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Abstract We use a population survey of the Chinese adult population—2010 Chinese
Family Panel Studies (CFPS) modeled after the Panel Study of Income Dynamics. We
find that being the oldest child gives an education benefit to male and not female
children who are often assigned supervisory roles for younger siblings. Most impor-
tantly, an increase in the fraction of female siblings leads to a significant increase in
education of Chinese men and to a lesser extent Chinese women. This effect is
concentrated among those with rural Hukou. In China, male children absorbed more
education resources so that in a credit constrained family, increases in fraction of
siblings who are sisters frees up resources for educating boys. This is less so for girls
since their education was lower and additional resources would not be used for them.
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1 Introduction

Using a full adult-age population survey of Chinese residents, the China Family Panel
Studies (CFPS), this paper examines the effect of family structure, in particular sibling
gender composition, on education accomplishments of men and women. We also
explore for both genders how this effect differs before and after the One Child Policy

J Popul Econ (2017) 30:569–590
DOI 10.1007/s00148-016-0614-z

Responsible editor: Junsen Zhang

* James P. Smith
smith@rand.org

1 CCER, National School of Development, Peking University, Beijing, China
2 The RAND Corporation, 1776 Main Street, Santa Monica, CA 90407, USA
3 CICCE, School of Economics, Nankai University, Tianjin, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s00148-016-0614-z&domain=pdf


(OCP) and between urban and rural Hukou respondents who were differentially
affected by the OCP.

Family characteristics, such as parental education, number of siblings, and sibling
composition may play an important role in children’s development and educational
attainment. In recent years, researchers have studied the relationship between sibling
gender composition and children’s educational attainment (Butcher and Case 1994;
Kaestner 1997). Sibling sex composition may affect children’s educational attainment
through various pathways (Becker and Lewis 1973; Butcher and Case 1994). One view is
that having more brothers may be beneficial to one’s educational outcomes than having
more sisters in a son-preference society (Conley 2000). Having more brothers may impel
the family to put more resources into education so that girls may benefit more from a better
educational environment. In addition, a family with more male children may have male-
role expectations socialized into all the children regardless of their actual gender.

Another view implies that if an individual is a minority with respect to her/his
siblings’ gender, she/he will have a special status and this special status will be beneficial
to her/his educational achievement (Rosenberg 1965). The third view, based on the
sibling rivalry theory, states that families tend to devote more resources to the preferred
gender if they face credit constraints (Garg and Morduch 1998; Morduch 2000).

Most of the empirical literature uses data from developed countries like the USA,
where gender preference affects the childbearing decision and family structure mod-
estly (Ben-Porath and Welch 1976). Therefore, our study about China may contribute
to the literature in the following perspectives. First, son preference is more widespread,
implying possibly larger potential effects on fertility behavior and family structure.
Second, the implementation of OCP in China has produced a dramatic and heteroge-
nous transform of fertility choice and family structure. Third, there is some evidence
that OCP may exacerbate son preferences in China (Merli and Smith 2002; Smith et al.
2014), which may reinforce the effect of sibling sex composition on investment in
children’s education. Fourth, over the past three decades, China has experienced rapid
economic growth, generating large heterogeneities in family resources that can be
allocated to children’s education. As a result, China has provided an opportunity to
study how sibling gender composition affects the educational attainment in a develop-
ing country under unique economic and demographic transitions.

Using a full adult-age population of Chinese residents, we find a strong negative
effect of number of siblings on education. We also find that being the oldest child
enjoys an education benefit. Whether we control for number of siblings or not, an
increase in the fraction of siblings who are girls leads to a significant increase in
education of Chinese men, and to a lesser extent Chinese women.

We also find very heterogeneous effects between those who have urban Hukou and
those with rural Hukou. The education attainment of the rural residents is much lower
than that of the urban residents. Men generally have higher education than women, but
the gender gap is narrowed for the younger group, especially for rural residents. We
also find that the percent of girls as siblings has larger positive impacts on the education
of those with rural Hukou, especially for men and for the younger group.

This paper is divided into five sections. The next section reviews the relevant literature
on this subject while Sect. 3 explains the main data that will be used in the analysis in this
paper—the 2010 national baseline of the CFPS. Section 4 summarizes the principal
empirical findings of the research. The final section highlights our main conclusions.
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2 Literature Review

Several important studies have shown consistent evidence of male bias both in
developed and developing countries. For instance, Das Gupta (1987) examined sex
bias in Punjab society in India, and the data support the hypothesis that sex bias is
focused on higher birth-order girls. Furthermore, fertility decline heightens such selec-
tive discrimination, and women’s education faces stronger discrimination against
higher birth-order girls. The reason for this strong preference for sons lies on the
women’s structural marginalization in their culture.

