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Abstract

Many believe that increasing the quantity of children will lead to a decrease in their
quality. This paper exploits plausibly exogenous changes in family size caused by relax-
ations in China’s One Child Policy to estimate the causal effect of family size on school
enrollment of the first child. The results show that for one-child families, an additional
child increased school enrollment of first-born children by up to sixteen percentage-
points. The benefit is larger for households where the children are of the same sex.
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1 Introduction

Since Malthus first theorized about population constraints on economic growth, the trade-
off between quantity and quality has been a central question in economics. Contemporary
economists, beginning with Becker and Lewis (1973) and Becker and Tomes (1976) have
continued to theorize about the negative effects of family size on child quality (Galor and
Weil, 2000; Hazan and Berdugo, 2002; Moav, 2005). For policy makers in developing countries
today, understanding this trade-off is especially relevant as many governments have attempted
to curb population growth as a way of increasing average human capital investment. Both
China and India, the world’s two most populous countries, have experimented with different

family planning policies to limit family size.



The empirical evidence on the extent of the quantity-quality tradeoff or even the existence
of it is conflicted. On the one hand, studies have found family size to have no effect or even
a positive effect on child outcomes in Israel (Angrist, Lavy and Schlosser, 2005, 2006), Korea
(Lee, 2009), the U.S. (Kessler, 1993), China (Guo and VanWey, 1991) and Africa (Gomes,
1984). On the other hand, the effect of family size on education has been found to be negative
in the India (Rosenzweig and Wolpin, 1980), France (Goux and Maurin, 2004), the U.S.
(Conley, 2004; Berhman et. al., 1989; and Stafford, 1987), and China (Rosenzweig and Zhang,
2009).! Theoretically, it is possible to motivate both models that predict negative family
size effects and models that predict positive ones without hard-to-believe assumptions. The
quantity-quality tradeoff can arise from the assumption that the cost of quality is increasing
with the number of children. While this may be a reasonable assumption in many contexts,
it seems equally reasonable to think that there exist contexts where the opposite is true: that
there are economies of scale in raising children. For example, children may share clothes
and text books which are easier to transfer between children of the same family than across
children of different households. In this case, quantity can compliment quality.

Moreover, an important gap exists in the literature. Past studies have almost entirely
focused on the effect of increasing the number of children from two to three. We know very
little about the effects of increasing the number of children from one to two, the margin
that is increasing in relevance as parents’ preferred household size decreases over time. This
margin is particularly important to examine since there are reasons to believe that the effect
of family size on quality is not monotonic across the number of children. Most past studies
which typically rely on continuous linear measures for family size have missed this point. Only
recently, by using dummy variables for family size, have studies shown correlational evidence
that children with no siblings do worse than children with one or two siblings even though
the number of siblings is negatively correlated with child quality for households with three or
more children (Black, Devereaux and Salanes, 2004; and Tacavou, 2001).2

Difficulty in establishing causality also hindered past studies from studying the effect of
being an only child. Interpreting the cross-sectional correlation between family size and child
outcomes faces two main difficulties. The source of endogeneity that concerned most previous
studies is parental heterogeneity. For example, if parents who value education more may
also prefer to have fewer children, then the correlation between quantity and quality will be

!The studies described here all focus on cross sectional evidence. Alternatively, Bleakely and Lange (2009)
examines time-series evidence in the American South. They find that increased schooling caused a decrease
in fertility. See Schultz (2005) for a detailed critique of the empirical literature.

2Tacovou (2001) argues that this could be because children benefit from social interactions with other
children. Using detailed data on time use of children in the U.K., she finds that the one-child disadvantage
decreases with the amount of time a child spends playing with other children after school.



driven by parental preferences rather than by family size. Endogeneity may also arise from the
quality of the first child. For example, if parents are more likely to have a second child when
the first child is of high quality, the ordinary least squares (OLS) estimate of the family size
effect will be biased upwards. To address these issues, past studies have carefully constructed
strategies that exploit plausibly exogenous variation in family size caused by multiple births or
the sex composition of the first two children (Angrist, Lavy and Schlosser, 2005, 2006; Conley,
2004; Lee, 2003; Rosenzweig and Wolpin, 1980; Rosenzweig and Zhang, 2009)2 However,
these strategies work best in studying the effect of increasing the number of children from two
to three. The sibling-sex strategy only applies to households that already have two children.
The twins strategy can only estimate the effect of having two children instead of one under
the assumption that there is nothing inherently different about twins.

The principal contribution of this paper is to establish causal identification for estimating
the effect of increasing the number of children from one to two. First, I present a simple model
that allows for economies of scale and illustrate how having a second child could increase school
enrollment of the first. Then, I address the empirical issue of endogeneity by exploiting regional
and time variation in relaxations of China’s One Child Policy (OCP). I use the relaxation that
allowed families to have a second child if the first child is a girl to instrument for the family
size of first-born children. Three facts are exploited: first, an individual is only affected by
the relaxation if she is born in a relaxed area; second, amongst first-born children born in
relaxed areas, only girls are affected; and third, a girl is more likely to gain a sibling due to
the relaxation if she is younger at the time of the policy announcement. The instrument for
family size is the triple interaction term of an individual’s sex, date of birth and region of birth.
The interaction between whether a girl was born in a relaxed area and her birth year estimates
the effect of the relaxation on family size. The additional comparison with boys controls for
region-specific changes in school provision (and other cohort changes) that affected boys and
girls similarly. This strategy differs from previous methods in that it essentially compares
one-child households with two-child households. To exclude parents who may have chosen to
keep girls in order to have a second child, the sample is restricted to first born children born
before the relaxation began.

The first stage results show that the OCP was binding for children born four or less years
before the OCP was announced. The relaxation increased the number of siblings for these

3The sibling sex compostion method argues that parents prefer children of mixed sex. Therefore, they
are more likely to have a third child if the first two are of the same sex. The twins method argues that the
occurence of twins (before the introduction of fertility treatments) is uncorrelated to individual characteristics.
Hence, twinning is a plausibly exogenous source of variation for family size. Both methodologies examine the
effect of an additional sibling for families with at least two children. Angrist, Lavy and Schlosser (2005, 2006)
used both techniques and found that the results are similar.



children. On average, approximately one out of every four children gained a sibling because of
the relaxation. The second stage results show that an additional child significantly increased
the school enrollment of the first child by up to sixteen percentage points. The positive sign
of the effect of a second child is consistent with the OLS evidence but the 2SLS estimates
are larger in magnitude. To investigate whether this could be due to economies of scale in
schooling costs, I estimate the differential effect for when the first two children are of the same
sex versus when they are of different sex. If one assumes that economies are greater when
children are of the same sex, then the presence of economies of scale would predict that the
benefits are larger for such households. The results show that the benefits are larger when the
two children are of the same sex. However, since sex can be endogenously chosen by parents,
this should be interpreted cautiously as suggestive evidence.

The results from this study provide novel casual evidence for the benefit of an additional
sibling for first born children. Furthermore, they suggest that there may be economies of
scale in the costs of schooling. The main caveat for interpretation comes from the fact that
the second child is still too young to attend school at the time the data is collected so that
I cannot examine their outcomes. Therefore, the results cannot directly “test” the standard
quantity-quality model which predicts that average quality is decreasing with quantity. That
said, most existing empirical studies of the effects of family size focus on outcomes of the
first born children. Hence, the results from this study are easily comparable to the existing
evidence.

This paper has several advantages over past studies. First, China’s family planning policies
provide a unique source of exogenous variation in family size. Second, the empirical strategy
can evaluate the causal effect of an additional sibling for one-child households whereas past
methodologies have mostly been limited to households with two or more children. Finally,
this study evaluates the effects of the OCP, one of the most restrictive and large scale fam-
ily planning policies ever undertaken. While demographers and sociologists have conducted
many descriptive studies of the policy’s impact on fertility and sex ratios, the lack of local
enforcement data has heretofore prevented an examination of the causal effect of the OCP on
child outcomes. The findings indicate that the OCP decreased female survival by up to ten
percentage-points, and the relaxation was successful in reducing the sex selection to pre-OCP
levels. Interestingly, the results also show that the previous rule on four-year birth spacing
was well enforced.

The paper is organized as follows. Section 2 discusses family planning policies and ed-
ucation in rural China. Section 3 presents the conceptual framework. Section 4 describes
the data. Section 5 presents the empirical strategy. Section 6 presents the empirical results.

Section 7 offers concluding remarks.



