ADHD result in the bottom panel (ECLS-K1999 & ECLS-K2011 samples), which is from the first grade survey (report of ADHD
diagnosis by the Spring first grade survey). The coefficient estimates presented for California*PostPFL represent α1 from equations (1)
and (2) for health scale Z-score (OLS model) and all other dependent variables (probit model), respectively. This is with the exception
of the synthetic control method results, which are from linear probability models for the indicator dependent variables, due to the
need to weigh each observation in the regression analysis. Heteroskedasticity-robust standard errors clustered at the state level are in
parenthesis. *** p<0.01, ** p<0.05, * p<0.1
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Robustness Checks

We present two robustness checks. First, we use a variation of the synthetic control method, which allows us
to define a more comparable control group of children based on their state of residence during kindergarten.
Second, we verify that our results hold when evaluating our DID framework using the two ECLS-K surveys
rather than all three ECLS surveys. The robustness check results are presented in Table 6. Table 6 shows
the α1 coefficient estimate from our DID equations (1) or (2) for linear probability (OLS for health scale) and
probit models, respectively.
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7.1

The Synthetic Control Method

The first robustness check is a variation of the synthetic control method. The synthetic control method
is intended to address concerns that the control group in our DID specification is not comparable to our
treatment group, i.e. California. If this is true, then the estimated effect of a policy change within a DID
framework may be driven by differential trends in the treated unit that are due to different pre-trends in
comparison to the control units. The synthetic control method addresses this concern by constructing a
new control group, more similar to the treatment unit, based on pre-trends in the outcome of interest and
control variables.
The new control group is children from a subset of the states used in the original control group. Weights
are calculated for each state in the new set of control states, and these will correspondingly be assigned
to children in the data from these states. The weights are constructed with the objective of minimizing
the distance in quantifiable pre-treatment characteristics between California and the new weighted set of
control states.
As such, for the construction of the synthetic controls (i.e. the weights for the control states), we first
compare trends at the aggregated state-by-survey level over the two pre-treatment ECLS surveys - ECLSK1999 and ECLS-B - for our different outcomes of interest and child, mother and household characteristics.
The synthetic control method selects the weighted combination of states that best matches California on
each health outcome of interest and the control variables for the pre-treatment surveys. This results in synthetic weights for each state. The weighted sum of the states creates a synthetic control state that minimizes
distances between it and California for the outcome of interest and the control variables prior to treatment.
Following Fitzpatrick (2008) and Courtemanche and Zapata (2014), who also applied this method to individual data, we then multiply these weights assigned at the state-level to individual children observed
in each survey, based on their state of residence. Due to the need to run regressions with each observation
having an assigned weight, the results presented for the synthetic control method with indicator dependent
variables are linear probability models rather than probit models.
The results are presented in the top panel of Table 6, and are quite similar to our base analysis results,
providing reassurance that our base results are not driven by using observations from states that may not
be highly comparable to California. This is with the exception of when communication problems is the
dependent variable, thus as in the pre-trends check presented in Table 3, our results for communication
problems are not robust to the synthetic control method.

7.2

ECLS-K Surveys

The bottom panel of Table 6 presents the DID results for health outcomes using only the ECLS-K surveys.
We emphasize that our results (including the differential effects presented in Table 5) are robust to regressions using only ECLS-K data, without ECLS-B data. This alleviates concern generated by the fact that
sampling procedures substantially differed between the ECLS-K surveys and ECLS-B.
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We take advantage of presenting the ECLS-K results to examine the coefficient estimate from the baseline
specification - equation (2) - when using ADHD first grade data. See discussion in Section 4.2 on why first
grade ADHD data is preferable over kindergarten ADHD data. All coefficient estimates suggest a statistically significant improvement in health for children residing in California and born following California’s
PFL. 32
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8.1