Deuchler (1992) studied the Confucian transformation in Korea. This book com-
pared the traditional society of Korea with that of China in order to examine their
similarities and differences about their Confucian culture transformation. One impor-
tant point in this book is that Korean traditional society is based on a bilineal kindred
system, while China society has the notion of a lineage system. Furthermore, matrilin-
eal characters are more conspicuous in Korean society than in China in many aspects.
For example, matrilineal kin are treated more generously in mourning and funeral rites.
Second, newly married bridegrooms often have to stay for a long time at their bride’s
parents’ house. Third, maternal family was equally important in determining the status
of offspring as patrilineal family.

Classical papers on sibling rivalry also reveal sex bias. Garg and Morduch (1998)
point out that if pro-male bias exists, sibling rivalries can yield gains for those who have
relatively more sisters than brothers. They use rich survey data from Ghana to examine
sibling’s gender composition on their health and find that those children having all
sisters would do 25–40 % better on measured health indicators than those having all
brothers. Morduch (2000) uses data on young teenagers from South Africa and
Tanzania to investigate sibling composition’s effect on education attainment. From
the data of Tanzania, completed years of school is increased by 0.44 years when
moving from an all-brothers to all-sisters scenario, while the data of South Africa
shows insignificant effects of sibling composition.

Rose (2000) tries to explore the impact of a child’s gender on Indian rural house-
holds’ time allocation for the 5-year period subsequent to a child’s birth. The findings
indicate that women work less subsequent to the birth of a son relative to a daughter,
and this effect differs substantially due to binding credit constraints in these households.
Lundberg and Rose (2002) use the Panel Study of Income Dynamics (PSID) sample to
examine the effects of children and different gender of children on men’s labor supply
and hourly wage rates. They find that births of children, especially births of sons, have
a significantly positive impact on father’s labor supply and hourly wage rates.

Ananat and Michaels (2008) exploit the variation that having a female firstborn child
increases the probability that a woman’s first marriage breaks up, to measure divorce’s
impact on economic outcomes. Their results show that divorce widens the income
distribution. Dahl and Moretti (2008) explored parental preferences for sons from
aspects of divorce, child custody, marriage, shotgun marriage when the gender of the
child is known before birth, and fertility decision. They show that preference for sons is
prevalent in the USA and largely driven by fathers. However, these effects for the USA
are much smaller than developing countries such as China.

Recent evidence from some developing countries, like China, India, and Taiwan,
also indicate some kinds of sex bias. Wei and Zhang (2011) try to explain the high and
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rising household savings rate in China by proposing a new competitive saving motive.
They use cross-regional and household-level data to prove that Chinese parents with a
son increase their savings in order to raise their son’s relative competence for marriage,
as the sex ratio rises. Jayachandran and Kuziemko (2011) try to explain why mothers
breastfeed girls less than boys through data from India. They find the following results:
breastfeeding duration increases with birth order, and is lowest for daughters and
children without older brothers, and exhibits the largest gender gap near target family
size. Under this situation, child survival exhibits similar patterns as breastfeeding.

From the literature above, we find that boy preference is common both in developed
and developing countries. The gender bias could affect decisions on fertility, childcare,
child education, parents’ labor supply, marriage, etc. This paper investigates sibling
gender composition’s impact on child education in China, where son preference has a
long history under the Confucian cultural background and may become stronger with
the implementation of the OCP.

Sibling sex composition’s effect on educational attainment is a branch of literature
about sibship size’s effect. Powell and Steelman (1990) explore the effects of sibling
density and sex composition on educational outcomes. Using High School and Beyond
data, they find a strong negative effect of the number of siblings closely spaced on
education of those children. Butcher and Case (1994) investigate the impact of sibling
sex composition on the education of men and women born in America between 1920
and 1965. After controlling for household size, they find that women raised only with
brothers received significantly more education than women with any sisters on average,
an impact that has decreased over time. In contrast, male education was not affected by
the sex composition of his siblings.

Butcher and Case’s (1994) paper has drawn much attention with many scholars
replicating or revising their methods to explore the relationship between sibling gender
composition and educational attainment. For example, Kaestner (1997) examined the
relationship between sibling gender composition and educational attainment using data
from the National Longitudinal Survey of Youth (NLSY). While this study replicates in
many ways (Butcher and Case 1994), it finds that sibling sex composition has no
effects on educational attainment of white males or females, while having sisters has
positive effects on the educational attainment of black adults. Hauser and Kuo (1998)
use data from the Occupational Changes in a Generation Survey, the Survey of Income
and Program Participation, and the National Survey of Families and Households to
analyze effects of sibling gender composition on educational attainment among differ-
ent cohorts of women. They find little evidence that the presence of sisters or the
percentage of sisters in the sibship affected women’s schooling in the USA during this
century, a conclusion obviously quite different from that of Butcher and Case (1994)
and Kaestner (1997).