2 Background

2.1 Family Planning Policies

In the 1970s, after two decades of explicitly encouraging population growth, policy makers
in China enacted a series of measures to curb population growth. The policies applied to
individuals of Han ethnicity, who comprise 92% of China’s population. Beginning around
1972, the policy “Later [age], longer [the spacing of births], fewer [number of children]” offered
economic incentives to parents who spaced the birth of their children at least four years apart.
A more restrictive policy, commonly known as the One Child Policy (OCP), was announced
in 1979. Actual implementation began in certain regions as early as 1978, and enforcement
gradually tightened across the country until it was firmly in place in 1980 (Croll et. al., 1985;
Banister, 1987). Second births became forbidden except under extenuating circumstances.
Local cadres were given economic incentives to suppress fertility rates. In the early 1980s,
parts of the country were swept by campaigns of forced abortion and sterilization and reports
of female infanticide became widespread (Greenlaugh, 1986; Banister, 1987). Past studies
have generally considered the OCP to have only affected the family size of cohorts born after
1979/80. However, if the previous four year birth spacing law was well enforced, then the
OCP should be binding for those born in 1976 and after.

Local governments began issuing permits for a second child as early as 1982. This practice
was made official when the Central Party Committee issued “Document 7”7 on April 13, 1984.
The two main purposes of the document were to: 1) curb female infanticide, forced abortion
and forced sterilization; and 2) devolve responsibility from the central government to the local
and provincial government so that local conditions could be better addressed. In other words,
it allowed for regional variation in family planning polices. The document allowed for second
births for rural couples with “practical” difficulties, and strictly prohibited coercive methods.
The main relaxation following Document 7 is called the “l-son-2-child” rule. It allowed rural
couples to have a second child if the first child was a girl (Greenlaugh, 1986).* The explicit
purpose of this relaxation was to decrease female infanticide of the first-born child. White
(1992) found that 5% of rural households were allotted second child permits in 1982. These
permits were generally granted to regions with extremely high levels of infanticide. After
Document 7, the permits expanded to 10% of the rural population in 1984, 20% in 1985 and
50% by 1986.

Document 7 made provincial governments responsible for both maintaining low fertility
rates and decreasing infanticide. While the exact process of granting permits is unclear, I

4Practical difficulties included households where a parent or first-born child was handicapped, or if a parent
was engaged in a dangerous industry (e.g. mining).



use county level data on family planning policy to show in the next section that the prob-
ability for a county to obtain the 1-son-2-child relaxation is positively correlated with the
rate of pre-relaxation sex-selection, and both are positively correlated with distance from the
provincial capital. These facts most likely reflect that in order to maintain low aggregate
fertility rates and decrease excess female mortality (EFM), provincial governments granted
relaxations to regions that were distant to the administrative capital, and where EFM was
more prevalent. The higher prevalence of sex-selection in rural areas can be due to both
more boy-preference in distant rural areas and the fact that geographic distance increases
the provincial government’s logistical difficulty of preventing EFM.? Issues of identification
that arise from the correlation of obtaining a relaxation and sex-selection will be addressed
explicitly in the section on robustness.

Note that ethnic minorities were always exempt from family planning policies. This will not
have a large effect on this study since only a very small proportion of the Chinese population
is comprised of ethnic minorities. To be cautious, the regression analysis will control for
ethnicity.

2.2 Rural Education

Inequality in education provision greatly increased during the 1980s both across provinces and
across counties within a province. Inequality between school finance increased as changes in the
fiscal system reduced subsidies from rich regions to poor regions. The system of “eating from
separate pots” (fen zou chi fang) devolved expenditure responsibilities from the central and
provincial governments onto local governments in order to give the latter stronger incentives
to generate revenue. The ratio of the per capita schooling expenditure in the highest spending
province to the lowest spending province doubled in one decade.

Many rural schools were closed; rural enrollment rates dropped dramatically and did not
recover until the mid to late 1990s (Hannum and Park, 2007). Using spending data from
Gansu province, they found that per capita school expenditure was positively correlated with
income and that significant variation in school quality existed across counties. They found
little variation within counties, suggesting that studies examining education outcomes should
focus on variation at the county level.

Hannum (1992) showed that the difference in school provision between rich and poor areas
was much greater for middle schools and high schools than for primary schools. This is

consistent with the CHNS data used in this study, where primary school enrollment remained

5Levels of income between counties with some relaxation and counties with no relaxation are comparable
in the CHNS data.



stable while middle school and high school dropout rates increased for poor areas (Hannum
and Park, 2007).

The CHNS data show that counties with some relaxation and counties with no relaxation
had similar geographic access to schooling in 1989. However, the data does not reveal quality
of schooling or the changes in school availability during the early 1980s. Because relaxed areas
tend to be more rural, it is likely that the quality of schools declined in relaxed areas during
the same time that the 1-son-2-child relaxation took effect. To control for this, I will compare
outcomes for girls to boys within counties. The strategy is robust as long as the changes in
school quality and the economic conditions that determine school quality in relaxed areas have

the same impact on both boys and girls.

3 Conceptual Framework

This section presents a simple model of the household that illustrates the quantity-quality
tradeoff.® The empirical analysis will only be able to examine the effects on the first child.
For simplicity, the following model assumes that the effects are similar across birth-parities.
Let the utility of a household be a function of the number of children it has, n, and the set of
education choices for each child i, {e;}§. e; is the level of education chosen for child i.

U(n,{ei}s) (1)

The cost of education is the sum of a fixed cost of educating each child, a, and a function
of the level of education and the number of children in the household.

c(e;) = f(ei,n) (2)

6Tt draws from the intuition proposed by the two models in the economics and sociology literature that
predict an interaction between the quantity and quality of children. The classic quantity-quality model dates
backs to Becker (1960), Becker and Lewis (1973) and Becker and Tomes (1979). To explain the decrease in
fertility, they theorized that when female wages increase, the substitution effect (e.g. between child care and
working) will outweigh the income effect. This model also predicts that quality monotonically decreases with
quantity. Similarly, the “resource dilution” model in sociology theorizes that when the number of children
increase, the average resource available to each child decrease, thereby creating a quantity-quality tradeoff.

Outside of economics, in disciplines such as social learning and child psychology, studies focus on the
determinants of child production functions. For example, the “confluence model”, which to date has not been
explored in the economics literature argued that children benefit from interacting with adults and teaching
younger children (Zajonc and Gregory, 1985). The quantity and quality of children are inversely related,
because increasing the number of children decreases the adult-to-children ratio within a household. At the
same time, children from one-child families and the youngest child from a multi-child family are worse off
because they cannot take advantage of the learning which comes from teaching younger children. This model,
therefore, predicts an “inverse-U” shape for the relationship between quantity and quality of children.
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The budget constraint faced by the household is then

n

> (a+cle) <y

=1

(3)

I assume that the cost of education is increasing in years of education, f., > 0 and the

rate of increase is positive, f..., > 0. I also assume that the cost of education is decreasing in

number of children, f,, < 0. This departure from the standard quantity-quality framework is

motivated by the observation that there are often returns to scale in education. For example,

children can share books and other school supplies. School clothes can be handed down from

older to younger children. Having a second child will lower the average and marginal cost of

school attendance for the first child as long as the secondary market for these goods function

such that transferring the goods to children from other families is more costly than transferring

them to children within the household. Moreover, children who are close enough in age can

also share transportation costs to school.
The constrained maximization faced by the household is

n,eq -
=1
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The first order conditions are

oL ou

o = gy~ AMat flein) +nfu(enn)
oL oUu _

de;  Oe; Alnfe,(ei,n)] =0

Denote the equilibrium education investment and number of children e*, n*. Note that in

equilibrium, e*, will be similar for all i.

(6)
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The ratio of the marginal utility from quantity to the marginal utility from quality can be
written as U
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(7)



The last term is the ratio of the marginal cost of educating one additional child holding
quality constant to the marginal cost of educating each child for one additional year holding
quantity constant.

In order for there to be a negative quantity-quality tradeoff, the marginal utility of edu-
cation with respect to years of education must be decreasing with the number of children.

our  oU/der
on* on* <0 (8)
fe*(e*vn*)

>1

n*fe*n* (6*7 TL*)

The cross partial derivative, fe«,(e*,n*), reveals how quickly the cost of an additional year
of education falls with the number of children. The right hand side expression, n* fe«,« (e*, n*),
is the amount you save on an additional year of schooling when you have an additional child
multiplied by the number of children you have. An additional child lowers the marginal cost
of an additional year of schooling for all children. Hence, if the marginal cost of an additional
year of education is greater than the total savings parents gain by having an additional child,
then there will be a quantity-quality tradeoff. On the other hand, if the cost of an additional
year of education is less than the savings parents gain from having an additional child, then
there will be no tradeoff and quantity will compliment quality.

