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vantage described in Pitt et al. (2012). This theory is based on two assumptions: that

males have a comparative advantage to females in physical tasks, and that the physical

returns to nutritional inputs are larger for males relative to females. One prediction of

this theory is that even if there were no shifts in labor demand, one would observe increas-

ing female educational attainment in an environment of improving nutritional access. To

the extent that higher female infant survival rates and lower cohort sex ratios are due to

improved access to nutrition, female educational attainment may be increasing because

of this mechanism.

The aggregate trends in on birth weight and height corroborate the plausibility of this

mechanism. Figure 4 shows birth weight by birth cohort for the urban and rural hukou

population by gender. One immediately notices the drastic increase in birth weight,

particularly in the 1960-1970 period and the post-1980 period for both genders. Among

the rural hukou population, the increase in birth weight is larger for males than females,

with average male birth weights increasing by about a full pound by the 1990 birth cohort,

and female birth weights increasing by about half a pound.

At the same time, male height has significantly responded. Figure 5 compares average

height by birth cohort across hukou population and by gender.

And as shown in Figure A.3, female educational attainment has been increasing, par-

ticularly among the rural population.

3.1.3 Family Characteristics

The next set of explanations relates to the characteristics of the family and the preferences

of the parents.

One way that a relationship between sex ratios and female educational attainment

can be generated is that if richer, more educated parents are more likely to have females.

Then one would see in aggregate statistics a negative relationship between sex ratios and

female educational attainment.
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Figure 4: Birth weight

Figure 5: Height

A related explanation is the effect of birth order and family size, as previous literature

has documented the causal effects of birth order and family size on educational attain-
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ment Black et al. 2005; Kantarevic and Mechoulan 2006. If females tend to be of higher

birth order or have less siblings, this could result in an appearance of higher educational

attainment.

Another explanation is son-biased fertility stopping rules. If parents do not stop

having children until a son is born, which has been documented by Scharping (2003) and

Ebenstein (2010), then females will tend to be found in families with a larger completed

family size. In addition, as documented by Jayachandran and Kuziemko (2011), the effect

of the presence of a female child on increasing expected family size can have a negative

impact on the nutritional and emotional investment in the female child. Stronger son-

biased stopping rules would then generate higher sex ratios and lower female educational

attainment relative to the counter factual of a regime with restricted fertility and no

son-biased stopping rules, and the weakening of son-biased stopping rules would generate

lower sex ratios and higher female educational attainment.

Considerations of old-age support and changing economic rationale for children might

also produce a relationship between cohort sex ratios and female educational attainment.

To the extent that parents living in a patrilocal society prefer sons for old-age support,

parents living in areas with greater provision of elderly pensions may decrease their son

preferences in terms of both child survival rates and educational investment.

Lastly, it could simply be that massive propaganda campaigns about female equality

could have changed family preferences about female child nutritional and educational in-

vestment which would simultaneously lower birth cohort sex ratios and increase female

educational investment. Or there may simply be subpopulations of families with different

preferences for male and female child investment. This is the most difficult to measure,

though it is noted that parental preferences would be expressed through the sex compo-

sition of the children.

We now review mechanisms that would generate a positive relationship.
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3.1.4 Ultrasound Adoption

The most obvious explanation is that the areas with earlier and greater access to ul-

trasound technology that induced sex-selective abortion and higher sex ratios were also

the areas that were more educated and politically connected. Indeed, recent literature

has documented the strong correlation between the rise in sex ratios and adoption of

ultrasound B technology after the One-Child policies were implemented (Scharping 2003;

Chen et al. 2013). These sources have found that more prosperous regions had earlier

and easier access to ultrasound technology that would allow the parents to discover the

sex of their unborn child and, presumably, allow them to perform sex-selective abortions

in favor of male children. In addition, Scharping (2003) discusses how the more educated

and politically connected were more likely to access ultrasound technology.

3.1.5 Premarital Investment

Lastly, a "premarital investment" mechanism could be at work that could generate a

positive or negative relationship between sex ratios and female educational attainment.

Previous theoretical work has speculated that educational investment decisions are based

on marriage market factors in addition to labor market factors, and a few articles have

estimated a causal effect of marriage market sex ratios on female educational attainment.