Conley (2000) using data from the 1989 wave of the PSID concludes that the
increased number of siblings of the opposite gender is harmful to respondents’ educa-
tional attainment no matter what respondents’ gender is. The reason is that gender-
minority children’s specific needs are unable to be met. Yu and Su (2006) examine
various sibship characteristics’ (including family size, sibship density, birth-order rank,
and sibship gender composition) influence on educational attainment in Taiwan.
Through the analysis of a sibling sample of 12,715 observations drawn from a national
survey, they find that first-born sons have privilege while first-born daughters do not,
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the harm of sibship density receives little support in Taiwan, and girls benefit from
being the minority gender in the sibship.

Black et al. (2005) examined effects of family size and birth order on children’s
education attainment using a rich dataset from Norway. After using instrumental
variables for family size, its negative impact on education becomes negligible. In
contrast, birth order has a significantly negative effect on children’s education. In
addition, birth order also has significant associations with adult earnings,
employment, and teenage childbearing, especially among women. Similarly, Chen
et al. (2014) use 0.8 million Taiwanese first-born data to investigate the male siblings’
impact on first-born children’s education. Having a brother might have two channels
affecting first-born children’s education: the direct one due to human capital investment
difference, and the indirect one due to decreasing sibsize. The results show neither has a
significant effect on first-born boys’ education. For first-born girls, both pathways are
important in explaining their education but go in opposite directions. The total effect
results in nearly zero.

In summary, conclusions about the relationship between sibling gender composition
and educational attainment from the literature vary based on different theories and data
used in the empirical work. Furthermore, most of the empirical work is drawn from an
investigation in developed countries/regions. In this paper, we will use China Family
Panel Studies data to study this important issue in present-day China to make contri-
butions in the following aspects. First, we employ national representative data from
China to test which theory plays a leading role in the largest developing country.
Second, China faced a fertility transition with the implementation of OCP in the past
decades, so we compare effects in different birth cohorts as this could reveal this
relationship under changing family structure and son preference atmosphere. Third,
China has been relaxing its birth control policy in recent years and now all couples are
allowed to have two children. Therefore studying the impact of sibling gender com-
position effect on education may reveal some policy implications for the future.

3 Data Description—CFPS 2010

For our analysis, we will use data from the 2010 national baseline of the CFPS. Since it
is designed following the PSID, CFPS is often called the Chinese PSID. CFPS, collected
by the Institute of Social Science Survey at Peking University, is a biennial survey with
the first wave conducted in 2010. Since CFPS collects data on different levels of
aggregation—communities, households, and individuals—it makes it possible to study
social and economic issues in China over the full age range of the adult Chinese
population. Its questionnaire covers demographics, socioeconomic conditions, educa-
tion, and health of respondents, facilitating research in China on a variety of topics.

The national baseline of CFPS was conducted in 2010 in 25 provinces1 covering
95 % of the Chinese population, which makes it close to nationally representative.
CFPS adopts a multistage stratification with probability proportional to size (PPS)
sampling strategy and divides the whole population into six sampling frames aimed at
generating national representative and provincial representative samples. In the first

1 Tibet, Qinghai, Xinjiang, Ningxia, Inner Mongolia, Hainan, Hong Kong, and Macao were not included.
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stage, 144 county-level units are randomly selected. In the second stage, 640 village-
level units (villages in rural areas) are selected; and lastly, 14,000 households are
selected at the third stage in these areas. All members within each household are
interviewed, except those who were not currently at home. In this paper, we will use
the national representative sample, which includes 9658 households and 21,822 adults.
There is another category of persons who also enter into our sample besides these
respondents from the adult questionnaire: siblings of the respondents even if they don’t
live together and children of the respondents even if they do not live together.

Household members are defined as family members who live together and who are
directly related due to genetics, marriage, adoption or fostering, or nonfamily members
living together for more than 3 months who share economic resources as a unit. CFPS
asks information on all of these household members across the full age distribution. For
the purpose of this paper, we mainly use data from the household questionnaire and
adult questionnaire. The household questionnaire collects demographic and socioeco-
nomic information on families, including their fertility histories, while the adult
questionnaire collects demographic, social relationship, economic, educational and
health information on individuals in the households. From these two questionnaires,
we know each adult’s sibling gender composition, and everyone’s education level.
Education levels are known even for adult’s siblings who are no longer living in the
parental home. As a result, CFPS provides very good data to study sibling gender
composition’s effect on educational attainment.

Table 1 provides summary statistics of CFPS 2010. We first split the full sample into
three age cohorts (aged 25–34, aged 35–44, aged 45–65), according to the degree of
being affected by OCP. 2 For each age cohort, the statistics are calculated for six
subgroups: male and female, urban/rural male, and urban/rural female.3 On average,
education levels of male and urban residents are higher than those of female and rural
residents. Younger cohorts are better educated than older cohorts, a reflection of the
large secular increase in education in China, especially for Chinese women (Lei et al.
2012). Reflecting the same forces, respondents’ fathers always have higher education
level than their mothers which are both much lower than their same-gender children.