4 Data

This paper matches the 1% sample of the 1990 Population Census with the 1989 China
Health and Nutritional Survey (CHNS) at the county level. The 1990 Population Census
contains 52 variables including birth year, region of residence, whether an individual currently
lives in his/her region of birth, sex, relationship to the head of the household and whether
an individual is enrolled in school at the time of the survey. The data allows children to
be linked to parents. Thus, family size and birth order of children within a household can
be calculated. Because the identification is partially derived from the region of birth, the
sample is restricted to individuals who reported living in their birth place in 1990. The CHNS
uses a random cluster process to draw a sample of approximately 3,800 households with a
total of 16,000 individuals in eight provinces that vary substantially in geography, economic
development, public resources, and health indicators. Most importantly, the survey provides
detailed village and township level information on family planning policy enforcement. Since
ethnic minorities were exempt from all family planning policies, I restrict the analysis to four
provinces which are mostly composed of individuals of Han ethnicity. The matched dataset



contains 21 counties in four provinces.” These provinces are in the middle range of GDP and
GDP growth during this period. They do not include rich coastal provinces or poor interior
provinces. The CHNS data is aggregated to the county level in order to be matched to the
1990 Census. Since the policy data is at the village and township level, the aggregated data
set reports the percentage of the population in each county that is exposed to the relaxation.

For the analysis of family size and education, the sample is restricted to first-born children
in cohorts born during 1962-1981. The reference group in the regression analysis is comprised
of individuals born during 1962-1972. Those born after 1981 are excluded because after the
relaxation was first introduced, parents who preferred larger families may have chosen to keep
girls in order to have a second child. In that case, the 2SLS estimate without excluding those
born after 1981 will be biased by parental preferences and show that girls with larger family
sizes are better off.

Panels A and B in Table 1A show that amongst first-born children, girls on average have
more siblings, more educated parents and higher school enrollment. Panels C and D show
that only children are more likely to be male, have more educated parents and are more likely
to be enrolled in school. This is consistent with the identification concern that parents with
more education may prefer to have fewer children and value education more.

To use individuals in counties without relaxations as a control group for individuals in
counties with relaxations, we would like the two groups to have similar characteristics in every
respect other than the relaxation. Table 1B compares first-born children born in counties with
no relaxation and first-born children born in counties with some relaxation. It shows that the
two types of counties have similar demographic characteristics. Each has approximately 55%
males amongst first-born children. Family size and sex composition of siblings are similar.
Children born in relaxed areas have slightly more educated parents. School enrollment in
both counties with and counties without relaxations are approximately 50%. Panel B shows
that in counties with some relaxations, approximately 38% of first-born children are born in
villages or townships with the relaxation. This is comparable to the survey evidence from
White (1992). Counties with relaxations are further away from urban municipalities.

The treatment group comprises of children who are 9 to 14 years old in 1990. In principle,
they should be enrolled in primary school or junior high school. The control group comprise
of children who in principle should be in high school. The descriptive statistics show that
children in counties with the relaxation must on average travel further to attend primary
school. This biases against my finding a positive effect of the relaxation on school enrollment.
The distances to middle schools and high schools are very similar between counties with and
without the relaxation.

"Liaoning, Jiangsu, Shandong and Henan.
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5 Empirical Strategy

Figure 1 plots the total number of children against the birth year of the first-born child.
It shows that children born in more recent years have smaller family sizes. This reflects
both the fact that parents of young children may not have finished having children and a
decrease in family size over time. To reveal the commonly seen OLS evidence for the quantity-
quality trade-off, I regress a dummy variable for school enrollment on dummy variables for
the number of children in a household. Children from one-child households are the reference
group. Figure 2A plots the coefficients. It shows that family size is negatively correlated
with school enrollment regardless of whether county fixed effects are controlled for. However,
this confounds the family size effect with several factors: 1) younger children are more likely
to be in school; 2) younger children will have fewer siblings because their parents may not
have finished having children; and 3) quantity and quality may be jointly determined by
parental preferences. Controlling for birth years addresses the first two problems and causes
the relationship between family size and school enrollment to become non-monotonic. Figure
2B plots the coefficients for family size when controlling for birth year fixed effects.® Relative
to the reference group of children from one-child families, children from two-child families
have higher school enrollment. However, the correlation between enrollment and family size
is negative for households with two to five children.

The main second stage equation will control for birth county and birth year fixed effects.
It can be written as the following.

1981
enrolly,. = sibs;b + cht/i + Z (urban, X dy)d; + a+ v, + . + €ie 9)
1=1973

School enrollment for individual 7, born in county ¢, birth year ¢, is a function of: sibs;.., the
number siblings he or she has; X;., individual characteristics; the interaction term between
urban,, distance to urban area, and d;, a variable indicating whether an individual was born
in year [; v,, birth year fixed effects; and v, county fixed effects.

This faces the problem that the number of children and investment in these children are
jointly determined by parents. Hence, if parents who value education also prefer smaller house-
holds, then OLS will over-estimate the negative effect of an additional sibling on schooling. I
address this by exploiting plausibly exogenous variation in family size caused by relaxations in
the One Child Policy. Sex, date and region of birth jointly determine an individual’s exposure
to the 1-son-2-child relaxation. The relaxation allowed parents to have a second child only

8Estimates for the coefficients plotted in Figures 2A and 2B are shown in Appendix Table Al.
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if the first-born child was a girl. Therefore, family size should be positively correlated with
being a girl. Since parents are more likely to have a second child if the first girl was younger
when the relaxation was announced, family size should be negatively correlated with the age
of the first girl. The interaction between whether a girl was born in a relaxed area and her age
estimates the effect of the relaxation on family size. The additional comparison with boys con-
trols for region and year specific changes in policies such as education provision that affected
both boys and girls similarly. The instrument for family size is therefore the triple interaction
of an individual’s sex, year of birth and region of birth. Only the combination of the three
is exogenous. The exclusion restriction for the instrument is that it must be correlated with
family size and have no direct effect on school enrollment or other right-hand-side variables.

To illustrate the identification strategy, I first estimate the effect of the policy on family size
for boys and girls separately. If the policy was fully enforced, it should increase the number
of siblings for first-born girls for whom the One Child Policy prevented from having younger
siblings. The relaxation should have no effect on the family size of boys. I estimate the
following equation separately for samples of first born boys and girls born during 1962-1981.

1981
51bS1. = Z (relax. x dy)B; + v, + a+ V. + Vie (10)

1=1973

The number of siblings for individual ¢, born in county ¢, birth year ¢, is a function of: the
interaction term of relaz,., the extent of relaxation in county ¢ and d;, a dummy indicating
whether the individual was born in year [; ~,, birth year fixed effects and 1., county fixed
effects. The reference group is comprised of individuals born during 1962-1972. It and all
of its interaction terms are dropped. For all regressions, standard errors are clustered at the
county level. If the four year birth spacing rule was well enforced, then Bz > ( for [ > 1976.
If it was not well enforced, then Bz > 0 for [ > 1980.

Then, to assess the statistical difference of the effect on boys and girls, I pool the data to
estimate the first stage equation with the triple interaction terms on the right hand side.

1981 1981
$1bS;1. = Z (relax. x girly. x dy)B; + Z (relax. x dy)d (11)
1=1973 1=1973
1981
+ Z (girlie x dy)C; + (relaz. X girlye) X + girliek
1=1973

+Oé+'yt+¢c+vz‘tc

The number of siblings for individual ¢, born in county ¢, birth year ¢, is a function of:
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the triple interaction term of relax., the extent of relaxation in county ¢, girl;., a variable
indicating whether a child is a girl and d;;, a dummy variable indicating whether the individual
was born in year [; the interaction term of relax. and d;;; the interaction term between girl;..,
and dy; the interaction term between relax. and girly.; girlye; v, birth year fixed effects;
and 1., county fixed effects. As before, the reference group of cohorts born 1962-1972 and
all its interactions are dropped. [, is the difference in the effect of being born in a relaxed
area on family size between girls and boys born in year [. The estimates should be zero for
earlier cohorts who were not affected by the One Child Policy and relaxation and positive for
later affected cohorts. 3, is the effect of being born in a relaxed county on family size for an
individual born in year [.

Like simple differences-in-differences estimators, cohort-invariant differences across regions
are differenced out by the comparison across cohorts. Changes across cohorts which affect
different regions similarly are differenced out by the comparison across regions. The triple
difference adds the advantage that cohort-varying differences that affect boys and girls simi-
larly across regions are also differenced out by the comparison between girls and boys within
each cohort and region. The exclusion restriction is only violated if a change with differential
impacts on areas with and without the relaxation and on boys and girls occurs at the same
time the relaxation took effect. In other words, the 2SLS estimate will be biased only if there
is a sex-specific change at the time of the relaxation in relaxed regions. For example, if local
governments of relaxed regions implemented a program encouraging girls to attend school
when the relaxation was enacted, then the 2SLS will confound the effects of this program
with the effects of family size. There is little reason to think that such a change occured.