Discussion
Magnitudes Estimated

Because the magnitude of our estimated effects may seem large, we locate them within existing estimates
from the related epidemiological literature on the effects of breastfeeding on child health outcomes. This
comparison is not straightforward as the estimates are not entirely comparable. As discussed in Section 2.2,
PFL could have improved child health outcomes through several channels, breastfeeding being only one
of these (the others including reduced maternal stress and delaying child care outside the home). Thus,
one may ex-ante expect our estimated effects to be larger than those found in the epidemiological literature. However, the epidemiological studies do not definitively establish causation. Because not accounting
for confounding factors related to breastfeeding often increases the magnitude of the relationship between
breastfeeding and positive outcomes, this could make our PFL estimates smaller in magnitude than the
estimates from the epidemiological literature.33 Lastly, as discussed in Section 4.2, our estimates represent
intention-to-treat effects rather than treatment-on-the-treated effects, while the epidemiological estimates
directly identify mothers’ exact breastfeeding duration/initiation. We are able to address this last concern
by scaling our ITT estimates to obtain an implied TOT estimate. Rossin-Slater et al. (2013) calculate that
0.596 of mothers had worked any hours in the previous year, which is the best estimate available for the
proportion of mothers who were eligible for PFL, and we use this proportion to obtain implied TOT estimates from our ITT estimates.
For the reasons discussed above we expect our implied TOT estimates to be roughly in the range of
estimates examining breastfeeding alone, with the caveat that these two sets of results are estimating the
effect of two different, but related, treatments. We estimate the effect of PFL which increased mean paid
maternity leave taken by 3 to 5 weeks, from an initial mean of three weeks (Rossin-Slater et al. (2013); Baum
and Ruhm (2016)), while the epidemiological studies discussed examine varying degrees of breastfeeding.
These include the effect of a binary treatment (ever breastfed vs never breastfed), as well as the effect of
an increased duration of breastfeeding from 2 to 12 weeks. Even though the results are not completely
32 We also ran the analysis with just the two ECLS-K surveys using the ADHD kindergarten outcomes. A 0.4 percentage point
reduction is estimated (mean is 1.3%) with a p-value of 0.054.
33 We note that the epidemiological studies are not purely correlational as they do attempt to deal with the presence of confounding
factors in various ways, including the use of control groups (such as siblings) to account for unobserved factors and the use of
regression controls to account for observed factors.

30

analogous, the comparison provides context for our seemingly large effects and shows they are comparable
to estimates from other literature.
The results in this study suggest a moderate effect of the PFL program on overweight: those in the
treatment group have a 31% lower odds of being overweight compared to those not treated.34 This is
similar to the estimated protective effect of breastfeeding on the risk of being overweight found by two
separate studies; Tulldahl et al. (1999) find that Swedish adolescents who were exclusively breastfed for
at least two months had a 34% lower odds of being overweight than those who were not, and similarly
Hediger et al. (2001) find that for U.S. children aged between 3 and 5, breastfeeding reduces the odds of
having a BMI between the 85th and 94th percentile by 37% compared to those who were never breastfed.
The epidemiological literature suggests that children who were breastfed for at least 12 weeks had a
44% lower risk of ADHD compared to those who were only breastfed for 2 weeks (Mimouni-Bloch et al.
(2013)), and 68% lower odds of ADHD compared to those were not (Julvez et al. (2007)), while our estimated
effects suggest that California’s PFL lowered both the risk and odds of ADHD by 58%.35 The results in this
paper suggest that those in the treatment group have an 18% reduction in the risk of frequent ear infections
compared to those not treated. This is significantly lower than the effects found by Uhari et al. (1996) who
compute a pooled estimate indicating that breastfeeding reduces the risk of frequent ear infections by 52%.
Thus, the magnitudes of our estimated effects (of increased maternal leave) are generally close to the
estimates in the epidemiological literature examining the effect of breastfeeding initiation and duration
on child health outcomes. The notable exception is that our estimate of the reduction in ear infections is
significantly lower than the estimates in the epidemiological literature. which suggests that the latter might
not be adequately accounting for all confounding factors. Overall, the size of our results are close to those
in the epidemiological literature which validates, at least to some extent, the reliability of our estimates.