The numbers of siblings for male and female cohorts are decreasing over time, from
4.19 and 4.30 for the 45–65 cohort to 2.30 and 2.50 for the 25–34 cohort. In all three age
groups, women have more siblings than men, a reflection of the desire of many Chinese
families to have at least one son (Smith et al. 2014). This gender gap is wider among rural
younger cohorts. Rural residents have more siblings due to less strict implementation of
OCP in such areas.4

2 Even though OCP started from 1979 (it was written into the Constitution in 1982 and was effective since
1983), we used a more strict criteria of 1976 (aged 34) in case OCP had been informally enforced in some
areas before 1979.
3 Note that the Hukou status used here is the Hukou status in 2010, which might be different from the Hukou
status at birth due to migration/urbanization. In our regression, we include a dummy for father’s Hukou status
to control for such effect.
4 We observe that the number of siblings are high even for the cohort subject to OCP in urban area, and this is
consistent with census 2010. This could be due to three reasons: (1) because we used a very strict year
standard to identify the OCP era, the youngest group still include children born before OCP; (2) children born
in the OCP era may have older siblings who were born before OCP; (3) as mentioned in footnote 3, a certain
fraction of the urban households as defined this way may actually be rural when the child(ren) was/were born,
so the number of siblings could still be larger.
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Table 1 Summary statistics: CFPS 2010

Variable All male All female Urban male Urban female Rural male Rural female

Age 25–34

Education 8.77 8.20 11.48 11.52 7.92 7.23

Have sister 0.72 0.71 0.57 0.59 0.77 0.74

Girl % 0.35 0.69 0.28 0.74 0.38 0.67

Num brother 0.94 1.17 0.62 0.86 1.04 1.26

Num sister 1.36 1.34 0.94 0.96 1.49 1.44

Num sibling 2.30 2.50 1.55 1.82 2.53 2.70

Dad ed years 6.18 6.23 8.24 8.49 5.54 5.59

Mom ed years 4.48 4.55 6.59 6.76 3.81 3.91

Oldest kid 0.31 0.34 0.42 0.44 0.28 0.31

Birth order 2.68 2.53 2.19 2.16 2.83 2.64

Dad urban 0.21 0.19 0.75 0.74 0.04 0.04

Mom urban 0.18 0.15 0.70 0.65 0.02 0.01

Age 30.12 29.99 30.30 30.19 30.06 29.93

Age 35–44

Education 7.99 7.00 10.52 9.97 7.20 6.05

Have sister 0.86 0.85 0.81 0.80 0.87 0.86

Girl % 0.38 0.62 0.38 0.64 0.39 0.61

Num brother 1.73 1.85 1.45 1.60 1.82 1.92

Num sister 1.88 1.91 1.70 1.73 1.94 1.97

Num sibling 3.61 3.76 3.15 3.33 3.75 3.90

Dad ed years 5.06 5.01 6.84 6.75 4.51 4.46

Mom ed years 3.49 3.53 4.94 4.98 3.04 3.06

Oldest kid 0.17 0.19 0.20 0.24 0.17 0.18

Birth order 3.38 3.32 3.18 3.09 3.44 3.39

Dad urban 0.23 0.23 0.85 0.83 0.04 0.04

Mom urban 0.19 0.19 0.77 0.76 0.01 0.01

Age 39.93 39.90 39.88 39.87 39.94 39.90

Age 45–65

Education 7.54 6.00 9.39 8.53 6.80 4.97

Have sister 0.88 0.88 0.87 0.87 0.88 0.89

Girl % 0.38 0.60 0.37 0.61 0.38 0.59

Num brother 2.14 2.20 2.03 2.09 2.19 2.24

Num sister 2.05 2.10 1.99 2.03 2.08 2.13

Num sibling 4.19 4.30 4.02 4.12 4.26 4.37

Dad ed years 3.91 3.89 4.80 4.78 3.58 3.55

Mom ed years 2.63 2.65 3.17 3.18 2.43 2.44

Oldest kid 0.27 0.28 0.26 0.27 0.27 0.28

Birth order 2.76 2.76 2.82 2.83 2.73 2.74

Dad urban 0.28 0.28 0.95 0.95 0.01 0.02

Mom urban 0.26 0.26 0.90 0.90 0.01 0.01

Age 53.90 53.63 54.03 53.66 53.85 53.62

Girl % includes the respondent himself/herself; dummy variable “oldest” also equals to 1 if there is only one
child in a family; Dad urban and Mom urban are the dummy variables for father’s and mother’s Hukou status;
1 means have an urban Hukou
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Hukou is a special term in China that shows the legal residence registration of the
Chinese. A person’s Hukou status is determined at birth by his/her parents and can only
be changed under special conditions; for example, a rural Hukou person may be able to
change his/her status to urban if he/she is admitted to a university. The urban ratio based
on Hukou status is much lower than that based on current residence since many rural
Hukou people have moved to the urban areas. In this paper, Table 1 documents that
those with rural Hukou status overwhelmingly share that status with their parents, while
that is much less true for those with urban Hukou status.