The main concern with this strategy arises from the fact that the relaxations were in-
troduced to curb sex selection. If the relaxation is strongly correlated with the extent of
sex-selection for One Child Policy cohorts, two potential problems will arise. First, unob-
served factors correlated with sex-selection may affect education investment differentially for
boys and girls. This will bias the estimates if the factors driving sex-selection are time varying.
For example, the larger boy-preference in regions that received the relaxation may be driven
by higher relative adult male wages (Qian, 2008). Since education most likely has positive
returns in the labor market, this would probably attenuate the 2SLS estimates of this study”’
Second, there might be selection bias regarding the parents who choose to keep girls in re-
laxed regions. The main concern is that parents of girls in relaxed regions could have different
unobservable characteristics from parents of girls in regions without the relaxation in such a
way that would bias the 2SLS estimates upwards. For example, parents of girls in relaxed

9The CHNS does not have accurate data on individual income within the household since much of rural pro-
duction is conducted at the household level and income cannot be accurately assigned to individual members.
Consequently, I cannot directly examine the role of relative earnings in this study.
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regions may on average have a higher consumption value for all things related to children such
as education relative to parents of girls in non-relaxed regions. Then, the 2SLS estimate will
overestimate the true effect of family size on school enrollment.

I address this concern by first investigating the extent to which the One Child Policy
increased sex selection in areas that received the relaxation relative to other areas. The
following equation estimates the effect of the relaxation on the fraction of males by birth year.

1989
maleg, = Z (relaxe X dy)B; + v, + @ + .+ Vige (12)

1=1969
The probability of being male for individual 7, born in county ¢, birth year ¢ is a function
of: the interaction terms between relax,., and birth year dummy variables, d;;; birth county
fixed effects, 1.; and birth year fixed effects, v,. [, is the correlation between being born
in a relaxed county and the sex ratios of your cohort for each birth year [. To estimate the

magnitude of the effect of the relaxation on sex ratios, a simpler specification is estimated

3

malej. = Z(relaazc X posti)o; + a4+ v, + V. + Eite (13)
1=2

The probability of being male for individual z, born in county ¢, birth year ¢ is a function of:
the interaction term between relaz., and post;, a variable indicating the individual’s cohort
group; 1., county fixed effects and ~,, cohort group fixed effect. The children are divided into
three groups according to birth cohort. The reference group is comprised of individuals not
affected by the One Child policy and the relaxation (born before 1978). The second group is
comprised of children born after the One Child Policy but before the relaxation (1978-1981).
The third group is comprised of children born after the relaxation (1982-1989). 0, is the
effect of the One Child Policy on sex selection in relaxed areas relative to areas without the
relaxation.

Then, using the estimate of d;, I can calculate bounds for the effect of family size on school
enrollment under the assumption that parents who kept daughters in areas that received the

relaxation also value education more. See section on robustness for details.
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6 Empirical Results

6.1 OLS Estimates of the Effect of a Sibling on Schooling

Panels A and B of Table 2 show the estimates from equation (9). All regressions control for
the full set of double interaction terms from the first stage equation.'® Columns (1)-(6) of
Panel A show that amongst households with three or fewer children, an additional sibling
decreases school enrollment of the first child by 1.1 percentage points. However, since the
2SLS will reveal the effect of increasing the number of children from one to two, the relevant
OLS comparison should be on a sample of individuals with one or no sibling. Columns (1)-(6)
of Panel B shows that in this sample, an additional sibling increases school enrollment by
approximately 1.5 percentage-points. Estimates in both cases are statistically significant at
the 1% significance level and robust to controls. In comparing the results of this study to
studies that find a negative family size effect, the estimates in Panels A and B shows clearly
that the sign switch is induced by restricting the comparison to be between households with

one child to households with more than one.

6.2 The Effect of the 1-Son-2-Child Relaxation on Family Size

I first estimate equation (10) on separate samples for boys and girls. The estimates are shown
in Table 3, columns (1) and (2). The estimates for girls are statistically significant at the 1%
level for individuals born 1976 and later. This is consistent with the fact that before the One
Child Policy was introduced in 1979/1980, there was a four year birth spacing law. Hence, the
One Child Policy was binding for cohorts born four years previous to its introduction. The
estimates for boys are statistically insignificant. The coefficients are plotted in Figure 3A. It
shows that family size for boys and girls were similar for cohorts born 1973-1976, after which
the family size for girls increased and the family size for boys remained the same.

The estimated coeflicients for the triple interaction terms from equation (11) are shown
in Table 3, column (5). They are statistically significant at the 5% level for the individuals
born 1977-1981. Figure 3B plots the coefficients for the triple interaction term. It shows that
the boy-girl difference in the effect of being born in a relaxed area on family size is zero for
unaffected cohorts and positive for the affected cohorts. On average, the relaxation increased
family size of first-born girls by approximately 0.25 children. In other words, approximately
one out of every four children gained a sibling due to the relaxation. The discrete change in

10The double interactions include the interaction term of relax. and d;;; the interaction term between girl;;.
and d;;;the interaction term between relax. and girl;; and girl;.. The reference group is comprised of cohorts
born during 1962-1972. The dummy variable for the reference cohort and all its interactions are dropped.
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the effect of the triple interaction term between individuals born before 1976 and those born
afterwards suggests that the previous four-year birth spacing rule was well enforced.

6.3 The Effect of the 1-Son-2-Child Relaxation on Enrollment

I first estimate the effect of the relaxation on enrollment separately for boys and girls using
an equation identical to equation (10) but replacing the dependent variable with enrollment,
the outcome of interest. The reference group is comprised of individuals born during 1962-
1972. The dummy variable for the reference group and all its interactions are dropped. The
coefficients for girls and boys are shown in Table 3, columns (3) and (4). The estimates are
statistically significant for girls. Figure 4A plots the estimates for boys and girls. The plot of
the reduced form shows that girls affected by the relaxation (born 1976 and after) had higher
education enrollment than boys, whereas girls unaffected by the relaxation (born before 1976)
had lower school enrollment rates than boys.

The estimates in Figure 4A show that relative to areas without the relaxation, enrollment
for both boys and girls decreased after primary school. This is consistent with the hypothesis
that school provision and quality in relaxed regions relative to regions without the relaxation
declined during this period. I control for this by comparing the effect of the relaxation on
enrollment for boys with the effect of the relaxation on enrollment for girls. I estimate an
equation similar to equation (11) with school enrollment as the dependent variable. The
reference group is comprised of individuals born during 1962-1972. The dummy variable for
the reference group and all its interaction terms are dropped. The coefficients are shown in
Table 3, column (6). The estimates show that for older cohorts not affected by the relaxation,
individuals born in relaxed areas had on average 1% to 17% less school enrollment than areas
without the relaxation. However, for cohorts affected by the relaxation, individuals born
in relaxed areas were on average enrolled in school 5% more than individuals born in areas
without the relaxation. The estimates are statistically significant at the 1% level. Figure 4B
plots the triple difference reduced form estimates. It shows that school enrollment in relaxed
areas was higher for girls of the affected cohort than for boys.!!

6.4 2SLS Estimates of the Effect of a Sibling on Schooling

Columns (1)-(6) of Table 2 Panel C show the 2SLS estimates for households with three or
fewer children. It shows that for a sample where 49% of individuals were enrolled in school, an

'Reduced from estimates for sample restricted to two or fewer children are presented in Appendix Table
A2 column 6.

16



additional sibling increased enrollment of the first child by approximately fourteen to sixteen
percentage-points. The estimates are statistically significant at the 1% level. Panel D restricts
the sample to households with two or fewer children. The estimates show that for a sample
where 54% of individuals were enrolled in school, an additional sibling increased enrollment of
the first child by approximately 12 percentage-points. The estimates are mostly statistically
significant at the 10% level.

6.5 Robustness

6.5.1 Selection

If parents of relaxed regions who chose to keep girls born under the One Child Policy valued
education more than parents of other regions who kept girls, then the 2SLS strategy will
overestimate the true effect of family size on school enrollment. This problem is partially
addressed in the main estimation by excluding cohorts born after the relaxation first began.
This excludes households which kept girls in order to have a second child.

To further address the problem of sample selection, I construct an alternative sample to
estimate the lower bound of the absolute value of the family size effect. I remove the “extra”
boys from relaxed counties and replace them with girls that I construct so that for each cohort,
the sex ratio is equivalent between counties with some relaxation and counties without any
relaxation. Only boys who are not enrolled in school are removed. Added girls are assumed to
be enrolled in school. This increases the average enrollment rate for boys born 1976-1982 in
counties with the relaxation, and decreases average enrollment rate for girls in counties with
the relaxation. 2SLS using this “stacked” sample will be biased against finding a positive
effect of family size on school enrollment and allow me to estimate the lower bounds of the
positive family size effect and investigate the extent to which the main results are driven by
selection.