While the empirical estimates have generally found a negative relationship between sex

ratios and female educational attainment, there could also be a positive effect to higher

sex ratios; if males are investing in more education in response to greater marriage market

competition and if marriage output is complementarity in spousal education, then higher

sex ratios could lead to higher female educational investment.
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3.2 Specifications

Rather than using an invalid or weak instrument 3, the empirical strategy of this disserta-

tion is to analyze the relative contribution of the different mechanisms in generating the

different relationships between cohort sex ratios and female educational attainment. This

is done by including carefully chosen proxy variables in a linear specification of educational

attainment and cohort sex ratios that reflects the different hypothesized mechanisms

The base specification is a partially saturated linear regression model, in which the

A 
 B notation indicates a full interaction specification of the covariates A and B that

includes the two “main” effects of A and B and the effect of the interaction of A and B,

A � B:

Yipb = α+ Λ(Fipb 
 SRpb) + Θ(Fipb 
 Γpb) + B(Fipb 
 Xipb) + γp + γb + εipb (1)

where Fipb is the female dummy, the subscript p indexes the provincial unit, i indexes

individuals, and b indexes birth years, Yibp is the individual-level dependent variable of

interest, educational attainment, and the expansion of the term Λ(Fipb 
 SRpb) is as

follows:

Λ(Fipb 
 SRpb) = λ1Fipb + λ2SRpb + λ3(Fipb � SRpb)

Θ(Fipb 
 Γpb) = θ2Γpb + θ3(Fipb � Γpb)

B(Fipb 
 Xipb) = β2Xipb + β3(Fipb � Xipb)

3While other papers have used fertility policy variations across demographic groups as an instrument
for cohort sex ratios in other research (for example, Ebenstein et al. (2010) use variation in �nes to
determine the e�ect of sex ratios on female bargaining and female welfare outcomes), in this particular
context, a valid instrument for cohort sex ratios that is unrelated to the dependent variable, educational
attainment, cannot be constructed, as it is quite likely that policy changes in �nes and other types of
non-monetary punishments for excess fertility are due to institutional factors that also determine the
supply of education or preferences over relative female education.
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cohorts for the 1982 Census, and is similar to the procedure used in Coale and Banister

(1994). The cohort sex ratios from 1977 to 1984 are draws from the 1990 Census, and the

cohort sex ratios from 1985-1995 are calculated from the Census 2000. The time series of

cohort sex ratios is smoothed through careful interpolation.

Figure 9 shows the result of this new calculation of birth cohort sex ratios (thick line)

relative to the other sex ratios, which is essentially the maximum of all the cohort sex

ratios every calculated.

Figure 9: Adjusted Birth Cohort Sex Ratios

To get a sense of the regional variation in this corrected measure of cohort sex ratios,

Figure 10 graphs the sex ratios by region in China, with the two light gray lines indicating

the range of "natural" sex ratios without sex-selective abortion or sex-selective infanticide,

about 105 to 107 males per 100 females. It shows that the East and South-Central regions

have traditionally had the highest sex ratios for the pre-1960 and post-1978 birth cohorts,

and that cohorts born between 1965 and 1975 in all regions fell within the range of

"natural" sex ratios.
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Figure 10: Adjusted Birth Cohort Sex Ratios by Region

The corrected sex ratio measures by province and birth year are used in all the sub-

sequent analysis.
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We note that none of the Female x Sex Ratio estimates are significant after enough

control variables are added. As discussed in the previous section and shown in Table 8, the

birth weight, growth in teachers per capita, and growth in beds per capita estimates are

opposite in sign for the urban and rural hukou population across the various specifications;

the estimates are negative in the urban hukou population, and generally positive in the

rural hukou population.

The positive and significant estimates for Female x Birth Weight in the Rural Hukou

population are consistent with the predictions from the "brains vs. brawn" theory; higher

female birth weight leads to higher relative female educational attainment due to the com-

parative advantage of females in skill-biased activities. The magnitude of the estimates

in Columns 1 to 3 range from an increase of about 0.2 to 0.5 years of relative female years

of education per 1 lb increase in female birth weight depending on the sample and spec-

ification.and are economically significant. The average rural hukou female birth weight

increased by about 0.5 lbs between the 1976 to 1990 birth cohort, as shown in Figure 4,

translating to an increase of 0.1 to 0.25 relative years of education. Since relative female

years of education increased by about 2 years between the 1976 to 1990 birth cohorts,

the estimates suggest that increased birth weight can explain between 5% to 12% of the

increase in relative female years of education, all else constant.