4 Results

Before exploring the relationship between siblings’ sex composition and educational
attainment in China, we first describe in more detail Chinese respondents’ educational
outcomes. Table 2 lists the fraction of men and women with their completed education
level falling into the following five groups—below primary (essentially no schooling),
primary, middle school, high school, and college and above. The numbers are calcu-
lated from the perspectives of age cohort, gender, and Hukou status as in Table 1. Once

Table 2 Percentage of men and women having finished each education level

Variable Age 25–34 Age 35–44 Age 45–65

Male Female Male Female Male Female

All

Below primary school 11.5 % 16.9 % 14.1 % 23.7 % 20.4 % 39.6 %

Primary school 20.0 % 22.2 % 26.1 % 29.8 % 25.9 % 23.5 %

Middle school 41.7 % 37.9 % 41.3 % 32.8 % 33.3 % 22.9 %

High school 14.0 % 11.1 % 11.3 % 8.7 % 16.1 % 11.7 %

College and above 12.7 % 11.9 % 7.2 % 5.0 % 4.3 % 2.2 %

Observations 3804 4239 8828 9061 15,724 15,270

Urban Hukou sample

Below primary school 1.7 % 1.7 % 2.5 % 4.9 % 6.9 % 14.9 %

Primary school 6.8 % 6.0 % 9.6 % 12.4 % 16.9 % 17.7 %

Middle school 32.0 % 34.7 % 41.7 % 42.9 % 40.1 % 36.1 %

High school 26.3 % 22.6 % 25.6 % 23.6 % 25.5 % 25.2 %

College and above 33.1 % 35.1 % 20.6 % 16.3 % 10.6 % 6.2 %

Observations 908 957 2110 2184 4482 4416

Rural Hukou sample

Below primary school 14.6 % 21.3 % 17.8 % 29.7 % 25.7 % 49.7 %

Primary school 24.2 % 27.0 % 31.2 % 35.4 % 29.5 % 25.9 %

Middle school 44.8 % 38.9 % 41.2 % 29.6 % 30.6 % 17.5 %

High school 10.1 % 7.7 % 6.8 % 3.9 % 12.4 % 6.3 %

College and above 6.3 % 5.1 % 3.0 % 1.3 % 1.9 % 0.6 %

Observations 2896 3282 6718 6877 11,242 10,854
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again, there are two salient patterns highlighted in Table 2—large gender disparities in
education and rapid growth in education over time especially among Chinese women.

To highlight gender disparities, we examine the last age group in Table 2—those
aged 45–65. The fraction of the population with below primary school education is
almost twice as high among Chinese women (39.6) compared to Chinese men
(20.4 %), with similar relative gender education disparities for those with college or
above. In absolute terms, in this age group, this gender discrepancy is particularly large
for those with rural Hukou. Fifty percent of rural Hukou women had no formal
schooling—twice the rate of comparably aged rural Hukou men.

The age patterns in Table 2 also highlight dramatic improvements in education
across birth cohorts in China over time, especially for women. A total of 39.6 % of
women ages 45–65 had less than primary education compared to 16.9 % of women
between ages 25–34. Rates of obtaining college degrees more than doubled over this
time period for men while they increased almost fivefold among Chinese women.

Changes over time taking place amongChinesemenwere large as well, but not as rapid
as among women so that the gender gap in education in China has narrowed significantly
over time (Lei et al. 2012). The improvement patterns in education are different for urban
and rural female residents, with urban female’s mainly coming from increases in higher
educationwhile rural female’s primarily reflects reductions in illiteracy. To illustrate, 6.2%
of urban females aged 45–65 have some college or more, compared to 35.1 % of the
youngest counterparts. Correspondingly, the illiteracy rate of the rural female decreased
from 49.7 % for the oldest cohort to 21.3 % for the youngest cohort. Among the youngest
age group in Table 2 in the urban Hukou status, there appears actually to be a small
education advantage for Chinese women compared to Chinese men. With that exception,
the gender gap in education outcomes still exists nomatter which age cohorts we examine,
but it is much smaller now than was historically the case in China. In light of the dramatic
patterns highlighted in Table 2, we will estimate separate models below by gender, for all
three age groups, and for urban and rural Hukou respondents separately.

Table 3 illustrates the descriptive relationship between sibling gender composition
and educational attainment stratified by number of siblings for both Chinese men and
women for the combined age group of those ages 25–65. These descriptions are also
provided separately by Hukou status. Within each sibship group, Table 3 provides a test
of differences in education by gender composition with the no-sister sibling group
always being the comparison group. Before discussing gender composition effects,
note that for both Chinese men and women mean education declines with number of
siblings. Men with no siblings have 8.79 years of schooling compared to 7.85 years of
schooling for men with three siblings. The parallel comparison for Chinese women
gives 7.70 years of schooling for the 0 sibling category compared to 6.82 years for
women with three siblings. Similar patterns exist within both Hukou statuses.