To estimate the number of “extra” boys, I first need to examine the extent of sex-selection
in regions that received the relaxation before the relaxation was enacted.'? Any sex-selection
caused by the One-Child Policy should be observed for cohorts born closely before and after
1980. I estimate the equation (12) using a sample of cohorts born between 1962 and 1989 for
each birth parity.'® The dependent variable indicates whether an individual is male. Table 4

12Past studies comparing hospital birth records and population census data, or by comparing sex ratios for
the same cohort at different ages have found that sex-selection mostly occurs at very young ages, which is
consistent with the lack of prenatal gender revealing technology and tough government enforcement against
infanticide (Qian, 2008; Zeng et. al., 1993). Hence, any sex-selection caused by the One-Child Policy should
be observed for cohorts born closely before and after 1980.

13Because of widespread under reporting of children under one year of age, I exclude the 1990 cohort (Zeng,
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column (1) shows the estimates of 3, for first-born children. They are statistically significant.
Column (2) shows that the estimates are robust to the addition of a control for whether
individuals are ethnically Han. Figure 5A plots the coefficients and 95% confidence intervals.
It shows that in areas that received the relaxation, the fraction of males increased after the
One Child Policy relative to other areas. It also shows that the relaxation decreased the
fraction of males to the pre-One Child Policy level.'* To assess the magnitude, I estimate
9; from equation (13). Table 5 column 1 shows that amongst first-born children, there were
10.6 percentage-point more males in relaxed regions due to the initial One Child Policy. The
estimate is statistically significant at the 1% level. The relaxation caused the sex ratios to be
similar between regions.

Using the estimate 31, I calculate the number of extra boys due to the One Child Policy
and construct the stacked sample to repeat the estimate of the main effect of family size on
school enrollment. They are similar to the results from using the actual data. They are not
reported in the paper for brevity. These results suggest that the main results are not driven

by selection.

6.5.2 Family Composition

Using the triple difference as an instrument for family size requires that the instrument does
not affect any right-hand-side variable other than family size. One concern is that the relax-
ation also changed the sex composition of children in families of the affected cohort. Then
the 2SLS estimate will be confounded. I can explore this possibility by estimating equation
(12) for second and higher parity births. The coefficients and standard errors for second born
children are shown in Table 4 columns (3) and (4). For third and higher parity births, they are
shown in columns (5) and (6). They and their 95% confidence intervals are plotted in Figures
5B-5C. The figures show that the One Child Policy and subsequent relaxations did not affect
sex ratios of higher order births in relaxed counties relative to counties without relaxations.
These results support the identification assumption.

1992). The reference cohort is composed of individuals born during 1962-1968.

4 Note that although the One Child Policy constrained the family size of individuals born as early as 1976,
sex-selection from the One Child Policy appears only in cohorts born after 1978. A plausible explanation
is that sex-selection in China mostly occurs for very young children. In other words, once the policy was
announced in 1979/80, parents were unwilling (or unable) to sex-select for children that were more than 1 or
2 years of age.
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6.5.3 Marriage Market

One possible concern for the empirical strategy is that the instrument affected enrollment
through channels apart from family size. In particular, the results may be driven by marriage
market channels. The intensive boy-biased sex selection in regions that received the relaxation
may have increased the value of girls in these regions. This may have a direct positive effect
on the investment in girls’ education apart from family size effects if there are positive returns
to education on the marriage market. However, the increase in the value of girls in relaxed
areas should also have resulted in an increase in female survival. Figures 5A-5C show that
female survival in relaxed regions did not improve for any birth parity after the relaxation.
This is inconsistent with the marriage market explanation.

6.6 Mechanisms

6.6.1 Economies of Scale

If the positive effect of the second child is driven by economies of scale in education, then one
would reasonably expect the positive effects to be larger in magnitude when both children
are of the same sex, i.e. the younger child is a girl. Economies of scale for same sex children
would occur if children of the same sex are more likely to share similar interests or needs. For
example, a higher percentage of a daughter’s clothes can be re-used by a younger daughter
than a younger son. To investigate whether such economies of scale exist, I separately estimate
the 2SLS effect of family size on a sample excluding those where the first two children are
the same sex, and a sample excluding those where the first two children are of different sex.'?
The estimates for the two samples are shown in columns (1) and (2) of Table 6. The positive
main effects are driven by households where the children are of the same sex. This should be

interpreted cautiously since sex can be endogenously chosen by parents.!o

6.6.2 Permanent Income

Here, I explore the alternative hypothesis that the main results are driven by an increase

in permanent income. In rural China, parents rely on children for income during old age.

15 Approximatey 24% of the sample have siblings of the same sex.

16T also estimated the differential effect of family size across different age gaps between the first two children.
The results showed that the benefits are larger when larger age gaps exist between children. Interpretation
of this result is made difficult that age gaps can be a result of sex selection. Parents who want a son for a
second child and who are constrained to have no more than two children will on average have further spacing
between their children than parents who have weaker son preference or parents who have limited ability to
sex select. If the ability to select is correlated with factors that also determine education such as income, then
the estimated interaction effect will reflect the influence of those factors.
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Therefore, an additional child can be seen as an increase to permanent income. This will lead
to an increase in expenditures on children’s schooling (and hence enrollment) if parents are
not credit constrained.

It is very unlikely that households in rural Chinese communities during the early and
mid 1980s were not credit constrained and could borrow against the future earnings of their
children. That said, I can test the hypothesis that the main results are driven by an income
effect under the assumption that parents are not credit constrained and believe that sons will
earn more than daughters. In this case, any income effects should cause the positive effect
on the enrollment of the first child to be larger when the second child is a boy. Hence, 1
divide the sample into those that do not have a younger sister and those that do not have a
younger brother and examine whether the main effect differs by the sex of the younger child.
The results are shown in Table 6 columns (3) and (4). They show that the effects are larger
for those with a younger sister. This is inconsistent with the permanent income explanation.
These results should be interpreted cautiously since the sex of the younger sibling can be

endogenously chosen by parents.

6.6.3 Mother’s Labor Supply

An additional channel through which having a younger sibling could affect the first child is the
mother’s labor supply. This can easily coexist with any economies of scale in raising children.
If having a second child increases household needs for monetary income and public school is a
source of inexpensive child care, then an additional child may cause the mother to enter the
labor force and send the older child to school. As long as households are credit constrained,
this will be true even if having more children increases parents’ future (permanent) income.
To explore this possibility, I estimate the effect of the relaxation on school delay of the first
child and mother’s work status.

Estimating the effect on school delay does not provide a clean test. It reflects two poten-
tially offsetting forces. On the one hand, children with younger siblings may attend school
earlier if parents wish to decrease the amount of at-home child care needed during the day. On
the other hand, parents may hold back the first child with the belief that there are economies
of scale to having two children in school at the same time. Using a restricted sample of indi-
viduals who are currently enrolled in school, I repeat the main estimation with school delay as
the dependent variable. It is measured as the difference between an individual’s years of edu-
cation and the years of education she should have had assuming that she began at age seven.!”
Table 7 Panel A shows that on average, first-born children of households with three and fewer

"The means are shown in Appendix Table A1 columns (5)-(8).
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children are 0.5 years and 1.6 years ahead in schooling relative to the legal requirement. The
sample means are similar for boys and girls. The OLS estimates in Panel A show that an
additional sibling is correlated with being behind in school relative to the mean. But the
estimates are not statistically significant. In contrast, the 2SLS estimates show that having
a younger sibling causes the first child to attend school earlier. However, these estimates are
also not statistically significant and are at best suggestive.

Next, I estimate the effect of having an additional child on mother’s labor supply. The
dependent variable is a dummy variable that equals one if the mother does not work outside
of the home. The results are presented in Table 8. The estimates are negative and almost
statistically significant at the 10% level. They suggest that an additional child causes the
mother to be less likely to stay at home and more likely to participate in the labor market.
Columns (5) and (6) show that the effect is statistically similar between those with a younger
son and those with a younger daughter. These results are consistent with the hypothesis that
parents view schools as an alternative source of child care for the first child and send her to
school while the mother enters the labor force.

7 Conclusion

This paper estimates the effect of family size on school enrollment for first-born children. It
resolves the problem of joint determination by exploiting the plausibly exogenous variation
in family size caused by relaxations in the One Child policy. The results show that both the
One Child Policy and the previous four-year birth spacing policy were well enforced; and that
the 1-son-2-child relaxation increased family size for girls born in relaxed areas. Then, it uses
the variation in family size caused by this relaxation to provide evidence that a second child
increased school enrollment of the first child.

