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Disclaimer

This study has been written from a heteronormative perspective due to the nature of the research
topic. Hence, we do not take other sexual orientations into account, although they certainly exist
in our sample. Further, as neither same-sex marriages not civil unions are recognized by Chinese
laws, we make the simplification of a heterosexual norm in our investigation (Foreign Language
Press, 1982).



Definitions & Abbreviations

Asymmetric information: when one party in a transaction has more information than the other.
Confucianism: an ancient Chinese philosophy, with a special focus on ethics and morality.
Malthusian catastrophe: when a growing population surpasses the planet's food production
capacity.

Patriarchy: a social system of male dominance, upheld by structures favoring men.
Patrilineage: when descent is traced through the male line.

Patrilocality: when a married couple lives with or close to the husband's family.

Sex Ratio at Birth: the number of boys born alive per 100 girls born alive during a specific period
of time.

IV: Instrumental Variable
OCP: One Child Policy
OLS: Ordinary Least Squares
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1. Introduction

In 1979, the People’s Republic of China introduced several economic reforms. From that period
and onwards, China has been one of the world’s fastest growing economies. Between 1979 and
2018, China’s Gross Domestic Product (GDP) grew at an impressive average compound annual
rate of 9.50 percent with real per capita disposable income more than tripling over the period
(Mortrison, 2019; Oliveira, 2018). According to the World Bank, China is currently the second
largest economy in the world, with a GDP of $§14.72 trillion in 2020 (World Bank, 2022). The rapid
development has lifted over 800 million people out of poverty and has resulted in significant
improvements in access to health, education and also fueled a growing private labor market (World
Bank, 2022; Morrison, 2019; Yee, 2000).

In terms of demographics, China is one of the world’s most populous countries with more than
1.3 billion citizens in 2010 and over 1.4 billion in 2021(World Bank, 2022). The rapidly growing
population was one of the main motives underlying the implementation of family planning policies
in the 1970’s. The One Child Policy (OCP), introduced 1979, allowed Chinese parents to only have
one child (although moderations were made over time) and has been considered the world’s
strictest family planning policy ever implemented (Gietel-Basten et al.,, 2019). An unintended
consequence of the family planning policies has been the rising sex ratio imbalance, often
attributed to a combination of a cultural son preference, increased access to prenatal determination
tools and the imposed fertility limitations (Zhang and Wei, 2011a). Prior to the OCP in 1979,
China had a sex ratio at birth of 107 males per 100 females. In 1990, the sex ratio at birth had
increased to 112 males per 100 females, reaching its peak of approximately 117 males per 100
females in 2005 (United Nations, 2019)". This demographic development has been of interest to
many scholars trying to establish the consequences of the rising gender imbalance (Ebenstein,
2010; Sen, 1990, Yi et al, 1993). Nobel prize laureate Amartya Sen estimated that the neglect of
girls resulted in over 50 million women “missing” in China in the 1990’s, and the situation has not
improved materially since then (Sen, 1990). In 2020, China displayed a factual surplus of
approximately 35 million males (China statistical yearbook, 2021). Out of these, 16 million were in
what is considered a “marriageable age”. The excess number of males has resulted in an increased
marriage market competition, where millions of males risk not finding a spouse to marry.

A large branch of literature has pointed out several negative consequences of the imbalanced sex
ratio, such as increased crime rates, mortality, and mental health issues among Chinese men (Zhang
et al., 2021; Zhang et al., 2020; Edlund et al., 2013). Males and their families have also been found
to engage in more entrepreneurial activities, increase their savings rate, and invest more in high-
risk assets on the stock market in order to improve their financial status, as wealth is considered
an important determinant of an individual’s marriage market attractiveness (Chang et al., 2011;
Becker, 1981). One topic that has not been thoroughly studied, and that this paper seeks to
examine, is whether individuals facing fiercer marriage market competition also attain additional
education. As Human Capital Theory stipulates that education increases an individual’s life-time
earnings, we hypothesize that males faced with increased marriage market competition, may use

1 Estimates of sex ratio at birth vary in the research, where several studies have found the sex ratio at birth peaking
at levels well above 120 males per 100 females, such as (Jiang & Zhang, 2021; Zhang, He & Ma, 2021).



education as a strategy to acquire additional wealth and as a method to signal high-earnings
potentials on the marriage market. More specifically, we intend to answer:

How does a skewed sex ratio impact males’ investments in education?

By utilizing data from the 2010 China Family Panel Study (CEFPS) and the 1990 and 2000 China
Population Censuses, we examined the relationship between sex ratio imbalance and completed
years of education. The CFPS dataset is a national, cross-country survey collecting information
about economic, non-economic and social aspects of the Chinese population at the individual,
household, and community level in both rural and urban China (CFPS, 2022). The population
censuses capture demographic, economic and social information about the Chinese population
which enabled us to calculate the youth sex ratio in the individuals’ province of birth (IPUMS).
Through combining the CFPS and the Population Censuses we were able to empirically test

whether a skewed sex ratio affects males’ completed years education for the age group 16-35 in
2010.

To do so, we applied two empirical methods. Firstly, we utilized the simple Ordinary Least Squares
(OLS) method, where years of education was regressed on the prevailing sex ratio during an
individual’s youth in their province of birth. Further, to control for potential omitted variable bias
and other endogeneity issues, we applied an Instrumental Variable (IV) methodology, where
financial penalties for violating the OCP were used as instruments for the sex ratio.

We found support for our hypothesis that higher gender imbalance results in increased educational
attainment for males, although the economic significance is not excessively high. Surprisingly, we
also found that the effect of the gender imbalance is in fact stronger for females than males. We
are hypothesizing that these effects could stem from the prevailing son preference, disadvantaging
females in the labor market, resulting in females attaining additional education in order to compete
for the same labor opportunities as males. Further, the economic growth of the Chinese economy
might also have given rise to a larger supply of high-income jobs, not requiring higher education.
For males facing a competitive marriage market, these job opportunities might be an attractive
alternative with short-term benefits, as the average marriage age is relatively low.

Our study contributes to the body of existing research in several ways. First, we extend the
knowledge of the relationship between skewed sex ratios and educational attainment to a Chinese
21* century context, a geographical and temporal research space which currently is unexplored.
Secondly, investigating this topic can be an important contribution from a gender equality point
of view, as it can provide guidance to policy makers on factors affecting educational inequality
between genders.

The remainder of the paper is organized as follows. Section two provides a background on the sex
ratio development, marriage traditions and educational system in China. Section three presents the
theoretical frameworks used in this study. Section four presents our literature review. Section five
discusses the research gap, contribution to literature, research question and hypothesis. Section six
provides the data sets used for our empirical investigation. Section seven provides our empirical



methods. Section eight presents our results. Section nine reports our discussion, limitations, and
suggestions for future research. Finally, section ten provides our conclusions.

2. Background

2.1 Fertility limitations and the One Child Policy

In the 1970’s, the Chinese government under the ruling of Mao Zedong, became increasingly
concerned about the growing population (see figure 1). Mao’s Communist Party feared a
Malthusian catastrophe (see definitions & abbreviations), with insufficient resources for the
increasingly large population, leading to extensive famine (Ebenstein, 2010). As a result, far-
reaching family planning incentives were introduced in 1973 (Wang, 2012). These included
extended contraceptive and abortion services into rural areas and governmental campaigns
promoting later marriage, longer time intervals between children and smaller sized families under
the slogan “Later, Longer, Fewer” (Wang, 2012). Despite these incentives, the population
continued to grow throughout the 1970’s and the measures were considered insufficient since
China was not expected to meet its official population target of 1.2 billion people by the year 2000
(Gietel-Basten et al., 2019).

Figure 1: China’s population growth between 1950-2020
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Subsequently, in 1979, the central government under the leadership of Deng Xiaoping introduced
the One Child Policy (OCP), a set of regulations that restricted Chinese families to having one
child only (although ethnical minorities faced more relaxed restrictions) (Zhang, 2017; Wang,
2012). The government implemented several abortion and sterilization campaigns, and families
violating the fertility limits were punished through financial fines, calculated as a percentage of the
annual income (ranging between 0.1-5.0 times of the annual income). Furthermore, illicit children
could be denied access to public health care and education, thus, they were not given the same
opportunities as other children (Ebenstein, 2010; Oliveira, 2018).

Although the policy was implemented on a national level in 1980, the central government
implemented further localized fertility policies in 1984. The majority of urban families were
restricted to having one child, while many rural families were allowed two children if their first-
born child was a girl (referred to as the “1.5 child policy”) (Zhang, 2017). In some local
communities, families living in remote areas were allowed 2-3 children (Oliveira, 2018; Ebenstein,
2010). The implementation of the localized policies resulted in a variety of fertility limits and
financial penalties for violations among regions, provinces, and ethnic groups (Zhang, 2017).

The OCP was tightly enforced until 2015 when it was replaced by a Two-Child Policy. In May
2021, a Three-Child Policy was formally passed into law (BBC, 2021).

2.2 Son preference and the sex ratio development

One key characteristic of the Chinese culture is their prevailing preference for sons (Jiang and
Zhang, 2021; Ebenstein, 2010; Das Gupta and Shuzhuo, 1999; Coale and Banister, 1990).
Researchers attribute this phenomenon to China's Confucian heritage, cultural traditions, and large
agricultural dependence (Guo et al., 2018; Jayachandran, 2015; Jiang et al., 2011). Sons are not only
considered an important labor force in agricultural production, they are also relied on to support
the older generation through patrilocality, remaining in the family after marriage (Jiang et al., 2011).
Further, China's tradition of patrilineality, patrilocality and patriarchy systems (see definitions &
abbreviations) have historically given males superior rights in wealth inheritance, living
arrangements and family power structure, resulting in a higher status in the Chinese society (Jiang
and Zhang, 2021; Jiang et al., 2011).

Even prior to the implementation of the different family planning policies, the preference for sons
had resulted in skewed sex ratios at birth in China, although this was often materialized through
families having additional children in the hope of receiving a son (Jiang and Zhang, 2021). The
fertility limits imposed under the OCP resulted in couples engaging in sex selective abortions,
especially after the introduction of inexpensive ultrasound in the 1980’s (Oliveira, 2018; Ebenstein,
2010). Consequently, China has experienced a growing gender imbalance at birth, reaching its peak
of approximately 117 boys per every 100 girls born in 2005 (see figure (2)) (Tang, 2021)’. Due to
the different fertility limits imposed by local authorities, sex selective behaviors differed regionally,

2 The expected sex ratio at birth in the absence of interference lies between 103 to 107 boys per 100 girls (Ritchie
and Roser, 2019).

3 Estimates of sex ratio at birth vary in the research, where several studies have found the sex ratio at birth peaking
at levels well above 120 males per 100 females, such as (Jiang and Zhang, 2021; Zhang et al., 2021).



with provinces subject to the 1.5 child limit experiencing the highest gender imbalance growth
(Jiang et al., 2011). This has resulted in significant variations in the sex ratio development across
China.

Figure 2: Sex Ratio at Birth in China between 1950-2010, in five-year periods
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In 2020, the Chinese population consisted of approximately 723.57 million males and 688.55
million females. This implies an excess of approximately 35 million males, of which approximately
16 million were in what is considered “marriageable age” (20-40 years old) (China Statistical
Yearbook, 2021). One consequence of the imbalanced sex ratio is the difficulty for a substantial
number of males to attract a female partner. Research has found that it is often the poor,
uneducated males (commonly referred to as the “Guanggun” or “bare-branches”) in rural areas
that face these difficulties (Hesketh et al., 2011).