Within number of sibship groupings, sibling gender composition has a significant
association with mean completed years of schooling for both men and women alike.
Having only sisters leads to higher levels of education than having only brothers, an
association that is particularly strong for men in general and in the three-sibling grouping
in particular. For example, for men with three sisters, their mean years of schooling are
1.22 years higher than for men with three brothers. For women, the comparable difference
in the three-sibling example is 0.15 more years of schooling when all three siblings are
sisters rather than brothers, an association that is statistically insignificant. This pattern of
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having sisters resulting in higher education levels particularly for men holds not just in the
extremes of all or none. The clear tendency in Table 3 is that an additional sister within a
sibship group raises the education of respondents especially for men.

These associations of sibling composition with education attainment by sib size are
particularly statistically significant consistent and strong for rural Hukoumen and to a lesser
extent for urban Hukou women. At each sibling size, having sisters leads to a statistically
significant increase in men’s education, an effect that is particularly large when there are
only sisters in the sibship. These associations aremuchweaker among rural Hukouwomen.

To gauge whether these descriptive patterns are sensitive to the addition of other
controls, we estimated a regression model that parallels the more descriptive Table 3 for
the all-age sample. This model is estimated separately by sibsize and gender and is included
as Appendix Table 9. The estimated coefficients of the girl percent variable mostly closely
parallel the patterns in Table 3. For example, for the two-sibling case, the coefficients are
0.231 (men) and 0.538 (women). The estimated coefficients in the regression model in the
Appendix are 0.084 (men) and 0.593 (women). Therefore, the descriptive patterns in
Table 3 remain in regression models with a fuller set of demographic controls.

There are many salient secular changes that have taken place in China over the last
50 years that may have impacted the relationships contained in Table 3. At a minimum,
these significant changes would include rapid economic growth, rising education levels
across birth cohorts particularly for Chinese women, and declining levels of fertility,
especially as induced by the OCP. To gauge the collective summary impact of these
secular changes, Table 3 also provides mean education by gender stratified by number of
siblings and gender composition of siblings for age groups 25–34, 35–44, and 45–65,
respectively. These age groups correspond to very different birth cohort groups—on
average those born between 1976 and 1985, those born between 1966 and 1975, and
those born between 1945 and 1965. Due to economic and education growth and declining
fertility trends, these three cohort groupings are situated very differently in terms of the
likely influence of factors such as the OCP.

In all three age groupings, there is a clear tendency for male education to rise more than
female education as sibling composition becomes more female intensive especially at the
high number of siblings group. These differences appear to be particularly larger in the
youngest birth cohorts in Table 3. For example, among those 25–34 years old, men with
three sisters have 1.4 years more years of schooling than men with three brothers in the
same age group. When we stratify the data by age, the strongest sibling composition
effects of increasing the number of sisters take place for those over 35 years old especially
if they have rural Hukou and at the higher sibling levels. Increasing the number of sisters
for those ages 25–34 increases the education levels of both women and men.

To access birth order effects within each sibship group and gender sibling composi-
tion, Table 4 provides the oldest and youngest child’s mean years of education stratified
by number of siblings and gender composition of siblings as in Table 3. Once again,
separate estimates are provided those with urban and rural Hukou. For each sibship size
and gender composition, we provide a test of the difference between the education of the
youngest and oldest sibling with the oldest sibling being the reference group.

When there are three siblings, the pattern is clear where, especially for women, the
youngest child has the most education. We attribute this effect to the sharp secular rise in
education in China over timewith the youngest child being born in themost recent calendar
year. This pattern mainly comes from the women with rural Hukou, consistent with the
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findings in Table 2 that the improvement of female education with rural Hukou is most
striking. There is no clear pattern for respondents with two children, which we interpret as
offsetting effects of favoring the oldest child and secular changes in education favoring the
most recent child. When there is only one sibling, the secular change effect is smaller and
the tendency especially among women is that the oldest child has the most education.

In order to investigate the impact of family background on educational attainment,
we next estimate models of completed education years on sibling gender composition,
being the oldest child, birth order, a quadratic in age, fathers’ and mothers’ years of
schooling, and whether father’s Hukou status was urban. We compared father’s Hukou
status with those of his children at age 12 and found that 89 % are identical. We also
compared father’s Hukou status and that of the mother and once again found that it was
virtually identical with father’s Hukou status. For these reasons, we only use father’s
Hukou urban status in these models.

Table 5 presents results for the full combined male and female sample for ages 25–
65, men and women separately, and finally our three age groupings used above. Table 6
contains results for Chinese men only alongside the three age groups, while Table 7 has
a parallel set of results for Chinese women. For both Tables 6 and 7, we estimate
separate models for those with urban and rural Hukou. In all these three regression
tables, we exclude singletons since by definition they do not have any siblings.5

In Tables 5, 6, and 7 following Butcher and Case (1994), we use a variable for the
percent of siblings who are female to measure the sex composition of siblings in the
family. The other fertility-related covariates included in the models in Tables 5, 6, and 7
are standard—birth order and a dummy for being the oldest child, an age quadratic to
ascertain whether there are combinations of life cycle and cohort effects, a dummy for
whether the father belonged to an urban Hukou, and the number of years of education
of the father and mother.6 In each table, models are estimated across the combined 25–
64-year-old age sample, and three age groups separately—those ages 25–34, those ages
35–44, and those ages 45–65. We estimate these models not controlling for number of
siblings since adjustments in family size are one way parents can react to the gender of
their child. The results are basically similar controlling for number of siblings.