8.2

Maternal Employment as Suggested Mechanisms

Our data enables us to examine patterns in maternal employment following California’s PFL, which can
potentially reveal underlying mechanisms for improved health outcomes. As discussed in Section 2.2,
we are only aware of evidence linking maternal employment to child overweight, among all our health
outcomes (Anderson et al. (2003); Ruhm (2008)).
Table 7 presents estimates from equation (3) on three variables representing maternal employment while
the child is in kindergarten: an indicator as to whether the mother was employed; the number of “usual”
working hours per week the mother reported; and an indicator as to whether the mother reported working
34 Since

the epidemiological literature focuses on odds ratios and risk ratios, and not treatment effects, we convert our estimated
(ȳ+α1 )/(1−ȳ−α1 )
, where
ȳ/(1−ȳ)
= ȳ+ȳα1 , where ȳ =mean

treatment effect to odds ratios as follows: OR =

ȳ =mean of the dependent variable, and α1 =estimated

treatment effect, and to risk ratios as follows: RR
of the dependent variable, and α1 =implied treatment-onthe-treated, obtained by scaling the estimated intention-to-treat effect by 0.596 (an estimate of the proportion of mothers eligible for
PFL).
35 This estimate of 58% refers to the first grade ADHD results from Table 6, which are preferred since they are more precise as ADHD
diagnosis rates increase substantially after kindergarten. Furthermore, Mimouni-Bloch et al. (2013) evaluate a sample of children aged
6-12 years and so it may be misleading to compare their estimates with our kindergarten estimates.
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full-time.36 The results very clearly suggest a decrease in employment among mothers from a high socioeconomic ranking - from the highest socioeconomic quartile, with a bachelor or graduate degree, and with
English as a first language. For children from a lower socioeconomic ranking, the results in Table 7 suggest
an increase in maternal employment.37,38
In our differential effects analysis in Table 5, the results suggest that children from higher socioeconomic
status experience a decrease in the risk of overweight following PFL’s introduction, in addition to the large
and statistically significant decreases in overweight among children from lower socioeconomic ranking.
The results of both Table 5 and Table 7 are consistent with Anderson et al. (2003) and Ruhm (2008), who
show that decreased labor force participation among advantaged mothers reduces their children’s probability of being overweight. This suggests a potential mechanism for the decreases in overweight among
high socioeconomically-ranked children observed in Table 5 - they are driven by mothers’ lower labor force
participation rates.39
We emphasize that caution must be exercised when interpreting the results in Table 7 as suggestive of
mechanisms for child health improvements following California’s PFL. A reverse direction of causality is
also plausible - i.e. better child health increases maternal employment (Corcnan et al. (2005)).

9

Conclusions

Despite the fact that one of the objectives of extended maternity leave is health improvement for both
mother and child, very few studies have actually evaluated the effects of longer maternity leave mandates
on maternal or child health outcomes.40 To the best of our knowledge, this study is the first to evaluate
changes in children’s health outcomes following the introduction of the first paid family leave program in
the U.S.: California’s PFL.
We use a simple difference-in-differences framework with data from the Early Childhood Longitudinal Studies, which document child outcomes for kindergarten children who were born before and after
the introduction of PFL. Our results suggest that following PFL’s introduction, California children experienced lower probabilities of overweight, ADHD, hearing problems and frequent ear infections, although
we cannot test for pre-trends or the robustness of the specification for frequent ear infections. We also find
that parents’ overall assessment of their children’s health improved. While some specifications suggest a
36 The

last two variables are for the entire population rather than being conditional on working.
note that these results do not necessarily contradict the results of Rossin-Slater et al. (2013) and Baum and Ruhm (2016),
according to which maternal employment 1-3 years after birth increased following PFL, as these studies did not evaluate differential
effects by mothers’ characteristics, and in particular for Baum and Ruhm (2016), it is likely that their sample is more representative of
less advantaged mothers as their use of NLSY-97 data results in a sample of relatively young mothers.
38 We note that the results in Table 7 are robust to all alternative specifications presented in this paper in Section 7.
39 Anderson et al. (2003) and Ruhm (2008) do not find that maternal labor force participation affects children from less advantaged
backgrounds, so Table 7’s results of increased labor force participation among disadvantaged mothers do not contradict Table 5’s
findings on better overweight outcomes among disadvantaged children. Thus, improved overweight outcomes among disadvantaged
children following California’s PFL are likely due to other factors attributed to PFL’s introduction (e.g., breastfeeding) rather than
changes in maternal labor force participation.
40 Notable exceptions include: Ruhm (2000) and Rossin (2011) on birth outcomes and infant/child mortality and Chatterji and
Markowitz (2005) on maternal health.
37 We
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Table 7: Maternal Employment following California’s PFL - Differential Effects