In addition, the positive and significant estimates for growth in health beds in Columns

1 and 3 for the pre-1976 Rural Hukou population are consistent with the mechanism of

increases in health care access increasing relative female educational attainment through

increasing female life expectancies, specifically through improvements in maternal mor-

tality rates.6 Another potential explanation is that the expansion of health beds could

explain higher female educational attainment due to simultaneous shifts in female prefer-

ences for education due to propaganda. However, given the drastic improvements in life

expectancy shown in Figure A.7 the mechanism of improvements in maternal mortality
6Detailed statistics on age-speci�c mortality rates life expectancies, and old-age insurance would help

sift through the possible mechanisms at work, but, unfortunately, these data are not available.
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rates seems to be the most plausible.

These estimates range from about 0.7 to 0.8 in Table 4, implying that a 10 log point

increase in health beds per capita is associated with about 0.07 to 0.08 years of greater

female years of education. Since aggregate health beds per capita increased from about

1.5 log units from 1955 to 1980, this estimate implies that relative female educational

attainment should have increased by approximately 1 to 1.2 years during that time period

if all else were constant. Relative female educational in the rural hukou population actually

increased by about 1.5 years, so that the estimates suggest that the proximate factor of

changes in Health Beds per Capita accounted for about 66%-80% of the increase in relative

female years of education.

A plausible explanation for why the various Female x Growth in Beds per capita

estimates are mostly negative and significant in the Urban Hukou sample is the fact that

in the later Reform period, the areas with the highest growth rates in teacher supply and

health beds per capita were likely the poorer areas. The estimates suggest a range of a

decrease of 0.22 to 0.25 relative female years of education per 10 log point increase in beds

per capita, which implies a 3.3 to 3.75 year decreasein relative female years of education

given the 150 log point increase in health beds per capita between 1950 to about 1975.

Meanwhile, for the Urban Hukou population, the estimates for Female x Birth Weight

are all negative and, in particular, significant for the college attainment indicator. This

particular estimate is statistically and economically significant, suggesting a 5 percentage

point decrease in junior college attainment for the 0.5 lb increase in female birth weight

that occurred between the 1975-1990 birth years. This result is puzzling, as the "brains

vs. brawn" theory predicts that females should be increasing their relative educational

attainment given increases in nutritional access.

We present two candidate hypotheses to explain this puzzling finding: negative female

infant selection in terms of in-utero nutritional investment among the higher-educated

parents, or a premarital investment mechanism.
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Table 9: Birth Weight and Sex Ratio by Maternal Education

Birth Weight (lbs)
Male Female

Sex Ratio N Mean Median Mean Median

Up to Primary 100 266 6.3 6 6.3 6
MS 95 325 6.6 6.5 6.3 6
HS 89 237 6.8 7 6.1 6.4
JrCollPlus 121 68 6.7 7 6.3 6
Source: China Family Panel Survey 2010

Notes: Sample is limited to Birth Years 1985-1995.

Sex Ratio is the number of males per 100 females. All means weighted by post-strati�cation sampling weights.

Table 9 shows a tabulation of cohort sex ratios and birth weight by gender and maternal

educational attainment among the urban hukou population born between 1985 and 1995.

It shows that the highest sex ratios are to be found in the lowest and higher educated

maternal education categories. More interestingly, it shows that as maternal education

increases, average male birth weight increases while average female birth weight remains

essentially the same. This increasing gender gap in birth weights, coupled with the highest

sex ratios among the highest maternal education category and knowledge of greater access

to sex-selective abortion for the more highly-educated, suggests that the females being

born are not randomly selected.

Alternatively, a premarital investment mechanism could explain this result. One pre-

diction of a simple model of investment with both labor and marriage market returns is

that changes in the probability of marriage that translate to changes in expected future

utility affect first-period investment decisions of individuals who prefer relatively smooth

consumption across periods. If aversion to intertemporal consumption inequality is suffi-

ciently high and there are no means of transferring marital utility across periods, females

respond to higher cohort (marriage market) sex ratios by reducing first period investment.

This result has been found in causal estimates of marriage market sex ratios of female

educational attainment in other settings (Lafortune 2013; Charles and Luoh 2010). In this

particular setting, higher birth weight functions as a proxy for locally higher sex ratios,
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due to the fact that richer families had more access to ultrasound technology and hence

sex-selective abortion.

8 Conclusion

This dissertation has analyzed to what extent different explanations, proxied by carefully

chosen variables, can explain the different relationships between cohort sex ratios and

female educational attainment.