2.3 Marriage traditions in China

Family and marriage are central aspects of Chinese culture. As stated by Bai, Tang and Xie, “it is
still a common notion today that every male should take a wife and every female should take a
husband” (Bai et al., 2022). The minimum marriage age for women is 20 and for males 22, although
later marriage is encouraged by the government (Foreign Language Press, 1982). However, it is
not unusual that parents and relatives put pressure on unmarried sons and daughters to get married
before the age of 30 (a phenomenon referred to as “Cui Hun” or “urge to marry”), especially for
women (Tan and Xu, 2020).
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It should be noted that China is not only the most populous country in the world but has also
faced rapid development in recent decades, resulting in large differences in terms of culture, where
certain areas display more westernized customs while other regions maintain more traditional
values. However, most literature on this topic does typically cover traditional Chinese marriage
ideas. It is thus important to note that the information presented in this section does not consider
regional differences nor presents a collectively exhaustive description of Chinese marriage

customs.

In traditional Chinese marriages, there are typically large costs associated with marriage for the
male and his family. Firstly, it is custom that the groom's family finance the wedding ceremony, as
well as pay a “bride price” (reversed dowry) to the bride’s family. Sometimes, the bride’s family
reciprocates the tradition and pays a dowry back to the groom’s family, although this custom is
less common (Fu et al., 2018; Andersson, 2007). Further, many brides also expect their future
husband to provide accommodation, which results in additional large expenditures for the groom’s
family, especially in recent years after spikes in house prices in China (Wei et al.,, 2017).
Additionally, the continued sex ratio imbalance, has caused rising “bride prices”, putting further
economic pressure on the groom's family (Li and Li, 2021).

Traditionally, parents of the groom are expected to help their son find a bride, especially in rural
areas where the patrilocality system dominates. This system makes sons and their wives the most
important source of support for elderly parents, as rural areas often lack reliable old-age support
systems (Chen and Silverstein, 2000). As stated by Jin, Guo, and Feldman “if parents are unable
to arrange a marriage by providing bride price, betrothal gifts, and marriage ceremony expenses,
and so on for a son, it could justify the son not supporting them [at old age]” (Jin et al., 2015).
Further, as the marriage tradition outlined above is the norm in traditional Chinese culture, parents
who fail the task will suffer disapproval and social pressure (Bai et al., 2022).

Although males and females in theory can marry freely, certain structures dictate which marriage
candidates are considered appropriate’. One common division of the Chinese population is made
by the prevailing household registration system, referred to as ‘Hukou’. Until 2014, all Chinese
citizens were born with either an agricultural or non-agricultural hukou status and a hukou location
registration (Wang, 2021)°. Depending on Hukou status, citizens have different access to the
welfare system, where a non-agricultural hukou has been considered advantageous in terms of
social security, education, and employment opportunities (Wu and Treiman, 2004; Huang, 2001).
Previous research has found that the hukou system has created a hierarchy of preferred hukou
statuses, where a non-agricultural hukou status is associated with higher social standing (Wu and
Treiman, 2004). Due to this fact, citizens typically marry within their own hukou-status, although
recent relaxations of the system and the general development in China have opened up for more
inter-hukou marriages (Huang, 2001).

4 As opposed to same sex marriages which is not recognized in China (Foreign Language Press, 1982).
5> The division between agricultural and non-agricultural citizens was abolished in 2014 and replaced by a national
residency registration (jumin hukou) (Wang, 2021).
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2.4 Educational system in China

The Chinese educational system contains primary, secondary, and higher education (see table (1))
(Britannica, 2022). Secondary education includes both junior and senior education, while higher
education consists of senior vocational, bachelor’s, master’s, and PhD levels. Primary education
comprises six years of education, while secondary education consists of three years of junior and
senior school each. Higher educational programs vary in length but typically take between 2-4 years
to complete.

The first nine years of schooling (primary and junior secondary school) are mandatory and paid
for by the government under the “Compulsory Education Law” from 1986 (Britannica, 2022;
Ministry of Education, 2009). After completing mandatory schooling, students can choose to

proceed to senior secondary school, in either an academic or vocational secondary program
(OECD, 2016).

Table 1: Educational levels in China

Age Years of schooling
27 22
26 2l PhD programme
25 20
24 19
23 18 Master’s programme
22 17
21 16
20 15 University (bachelor’s degree) and vocational college
19 14
18 13
17 12
16 11 Senior secondary school
15 10
14 9
13 8 Junior secondary school
12 7
11 6
10 5
9 4 Primary school
8 3
7 2
6 1
5
4 Pre-school and kindergarten
3

Source: OECD (2010)

The Chinese hukou system dictates access to public schooling, which disincentivizes parents of
young children to move outside the province since the children will not unconditionally be given
access to public schooling in their new area of residence (Zhang et al., 2021; Wang et al., 2017).
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The Chinese educational system has undergone substantial transformations since the 1970’s.
During the ruling of Mao, the focus of the educational system shifted towards efficiency and
growth (Gruijters et al., 2019). It was also during this time that the nine years of mandatory
schooling were implemented. Since the 1980’s, enrollment in education has increased substantially,
with almost all individuals born after 1980’s having attained the nine-year compulsory education
(Zhang, 2022). Due to a shift in central policy during this period, school resources were
decentralized, resulting in considerable differences in availability and quality of education among
regions, especially between rural and urban areas (Gruijters et al., 2019). In 1990, there was a
second wave of reforms, which focused on increasing access to higher levels of education. Further,
the government implemented policies targeting equal resource distribution, access, and quality
among schools (Huang et al., 2015). As a result, higher educational attainment rates have surged
in recent years. In 2019, 28 percent of 18-year-olds, 39 percent of 19-year-olds and 40 percent of
20-year-olds were enrolled in tertiary education in China, compared to the OECD average of 18
percent, 34 percent, and 39 percent. However, the numbers are still below average for older
individuals. For example, only 1 percent of 25-29-year-olds are enrolled in tertiary education,
compared to the OECD average of 10 percent (OECD, 2010).

3. Economic Theory

Two theories that relate to an individual's motivation to pursue additional education are Gary
Becker’s Human Capital Theory and Michael Spence’s Job-Market Signaling Model. In this section
we will give a brief overview of these two theories and explain how they helped us to formulate
our hypothesis.

3.1 Human Capital Theory

“Human capital consists of the knowledge, skills, and health that people invest in and accumulate
throughout their lives, enabling them to realize their potential as productive members of society.
Investing in people through nutrition, health care, quality education, jobs and skills helps develop
human capital” (The World Bank).

One of the most influential economists within Human Capital Theory is Nobel laureate Becker
who has published several recognized books within the field (The Nobel Prize, 1993). According
to Becker, one of the key components of human capital is education, as it facilitates access to high
income jobs and reduces time spent as unemployed, resulting in overall higher income levels
(Becker, 1993). Further, his research suggests that investment in education generates marriage
market returns since individuals with potential for a high future income or a prestigious job are
evaluated as more attractive partners on the marriage market (Becker, 1981).

Becker’s research can help us understand individuals’ willingness to accumulate education. The
fact that taking on more years of schooling leads to an increasing probability of financial stability
could encourage males to educate themselves, in order to improve their attractiveness towards
potential female partners. This behavior might be spurred as the marriage market competition
increases, resulting in males taking additional measures to appear as attractive marriage candidates.

13



3.2 Job-Market Signaling Model

Another theory that can facilitate the understanding of individuals’ motivations is Spence’s Job-
Market Signaling Model. The model does not discuss actual skills and competences but rather
considers how an individual can convey information about their competence level to other parties,
under situations with prevailing asymmetric information (see definitions & abbreviations).

Although the connection between the job market and the marriage market may not be obvious,
they both share similarities in terms of asymmetric information. On the marriage market, it might
be difficult to assess a potential partner’s true qualities. Likewise, in most job markets the employer
is not 100 percent sure of the skills of a worker at the time of hiring. The fact that it takes time to
comprehend an individual’s actual skills means that a long-term investment (hiring) is made under
uncertainty. However, the individual will have some observable attributes that the less informed
party can base its decision on, such as educational attainment. Education signals ability and
ambition, therefore, it might serve as an indication and a guarantee for the less informed party that
the individual is worth investing in (Spence, 1973).

In the context of the Chinese marriage market, the Job Market Signaling Model suggests that males
might feel motivated to invest in education in order to use it as a certificate to signal quality. For
example, through obtaining additional education, a male can signal to potential partners that he
has high earning potentials (Chang et al., 2011; Oreopoulos and Salvanes, 2011). Further, as it is
custom in traditional Chinese marriage arrangements that the wife moves into an accommodation
provided by the husband, this might affect the importance of the husband’s financial status.

4. Titerature review

Chinas skewed sex ratio, its causes and consequences has been thoroughly discussed in previous
research. As the existing literature is extensive, it is impossible to present a complete review in this
paper. Instead, we have examined a selection of publications that provide relevant insights to our
investigation. We have reviewed previous research in four different areas: gender imbalance and
education, imbalanced sex ratios and its societal impact, sex ratios and marriage market behavior

and finally the relationship between marriage and education.
4.1 Gender imbalance and education

Several studies examine the topic of gender imbalance in relation to education, although the results
are somewhat contradicting. Those of interest to this study, investigate how the rising sex ratio
imbalance, OCP and son preference have affected educational attainment among males and
females. Reviewing this topic provides important insights into how cultural mechanisms together

with family planning policies can affect investments in males’ education.

In the article “Making Yourself Attractive: Pre-Marital Investments and the Returns to education
in the Marriage Market”, Canadian economist Lafortune investigated how changes in the sex ratio
influenced the pre-marital educational investments among second generation immigrants in the
US, born between 1885-1915. Similar to our study, Lafortune applied an instrumental variable

14



approach where variations in immigration flows between different states in the US were used as
instruments for the sex ratio. In particular, she investigated educational attainment among males,
and found that in areas with skewed sex ratios, males acquired more formal education. Lafortune
found that a one-point standard deviation change in the sex ratio resulted in 0.2 years increase in
education for second-generation immigrant males. In summary, her findings suggest that the sex
ratio in the surrounding area is of importance when an individual decides whether to undertake
additional education or not (Lafortune, 2013).

Gender imbalance and educational attainment is further discussed in “Birth order and the gender
gap in educational attainment”, by economist Oliveira. She examined both birth order effects on
completed years of schooling in China and differences between genders, using the China Health
and Retirement Longitudinal Study. Her findings suggests that the OCP, despite exaggerating the
skewed sex ratio in China, actually helped reduce the gender gap in educational attainment. Her
research also showed that smaller family sizes, as a result of the fertility limits imposed by the OCP,
showed a stronger positive effect on human capital investments in females compared to males. As
a consequence, a daughter’s years of schooling decreased with the number of younger siblings,
while a son’s schooling increased with the number of younger siblings, hence the OCP led to a
reduction in the gender gap in education between the sexes (Oliveira, 2018).

China’s prevailing son preference together with perceived lower returns to investments in gitls,
were explored in the article “Son preference and educational opportunities of children in China—
‘I wish you were a boy!””. Professor Wang examined the effect of parental son preference on
investments in education of boys and girls in China using the 1990 Population Census and
ethnographic data. She found that a parental son preference led to lower investments in girls'
education in rural China, both in terms of school enrollment and completed years of schooling.
The effect was driven mainly by rural parents perceiving lower returns to education for girls, caused
by the general gender income gap and traditional marriage customs (Wang, 2005).

4.2 Imbalanced sex ratios and implications for society

Another branch of research has focused on determining the effects of the increasingly skewed sex
ratio on society. A common point of interest is the effect of intensified marriage market
competition when the number of males relative to females increases. Reviewing this topic
highlights the importance of continuous exploration of the field, as existing literature so far
suggests that increased marriage market competition has a negative effect on males, and society at
large, through e.g., increased crime rates and health problems among males. Linking these findings
to the topic of this study can help explain males' motivation to attain additional education as a
measure to combat involuntary solitude.