We first discuss estimated effects of the nonfamily composition variables whose
estimated effects are consistent across all models. On average, men have an advantage
of about 1.37 years of schooling than women do, a female disadvantage that has been
narrowing over time (as indicated by the smallest male coefficient in the younger
samples). An increase in years of education both of the father and mother increases years
of education of both male and female progeny typically by a little more than a fifth of a
year of schooling for every extra year of schooling of the parents. Similarly, having a
father associated with an urban Hukou is consistently associated with more than 2 years

5 The proportion of singletons is 1.8 and 9.4 % for the 1966–1975 (age 35–44) and 1976–1985 (age 25–34)
cohorts, respectively. Thus, not surprisingly, including singletons does not significantly change our main
results.
6 The results were very similar when we included a control for number of siblings. Not surprisingly in light of
the data summarized above in Tables 3 and 4, an increase in the number of siblings is associated with fewer
years of schooling of both male and female respondents, consistent with previous studies (Blake 1989). The
standard interpretation is that increasing number of siblings reduces each child’s access to remaining family
resources (Cáceres-Delpiano 2006; Li et al. 2008). This effect is stronger in the younger age group, most likely
reflecting the fact that there are economies of scale and a reduction of a single sibling is a bigger proportionate
effect in the younger sample.
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extra schooling of his children, with a somewhat larger effect for women (about 2.9 years)
compared to men (2.1 years). The urban Hukou effect reflects the large gap of education
resources and opportunities between urban and rural areas in China. The age-specific
models indicate that the urban Hukou advantage has been declining over time.

Finally, being the oldest child in the family is associated with more education, so that
education investments in first-born children are particularly high in China, a traditional
Chinese pattern. When we examine gender-specific estimates within the three age
groups in Tables 6 and 7, we find an education advantage both for men and women
from being the oldest child in all age groups. However, from the birth order variable,
we find that birth order has a significantly positive impact on female education after
controlling for the oldest child. It is mainly because the oldest child and youngest child
could have more resources for their education.

An increase in the percent of girls in the family positively impacts one’s education
attainment, an effect that is larger for men compared to women and larger in the
younger cohort compared to the older birth cohorts. Apparently in China, having more
and more sisters increases the education investments in boys but it does so for girls as
well, albeit to a lesser extent, since they have fewer brothers with whom to compete.

Table 5 Models of years of education with family composition variables—full sample

Variables All Men Women Ages 25–34 Ages 35–44 Ages 45–65

Girl percent 0.485*** 0.551*** 0.293** 0.890*** 0.460*** 0.275**

(0.099) (0.128) (0.140) (0.185) (0.147) (0.138)

Oldest child 0.209*** 0.133** 0.250*** −0.053 0.299*** 0.211***

(0.041) (0.063) (0.058) (0.108) (0.079) (0.060)

Birth order 0.028* −0.022 0.076*** −0.171*** 0.089*** 0.059***

(0.015) (0.019) (0.019) (0.038) (0.022) (0.022)

Age −0.075*** −0.060*** −0.091*** −0.116 0.065 −0.151***
(0.003) (0.004) (0.003) (0.206) (0.067) (0.008)

Age squared −0.002*** −0.003*** −0.002*** −0.003 0.005 0.001

(0.000) (0.000) (0.000) (0.005) (0.003) (0.001)

Male 1.374*** – – 0.927*** 1.109*** 1.672***

(0.032) – – (0.086) (0.055) (0.046)

Dad urban Hukou 2.458*** 2.054*** 2.865*** 1.753*** 2.285*** 2.673***

(0.061) (0.069) (0.075) (0.130) (0.084) (0.076)

Dad ed years 0.199*** 0.176*** 0.222*** 0.272*** 0.212*** 0.169***

(0.009) (0.011) (0.011) (0.017) (0.012) (0.012)

Mom ed years 0.218*** 0.184*** 0.247*** 0.267*** 0.236*** 0.154***

(0.015) (0.020) (0.015) (0.018) (0.016) (0.026)

Constant 3.994*** 5.915*** 3.567*** 3.547* 4.175*** 4.373***

(0.094) (0.113) (0.122) (2.028) (0.331) (0.138)

Observations 44,559 21,995 22,564 6581 14,783 23,195

R2 0.267 0.184 0.315 0.287 0.261 0.262

Clustered standard errors at household level in parentheses

– not applicable

*Statistically significant at the 10 % level; ** statistically significant at the 5 % level; ***statistically
significant at the 1 % level
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In Tables 6 (men) and 7 (women), we present separate estimates by Hukou status using
the same framework as Table 5. The coefficients of the other variables besides sibling
composition do not vary that much byHukou status. For men, an increase in the percent of
girls as siblings appears to have a much larger and statistically significant effect on
education in the rural Hukou sample. As son preference is more prevalent in rural areas,
families with a larger percent of girls tend to prefer sons more; hence, boys may receive
more familial resources in the form of more education investment. For women in Table 7,
the estimated effects of sibling composition while generally positive are quantitatively
smaller. These effects are statistically significant in the rural Hukou sample but that
appears largely to be due to larger sample sizes in the rural Hukou sample.