Notes:
For sample restrictions, see Table 1. The dependent variable stated at the top of each column is a measure of maternal employment
as of when the child starts kindergarten. All coefficient estimates are from linear probability models (with the exception of the dependent variable for number of weekly hours employed). The table presents coefficient estimates of the third-order interaction terms
from equation (3). SES Quartile is the Quartile of the child’s socioeconomic ranking. For each characteristic breakdown, a separate
regression was run. Number of observations is 23,832-23,855. Heteroskedasticity-robust standard errors clustered at the state level are
in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
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decrease in the probability of communication problems following PFL’s introduction, these results are not
robust to several alternative specifications, including the placebo analysis and the synthetic control method.
The results suggest that improvements in health outcomes are driven primarily by children from disadvantaged backgrounds - i.e. with lower socioeconomic ranking and with mothers with lower educational
attainment. While we also observe substantial health improvements for children with English as a first language, we stress that this is not necessarily reflective of higher socioeconomic ranking, as 16% of children
with English as a first language in our sample ranked at the lowest socioeconomic quartile. We also note
that the null findings among children with English as a second language for diagnosis-dependent conditions do not necessarily indicate a lack of effect on these children’s actual health, since low diagnosis levels
among children of immigrants may be due to their reduced access to health professionals. Our findings of a
greater effect among more disadvantaged children are consistent with the fact that PFL primarily benefited
less advantaged mothers, who could not afford to take unpaid leave following the birth of a child.
Improvements in health outcomes appear to be driven primarily by male children, as opposed to female children. This is important, as male children are generally more susceptible to these adverse health
conditions, in particular ADHD.
Our DID framework is very simple and only measures an intent-to-treat (ITT) effect of California’s PFL.
As such, the results cannot guarantee that it is indeed the PFL program that generated these improved
health outcomes among California children, as opposed to other factors. Nevertheless, we emphasize that
any other factor or combination of factors that would compromise the notion that California’s PFL is driving
these results would have to affect this specific combination of health outcomes - all negatively associated
with increased breastfeeding, and other potential implications of increased parental leave benefits - at this
specific timing, and be driven by children coming from lower socioeconomic backgrounds. With this in
mind, and given the findings showing no pre-existing time trends in these health outcomes and that the
results still hold when using a more narrowly-defined set of control states, based on the synthetic control
method, the overall evidence presented in the paper is suggestive of positive health benefits resulting from
extended paid maternity leave benefits.
Two of the health outcomes analyzed in this paper - overweight and ADHD - are among the most
serious and common child health problems in the U.S. today. According to the CDC, approximately 17.7%
of children ages 6-11 were obese in the U.S. during 2011-2012. In addition, approximately 9.5% of children
ages 4-17 had been diagnosed with ADHD as of 2011-2013.41
Overweight and ADHD are frequently health conditions lasting through adulthood, and in the case of
obesity, they are associated with additional and even more severe health problems, such as cardiovascular
complications, diabetes, or some types of cancer. As such, the economic and social costs of these conditions
are quite high in terms of treatment and medication, labor market participation, and the social well-being
of these children, and finding policy measures that may reduce their prevalence can have important impli41 Sources:

http://www.cdc.gov/obesity/data/childhood.html and http://www.cdc.gov/NCH’s/data/databriefs/db201.htm
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cations. The prevalence of these conditions is greater among children with lower income levels,42 and the
results of this paper raise the question of whether this gap in child obesity or ADHD rates based on income
can be at least partially attributed to less parental leave take-up among low-income mothers following the
birth of a child. If this is true, then paid parental leave policies may be one effective channel for narrowing
the inequality between children born to high and low-income families in terms of their health outcomes, as
well as much longer-term outcomes through adulthood (Currie (2009)). We hope that this paper is only the
beginning in attempting to uncover the answers behind these important issues.
42 See http://www.cdc.gov/obesity/downloads/pednssfactsheet.pdf for obesity and Pastor, Reuben, Duran and Hawkins (2015)
for ADHD.
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Appendix
A

Placebo Tests: Did Maternal and Child Characteristics Change Differentially in California?