In the article “Too many men, too-short lives: the effect of the male-biased sex ratio on mortality”,
economics Professors Zhang, Chang and Kan investigated the long-term effect of a male-biased
sex ratio on mortality, studying the removal of the marriage ban in Taiwan 1959, using an
instrumental variable approach. The study found that males who were more exposed to higher
marriage market competition in early adulthood experienced a rise in the probability of cancer,
high blood pressure and mortality a few decades later. The study concluded that other countries
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experiencing large gender imbalances may suffer corresponding societal costs, stemming from a
higher rate of health issues and mortality amongst the male population (Zhang et al., 2020).

A similar point was made by economists Zhang, He and Ma who examined the effect of a skewed
sex ratio on males' mental health in China, using the China Family Panel Study dataset from 2012.
Similar to our study, the authors instrumented the sex ratio using Ebenstein's (2010) financial
penalties under the OCP. The study found that an increasingly biased sex ratio correlated positively
with higher depressive symptoms and probability of depression among Chinese men (Zhang et al.,
2021).

A further contribution was made by Professors Edlund and Zhang. They investigated the
relationship between a skewed sex ratio and the increasing crime rates in China. The authors found
that the increasing gender imbalance may account for up to one-seventh of the overall rise in
violent and property crime in China during 1988-2004. The authors concluded that the
consequences of skewed sex ratios reach beyond males who are unable to find a partner to marry,
but also affect society at large (Edlund and Zhang 2013).

4.3 Sex ratio and marriage market behavior

Another effect of the challenges for males to find a partner is the increased incentives to become
an attractive marriage candidate. This topic has interested several researchers. Examining these
mechanisms can provide insight into how a skewed sex ratio drive male behavior, something which
is of interest to our empirical analysis.

Professors Wei, Zhang, and Liu investigated the relationship between differences in sex ratio and
housing prices in their article “Home ownership as status competition: Some theory and evidence”.
They examined house ownership as a key determinant of an individual's marriage market
attractiveness in China. When investigating real estate prices in 35 cities in China during 2003-
2009, the authors found that housing prices were significantly higher in areas with skewed sex
ratios, after controlling for average household wealth, while no such pattern existed for rental
homes. Further, their research showed that families having an unmarried son and living in areas
with skewed sex ratios, were positively correlated with the probability of the family wanting to own
an expensive home. The authors concluded that a higher sex ratio accounted for a significant part
of the increase in real estate prices in the areas examined (Wei et al., 2016).

Authors Li, Song, Xu, and Yi examined sex ratios and household investment choices in China.
They found evidence that higher sex ratios lead to families with a son having larger marriage
expenditures. As a result, in order to appear financially attractive for potential marriage partners,
families were more willing to take on risk through investments in high risk / high reward types of
assets (Li et al., 2019).

Further, Wei and Zhang examined household savings across China. The authors found that
households with a son were more likely to have larger savings in areas with more imbalanced sex
ratios, in order to help the son to attract a female partner, and to be able to afford the costly
marriage expenditures. Based on their empirical analysis, they concluded that the increased sex
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ratio imbalance could explain approximately 60 percent of the increase in household savings during
1990-2007 (Wei and Zhang, 2011b).

In their working paper from 2011, Professors Wei and Zhang investigated the effect of skewed
sex ratios on entrepreneurial activities and GDP growth in China. Through applying Ebenstein's
(2010) financial penalties, the authors, using an instrumental variable approach, found that a
significant part of the GDP growth stemming from private firms could be attributed to an
imbalanced sex ratio. Further, the authors found that males in areas with imbalanced sex ratios
were more eager to engage in entrepreneurial activities, supplied more labor and had a larger
willingness to take (higher paying) uncomfortable and dangerous jobs, all in the hope of acquire
additional wealth (Wei and Zhang, 2011a).

4.4 Relationship between marriage and education

A final branch of research investigates another topic closely correlated to this study: the
relationship between the marriage market and human capital acquisition. There are typically two
subdivisions: one exploring incentives for investments in human capital and the other exploring
the probability of marriage (Hu and Sun, 2021). Several scholars have concluded that educated
individuals do not only become more attractive on the labor market, but on the marriage market
as well, due to increased probability of economic and non-economic returns (Lafortune, 2013;
Oreopoulos and Salvanes, 2011, Chang et al., 2011).

In the article “Priceless: The Nonpecuniary Benefits of Schooling”, economics Professors
Oreopoulos and Salvanes investigated the non-monetary benefits related to education in the US.
Their study suggested that educated individuals were more appealing on the marriage market, both
due to increased probability of higher earnings and occupational prestige, but also through
improved cognitive skills, such as critical thinking and social skills acquired in school (Oreopoulos
and Salvanes, 2011).

A similar point was made by Chang, Wang, Shackelford, and Buss. The authors examined the
development of mating preferences in Shanghai comparing survey responses from individuals in
1982 to 2008. One important finding was that a college degree increased an individual's
attractiveness for both males and females, although the effect was slightly larger for males. Further,
the authors found these preferences stronger among the 2008 sample compared to the 1982
sample, indicating that this preference had become more significant over time. Similarly, high
earnings capacity and good financial outlooks were found to be important for an individual's
attractiveness. This preference had also risen in parallel with education, leading to the authors
suggesting that these may correlate. Finally, the authors concluded that females' value financial
resources in a potential partner more than males (Chang et al., 2011).

The existing research on the success of highly educated individuals is, however, not univocal. In
the article “Too educated to be married? An investigation into the relationship between education
and marriage in China”, professors Hu and Sun investigated the relationship between education
and marriage market success in China. They found that individuals with a college degree were less
likely to be married for two reasons. Firstly, highly educated individuals had higher expectations
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on their potential partners. Secondly, as for other groups, increasing marriage costs, driven by
accelerating house prices, was found as a discouraging factor (Hu and Sun, 2021).

5. Contribution

5.1 Research gap, importance of the topic and contribution to literature

From previous sections it can be concluded that China's skewed sex ratio could have severe
consequences for males' marriage outlooks as well as their overall health and well-being. While the
literature present rich evidence that a skewed sex ratio causes behavioral changes among males,
motivated by intense marriage market competition, little research investigates the direct link
between increased marriage market competition and investments in education. Existing literature
presents contradictive findings regarding the implications of increased education on marriage
prospects. Some studies have concluded that education improves an individual's attractiveness to
potential partners while other studies have found that higher education results in lower probability
of marriage. In this paper, we have attempted to contribute to shed further light on this topic, by
investigating the relationship between a skewed sex ratio and Chinese males' motivation to use
education as a tool to signal attractiveness to potential partners. To our knowledge, this potentially
causal relationship has not been examined before.

Regarding the contribution to existing literature, Lafortune (2013) is the only paper, to the best of
our knowledge, to examine the relationship between an imbalanced sex ratio and male's attempt
to increase their attractiveness on the marriage market through education. However, the scope of
that study is second generation immigrants in the US, during the eatly 1900's. Hence, we contribute
to existing research by extending the knowledge of the relationship to a Chinese 21% century
context, a geographical and temporal research setting which currently is unexplored. Our analysis
is also demographically broader, since we are analyzing a data sample representing the whole
Chinese population of marriageable age. Furthermore, the data used in our thesis is conducted
during the 21* century, thus enabling us to draw conclusions about the current Chinese context,
which might be helpful for continuous investigations and policy makers interested in this topic.

The conclusions of this study may further provide insights into parents' perceived return on
investments in their children. Investigating this topic can thus be an important contribution from
a gender equality point of view, as it can provide guidance to policy makers on factors affecting
educational inequality between genders. In addition, as sex ratios vary among provinces, our study
could provide insights into the underlying causes of regional differences in males educational
attainment, which can be helpful in trying to reduce the educational gap across China.

5.2 Hypothesis and research question

Previous literature points out that a skewed sex ratio is causing males to change their behavior, in
order to improve their marriage market competitiveness. As males' financial status has been shown
to increase their attractiveness from the female point of view, these behavioral changes have in
previous literature been motivated by a desire for increased wealth (Li et al., 2019; Wei and Zhang,
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2011a; Chang et al., 2011; Becker, 1981). Furthermore, Human Capital Theory stipulates that
education facilitates access to higher paying jobs and increased lifetime earnings. Moreover, the
Job Market Signaling Model provides an explanation to how education can be used to signal high-
earning potentials in situations where asymmetric information prevails. Hence, from the discussion
above, the following hypothesis and research question has been formulated:

Hypothesis: A skewed sex ratio will increase males' motivation to invest in education in order to
signal their attractiveness to potential (female) partners.

Research question: How does a skewed sex ratio impact males' investments in education?

6. Data

This section presents an overview of the data used in this study and definitions of the main
variables in our analysis.

In order to evaluate the effect of an imbalanced sex ratio on males' length of education, we have
combined several datasets. The first one is China Family Panel Studies (CFPS) from 2010. This
dataset is a national, cross-country survey conducted biannually from 2010 and onwards, by the
Institute of Social Science Survey (ISSS) of Peking University in China. The aim of the survey is
to collect information about economic, non-economic and social aspects of the Chinese
population. The survey is based on personal interviews and consists of individual, household, and
community level responses from China's 31 provinces in both rural and urban China (see table
(12) for list of China's provinces). The interviews were conducted on approximately 30 000
individuals with a 79 percent overall response rate. On specific questions, the data quality is much
lower, resulting in a large proportion of “missing values” in the dataset (CEFPS, 2022).

Our outcome variable, “Years of education”, is based on data from the 2010 CFPS. This variable
captures an individual's completed years of education in 2010, for the age group 16-35. This is our
primary group of interest for two reasons. Firstly, education is compulsory during the first nine
years of schooling which approximately corresponds to the age of 15. Individuals obtaining
additional education can, therefore, be observed first after that age. Secondly, the 16-35 age group
covers the majority of the people marrying in China, as the average marriage age is 24 which falls
well within our sample range (Zhang et al., 2021)°.

Our treatment variable, “Sex ratio for cohort 16-35”, is compiled using data from the China
Population Censuses from 1990 and 2000. The population censuses have been organized by the
Chinese government since the 1950's and are mainly conducted through the National Bureau of
Statistics of China and other statistical bureaus (Zhang and Zhao, 20006). The censuses capture
demographic, economic and social information about the Chinese population (IPUMS).

® Similar age cohorts have been used as the prime martiage age in previous studies. Zhang, He & Ma (2020) uses age
cohort 17-26, while Cameron, Meng & Zhang (2019) look at ages 18-27. Edlund, Li, Yi & Zhang (2013) uses age
groups 16-25. Due to our topic of analysis, years of education, where a doctoral degree can be obtained at the age of
27 at the earliest, we have chosen to expand our sample, compared to other studies.
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Using the population censuses, we are able to calculate the ratio of males per 100 females for ages
16-35 in 2010 (aged 6-15 in 1990 and 2000) in each province'. As the martiage market is mainly
“local”, it is reasonable to assume that individuals are affected by the sex ratio in their province of
residence (Zhang et al., 2021). Due to the Chinese hukou system, individuals migrating abroad or
moving to other provinces prior to the age of 15, lose certain public benefits like access to public
schools, which is why we assume that the “migration effect” is insignificant (Cui et al., 2019).
Thus, we can postulate that the sex ratio during an individual's youth remains that of the birth
province. We hypothesize that the youth sex ratio, and hence, the individual's future marriage
market competitive situation, will affect the individual's inclination to acquire additional, non-
compulsory, years of education, following the age of 15. Therefore, an individual's youth sex ratio
at their province of birth is a valid indication of the marriage market pressure they experience

growing upg.