Traditionally, parents did not invest much in daughters regardless of number of sons,
because daughters were meant to marry out and did not contribute to family economic
resources as well as maintaining blood ties. Therefore, we do not observe positive
effect of more girl percent on education for the older cohorts of women. For the
younger generation, however, the status of females has been much improved and
education investments in them are not trivial although not as large as men so that the
positive effect is observed even if it is not as big as that in the Chinese male subsample.

5 Discussion and Conclusions

In this paper, we find strong associations of sibling gender composition of educational
accomplishments of both Chinese men and women. China is an interesting setting to
test this relationship since China is widely and correctly thought to have a tradition of
strong boy preference. China is also of interest since its history over the last few
decades is not only rising education levels of younger generations but a sharp drop
across birth cohorts in the gender disparity in schooling.

We find in this analysis that being the oldest child in the family gives an education benefit
both to male and female children. Most importantly, after controlling for the number of
siblings, we find that an increase in the fraction of siblings who are girls leads to a significant
increase in the education of Chinese men and to a less extent Chinese women. Traditionally,
in China, male children absorbed more education resources so that in a credit-constrained
family increases in the fraction of siblings who are sisters free up more resources for
educating boys. This is less so for Chinese girls since in the past their education levels were
lower and the additional resources would not be used for them as much. Based on analysis
of subsamples with urban or rural Hukou, we can find that most of the impacts come from
samples with rural Hukou.

Barcellos et al. (2014) pointed out a number of possible reasons for the endogeneity
of sibship percent female variables. In a boy-preference society families favoring sons
tend to have more children till they have a son. Based on the observation that
probability of a family’s youngest child being a boy is an increasing function of the
age of the youngest child, their identification strategy is to restrict the sample to families
with the youngest child being 0–12 months of age. Such a problem may be relevant in
China, but we cannot employ the same strategy of restricting the sample to children of
very young age because our outcome variable is the completed education.

The impact of the stopping rule in fertility decisions may be lessened with the introduc-
tion of OCP in China, as under this policy families are no longer free to choose their
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stopping points. We therefore have divided our sample into three age groups—those 25–
34 years old, those 35–44 years old, and those 45–65 years old. Given that the data we use
were collected in 2010, those in the oldest age groupwere clearly born before theOCP (born
between 1945 and 1965), and those in the youngest age group were likely affected by the
OCP (born between 1976 and 1985). In all three age groups, we find similar results in that an
increasing fraction of siblings who are girls increases education levels of both men and
women. This is the case whether or not we control for family size in the models. Thus, our
main finding is not driven by themale-biased stopping rule. At the same time, the size of the
estimated coefficient on percent of girls did increase in younger cohorts, andmore so among
men. This observation indicates that OCP may have increased boy preference, especially at
higher birth parities, and therefore investment in boys’ educationwhen they had only sisters.

Similarly, on the issue of sex-selective abortion, although the first ultrasound Bmachine
was produced in 1979, the expansion of its usage in hospitals and clinics had been slow in
the early 1980s. The percentage of counties with ultrasound B machines did not reach
30 % until 1984 (Chen et al. 2013) and even in 1987, the average number of B-scan
machines was roughly six per county (Chu 2001), equivalent to only one machine per
90,000 persons (the population was 1072.33 million and number of counties was 1986 in
1987). As the two older groups of our sample were born before 1976 and the youngest
groupwas born between 1976 and 1985, the two older groups of our sample are clearly not
affected by the technology and the impact on the youngest group is itself limited due to the
slow introduction of this technology into China. To check this conjecture, we calculate the
sex ratios at different birth orders. As shown in Table 8, the sex ratios are quite balanced,
which confirms that sex selection is limited for the studied cohorts.7 On the other hand, we
acknowledge that even if we have not found evidences of sex selection, sibling compo-
sition could still be endogenous, which is a priority for future research on this topic in
China as well as elsewhere in the world. For example, this could be addressed in the future
with the new policy shock of allowing parents in China to have two children since 2016.
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Table 8 Sex ratio by birth order

Birth order All Urban Rural

Sex ratio Obs Sex ratio Obs Sex ratio Obs

1 0.95 15,008 0.95 4250 0.96 10,758
2 1.02 13,442 1.05 3574 1.01 9868
3 1.05 11,577 1.04 3012 1.06 8565
4 and above 1.03 19,480 1.03 4818 1.03 14,662
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