The empirical results do not directly speak to effect of family size in average school en-
rollment across all children within a household because the second child is too young to be
enrolled in school when the data was collected. Hence, these results, taken literally, do not
reject the predictions of the standard models of quantity-quality tradeoff. That said, the find-
ings do provide empirical evidence for a novel insight for first born children, who have thus
far been the focus of most existing empirical studies of quantity-quality. They show clearly
that first born children benefit from having a younger sibling and suggest that the effect of
family size on the first born child may be non-monotonic across the number of siblings.

It is beyond the scope of this paper to provide conclusive evidence on the mechanisms
driving the main effects. The evidence suggests that there may exist economies of scale in
schooling. This may be complimented by parents use of public schools as alternative child
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care. Interpreting these results outside of the context of rural China requires caution. This
is especially true if parents in these other contexts do not have access to inexpensive public
schooling or good labor market opportunities.'®

18To verify that the Chinese context is not inherently different from other contexts where the quantity-
quality tradeoff has been studied, I replicate past studies that used the occurence of twins at the second birth
to instrument for having three children instead two children using the data of this study. The estimates are
similar to other studies using the twins strategy. They show that increasing the number of siblings from two
to three decreases school enrollment of the first child. The results are reported in previous versions of the
paper.
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Figure 1: The Number of Total Children in Household by Birth Year for Households with
3 or fewer children
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Figure 2A: Correlation between Family Size and School Enroliment
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Figure 2B: Correlation between Family size and School Enroliment

By Family Size with Birth Year Controls
Coefficients of the number of total children in the household
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Figure 3A: The Effect of Relaxation on Family Size
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Born in a Relaxed Area * Birth Regions

0.5

0.45

0.4 -

0.35 A

0.3 1

0.25 A

0.2 -

0.15 A

0.1 1

0.05 ~

O T T T T T T
1973 1974 1975 1976 1977 1978 1979
Birth Year

1980 1981

Figure 3B: The Effect of Relaxation on Family Size
Coefficients of the Interactions between
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Figure 4A: The Effect of Relaxation on School Enroliment
Coefficients of Interactions between
Born in Relaxed Region * Birth Year
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Figure 4B: The Effect of Relaxation on School Enroliment
Coefficients of Interactions between
Dummy for Girl * Born in Relaxed Region * Birth Year
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Figure 5A: The Effect of Relaxation on Sex Ratios
of First Born Children and 95% Confidence Intervals
Coefficients of the Interactions between
Born in Relaxed Region * Birth Year
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Figure 5B: The Effect of Relaxation on Sex Ratios
of Second Born Children and 95% Confidence Intervals
Coefficients of the Interactions between
Born in Relaxed Region * Birth Year
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Figure 5C: The Effect of Relaxation on Sex Ratios
of Later Born Children and 95% Confidence Intervals
Coefficients of the Interactions between
Born in Relaxed Region * Birth Year
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Table 1A: Descriptive Statistics
CHNS 1989 and 1% Sample of China Population Census

Std.
Variable Obs Mean Std. Err. Obs Mean Err.
A. Girls B. Boys
Han 11938 0.943 (0.002) 14518 0.949 (0.002)
# Siblings 11938 0.908 (0.007) 14518 0.759 (0.006)
Sisters 11938 0.359 (0.005) 14518 0.413 (0.005)
Brothers 11938 0.550 (0.006) 14518 0.345 (0.004)
Enrolled 11938 0.504 (0.005) 14518 0.477 (0.004)
Mother's Education 11551 6.252 (0.040) 13944 5.805 (0.036)
Father's Education 10872 8.191 (0.036) 13305 7.729 (0.034)
Mother at Home 11938 0.116  (0.003) 14518 0.135 (0.003)
Relaxation 11938 0.243 (0.003) 14518 0.238 (0.003)
Agricultural 11927 0.597 (0.004) 14481 0.608 (0.004)
C. <=3 Children D. Only Child

Sex 16723 0.512 (0.004) 9733 0.611 (0.005)
Han 16723 0.939 (0.002) 9733 0.958 (0.002)
Enrolled 16723 0.430 (0.004) 9733 0.591 (0.005)
Mother's Education 16231 5.469 (0.031) 9264 6.952 (0.048)
Father's Education 15427 7.600 (0.029) 8750 8.530 (0.044)
Mother at Home 16723 0.129 (0.003) 9733 0.121  (0.003)
Relaxation 16723 0.272 (0.003) 9733 0.186 (0.003)
Dist to Prov.

Capital 16723 169.968 (1.147) 9733 134.971 (1.607)
Dist to Big City 15806 7.711  (0.081) 9369 10.667 (0.116)
Agricultural 16694 0.709 (0.004) 9714 0.423  (0.005)

Sample of cohorts born 1962-1981



Table 1B: Descriptive Statistics for Counties with Relaxation

No Relaxation

Some Relaxation

Variable Obs Mean Std. Err. Obs Mean Std. Err.
A. Demographic

Sex 9915 0.555 (0.005) 16541 0.545 (0.004)
Han 9915 0.967 (0.002) 16541 0.934 (0.002)
# Siblings 9915 0.833 (0.007) 16541 0.822 (0.006)
Sisters 9915 0.385 (0.006) 16541 0.391 (0.004)
Brothers 9915 0.448 (0.006) 16541 0.431 (0.004)
Enrolled 9915 0.459 (0.005) 16541 0.507 (0.004)
Mother's Education 9558 5.153 (0.042) 15937 6.520 (0.034)
Father's Education 9055 7.518 (0.038) 15122 8.187 (0.032)
Mother at Home 9915 0.110 (0.003) 16541 0.136 (0.003)
Agricultural 9905 0.700 (0.005) 16503 0.546 (0.004)
B. Infrastructural

Relaxation 9915 0.000 0.000 16541 0.384 (0.003)
Dist to Prov Capital 9915 178.135 (1.340) 16541 144.480 (1.264)
Dist to Big City 8634 2.106 (0.017) 16541 12.311 (0.091)
Dist to Primary School 9915 0.245 (0.007) 15281 0.420 (0.004)
Dist to Middle School 9914 1.014 (0.010) 15281 1.607 (0.011)
Dist to High School 9914 4.989 (0.089) 15281 4.470 (0.069)

Sample of households with <=3 children amongst cohorts born 1962-1981.



Table 2: OLS and 2SLS Estimates of the Effect of Family Size on School Enroliment
Coefficients of the number of siblings

Dependent Variable: School Enroliment

(1)

)

@) (4)

®)

(6)

All All All All All All
OoLS
A. Households with <=3 children
Sample Mean of Dep Var 0.489
# Siblings -0.011 -0.011 -0.012 -0.010 -0.011 -0.011
(0.004) (0.004) (0.005) (0.003) (0.004) (0.004)
Observations 26456 26456 26456 25495 26456 25495
R-squared 0.69 0.69 0.69 0.70 0.69 0.70
B. Households with <=2 children
Sample Mean of Dep Var 0.539
# Siblings 0.016 0.016 0.013 0.018 0.016 0.015
(0.005) (0.005) (0.004) (0.004) (0.005) (0.005)
Observations 21321 21321 21321 20497 21321 20497
R-squared 0.70 0.70 0.70 0.71 0.70 0.71
2SLS
C. Households with <=3 children
# Siblings 0.161 0.161 0.167 0.146 0.159 0.140
(0.058) (0.059) (0.062) (0.043) (0.062) (0.046)
Observations 26456 26456 26456 25495 26456 25495
R-squared 0.64 0.64 0.64 0.66 0.64 0.66
D. Households with <=2 children
# Siblings 0.122 0.122 0.134 0.097 0.125 0.104
(0.065) (0.065) (0.064) (0.063) (0.067) (0.062)
Observations 21321 21321 21321 20497 21321 20497
R-squared 0.69 0.69 0.69 0.70 0.69 0.70
Controls
Han N Y Y N N Y
Distance to Urban N N Y N N Y
Mother's Education N N N Y N Y
Household Income N N N N Y Y

All regressions control for the full set of interaction terms and birth year and county fixed effects.
Standard errors are clustered at the county level.



Table 3: The Effect of Relaxation on Family Size and School Enroliment by Size
Coefficients for columns (1)-(4) are the interaction terms between born in a relaxed region * year of birth.
Coefficients in columns (5)-(6) are the triple interactions between dummy for girl * born in a relaxed region * year of birth.