It is likely that individuals look beyond their own age group in the mating process, meaning that
they are also affected by the sex ratio in adjacent age groups. To account for this effect, our sex
ratio variable is constructed as a five-year age mean in each province of birth for individuals aged
16-35. Through this method, we obtain four different sex ratio cohorts: 16-20, 21-25, 26-30 and
31-35’. In addition, we have compiled an additional sex ratio variable where we have excluded
outlier values, to make sure that our calculated effects are not entirely driven by outliers in the sex
ratio (see figure (3) & (4) in appendix).

Through combining the 2010 CFPS and the sex ratio data, we can create our main variable of
interest; an interaction variable for the average sex ratio and the gender effect for males. Control
variables at the individual and household levels are derived from the 2010 CFPS survey. County
level characteristics are obtained from a restricted extension of the CFPS, which contains county
level information (CFPS, 2022). By combining the 2010 CFPS survey together with the 1990 and
2000 Population Censuses, we end up with a main analysis sample consisting of 8579 individuals,
aged 16-35, from 30 provinces'.

7. Empirical Method

This section begins with a presentation of our empirical models and motivation for our chosen
control variables. Further, we elaborate on potential weaknesses of the Ordinary Least Squares
(OLS) model which are controlled for through an Instrumental Variable (IV) model. Finally, we

7 We have calculated the sex ratio for the age group 6-15 in year 1990 and matched it to individuals aged 26-35 in
2010. Similatly, we have calculated the sex ratio for the age group 6-15 in year 2000 and matched it to individuals
aged 16-25 in 2010.

8 Although it is possible that individuals migrate to another province after completing compulsory schooling, which
suggests that they could be faced with a different marriage market competition, we assume that this effect is minor
as individuals’ current province of residence and province at birth have a 97.36 percent correlation in our dataset.

% Other studies (Zhang, He & Ma, 2021; Zhang & Wei, 2011) calculate an average sex ratio for the whole sample
age. However, due to the limited number of provinces in China, the five-year averages also serve the purpose of
increasing the variation within our sample.

1% One province did not contain any respondents from our age group and is therefore not present in our main
sample.
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discuss the required IV assumptions and introduce our chosen methods to test for instrument

validity.
7.1 The baseline model: OLS regression

To examine the effect of a skewed sex ratio on males' years of education, we start by estimating
the linear relationship between the two, through an OLS model.

Our baseline model is the following:

Yitpe = PoMale; + BySex_Ratio, + 6Xitpe + Eitpe 1
+ B,Male; * Sex_Ratioy, (2
vap ©

Where Y, represents the outcome variable, completed years of education of respondent i, from
cohort ¢, in province p, and county c¢. Male is an indicator variable for male respondents, of
individual i. The treatment variable Sex_Ratio,, refers to the sex ratio of cohort t in province p.
Xitpe represents our set of demographic and socio-economic characteristics at the individual level
[, cohort t, province p, and county level ¢ (1). The interaction variable Male; * Sex_Ratio,
represents the effect of the sex ratio for male respondent i, from cohort t in province p. (2).
Further, we add a control variable for province specific fixed effects, a,, in order to control for
between province variations (3). In line with the reasoning proposed by Bertrand, Duflo and
Mullainathan (2004) we cluster our standard errors at the level of treatment, cohort ¢ and province
of p.

In addition, we add a regression with trimmed (excluding outliers) sex ratio values, in order to rule
out that our results are not entirely driven by outliers (see figure (3) & (4) in appendix)''. The above
model is thus adjusted accordingly:

Yipe = ap + BoMale; + piSex_Ratio_trim., + f,Male; * Sex_Ratio_trimy, + 6Xirpe + €ipe (4)

7.1.1 Splitting dataset by hukou

As hukou status is an important determinant of an individual's access to the social welfare
system, we further want to examine differences between agricultural and non-agricultural hukou
individuals. Therefore, in addition to our main dataset, we created two new datasets, splitting our
original data by hukou status.

7.1.2 Control variables

The chosen control variables in this model (see below) are all believed to have an impact on our
dependent variable “Years of education”. Including these variables helps increase the precision of

" Reducing the distribution of the sex ratio from 92.02-124.92 to 102.82-119.50.
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our estimates and will most likely result in higher explanatory value of the model as a whole.
Excluding variables affecting our dependent variable would result in the model attributing the
effect of those omitted variables to the included ones, resulting in biased estimates. If these missing
variables happen to be correlated with the sex ratio, we would detect a relationship between
educational attainment and the sex ratio, although it might not exist. By including the control
variables, we try to isolate the sex ratio's exogenous effect on the dependent variable and, thereby,
establish a reliable estimation of the potential causal effect sought for in our research question.

The control variables are set to capture demographic and socio-economic characteristics of the
individuals in our sample. The gender of the respondent is included to control for differences in
educational attainment among males and females, as males constitute our main point of interest.
A variable for area of residence is included to account for the differences between rural and urban
residency, as urban areas are believed to have better access to schools compared to rural ones
(Ayoroa et al., 2010). Similar to the previous control, the individual's childhood hukou status is
included to control for access to education through distinguishing between agricultural and non-
agricultural families (see section 2.3 for explanation of hukou). As mentioned in by Chen &
Silverstein (2000), rural families working with agriculture are more dependent on their sons as
labor source and old-age support which might lead to different educational investments in their
child(ren) depending on gender.

A variable for the individual's mother's level of education is included to consider the effect of
parent's education on their children's educational attainment, as previous research has found a
positive correlation between the two (Harding et al., 2015)'*. Further, another determinant of an
individual's educational attainment is the family income, which is why log of family income is
controlled for in this model (Blanden and Gregg, 2004). Lastly, log of county level GDP per capita
is included to cater for the effect of regional wealth differences among the population, which might
affect educational attainment, although this measure is an imperfect proxy (Kapoor and Debroy
2019)". Finally, it is worth noting that a majority (> 80 percent) of the respondents in our dataset
possess an agricultural hukou status while the other variables have a more dispersed distribution
of values.

7.1.3 Weaknesses of the OLS model

There are several potential problems associated with using an OLS regression model to detect the
existence of a causal relationship between a sex ratio imbalance and years of education for males.
Although we try to control for the determinants of years of education, there are most likely other
predictors that are not part of our model. As discussed in section 7.1.2, omitted variables result in
biased estimates. One commonly mentioned example is China's prevailing preference for sons
(Zhang et al., 2021). It is possible that a son preference influences both the sex ratio and
educational attainment among males, as parents with this preference might be more prone to
engage in sex selective activities as well as invest more in their son's education compared to other

12 . . . .
We chose to exclude a control for father's level of education as it would reduce our sample size significantly.
Additionally, including this control did not affect our results substantially.

3 We are using the logarithm of family income and GDP per capita in order to linearize the relationship with years
of education.
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parents. In addition, due to the large number of “missing values” in the CFPS dataset, other
potential determinants of educational attainment were not possible to include in our model (see
section 9.2.1 for further elaboration). Since these variables remain uncontrolled for, the model

might be further biased as a consequence.

A second problem with the OLS model is potential measurement errors in the sex ratio reporting.
Underreporting of girls has been detected in China, which could result in the sex ratio obtained
from the Population Censuses not reflecting the actual sex ratio in China (Goodkind, 2011) .
Measurement errors in the treatment variable cause endogeneity problems and result in biased
estimates. However, underreporting of girls is unusual after the age of six due to the household
registration system (hukou), being a requirement for entering compulsory schooling at the age of
six (Zhang et al., 2021). Our method of calculating the sex ratio for individuals aged 6-15, allows
us to mitigate this issue.

7.2 Controlling for weaknesses in the OLS model: adopting an IV approach

To address the potential endogeneity issues, we are adopting an IV approach'!. According to this
model, we try to isolate the effect of the sex ratio on educational attainment, through examining
determinants of the sex ratio that are assumed to be uncorrelated with the dependent variable and
the error term. This permits us to draw conclusions about the potential relationship between the
sex ratio and years of education.

Previous research attributes the OCP as one of the main causes of the imbalanced sex ratio in
China (Chen et al, 2013; Sen, 1990). Ebenstein (2010) introduced a method, using regional
differences in financial penalties for violating the imposed fertility limits, as instruments for the
sex ratio. This was built on the hypothesis that stricter financial penalties influence parents to
engage more in sex-selective activities instead of having to pay fines for additional children. We
are using two financial penalty types proposed by Ebenstein (2010): the fine rate for violating the
OCP expressed as multiples of annual income, and the additional premium fines for higher order
births”. In the model, the average fine rates and premiums for years 1985-1994 are used as
instruments for the sex ratio of individuals aged 16-25 in the 2010 CFPS sample, while average
fine rates and premiums for years 1979-1984 are used as instrument for the sex ratio for individuals
aged 26-35 in the 2010 CFPS *°.

10 addition, the IV model serves as a test of whether our findings from the OLS regressions are consistent after a
change of method, which could provide additional support for our results.

® For example, if a family under a strict one-child limit chose to have three children, they could be faced with larger
penalties compared to if they “only” had two (Ebenstein, 2010).
18 These years correspond to the years in which the individuals in the cohorts were born. Cohorts 16-20 and 21-25
in 2010 CFPS wete born 1985-1994 while cohorts 26-30 and 31-35 were born between 1975-1984. However, as the
OCP and financial penalties were implemented in 1979, we use the years 1979 and 1984 as an imperfect
approximation for the age group 26-35. We use the average fine rate and premiums in order to account for the fact
that the decision to violate the fertility limits depends not only on the prevailing fine rate and premium at the year of
giving birth, but of those prevailing previous years as well. This method is inspired by previous research from
scholars such as Zhang He and Ma (2021), Wei and Zhang (2011a). We use one single average for age group 6-15 in
1990 and another for age group 6-15 in 2000 as the penalties were fairly constant over time.
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Financial penalty data was retrieved from Ebenstein at the Hebrew University of Jerusalem. This
data has been used in previous research, i.e. Zhang, He and Ma (2020), Wei and Zhang (2011a)
and Ebenstein (2010); all examining the sex ratio in China (Hebrew University of Jerusalem).

According to this, we estimate the first-stage regressions as the following:
Sex_Ratioy, = ap + 6oFine_Ratey, + §;Premiumy, + +7Xjpc + €ipc 1)
Sex_Ratio_trimy, = a, + &oFine_Ratey, + 6 Premiumgy, + +mXjpe + €ipc 2

Where Sex_Ratioy, is the average sex ratio for cohort t in province p. Fine_Rate,, is the fine rate
for cohort t in province p. Premiumy, is a binary variable taking on the value of 1 if a premium
for additional violation of OCP existed for cohort t in province p. Xj,, represents our set of
demographic and socio-economic characteristics at the individual i, cohort ¢, province p, and
county level ¢. Furthermore, we control for province fixed effects a,,. Standard errors are clustered
at the province and cohort level. Similar to the OLS regression, we are conducting an additional
regression testing based on the trimmed sex ratio.

7.2.1 IV Model assumptions

In order to conduct an IV analysis, two assumptions have to hold: relevance and exogeneity.