For the Socialist sample birth cohorts born between 1950 and 1975, the raw negative

correlation is largely explained by the proximate factor of growth in Health Beds per

capita. We interpret the joint explanatory power of birth weight and Health Beds per

capita for female relative years of education in the Rural Hukou pre-1976 sample as

evidence that the expansion of the public health bureaucracy under Mao lowered sex ratios

by increasing the survival rates of females through improved female infant nutritional

access, proxied by birth weight, and increasing relative female educational attainment by

lowering maternal mortality rates and increasing female life expectancies. The magnitudes

of the estimates suggest that the increase in relative female educational attainment can

be entirely explained by expansion of health care access under Mao, as proxied by Health

Beds per Capita. (Indeed, the training of "barefoot doctors" effort in Maoist China

included a broad expansion of midwifery skills.) This motivates more investigation into

more precise measures of maternal mortality rates and access to midwives.

Meanwhile, for the Reform sample birth cohorts born after 1975, particularly the

urban sample,the increasingly negative point estimate of Female x Sex Ratio after the

addition of controls shows that the high correlation between measures of economic pros-

perity and cohort sex ratios, and the high correlation between greater economic prosperity

and greater female educational attainment, has biased upwards the true causal impact of

cohort sex ratios and relative female educational attainment. However, for the post-1975
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rural hukou population, higher female birth weights are associated with higher relative

female years of education, consistent with the "brains vs. brawn" theory of gender differ-

ences in educational returns to nutritional investment.

However, for the Reform Period post-1976 urban hukou population, we find that higher

birth weight females, especially those on the margin of college attainment, pull back

their educational attainment relative to males. We interpret this finding as suggestive

evidence for either negative selection of female infants born to higher status households

or a strategic investment response to locally higher sex ratios among the more educated

population.

These interpretation is motivated by the fact that higher socio-economic status families

and areas had greater access to ultrasound technology that enables sex-selective abortion

favoring sons.

However, we emphasize that these results are suggestive and warrant further investiga-

tion; the variation in sex ratios is non-experimental and highly correlated with economic

factors that influence the dependent variable of interest, educational attainment.

Suggested directions for future research include the collection of data on more precise

measures of maternal mortality rates, whether through administrative health records or

the supply of midwives per capita, abortion rates ,and female infant survival rates. further

investigation into other reasons that could explain why greater nutritional access for high-

status females would cause relative female educational attainment to decrease.
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C Appendix: Description of Data Sources

C.1 The China Family Panel Survey

The China Family Panel Survey is a nationally representative, annual longitudinal survey
of Chinese communities, families, and individuals that was launched by the Institute of
Social Science Surveys (ISSS) of Peking University in Beijing, China and funded by the
Chinese government. The study focuses on the economic and non-economic well being of
the Chinese population covering topics such as economic activities, education outcomes,
family dynamics, social relationships, migration, and health. The baseline survey sample
used in this dissertation is drawn from a multi-stage probability with implicit stratification
and was conducted in April to September 2010. Each subsample in the CFPS is drawn
through 3 stages: first a county sampling, then a village (or equivalent) sampling, and
then a household sampling. The sample includes 25 provinces and autonomous regions in
China, and do not include Hong Kong, Macao, Taiwan, Xinjiang, Tibet, Qinghai, Inner
Mongolia, Ningxia, and Hainan. The population of these 25 provinces accounts for 94.5%
of the total Chinese population and can be regarded as a nationally representative sample.

The survey consists of several sub-surveys: a Village/Residential Survey, a Family
Survey, a Child Survey, an Adult Survey, and a Public Survey. The Adult sample used in
this dissertation contains a subset of 21,822 observations drawn from the original 33,600
observations that is nationally representative. (The 33,600 observations includes an over-
sampling of 5 "large provinces" and a standard sampling of 20 "small provinces".)

Post-stratification weights are calculated using the 2010 Census as a reference dataset.
Interviews are conducted using computer-assisted personal interviewing (CAPI) technol-
ogy provided by the Survey Research Center (SRC) at the University of Michigan. In
the 2010 baseline survey, the CFPS interviewed almost 15,000 families and almost 30,000
individuals within these families for an approximate response rate of 79%.

C.2 The China Population Censuses

The following information draws heavily from Lavely (2001).
The statistical agency of the Chinese government, currently known as the National

Bureau of Statistics, conducted Census data collection in 1953, 1964, 1982, 1990, 2000,
and 2010, with "mini-Census" samples collected in 1995 and 2005. The Census data
samples used in this dissertation include a 1% sample of the 1982, 1990 and 2000 China
Population Census. Each of China’s four previous censuses set July 1 as the reference
date, but the 2000 Census set the reference date to November 1 to improve the probability
of enumerating migrants at their actual rather than legal residence.