Dependent Variables

# Sibs Enroliment # Siblings Enroliment
M @) (©) “) ®) (6)
Girls Boys Girls Boys All All
Sample Mean of Sample Mean of
Dependent Variable 1.153 0.922 0.473 0.456 Dependent Variable 1.028 0.464
relax*born 1973 0.026 0.034 -0.180 -0.092 relax*girl*born 1973 -0.020 -0.087
(0.110) (0.116) (0.082) (0.071) (0.099) (0.037)
relax*born 1974 0.127 0.082 -0.216 -0.050 relax*girl*born 1974 0.048 -0.168
(0.115) (0.107) (0.098) (0.078) (0.073) (0.070)
relax*born 1975 0.115 0.045 -0.112 -0.106 relax*girl*born 1975 0.068 -0.009
(0.071) (0.139) (0.078) (0.048) (0.132) (0.056)
relax*born 1976 0.155 0.137 -0.087 -0.048 relax*girl*born 1976 0.028 -0.038
(0.128) (0.157) (0.062) (0.030) (0.170) (0.074)
relax*born 1977 0.325 0.096 0.007 -0.058 relax*girl*born 1977 0.246 0.062
(0.136) (0.101) (0.055) (0.037) (0.116) (0.061)
relax*born 1978 0.274 0.076 0.032 -0.011 relax*girl*born 1978 0.205 0.042
(0.152) (0.161) (0.028) (0.027) (0.171) (0.022)
relax*born 1979 0.418 0.222 0.010 -0.035 relax*girl*born 1979 0.210 0.044
(0.158) (0.159) (0.034) (0.025) (0.183) (0.022)
relax*born 1980 0.385 0.153 0.030 -0.022 relax*girl*born 1980 0.247 0.048
(0.180) (0.128) (0.033) (0.028) (0.168) (0.018)
relax*born 1981 0.450 0.088 0.005 -0.025 relax*girl*born 1981 0.370 0.029
(0.186) (0.154) (0.035) (0.030) (0.194) (0.014)
Observations 13271 15500 13271 15500 Observations 28771 28771
R-squared 0.26 0.23 0.70 0.69 R-squared 0.25 0.69

Regressions in columns (1)-(4) include county and birth year fixed effects.
Regressions in columns (5)-(6) include controls for relax*girl, relax*birthyear, girl*birthyear, girl, birthyear fixed effects and county fixed effects.
Standard errors clustered at county level.



Table 4: The Effect of Relaxation on Sex Ratios by Birth Parity

Coefficients of the interaction terms between born in a relaxed region*birth year.

Dependent Variable: Dummy for Male

1st Born 2nd Born 3+ Born
(1) (2) (3) 4) (6)

Coeff.  Std. Err.  Coeff.  Std. Err. Coeff.  Std. Err.  Coeff.  Std. Err. Coeff. Coeff.  Std. Err.
Sample Mean of Dep Var 0.530 0.509 0.495
Relax * Born 1970 0.065 (0.032) 0.064 (0.031) 0.113 (0.047) 0.110 (0.046) 0.113 0.112 (0.049)
Relax * Born 1971 0.067 (0.018) 0.066 (0.018) 0.126 (0.055) 0.124 (0.054) 0.061 0.055 (0.081)
Relax * Born 1972 0.084 (0.042) 0.086 (0.043) 0.168 (0.071) 0.170 (0.071) 0.019 0.018 (0.037)
Relax * Born 1973 0.053 (0.048) 0.056 (0.049) 0.177 (0.078) 0.178 (0.077) 0.093 0.091 (0.037)
Relax * Born 1974 0.106 (0.032) 0.103 (0.033) 0.108 (0.070) 0.111 (0.069) 0.050 0.047 (0.039)
Relax * Born 1975 0.027 (0.047) 0.025 (0.049) 0.257 (0.046) 0.256 (0.047) 0.002 0.002 (0.052)
Relax * Born 1976 0.045 (0.046) 0.050 (0.047) 0.062 (0.054) 0.066 (0.055) 0.097 0.094 (0.044)
Relax * Born 1977 0.059 (0.044) 0.057 (0.045) 0.230 (0.063) 0.225 (0.063) 0.085 0.081 (0.087)
Relax * Born 1978 0.063 (0.051) 0.056 (0.052) 0.126 (0.071) 0.122 (0.071) 0.078 0.080 (0.039)
Relax * Born 1979 0.106 (0.035) 0.101 (0.036) 0.154 (0.052) 0.154 (0.051) 0.048 0.050 (0.049)
Relax * Born 1980 0.163 (0.044) 0.162 (0.044) 0.128 (0.038) 0.126 (0.039) 0.042 0.041 (0.041)
Relax * Born 1981 0.148 (0.050) 0.145 (0.051) 0.161 (0.063) 0.169 (0.064) 0.146 0.144 (0.063)
Relax * Born 1982 0.078 (0.050) 0.077 (0.050) 0.200 (0.065) 0.200 (0.065) 0.085 0.073 (0.098)
Relax * Born 1983 0.079 (0.033) 0.081 (0.034) 0.121 (0.106) 0.120 (0.105) 0.020 0.007 (0.037)
Relax * Born 1984 0.040 (0.046) 0.038 (0.046) 0.244 (0.098) 0.241 (0.098) 0.014 0.003 (0.083)
Relax * Born 1985 0.070 (0.039) 0.066 (0.039) 0.110 (0.049) 0.114 (0.048) 0.079 0.079 (0.076)
Relax * Born 1986 0.086 (0.048) 0.089 (0.048) 0.145 (0.091) 0.158 (0.092) 0.058 0.047 (0.049)
Relax * Born 1987 0.098 (0.053) 0.097 (0.053) 0.144 (0.064) 0.145 (0.062) 0.041 0.038 (0.075)
Relax * Born 1988 0.044 (0.036) 0.038 (0.036) 0.105 (0.056) 0.108 (0.057) 0.029 0.028 (0.041)
Relax * Born 1989 0.067 (0.033) 0.075 (0.033) 0.167 (0.043) 0.167 (0.044) 0.025 0.021 (0.055)
Relax * Born 1990 0.079 (0.036) 0.077 (0.037) 0.113 (0.096) 0.118 (0.095) 0.063 0.064 (0.057)
Han
Observations 44754 44754 23306 23306 14495
R-squared 0.01 0.01 0.01 0.01 0.01

Regressions include county and birthyear fixed effects.

Standard errors clustered at the county level.



Table 5: The Effect of Relaxation on Sex Ratios for First Born Children
Coefficients are the interaction terms between born in a relaxed region * born in the One Child Policy Cohort and between

born in a relaxed region * born in the relaxation cohort

The Effect of Relaxation on Sex Ratios for First Borns

Dependent Variable: Dummy for Male

()]

)

Born in relaxed region * Born 1976-1981 0.106
(0.024)
Born in relaxed region * Born 1982-1989 0.037
(0.021)
Han, Han * Birth Cohort N
Observations 44234
R-squared 0.00

0.098
(0.025)

0.035
(0.021)

44234
0.00

Regressions include county and birth cohort fixed effects.
Standard errors clustered at the county level.



Table 6: OLS and 2SLS Estimates of the Effect of Family Size on School Enroliment by Sex Composition of
Siblings

Dependent Variable: Fraction enrolled in School

M ) @) (4)

Different Sex Same Sex  Younger Sister Younger Brother
OoLS
A. Households with <=3 children
Sample Mean of Dep Var 0.511 0.419 0.534 0.536
# Siblings -0.053 -0.011 -0.009 -0.005
(0.011) (0.005) (0.004) (0.004)
Observations 6218 19277 17785 18601
R-squared .55 0.6 0.73 0.72
B. Households with <=2 children
Sample Mean of Dep Var .483 0.554 0.378 0.423
# Siblings 0.000 0.005 0.018 0.015
(0.000) (0.006) (0.005) (0.006)
Observations 3907 16590 14979 16213
R-squared 0.55 0.6 0.73 0.72
2SLS
C. Households with <=3 children
# Siblings 0.058 0.176 0.190 0.049
(0.225) (0.082) (0.049) (0.048)
Observations 6383 20073 18514 19316
R-squared 0.57 0.67 0.65 0.71
D. Households with <=2 children
# Siblings 0.000 0.112 0.125 0.078
(0.000) (0.058) (0.063) (0.052)
Observations 4018 17303 15641 16857
R-squared 0.58 0.72 0.72 0.71
Controls
Han Y Y Y Y
Distance to Urban Y Y Y Y
Mother's Education Y Y Y Y
Household Income Y Y Y Y

All regressions control for the full set of interaction terms and birth year and county fixed effects. Standard errors
are clustered at the county level. Column (1) excludes individuals whose next youngest sibling is of the same
sex. Column (2) excludes individuals whose next youngest sibling is of different sex. Column (3) is restricted to
the sample individuals who do not have a younger brother. Column (4) is restricted to the sample individuals who
do not have a younger sister.