1) Relevance:Cov(z,x) # 0

An instrument is relevant if sufficient covariance exists between the independent variable, in our
case the treatment variable “Sex Ratio for cohort 16-35”, and the instrument “Fine Rate” or

b

“Premium”, otherwise the instrument is considered “weak”. A general rule of thumb is that

instruments are not weak if the first-stage F-statistic exceeds the value of 10 (Lee et al., 2020).
However, Andrews, Stock and Sun (2018) have proposed that a more appropriate threshold lies
around the value of 50. In addition to Andrews, Stock and Sun, economists Stock and Yogo (2005)
have compiled a set of critical values, to which the F-statistic can be compared to under the null
hypothesis that the instruments are weak. If the F-statistic is larger than those critical values, the
null hypothesis of weak instruments can be rejected. To test for weak instruments in our model,

we obtain the Kleibergen—Paap rk F-statistic and compare it to Stock and Yogo's critical values'”.
2) Exogeneity: Cov(z,u) = 0

The second assumption of an instrumental variable approach is exogeneity. An instrument is
exogenous if it is uncorrelated with the error term and, therefore, has no effect on the dependent
variable. It is plausible that the financial penalties under the OCP solely correlates with the sex
ratio, since these specific penalties were applied to individuals violating the imposed fertility limits,
which raises doubt if they have an impact on the other variables in the model. Exogeneity can be
tested when a model has more instruments than treatment variables (an “overidentified” model),

which is the case in our investigation. We will perform Hansen's J-statistic calculation in order to

7 The Kleibergen—Paap rk F-statistic is an applicable F-statistic when standard errors are clustered.
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test the joint null hypothesis that the instruments are exogenous, a test that has been applied by
previous scholars using the financial penalties, proposed by Ebenstein (2010), as instruments for
the sex ratio in China, (Zhang et al., 2021; Wei and Zhang, 2011a).

If the Kleibergen-Paap rk Wald F-statistic is above Stock and Yogo's critical values and the p-value
from the Hansen's | Statistic cannot reject the null hypothesis of exogenous instruments, it is an
indication of valid instruments. The results of the Kleibergen—Paap rk and Hansen's | statistics are

found in our output tables.
7.3 Descriptive statistic

Table (2) presents our descriptive statistics. The average years of education for individuals aged
16-35 in 2010 is 9.6 years, with a standard deviation of 3.9 years. The sex ratio averages range
between 92.0 and 124.9, which suggest that the sex ratio vary considerably between provinces.
Also, the mean value of 108.2 is higher than the expected or “natural” sex ratio of 102-107 males
per 100 females'®.

Table 2 Descriptive Statistics

N Mean Median Std. Dev. Min Max Dataset
Dependent variable
Completed years of education in 2010 8579 9.605 9.000 3.896 0 22 CFPS
Independent variables
Sex ratio for cohort 16-35 8579 108.157 108.313 4.595 92.022 124.92 Census
Sex ratio for cohort 16-35, trimmed 8133 108.545 108.566 3.989 102.819 119.5 Census
Male! 8579 484 0.000 5 0 1 CFPS
Sex ratio for cohort 16-35 x male 8579 52.418 0.000 54.191 0 124.92 CFPS/Census
Sex ratio for cohort 16-35 x male, trimmed 8133 52.423 0.000 54.371 0 119.5 CFPS/Census
Utrban residence 2 8579 472 0.000 499 0 1 CFPS
Hukou status at age 3 3 8579 1.392 1.000 1.182 1 79 CFPS
Mother’s level of education? 8579 2.016 2.000 1.077 1 8 CFPS
Log. of family income 8579 10.231 10.251 924 5.298 14.529 CFPS
Log. of GDP per capita 8579 10.102 9.881 1.058 8.062 12.676 CFPS
Instruments
Fine rate 8579 1.301 1.214 378 453 2.388 Ebenstein
Premium® 8579 572 0.667 .392 0 1 Ebenstein

1 Male = 1; Female = 0

2 Urban = 1; Rural = 0

3 Agricultural = 1; Non-agricultural = 3; No registration = 5; Non-Chinese Registration = 79

4 Illiterate = 1; Primary educ = 2; Junior educ = 3; Senior educ = 4; College = 5; Bachelor = 6; Doctor = 8
5 Premium = 1; No premium = 0

Source: CFPS (2022); IPUMS; Hebrew University of Jerusalem

Table (3) shows that the average years of schooling is higher for males in our sample compared to
females, but also that the distribution of educational attainment varies more amongst females (see
distribution in figures (7) & (8) in appendix). In absolute numbers, the highest years of education
in the female sample is larger than the male sample maximum (22 years compared to 19 years).

'8 The expected sex ratio at birth in the absence of interference lies between 103 to 107 boys per 100 girls (Ritchie
and Roser, 2019).
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Table 3 Summary Years of Education in 2010

N Mean Median Std. Dev. Min Max
Males 4155 9.867 9.000 3.592 0 19
Females 4424 9.36 9.000 4.146 0 22

Source: CFPS (2022)

8. Empirical results

In this section we present the results from our econometric models investigating the sex ratio
effect on males completed years of schooling. We start by presenting our results from the OLS
regressions in table (4). In column (1), we report the baseline model with controls, excluding the
interaction term “Sex Ratio for cohort 16-35 x Male”. Continuing, in column (2) we add the
interaction term, in column (3) we control for province fixed effects and finally, in column (4), we
exclude extreme values in the sex ratio variable (see figure (3) & (4) appendix). In addition to our
main regression, we include an additional table (table (5)) where the sample is split by hukou status.
Further, we continue this section by reporting the first and second stage of our IV model, where
the datasets are split by gender. In column (1) of the first and second stage model we regress the
regular sex ratio while column (2) reports the trimmed version.

8.1 Main results

Table (4) reports our main results from the OLS regression, where we regress the sex ratio on
completed years of education.

‘Table 4 OLS Regression of Youth Sex Ratio on Years of Education in 2010

6) @ ® @
Years of education Years of education Years of education Years of education
Male 0.323%+% 5.463%+* 5.193%x 4.967+*
(0.0903) (1.945) (1.892) (2.282)
Sex ratio for cohort 16-35 0.0296** 0.0543%** 0.0565%** 0.0626***
(0.0117) (0.0153) (0.0153) (0.0180)
Sex ratio for cohort 16-35 x male -0.0474%% -0.0448%* -0.0426**
(0.0179) (0.0174) (0.0209)
Utban residence 1.210%%* 1.210%%* 1.293%%* 1.274%%*
(0.110) (0.110) 0.112) 0.115)
Hukou status at age 3 0.247%* 0.244x* 0.277** 0.277**
(0.108) (0.108) (0.129) (0.133)
Mother’s level of education 0.969%4* 0.971#k% 0.889%** 0.885%*
(0.0560) (0.0559) (0.0546) (0.0559)
Log. of family income 0.660%+* 0.656*+* 0.652%%* 0.686%*+*
(0.0595) (0.0595) (0.0598) (0.0624)
Log. of GDP per capita 0.692%+% 0.693%+% 0.525%%* 0.477%%*
(0.0573) (0.0574) (0.0593) (0.0627)
Constant -10.3G%#* -13.01%% -11.32%kk ~11. 77k
(1.678) (1.968) (2.181) (2.521)
Observations 8,579 8,579 8,579 8,133
R-squared 0.315 0.315 0.348 0.352
Province FE NO NO YES YES

Notes: The dependent variable refers to completed years of schooling in 2010. The sex ratio is calculated as a five-year mean value for ages 16-35 in each province. The sex ratio for
the age cohort 16-25 in 2010 is inferred from age cohott 6-15 in the 2000 population census. The sex ratio for the age cohort 26-35 in 2010 is inferred from age cohort 6-15 in the
1990 population census. In column (1), interaction term between sex ratio and gender is not included. In column (4), average sex ratio excludes outliers. Log. of GDP per capita refers
to county GDP per capita. Stars indicate statistical significance *** p<0.01, ** p<0.05, * p<0.1. Standard errors are clustered at the province and cohort level and reported in

parentheses.

Source: CFPS (2022); IPUMS
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Despite the fact that the control variables are not our main area of interest, several of them are
worth commenting on. One is the “Male” variable, which increases from 0.32 in column (1) to
5.46 in column (2). Without controlling for the interaction variable “Sex ratio for cohort 16-35 x

male”, males attain 0.32 more years of education than females. However, when including the

5
interaction variable in column (2), the coefficient for “Male” reports the difference in intercept
between male and females in areas where the sex ratio is 0. As this is an impossible occurrence in

reality, we do not interpret this coefficient further.

The variable ”Urban residence” remains significant at the 0.01 level across all four regressions. It
reports the highest coefficients in column (3) of about 1.29 years of additional schooling for urban
residents compared to rural inhabitants. Furthermore, the variable “Hukou status at age 3” reports
a positive correlation with the dependent variable across all regressions and a statistical significance
at the 0.05 level. This indicates that non-agricultural hukou status individuals attain more years of
education, as non-agricultural hukou status is represented by higher values in the dataset (see
descriptive statistics in table (2)). The variable “Mothet's level of education” is statistically
significant at the 0.01 level for all regressions and correlates positively with the variable “Years of
education”. Column (2) shows that a one level increase in the mother's level of education increases
an individual's educational attainment with 0.97 years. The variable “Log. of family income” also
exhibits a positive correlation with the dependent variable and is significant at the 0.01 level across
all regressions. All columns report that increases in the family income leads to increased years of
schooling. In addition, the variable “Log. of GDP per capita” reports statistical significance at the
0.01 level and a positive correlation with the dependent variable for all four regressions. All control
variables have positive beta coefficients, implying that they correlate positively with the outcome
variable “Years of schooling”.

The treatment variable “Sex ratio for cohort 16-35” has a positive coefficient, meaning that as the
gender imbalance increases, the overall educational attainment does as well. Across all four
columns, the variable is significant at the 0.05 level in column (1) and at the 0.01 level in column
(2), (3) and (4). The key explanatory variable, “Sex ratio for cohort 16-35 x Male” has a negative
beta coefficient across all columns. This suggests that when the sex ratio increases, males attain
less education compared to females (although the overall educational level increases). In column
(2), a one unit increase in the “Sex ratio for cohort 16-35” (e.g., from 107 to 108 males per 100
females) corresponds to 0.05 less years of education for males. This variable is statistically
significant at the 0.01 level in column (2), and at the 0.05 level in column (3) and (4).

The R-squared value ranges between 0.32 in column (1) and (2) to 0.35 in column (4), meaning

that the model's explanatory value increases as we control for province fixed effects and apply the
trimmed sex ratio.
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8.1.1 Separating sample by hukou status

Table (5) reports the results from the OLS regression when the original dataset is split by hukou

status.
Table 5 OLS Regtession of Youth Sex Ratio on Years of Education in 2010, non-agricultural hukou sample
Non-agricultural sample Agricultural sample
® 2 6) @
Years of education Years of education Years of education Years of education
Male 2101 2.502 5.881%*+* 6.101**
(3.630) (3.711) (2.185) (2.752)
Sex ratio for cohort 16-35 -0.0748** -0.128%** 0.0828*** 0.100%*
(0.0319) (0.0360) (0.0163) (0.0208)
Sex ratio for cohort 16-35 x Male -0.0217 -0.0256 -0.0500%* -0.0517**
(0.0333) (0.0340) (0.0201) (0.0252)
Urban residence 327140k 3112080k 1.074%+x 1.057*++¢
(0.390) (0.382) 0.112) (0.116)
Mother’s level of education 0.594#%* 0.594%%k 0.860%** 0.860%**
(0.0851) (0.0874) (0.0563) (0.0573)
Log. of family income 0.736%%* 0.731 %8k 0.568*#* 0.608+**
0.114) 0.116) (0.0661) (0.0694)
Log. of GDP per capita 0.473%%% 0.466*%* 0.550%+* 0.489%**
(0.124) 0.127) (0.0657) (0.0689)
Constant 3.285 9.428* -13.90%** -15.59%k*
(4.662) (4.972) (2.653) (3.078)
Observations 1,560 1,506 7,019 6,627
R-squared 0.346 0.354 0.280 0.283
Province FE YES YES YES YES

Notes: Regressions are identical to regression (4) but column (1) & (2) included only non- aggicultural hukou registered individuals, while column (3) & (4) includes only agricultural
hukou registered individuals. Stars indicate statistical significance *** p<0.01, ** p<0.05, * p<0.1. Standard errors are clustered at the province and cohort level and reported in
parentheses.