We test whether maternal and child characteristics in California changed substantially between the two
ECLS-K samples used, relative to these characteristics in all other states, by estimating a variation of our
DID model in equation (1) with child, maternal or household characteristics used as dependent variables
(and no control variables). The coefficient estimate presented is that of α1 in equation (1). As no child-level
controls are used in these regressions, we collapse the ECLS data to the state-survey level. The results are
presented in Table 8 - first when just using the two ECLS-K surveys (first 3 columns) followed by using all
ECLS surveys (including ECLS-B) for the analysis (last 3 columns). Table 8 presents evidence that child,
maternal or household characteristics did not change substantially in California after the introduction of
PFL. A total of 34 regressions are run with 17 characteristics in two different samples. The coefficient
estimates in 3 of the 34 regressions are statistically significant at the 10% level or less, which is consistent
with 10% of tests being significant by chance.

B

Differential Effects following California’s PFL - DID Regressions
Run Separately for Each Subgroup

We test whether the results presented in Table 5 are robust to DID regressions that are run separately for
each subgroup, rather than regressions with third-order interaction terms based on child characteristic
breakdowns for the entire sample. Thus, our regressions take the form of equations (1) or (2) when the
dependent variable is not an indicator variable or is an indicator variable, respectively.
Most of the results - presented in Table 9 - are very similar to those presented in Table 5, with similar
magnitudes estimated. Most estimates have greater statistical significance than those presented in Table
5, due to a substantial decrease in the standard errors for the point estimates. However, there are a few
instances with coefficient estimates that are positive and statistically significant - overweight for mothers
with some college, health scale for children from the third socioeconomic quartile, communication problems
for the lowest socioeconomic quartile or with mothers having less than a high school diploma, and frequent
ear infections for mothers with less than a high school diploma. We do not have an interpretation for these
results, which are not consistent with Table 5’s results and do not correspond to improvements in health
outcomes following California’s PFL. We note that these positive and significant point estimates do not
exhibit a consistent pattern and appear rather sporadic. We further note that overall 77 coefficient estimates
are presented in Table 9, out of which 5 are positive and statistically significant and 37 are negative and
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Table 8: Correlation between the Introduction of PFL and Child/Mother/Household Characteristics

Notes:
Sample excludes children not residing with their biological mother, born outside the U.S., with unidentified state of residence, or with a
twin sibling. Sample further excludes children who turned six years old more than a year prior to their state’s kindergarten cutoff date
or before their state’s kindergarten cutoff. States not appearing in either ECLS-K2011 or both ECLS-B and ECLS-K1999 are excluded (8
states and Washington, D.C.). Children with one of the six health outcome variables missing are also excluded. Coefficient estimates
are for α1 from the DID regression specification reported in equation (1), with the listed child/mother/household characteristic as the
dependent variable. The data is collapsed at the state-survey level. Number of observations is 120 for the first three columns (all ECLS
data) and 77 in the last three columns (ECLS-K1999 and ECLS-K2011 data). Heteroskedasticity-robust standard errors clustered at the
state level are in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
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statistically significant.
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Table 9: Child Health Outcomes following California’s PFL by Child Characteristics (DID Regressions)

Notes:
For sample restrictions and details on health outcomes, see Tables 1 and 5. Each coefficient estimate is from a separate regression with
observations only from the subgroup listed for that row. The coefficient estimates presented are for α1 from equations (1) or (2) for
health scale Z-score (OLS model) and all other dependent variables (probit model), respectively. There were no observations from
the ESL California population with non-zero ADHD values in the ECLS-K1999. As such, the regression with the ESL population and
ADHD as the dependent variable could not be estimated in a probit model. *** p<0.01, ** p<0.05, * p<0.1
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