China’s social and political conditions once favored a high-quality enumeration before
the Reform Period. Two decades ago China had a relatively immobile population under
the surveillance of a powerful and pervasive bureaucracy due to the household registration
(hukou) system. There were, moreover, few disincentives to full and accurate reporting,
for citizens or for officials. Under these circumstances China was able to produce census
and survey data of remarkable accuracy.
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But then several events occurred that made population tracking increasingly difficult.
Economic reforms in the countryside and then in the cities, produced huge numbers of
rural-to-urban migrant whom government officials have little incentive to track because of
downward pressure on GDP statistics and its implications for the ability of local officials
to control their population. In addition, the introduction of the One-Child fertility policies
in the late 1970’s gave both families and local officials substantial disincentives to report
out-of-plan births.

The section below describes the sampling procedures of the Census and the ways in
which under-counts could occur in the Census.

The existence of the household registration (hukou) is explicitly linked with the Census
sampling procedures. Theoretically, these registers should reflect every change in the
composition of a household brought about by birth, death, marriage, or migration, and
it should reflect the sum of official knowledge about residents of the local administrative
area.

In the months immediately before a census, the household registers are updated and
verified in a process called "rectification" (zhengdun). By the time of the census the
registers should reflect all information available to local officials about households in the
enumeration area. The enumerator then draws upon the household register to construct
a list of households in the enumeration district. This listing (the hukou xingming dice)
includes the name and address of the household head, the number of registered household
members, the number of births and deaths in the household in the past year, and the
number of registered persons who are absent for less than and for more than six months.
Thus at the time of the household interview, the enumerator already has in hand a
list of basic information that can be checked against that provided by the household
informant. Census procedures anticipate cross-checking between sources, including "local
cadres, activists, and other informed people" who are interviewed in a post-enumeration
meeting. Census procedures emphasize that the household interview is mandatory, but
make it equally clear that the interview is not the sole source of information. It is thus
theoretically possible for Chinese census data to be more accurate than the information
provided by the census respondents themselves.

Because household registration work is now seriously distorted by other policy im-
peratives, even the "rectified" registers probably misrepresent the actual status of local
populations. Register errors accumulate between censuses. In the 2000 census, pre-census
rectification revealed that Wenzhou city had 50,000 deceased persons still on the registers,
and Chongqing Municipality had 130,000. These errors were corrected, of course, but it
is far easier to purge registers of the dead than it is to add the living. Children born
outside the birth plan are often (despite central government regular regulations) excluded
from the register, at least until substantial fines are paid. In Chongqing, rectification
work uncovered 68,000 such cases, but more could go undetected because both citizens
and officials have reason to hide them. Parents conceal excess births to avoid fines, while
officials keep them off the books because cadre job evaluations are based primarily on
birth planning performance. To shield census work from these unfavorable incentives,
census officials directed that all unregistered out-of-plan children be registered, that no
fines be collected from parents of these children, and that officials be granted amnesty
for previous birth planning falsification as long as they were truthfully reported in the
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census. But the census is a passing event, while birth planning is a perennial problem. It
would be only natural for local officials, fearing a "squaring of accounts after the autumn
harvest," to err on the side of discretion.

Other administrative considerations complicated the counting of urban migrants. The
floating population is not easy to count in the best of circumstances, analogous in difficulty
to counting undocumented aliens or the homeless in the United States. For this reason,
census operations included unusual efforts to enumerate urban migrants, including an
extensive pre-enumeration of sojourners sleeping outdoors and in public places. But local
officials, who for various reasons wish to minimize the population of their administrative
domain, may be less interested in a complete count. Low rates of population growth reflect
success in population control, and small population totals boost per capita measures of
income and productivity. Urban cadres in particular may be wary of moves by the central
government to regularize the status of temporary migrants, as this could lead to additional
claims for urban services such as schooling. Thus even as census workers valiantly sought
out the floating population by scouring construction sites and searching under bridges,
local officials in some places subjected migrants to "census fees," "security fees," and
"temporary residence fees" in an attempt to discourage them from being counted. The
2000 census was dogged by rumors of vast undercounts. Some provinces, such as Henan,
Hunan, and Shaanxi, were said in newspaper accounts to have counted millions fewer
people than expected. These re ports were probably exaggerated and possibly were based
on misunderstandings of the way out-of-province migrants would be counted. Nonetheless,
the potential for error in this census is considerable. Users should proceed with caution
until the data have been carefully evaluated.

Because of these factors, of these three Census data samples, it is widely acknowledged
that the 1982 Censuses the most reliable, as there was still very little migration at the time
of the Census (see i.e. Banister (1984) for more details about the 1982 China Population
Census.

84