Source: CFPS (2022); IPUMS

When splitting the sample by hukou status of the individuals at their age of three, our findings are
somewhat different. In the non-agricultural sample, “Years of education” correlates negatively
with the “Sex ratio for cohort 16-35” compared to the agricultural sample where the correlation is
positive. This means that when the sex ratio increases, non-agricultural individuals attain /less
education while agricultural individuals attain more. These findings are consistent and statistically
significant (although at varying levels) across all regressions. The interaction variable “Sex ratio for
cohort 16-35 x Male” continues to report negative coefficients in both samples, although they are
insignificant in the non-agricultural sample. The control variables continue to report positive and
statistically significant coefficients, similar to table (4).

8.2 IV regression

In this section we report the results from the IV regressions. We examined two samples, one
containing male respondents and the other female respondents. In both the first- and second stage,
column (1) and (3) examine the regular sex ratio while column (2) and (4) analyze the trimmed sex

ratio variable.
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Table 6 First Stage Regression of Financial Penalties on Youth Sex Ratio

Males Females
® ® 6) @
Sex ratio for cohort 16-35 Sex ratio for cohort 16-35 Sex ratio for cohort 16-35 Sex ratio for cohort 16-35
Fine rate 5.506%* 2.468%%* 5.097%%% 2.440%5¢
0.819) 0.512) (0.792) (0.520)
Premium 3.725%%¢ 4.356%%* 3.772%%% 4.326%%*
(0.557) (0.531) (0.504) (0.472)
Utban residence -0.122 -0.0821 -0.156 -0.0976
(0.156) 0.127) (0.143) (0.132)
Hukou status at age 3 0.0513 0.0288 0.0186 -0.0213
(0.0843) (0.0691) (0.0494) (0.0335)
Mother’s level of education 0.346%%* 0.246%%* 0.269%%* 0.264*%*
(0.0731) (0.0649) (0.0752) (0.0607)
Log. of family income -0.353%%% -0.255%+% -0.0640 -0.0857
(0.0800) (0.0661) (0.0774) (0.0650)
Log. of GDP per capita 0.0772 -0.221%4% -0.105 -0.316%%*
(0.142) (0.0807) (0.0968) (0.0851)
Constant 100.9%%* 108.0%** 101.9%* 108.2%%*
(2.447) (1.555) (1.841) (1.520)
Observations 4,155 3,924 4,424 4,209
R-squared 0.444 0.491 0.417 0.491
Kleibergen-Paap rk Wald F statistic 72423 75.876 77129 77757
Province FE YES YES YES YES

Notes: The dependent variable sex ratio is calculated as a five-year mean value for ages 16-35 in each province. Column (1) & (2) includes male individuals, while column (3) & (4)
includes only female individuals. The sex ratio for the age cohort 16-25 in 2010 is inferred from age cohort 6-15 in the 2000 population census. The sex ratio for the age cohort 26-35
in 2010 is inferred from age cohort 6-15 in the 1990 population census. In column (2) & (4), average sex ratio excludes outliers. Log. of GDP per capita refers to county GDP per
capita. Average fine rate and premium for years 1985-1994 are used as instrument for sex ratio for age 6-15 in 2000 (16-25 in 2010). Average fine rate and premium for years 1979-
1984 are used as instruments for sex ratio for age group 6-15 in 1990 (26-35 in 2010). For the Kleibergen-Paap rk Wald F test for weak instruments, the Stock and Yogo critical values
are: 10% maximal IV relative bias 19.93; 15% maximal IV relative bias 11.59; 20% maximal IV relative bias 8.75; 25 % maximal IV size 7.25. Stars indicate statistical significance ***
p<0.01, ** p<0.05, * p<0.1. Standard errors are clustered at the province and cohort level and reported in parentheses.

Source: CFPS (2022); IPUMS; Hebrew University of Jerusalem

In table (6), the first stage regressions are reported. “Sex ratio for cohort 16-35” is regressed on
the instruments “Fine rate” and “Premium”. Both instruments show statistical significance at the
0.01 level and have positive coefficients across all regressions. This indicates that stricter financial
penalties are associated with higher gender imbalance. The instrument “Fine rate” reports that
every unit increase in the fine rate (in terms of multiples of annual income) is associated with a
5.51 increase in the province sex ratio for the male sample in column (1), and a 5.09 increase in
the female sample in column (3). The existence of additional fines for higher order births,
“Premium?”, is associated with a 3.73 increase in the province sex ratio for the male sample in
column (1) and a 3.77 increase in the female sample in column (3). When applying the trimmed
sex ratio in column (2) and (4), the “Premium” variable reports higher coefficients of 4.36 in
column (2) and 4.33 in column (4) compared to “Fine rate” coefficients of 2.47 in column (2) and
2.44 in column (4).

Furthermore, the Kleibergen-Paap rk Wald F-statistic test for weak instruments is above the Stock

and Yogo critical values at the 10 percent level, suggesting that the instruments are strong. The R-
squared reports values of between 0.42 - 0.49 in columns (1) - (4).
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Table 7 Second Stage Regression of Youth Sex Ratio on Years of Education in 2010

Males Females
o ® 6) @
Years of education Years of education Years of education Years of education
Sex ratio for cohort 16-35 0.0410* 0.0778** 0.170%%* 0.228%%*
(0.0244) (0.0342) (0.0299) (0.0390)
Utban residence 0.977%% 1.004%%* 1,697k 1,637k
(0.156) (0.160) (0.154) (0.160)
Hukou status at age 3 0.462%%% 0.460%%* 0.181 0.196
(0.0916) (0.0946) (0.118) (0.128)
Mother’s level of education 0.670%%* 0.651%%* 0.967+%* 0.948%%%
(0.0626) (0.0662) (0.0736) (0.0761)
Log. of family income 0.634%%% 0.676%%* 0.667+%% 0.702%%%
(0.0724) (0.0747) (0.0829) (0.0867)
Log. of GDP per capita 0.488+%* 0.479%%% 0.588+%* 0.587+%%
(0.0853) (0.0899) (0.0837) (0.0963)
Constant -7.736%* -12.39%%* -24.42%%% -31.03%%*
(3.039) (4.153) (3.712) (4.729)
Observations 4,155 3,924 4,424 4,209
R-squared 0.305 0.306 0.388 0.390
Hansen ] statistic (overidentification test)  0.0593 0.1003 0.1848 0.7959
Province FE YES YES YES YES

Notes: The dependent variable is completed years of schooling in 2010. Column (1) & (2) includes male individuals, while column (3) & (4) includes only female individuals. In
column (2) & (4), average sex ratio excludes outliers. Log. of GDP per capita refers to county GDP per capita. Stars indicate statistical significance *** p<0.01, ** p<0.05, * p<0.1.
Standard errors are clustered at the province and cohort level and reported in parentheses.

Source: CFPS (2022); IPUMS; Hebrew University of Jerusalem

The results of the second stage are presented in table (7). The coefficients of the “Sex ratio for
cohort 16-35” are significant at the 0.01 level for the female sample and at the 0.1 level in column
(1), and 0.05 level in column (2) for the male sample. In all regressions, the variable correlates
positively with the dependent variable “Years of education” meaning that the years of education
increases for both genders in areas where the sex ratio imbalance increases.

The variables “Urban residence”, “Mother's level of education”, “Log. of family income” and
“Log. of GDP per capita” correlate positively with the dependent variable and are significant at
the 0.01 level across all regression in both samples. However, the variable “Hukou status at age 37
is significant at the 0.01 level in both regressions in the male sample but insignificant in the female
sample.

Column (1) has a p-value in Hansen's | statistic of 0.06 while column (2), (3) and (4) have p-values
of 0.10, 0.18 and 0.80 respectively. This means that the assumption of exogenous instruments
cannot be rejected at the 0.05 significance level in all four regressions. As 0.05 is typically
considered the threshold for statistical significance (Di Leo and Sardanelli, 2020), both instruments
can be considered exogenous and relevant, which suggests that they are valid.

9. Discussion

This section begins with a revision of the research question and hypothesis in comparison to our
empirical results. We continue by discussing the economic implications of our findings and how
they relate to existing literature. This section carries on with a discussion of the limitations of the
study in terms of data and methods. Lastly, we point out what is left to be explored by future
researchers.

30



9.1 Discussion of results

Based on previous literature, Human Capital Theory and the Job-Market Signaling Model we
formulated the following hypothesis: A skewed sex ratio will increase males' motivation to invest in education

in order to signal their attractiveness to potential (female) partners.
Consequently, we intended to answer: How does a skewed sex ratio impact males' investments in education?

The main conclusion from our empirical study supports the hypothesis that a positive relationship
between a skewed sex ratio and males' years of education exists. However, unexpectedly, we found
an even bigger positive correlation between an imbalanced sex ratio and females' educational
attainment. This was not the main focus of this study and came as a somewhat unexpected result.
Both results are based on the positive correlation in our analysis, but are not sufficient proof of a
causal relationship.

Returning to our hypothesis, our empirical analysis shows that, based on our datasets, a skewed
sex ratio has a positive effect on the overall educational attainment in China, for both males and
females. Both the OLS and IV regressions reported a positive correlation and statistically
significant results for the variable “Sex ratio for cohort 16-35” in both the composite sample and
the samples split by gender, although column (1) in table (7) of the male sample reported a
significance level above the conventional threshold. These findings indicate support for the
hypothesis that males in areas facing more imbalanced sex ratios attain additional years of
schooling, which may signal high intellectual capabilities and future earnings to potential partners.
This result was consistent when we applied the trimmed sex ratio, which confirms that these
findings were not driven by outliers. Further, incorporating province fixed effects in our OLS
regressions had a minimal effect on the significance levels of our coefficients, but improved the
explanatory value of the model (resulting in larger values of R-squared). The increase in R-squared
was expected, as more variables were included. However, in order to detect the true additional
explanatory value of including fixed effect controls, adjusted R-squared would have been a more
appropriate measure.

Although, an increasingly skewed sex ratio has a positive effect on educational attainment, the
economic significance of this finding is questionable, as the sex ratio variable consistently assumes
small numerical values. In column (4) of the main OLS regression (table (4)), a one unit increase
in the sex ratio would result in 0.06 additional years of schooling (corresponding to approximately
23 additional days)". One potential explanation for this might be that it is not the skewed sex ratio
per se that drives the differences in educational attainment, but rather that areas displaying higher
levels of sex ratio imbalance might exhibit other similar characteristics as well. For instance, fierce
labor market competition could result in individuals having to improve their relative labor market
competitiveness by investing in additional education, regardless of gender. As discussed by Becker
(1993), education facilitates access to higher paying jobs and reduces time spent as unemployed,
which could potentially explain why areas with higher gender imbalance report more years of
education. Additionally, China has experienced a tremendous economic growth in recent decades.

190.0626 * 365 = 22.85
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This has led to an overall development of the Chinese society, with an increase in white collar jobs,
which typically require higher formal education than traditional agricultural and manufacturing
positions. Together with continuous educational reforms implemented by the state, this has
resulted in overall general educational levels rising. The fact that areas with larger gender
imbalances attain additional education could, thus, be a reflection of these areas “catching up” on
other regions in terms of overall development and economic growth, resulting in a growing labor
market and subsequently an increased demand for educated workers. In order to properly analyze
this development, we encourage future research to investigate this topic by taking this time
component into account.