Table 7: OLS and 2SLS Estimates of the Effect of Family Size on Education Delay
Coefficients for the number of siblings a first born child has

Dependent Variable: Actual Years of Education - Supposed Years of Education

M ) ©) (4) (®) (6) @) ®)

Younger Younger
All All All All All All Sister Brother
Households with <=3 children
A.OLS
Sample Mean of Dep Var 0.489 0.534 0.536
# Siblings -0.121 -0.121 -0.127 -0.076 -0.125 -0.095 -0.121 -0.115
(0.026) (0.026) (0.029) (0.021) (0.021) (0.024) (0.027) (0.026)
Observations 12940 12940 12940 12715 12940 12715 9817 10306
R-squared 0.63 0.63 0.63 0.64 0.63 0.65 0.68 0.68
2SLS
B. 2SLS
# Siblings 0.297 0.299 0.274 0.303 0.274 0.213 0.179 0.504
(0.440) (0.439) (0.438) (0.469) (0.433) (0.454) (0.436) (0.606)
Observations 12940 12940 12940 12715 12940 12715 10008 10499
R-squared 0.61 0.61 0.62 0.63 0.62 0.65 0.65 0.63
Controls
Han N Y Y N N Y Y Y
Distance to Urban N N Y N N Y Y Y
Mother's Education N N N Y N Y Y Y
Household Income N N N N Y Y Y Y

Sample restricted to individuals enrolled in school.

All regressions control for the full set of interaction terms and birth year and county fixed effects.
Standard errors are clustered at the county level.

Column (7) is restricted to the sample individuals who do not have a younger brother.

Column (8) is restricted to the sample individuals who do not have a younger sister.



Table 8: The Effect of Family Size on Female Labor Supply

Dependent Variable: Dummy Variable for Mother who Stays at Home

(1) ) @) (4) (®) 6) @) ®)

Younger Younger
All All All All All All Sister Brother
Households with <=3 Children
Sample Mean of Dep. Var 0.126 0.124 0.123
A.OLS
# Siblings -0.029 -0.029 -0.029 -0.036 -0.028 -0.036 -0.036 -0.038
(0.012) (0.012) (0.012) (0.013) (0.012) (0.013) (0.013) (0.013)
Observations 26456 26456 26456 25495 26456 25495 17785 18601
R-squared 0.13 0.13 0.13 0.19 0.13 0.19 0.20 0.20
B. 2SLS
# Siblings -0.142 -0.144 -0.144 -0.122 -0.139 -0.119 -0.137 -0.141
(0.098) (0.098) (0.098) (0.088) (0.098) (0.088) (0.055) (0.079)
Observations 26456 26456 26456 25495 26456 25495 18514 19316
R-squared 0.08 0.08 0.08 0.16 0.09 0.17 0.09 0.10
Controls
Han N Y Y N N Y Y Y
Distance to Urban N N Y N N Y Y Y
Mother's Education N N N Y N Y Y Y
Household Income N N N N Y Y Y Y

All regressions control for the full set of interaction terms and birth year and county fixed effects.
Standard errors are clustered at the county level.

Column (7) is restricted to the sample individuals who do not have a younger brother.

Column (8) is restricted to the sample individuals who do not have a younger sister.



Appendix
Table A1: The Correlation between Family Size and School Enroliment
Coefficients of dummy variables for the total number of children in each household

Dependent Variables

School Enroliment Actual Years of Edu - Supposed Years of Edu
()] (2) (3 (4) (5) (6) () (8)
Sample Mean for
Dependent Variable 0.464 -2.470
Total Kids = 2 -0.095 -0.098 0.004 0.018 -0.700 -0.657 -0.156 0.010
(0.051) (0.050) (0.004) (0.006) (0.115) (0.140) (0.033) (0.042)
Total Kids = 3 -0.308 -0.312 -0.056 -0.023 -1.312 -1.297 -0.581 -0.247
(0.057) (0.057) (0.011) (0.009) (0.168) (0.172) (0.099) (0.062)
Total Kids = 4 -0.397 -0.409 -0.071 -0.028 -1.462 -1.449 -0.794 -0.334
(0.058) (0.059) (0.011) (0.009) (0.175) (0.203) (0.126) (0.074)
Total Kids = 5 -0.464 -0.487 -0.070 -0.019 -2.192 -2.219 -1.254 -0.778
(0.055) (0.056) (0.018) (0.015) (0.290) (0.362) (0.198) (0.163)
Total Kids = 6 -0.540 -0.573 -0.075 -0.017 -2.015 -1.668 -0.472 0.328
(0.051) (0.056) (0.024) (0.020) (0.310) (0.359) (0.285) (0.197)
Total Kids =7 -0.507 -0.534 -0.048 0.004 -2.515 -2.784 -0.881 -0.823
(0.061) (0.063) (0.047) (0.046) (0.364) (0.325) (0.450) (0.202)
Total Kids = 8 -0.591 -0.655 -0.033 0.040 0.000 0.000 0.000 0.000
(0.039) (0.048) (0.006) (0.016) (0.000) (0.000) (0.000) (0.000)
Total Kids = 9 -0.591 -0.644 -0.025 0.038 0.000 0.000 0.000 0.000
(0.039) (0.048) (0.006) (0.020) (0.000) (0.000) (0.000) (0.000)
Constant 0.591 0.594 0.478 -0.001 2.015 1.995 1.680 -5.029
(0.039) (0.034) (0.015) (0.016) (0.075) (0.080) (0.066) (0.724)
Controls
County Fixed Effect N Y N Y N Y N Y
Birth Year Fixed Effect N N Y Y N N Y Y
Observations 28771 28771 28771 28771 13338 13338 13338 13338
R-squared 0.08 0.08 0.71 0.72 0.07 0.08 0.60 0.62

All standard errors clustered at county level.
Columns (5)-(8) restricted to sample of children enrolled in school.



Table A2: The Effect of Relaxation on Family Size and School Enroliment by Size for Households with 3 or fewer Children
Coefficients for columns (1)-(4) are the interaction terms between born in a relaxed region * year of birth.
Coefficients in columns (5)-(6) are the triple interactions between dummy for girl * born in a relaxed region * year of birth.

Dependent Variables

School School
# Siblings Enrollment # Siblings Enroliment
Q) 2) 3) 4) 5) (6)
Girls Boys Girls Boys All All
Sample Mean of Sample Mean of
Dependent Variable 0.908 0.759 0.500 0.480 Dependent Variable 0.826 0.489
Relax* Born 1973 0.006 0.074 0.209 0.106 Relax*Girl*Born 1973 0.083 0.101
(0.080) (0.099) (0.079) (0.074) (0.086) (0.041)
Relax* Born 1974 0.225 0.105 0.230 0.035 Relax*Girl*Born 1974 0.129 0.194
(0.070) (0.060) (0.103)  (0.078) (0.067) (0.076)
Relax* Born 1975 0.211 0.148 0.100 0.124 Relax*Girl*Born 1975 0.063 0.023
(0.087) (0.111) (0.063) (0.054) (0.059) (0.037)
Relax* Born 1976 0.317 0.158 0.074 0.040 Relax*Girl*Born 1976 0.179 0.033
(0.070) (0.133) (0.060) (0.033) (0.104) (0.079)
Relax* Born 1977 0.509 0.242 0.015 0.060 Relax*Girl*Born 1977 0.287 0.074
(0.088) (0.119) (0.043) (0.038) (0.105) (0.050)
Relax* Born 1978 0.493 0.145 0.032 0.015 Relax*Girl*Born 1978 0.361 0.045
(0.117) (0.151) (0.029) (0.027) (0.133) (0.023)
Relax* Born 1979 0.571 0.275 0.016 0.040 Relax*Girl*Born 1979 0.315 0.056
(0.117) (0.162) (0.034) (0.024) (0.157) (0.019)
Relax* Born 1980 0.525 0.260 0.026 0.026 Relax*Girl*Born 1980 0.268 0.049
(0.153) (0.154) (0.034) (0.026) (0.176) (0.019)
Relax* Born 1981 0.551 0.168 0.003 0.028 Relax*Girl*Born 1981 0.411 0.030
(0.135) (0.174) (0.035) (0.028) (0.174) (0.016)
Relax*Girl*Born 1982
Observations 11938 14518 11938 14518 26456 26456
R-squared 0.18 0.20 0.70 0.68 0.19 0.69

Regressions in columns (1)-(4) include county and birth year fixed effects.
Regressions in columns (5)-(6) include controls for relax*girl, relax*birthyear, girl*birthyear, girl, birthyear fixed effects and county fixed effects.
Standard errors clustered at county level.