In addition, it is plausible that demographic differences have an effect on an individual's
educational attainment. When we split the sample by hukou status (see table (5)), we found an
interesting result. The sample consisting of agricultural hukou registered individuals showed similar
results as the main tables (table (4) and table (7)); an increase in the sex ratio correlates positively
with years of education. In contrast, the non-agricultural hukou sample reported that an increase
in the sex ratio skewness correlates negatively with years of education. One possible explanation
for this might be that amongst individuals with non-agricultural registrations, the level of education
is already considerably higher (see figures (5) & (6) in appendix). Since individuals are unlikely to
marry outside their own hukou status, this means that additional educational attainment might not
differentiate individuals to the same extent amongst non-agricultural individuals (Huang, 2001).
As a result, these individuals may use other strategies to improve their standing in the marriage
market. Following the reasoning from the previous paragraph, this pattern also could be driven by
the rapid economic growth of the Chinese economy. As the agricultural registered hukou
individuals in our sample obtain lower levels of education (see figure (5) & (0) in appendix) than
non-agricultural individuals, their increased educational attainment might reflect a diminishing
educational gap across the country, rather than a measure that agricultural individuals invest in
education, to improve their marriage market competitive position when the sex ratio imbalance
increases (which would suggest that the relationship between the sex ratio and educational
attainment demonstrates a case of positive correlation, but not causality). In our main OLS table
(4), as the sample consists of a majority of agricultural respondents (>80 percent), the positive
result of the “Sex ratio for cohort 16-35” variable is likely mostly driven by factors influencing
agricultural hukou individuals. We encourage future researchers to test whether the disparity
between agricultural and non-agricultural individuals remains with a more evenly distributed
sample in terms of hukou status.

As mentioned, the most surprising result from this investigation was that an increasing sex ratio
skewness resulted in males attaining a lower increase in education compared to females. This
finding is consistent and statistically significant across the OLS and IV model. For example, in
table (7) of the IV model, a percentage unit increase in the “Sex ratio for cohort 16-35” results in
0.08 years of additional education for males (in column (2)), compared to 0.23 years of education
for females (in column (4)). When comparing the difference in sex ratio effect between genders,
the economic significance is somewhat larger compared to the general sex ratio effects, as the
difference in educational attainment corresponds to approximately 55 days™.

20 ).23-0.08 = 0.15. 0.15 * 365 = 54.75
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The fact that males attain less increases in education than females when the sex ratio imbalance
rises is not unambiguously in line with previous literature. For example, Lafortune (2013) found
that an increase in the sex ratio would increase males' educational attainment compared to females
in the US. Additionally, previous literature pointed out that the son preference in China has led to
lower investments in gitls' education in rural China, both in terms of school enrolment and
completed years of schooling (Wang, 2005). However, Oliveira (2018) found that reduced family
sizes, due to the fertility limits imposed under the OCP, led to increased educational investments
in gitls, closing the educational gap between the genders. Our findings suggest similar results. As
areas with more imbalanced sex ratios have been proven to have been subject to stricter fertility
limits, the fact that these areas also display larger investments in gitls' education is aligned with the
reasoning proposed by Oliveira (2018). As males in our sample on average inhibit more years of
education, the skewed sex ratio results in a closing of the gender gap in educational attainment
between the sexes here as well. Similar to the reasoning in previous paragraphs, one reason for this
could be that areas with imbalanced sex ratios also display other similar characteristics. It is
plausible that areas facing more skewed sex ratios and thus a stronger son preference, also
disadvantage females in the labor market. Due to this inequality, females might have to attain
additional education in order to compete with males for the same labor market opportunities which
could explain why they attain more additional education compared to males when the sex ratio
imbalance rises.

Further, Oreopoulos and Salvanes (2011) suggests that males' attractiveness on the marriage
market increases with education. However, there might be other alternatives that make an
individual an even more attractive candidate. As individuals' financial status is an important
determinant of their marriage competitiveness, males facing fierce marriage market competition
might consider the opportunity cost of attaining additional education (Becker, 1993). This pattern
might be spurred by the relatively young average marriage age of 24 (as shown in table (1)), an
individual would just have finished their master's degree at 24 and would not have been able to
acquire significant wealth) which could motivate males to substitute potential higher life-time
earnings for more short-term earnings opportunities, thus improving their marriage market
outlooks. Further, the economic development in China might also have expanded the availability
of high paying jobs that do not require high levels of education, making these attractive alternatives
for males seeking possibilities to acquire wealth at a young age.

Although our findings confirm the hypothesis that a skewed sex ratio increases males educational
attainment, we found the surprising result that males in fact attain less additional education
compared to females with increasing sex ratios. As the literature presents ambiguous findings on
the sex ratio effect on educational investment differences among the genders, we are not able to
fully motivate our empirical findings with insights from our theoretical models or literature review.
The discussion is therefore based on speculations of potential mechanisms, which should be
further explored in future studies.

A short note should be made on the control variables. All control variables in the OLS and IV

model report positive coefficients, meaning that they correlate positively with years of education.
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These results are in line with previous research. For example, other research has found that
increases in the mother's level of education increases the child's educational attainment (Harding
et al., 2015). Similarly, higher family income has shown to correlate positively with educational
attainment as well (Blanden and Gregg, 2004). The fact that our control variables correlate with
the dependent variable in the expected direction confirms that the structure of our model is
appropriate for assessing determinants of an individual's educational attainment.

9.1.1 Further discussion of IV results

One result from the first-stage regression in table (6) worth commenting on is the coefficients on
the financial penalties for violating the OCP. The variables report similar coefficients as previous
research conducted by Wei and Zhang (2011a). These findings confirms that stricter financial
penalties are associated with more sex selective behavior and hence, a more imbalanced sex ratio.
Further, as our tests for validating the instruments indicate that we can reject the null hypothesis
of weak instruments and cannot reject the hypothesis of exogeneity, this provides confidence that
our specified IV model is suitable for instrumenting the sex ratio.

9.2 Limitations of our study

9.2.1 General limitations

Our dataset is subject to several limitations which are worth commenting on. The most significant
limitation to our study is the small size of the sample that we are examining. The main sample
consists of 8,579 individuals which corresponds to approximately 0.0006 percent of the Chinese
population. However, similar datasets and sample sizes have been used in previous research. i.e
(Zhang et al., 2021; Zhang and Wei, 2011a). The main issue with a small sample size is the challenge
of representability; how well does the sample represent the overall population and what
conclusions could reasonably be drawn from the limited data? From a more technical perspective,
a small sample size results in a decreased precision of the estimated coefficients, since the variance
of these increases. Hence, this study may not have enough statistical power to detect significant
results in our sample that reflects the effect of gender imbalance on education in the Chinese
population as a whole.

Another limitation is the extensive prevalence of “missing values” in the CFPS dataset. This raises
questions on the overall quality of the CFPS methodology as the data is collected through personal
interviews where “missing values” should have been limited. This issue does not only reduce the
sample size, but also makes several useful variables unreliable, and thus problematic to include in
our model. For example, ideally, we would have liked to include a control for an individual's
intellectual ability, as it intuitively should correlate positively with an individuals' educational
attainment. However, approximately 60% percent of these values were reported missing, and
would have reduced our sample size significantly (see table (8) in appendix).

An additional limitation is related to the level of clustering. The CFPS dataset reports information
on each respondent's province and county of residence and birth, where the total number of
provinces in the sample corresponds to 30 and the number of counties to 162. However, CFPS

reported counties under pseudo-codes, where the real county names were not available to us.
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Consequently, it was only possible to match the different datasets in our study by province,
although it would have been better to do it on a county level, as it could have increased the sample
variation. In order to improve the variation in our sample, we instead created five-year age cohorts
on a provincial level which resulted in 519 clusters (493 cluster for the trimmed sex ratio results).

9.2.2 Model limitations

One main issue lies in the structure of our model. When investigating educational attainment, one
main determinant is the individual's age. Since our sample consists of individuals aged 16-35, and
school is mandatory until the age of approximately 15, our model does not provide the “full life”
picture of an individual's education. For example, a 16-year-old in our sample could only have
pursued one extra year of education, while a 35-year-old could have pursued 20 additional years.
However, it is essential to point out that by excluding a control for age, we remove an important
determinant of an individual's educational attainment and risk having biased estimates (see
appendix for regressions controlling for age).

However, we do not include age in our model for several reasons. Firstly, many provinces in China
increased their fine rates and implemented a premium over time, resulting in higher fine rates and
higher probability of a premium for younger age cohorts, thereby making age negatively correlated
with the instruments. By including age in our model, the fine rate and premium reported
inconsistent coefficients (both positive and negative although mostly negative) in the first-stage
regression, which made them intuitively difficult to interpret. Furthermore, a negative correlation
between the instruments and sex selective behavior would suggest that stricter fertility limits in
fact reduced the gender imbalance, something that has not been found by previous research.
Previous papers using the instruments provided by Ebenstein (2010) have not included a control
for age which might be due to this reason. Secondly, including age in our model causes the
Kleibergen-Paap rk Wald F-statistic in the first stage regression to report values below 10,
indicating that our instruments are weak and, thereby, that they do not serve as good predictors
for the sex ratio. Thirdly, in the second-stage regression, the p-value for Hansen ] statistic report
values below 0.1, meaning that we can reject the hypothesis that the instruments are exogenous at
a 0.1 significance level (and at a 0.01 significance level when applying the trimmed sex ratio).
Hence, due to the many problems associated with the inclusion of an age control, we chose to
exclude it. However, it is essential to point out that by excluding a control for age, we remove an
important determinant of an individual's educational attainment and risk having biased estimates
(see appendix for regressions controlling for age).

Another limitation of this study relates to the statistical validity of our results. As discussed in
section (7.1.2), there is a risk for endogeneity issues in our OLS estimates. Due to the limitations
of our data and the scope of this study, it is fair to assume that we did not exhaustively control for
all factors influencing males' educational attainment, resulting in biased estimates. We have
addressed this problem by adopting an IV approach, trying to isolate the exogenous effect of the
sex ratio. However, the IV approach is a complex statistical method and is not without pitfalls.
There is still a risk of biased estimates if the instrument is correlated with omitted variables, and
the bias can turn out much larger compared to an OLS model, if the instruments are weak. In
order to test for weakness, we conducted the Kleibergen-Paap rk Wald F-statistic and could reject
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the hypothesis of weak instruments. However, this could also be a matter of coincidence as both
the weak instrument test and exogeneity test reported that the instruments were invalid when we
included a control for age in our model. Due to this fact, one has to be cautious when assessing
the validity of our IV approach.

Lastly, a possible limitation of our study is that our model fails to control whether the effect of
increased education in areas with high sex ratio comes from the general trend in China of increased
education, spurred by the economic growth and educational reforms. It might be the case that
these areas are catching up with the rest of China and, therefore, reflect a larger effect.

9.3 Future research

As discussed in section (9.1), this study finds support for our proposed hypothesis that a skewed
sex ratio influences males' educational attainment. However, one main flaw of this study is its
limited sample size. Therefore, we encourage future research to test whether our findings hold
when conducting the study on larger samples or comparing variations over time. This would
provide more robustness to whether sex ratio imbalance actually increases educational attainment
among males, and even more among females.

In addition, we encourage future research to build on and improve methods used in this study.
For example, a similar dataset containing higher quality responses, could increase the precision of
the estimates by allowing more variables to be controlled for in the model. Also, our method does
not include a trend variable for the overall increased educational attainment in China. As education
levels have increased steadily during the last years due to overall economic growth and educational
reforms, it would be interesting to explore whether the effect of the sex ratio still prevails after
including a control for this effect. Similarly, since our model fails to propetly include a variable
controlling for age, which intuitively is an important factor when assessing educational attainments,
we encourage future scholars to examine this topic.

Lastly, since our theoretical frameworks and literature review cannot fully explain why girls attain
more years of education in areas where the sex ratio imbalance increases, we look forward to future
studies examining this topic further.

10. Conclusion

The aim of this study has been to empirically examine the effect of the increasingly imbalanced
sex ratios on educational attainment for males in China. Based on previous literature, Becker's
Human Capital Theory and Spencer's Job-Market Signaling Model, we hypothesized that males
facing fiercer marriage market competition may attain additional education in order to increase
their marriage market competitiveness.

We obtained our main analysis sample of individuals aged 16-35, by using data from the 2010
China Family Panel Studies together with data from the China Population Censuses from 1990
and 2000. In order to empirically test the sex ratio effect on males' education, we first estimated
the linear relationship between the two by using the OLS regression methodology, where the
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average sex ratio by province of birth was regressed on competed years of education in 2010. In
addition, this sample was also further split by hukou status, as an individual's hukou provides access
to the welfare system, including public schooling. Moreover, to address potential endogeneity
problems associated with the OLS, we applied an IV approach where we split the sample by
gender, using instruments proposed by Ebenstein (2010).

Our main results can be summarized as follows. We found a positive relationship between skewed
sex ratios and increased educational attainment among men, regardless of statistical method (OLS
or IV). This finding was in line with the proposed hypothesis which suggests that males may use
educational attainment as a tool to signal attractiveness towards potential female partners.
Although the correlation between the sex ratio and education was found to be positive and
statistically significant, it is worth noting that, the economic significance is relatively limited, as the
sex ratio variable consistently reported small numerical values. On the other hand, as the sex ratios
varied significantly by province and cohort (ranging between 92.02 - 124.92 males per 100 females),
these disparities could result in large differences in educational attainment between groups.

We did not specifically focus on the effect of a skewed sex ratios on females' educational
attainment, but we found a somewhat surprising result: an increasing gender imbalance has a larger
positive effect on females' increase in educational attainment than for males (although both are
positive). When comparing the difference in sex ratio effect between genders in the IV model, the
difference in educational attainment corresponds to approximately 55 days. Hence, the economic
significance of these results are almost twice as big as those from the OLS, although still relatively
small.

We acknowledge the limitations of the available data, primarily the relatively small data sample that
were available to us and that the statistical methods used in our study might give rise to unreliable
results through endogeneity issues. Moreover, we recognize the limitations to the dataset in terms
of missing values which hindered us from including all appropriate control variables. However,
the limitations of this thesis leaves room for improvement and opportunities for future research
within this field. We highly encourage future researcher to further study the effect of skewed sex
ratios and its implications for educational attainment as it can provide additional insights into
factors affecting educational inequality between genders and regional differences in males'
educational attainment across China.
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Appendix

Figure 3: Distribution of sex ratio for cohort 16-35
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Figure 4: Distribution of sex ratio for cohort 16-35, trimmed values
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Table 8 OLS Regression of Youth Sex Ratio on Years of Education in 2010, controlling for ability

@)

Years of education

Male

Sex ratio for cohort 16-35
Sex ratio for cohort 16-35 x male
Urban Residence

Hukou status at age 3
Mother’s level of education
Log. of family income

Log. of GDP per capita
Math test

Word test

Constant

Observations

R-squared
Province FE

(O] )
Years of education  Years of education
2.622 2703
(2.029) (2.078)
0.00594 0.00744
(0.0166) (0.0165)
-0.0251 -0.0240
(0.0187) (0.0191)
1.066*** 1.015%+*
0.119) (0.120)
0.530%+* 0.515%%*
(0.0805) (0.0813)
0.589%+* 0.564%+*
(0.0625) (0.0612)
0.6171%+* 0.623%+*
(0.0723) 0.0716)
0.473%+* 0.490%+*
(0.0609) (0.0604)
0.165%**
(0.0169)

0.357%4%

(0.0328)
-5.468*** -6.428%**
(2.089) (2.052)
4,088 4,088
0.333 0.330
NO NO

2175
(2.010)
-0.00440
(0.0163)
-0.0201
(0.0185)
1.020%*
(0.114)
0.516%+*
(0.0810)
0.524%%%
(0.0608)
0.605%+*
(0.0705)
0.451%%%
(0.0595)
0.139%%%
0.0171)
0.280%%%
(0.0348)
-5.382%k*
(2.050)

4,088
0.353
NO

@) ©®)
Years of education Years of education
2151 3.959
(1.982) (2.557)
-0.0160 -0.00335
(0.0174) (0.0211)
-0.0196 -0.0362
(0.0182) (0.0234)
1.109%** 1.087%+*
(0.124) 0.127)
0.566%+* 0.598%+*
(0.0871) (0.0902)
0.486%+* 0.463%+%
(0.0615) (0.0626)
0.564%+% 0.603%+*
(0.0688) 0.0711)
0.461%%* 0.454%%%
(0.0723) (0.0801)
0.148%+* 0.151%%*
(0.0160) (0.0164)
0.269%+* 0.266%**
(0.0329) (0.0338)
-3.515 -5.244*
(2.377) (2.901)
4,088 3,894
0.378 0.381
YES YES

Notes: Regression is identical to regression (4) but controlling for ability. Ability is measured as test score on a math- and word test. Stars indicate statistical significance *** p<0.01,

** p<0.05, * p<0.1. Standard errors are clustered at the province and cohort level and reported in parentheses.

Source: CFPS (2022); IPUMS

Table 9 OLS Regtession of Youth Sex Ratio on Years of Education in 2010, controlling for age

)

Years of education

@

Years of education

(&)

Years of education

@

Years of education

Male

Sex ratio for cohort 16-35
Sex ratio for cohort 16-35 x male
Sq. Age

Urban residence

Hukou status at age 3
Mother’s level of education
Log. of family income

Log. of GDP per capita
Constant

Observations

R-squatred
Province FE

0,321
(0.0902)
-0.00435
0.0137)

-0.000865%*
(0.000263)
1.230%%
(0.109)
0.251%
(0.110)
0.925%#%
(0.0569)
0.675%+
(0.0596)
0.690%%%
(0.0561)
614750k
(1.850)

8,579
0317
NO

53734
(1.927)
0.0201
(0.0161)
20.0466%+%
(0.0178)
-0.000860%+
(0.000262)
1,230k
(0109
0.248%*
(0.109)
0.928%%
(0.0568)
0.670%%
(0.0596)
0,691
(0.0562)
-8.775%x%
(2.039)

8,579
0318
NO

5.125%4
(1.884)
00142
0.0192)
-0.0442%%
(0.0173)
-0.000839%k*
(0.000238)
1.318%
(0.113)
0.280%*
(0.131)
0.856%%*
(0.0554)
0,657+
(0.0600)
0.535%4%
(0.0595)
-6.198%*
(2.624)

8,579
0.350
YES

4971%x
(2.287)
-0.000180
(0.0222)
-0.0426%*
(0.0210)
-0.000975%#x
(0.000258)
1,301
0.116)
0.279%*
(0.134)
0,853+
(0.0568)
0.691%*
(0.0626)
0.485%%*
(0.0631)
-4303
(2.975)

8,133
0354
YES

Notes: Regression is identical to regression (4) but controlling for age. Stars indicate statistical significance *** p<0.01, ** p<0.05, * p<0.1. Standard errors are clustered at the province
and cohort level and reported in parentheses.

Source: CFPS (2022); IPUMS
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Table 10 First Stage Regression of Financial Penalties on Youth Sex Ratio, controlling for age

Males

(&)

Sex ratio for cohort 16-35

@

Sex ratio for cohort 16-35

Fine rate

Premium

Sq. Age

Utban residence

Hukou status at age 3
Mother’s level of education
Log. of family income
Log. of GDP per capita
Constant

Obsetvations
R-squared

Kleibergen-Paap rk Wald F statistic
Province FE

1,724
©0.727)
,2.989***
(0.495)
0.0120%%%
(0.000635)
0.0724
(0.129)
0.0780
(0.0719)
-0.0603
(0.0556)
0,181k
(0.0655)
0.180
(0.130)
117,08k
@.312)

4155
0.647
19.002
YES

Females
@ (©]
Sex ratio for cohort 16-35 Sex ratio for cohort 16-35
-0.253 1.429%*
(0.387) (0.704)
-1.990%+* -2.345%%%
(0.443) (0.467)
-0.0110%+* -0.0115%k*
(0.000536) (0.000585)
0.0791 0.00376
(0.0951) (0.109)
0.0502 -0.0110
(0.0546) (0.0294)
-0.0776 -0.0674
(0.0502) (0.0560)
-0.100%* -0.00745
(0.0471) (0.0615)
-0.0580 0.0581
(0.0645) (0.0773)
120.7%%¢ 116.4%%*
(1.380) (1.610)
3,924 4,424
0.716 0.622
11.561 12.975
YES YES

-0.300
(0.408)

-1 .423***
(0.435)
-0.0104%+%
(0.000528)
0.0323
(0.100)
-0.0404
(0.0302)
-0.0131
(0.0421)
-0.0266
(0.0457)
-0.0875
(0.0654)
119,450
(1.243)

4,209
0.705
6.236
YES

Notes: Regression is identical to regression (6) but controlling for age. Stars indicate statistical significance *** p<0.01, ** p<0.05, * p<0.1. Standard errors are clustered at the province

and cohort level and reported in parentheses.

Source: CFPS (2022); IPUMS; Hebrew University of Jerusalem

Table 11 Second Stage Regression of Youth Sex Ratio on Yeats of Education in 2010, controlling for age

Males

@

Years of education

@

Years of education

Sex ratio for cohort 16-35
Sq. Age

Urban residence

Hukou status at age 3
Mother’s level of education
Log. of family income
Log. of GDP per capita
Constant

Observations

R-squared

Hansen ] statistic (overidentification test)
Province FE

0.172*
(0.0897)
-0.00205%*
(0.000973)
0.983 %
(0.158)
0.479%x
(0.0926)
0.679%
(0.0625)
0.576%*
(0.0766)
0.508%%x
(0.0922)
17.30
(10.64)

4,155
0.293
0.2602
YES

Females
2 (©)]
Years of education Years of education
-0.370%* -0.0658
(0.163) (0.104)
-0.00367** -0.00212*
(0.00153) (0.00113)
1.024%%* 1.682%**
(0.166) (0.152)
0.482%%* 0.179
(0.0960) (0.118)
0.650%%* 0.98 1k
(0.0682) (0.0704)
0.617%%* 0.656***
(0.0796) (0.0813)
0.427+%% 0.581 ¢
(0.0953) (0.0839)
40.55%* 3.089
(19.42) (12.26)
3,924 4,424
0.272 0.407
0.4090
YES YES

0301
(0.206)
-0.00425%*
(0.00189)
1.636%4%
(0.156)
0176
(0.120)
0.979%%%
(0.0716)
0.679%%%
(0.0854)
0.507%4%
(0.0972)
31.03
(@4.21)

4,209
0.390
0.3433
YES

Notes: Regression is identical to regression (7) but controlling for age. Stars indicate statistical significance *** p<0.01, ** p<0.05, * p<0.1. Standard etrors are clustered at the province

and cohort level and reported in parentheses.

Source: CFPS (2022); IPUMS; Hebrew University of Jerusalem
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Figure 5: Distribution of years of education for non-agricultural hukou sample
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Figure 6: Distribution of years of education for agricultural hukou sample

Distribution of years of education in agriculture hukou sample

<
oq_
S
QN_
L
L _ o0 DDHD |
0 5 10 15 20

Years of education in agricultural hukou sample

Source: CFPS (2022)

46



Figure 7: Distribution of years of education for male sample

Distribution of years of education in male sample
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Figure 8: Distribution of years of education for female sample
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Table 12 Provinces of China

Beijing

Tianjin

Hebei

Shanxi

Inner Mongolia
Liaoning

Jilin
Heilongjiang
Shanghai
Jiangsu
Zhejiang
Anhui

Fujian

Jiangxi
Shandong
Henan

Hubei

Hunan
Guangdong
Guangxi Zhuang Autonomous Region
Hainan
Chonggqing
Sichuan
Guizhou
Yunnan

Tibet

Shaanxi

Gansu

Qinghai
Ningxia Hui Autonomous
Xinjiang Uygur Autonomous Region

Total: 31
Source: CFPS (2022)
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