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Abstract

In a pro-male biased society, brothers may reduce the parental investment re-

ceived by female siblings, if parents face time or financial constraints. But brothers

may also cause positive externalities. Using more than 12,000 firstborn twins from a

highly sex-imbalanced economy, Taiwan, we test if women have fewer opportunities

to attend college if they have a brother rather than a sister. To minimize the prob-

lem of sex selection, we exploit the fact that twin sex is random given the sex of the

other twin, once we limit the data to time periods in which abortion was illegal and

technology was unavailable to abort one of the two twins. We show that the birth

of a male sibling, relative to a female, has almost no impact on women’s or men’s

college enrollments on the average. If there is any effect, it is small and imprecise.

Our results point to the importance of accounting for positive externalities (e.g.,

decreasing family size) created by a son’s birth, in studies on sibling rivalry.

Keywords: education, son preference, sibling rivalry, sibling spillover, sex selective

abortion, within-family allocation of resources
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1 Introduction

Highly imbalanced sex ratios in Asia have led many observers to worry about the social

consequences of sex-selective abortions. Strong son preference of Asian families in fertility

behavior perhaps implies a higher risk of female infanticide, and worse treatment for sur-

viving daughters.1 On the one hand, parents may divert family resources from daughters

to sons, due to time or financial constraints, especially in economies with a centuries-

long tradition of pro-male bias, such as China, India, and Taiwan. Consequently, the

daughters in these economies may have had lower educational attainments if they had a

brother, instead of a sister.2 On the other hand, the birth of a son may create positive

externalities, such as reducing family size, stabilizing parents’ marriage or relationships,

increasing fathers’ labor supply, or increasing parenting time spent by mothers,3 all of

which may benefit daughters as well. Both rivalry and spillover effects of male siblings,

on women’s educational achievements appear to coexist; and hence they may cancel out

1See El-Badry (1969), Ben-Porath and Welch (1972), Ram Gupta (1975), Hammoud (1977), Chen,

Huq, and D’Souza (1981), Rosenzweig and Schultz (1982), Sen (1990, 1992), Goodkind (1996), Qian

(2008), and Lin, Liu, and Qian (2008). Besides preference for sons, other possible explanations for

imbalanced sex-ratios are either biological or genetic. See discussions by Oster (2005, 2006), Das Gupta

(2005, 2006), and Lin and Luoh (2008).
2Das Gupta (1987), Muhuri and Preston (1991), Parish and Willis (1993), Lillard and Willis (1994),

Powell and Steelman (1989), and Hauser and Kuo (1998) suggested that children do better, in terms of

health status or educational outcomes, if they have all sisters, rather than all brothers.
3Butcher and Case (1994) suggest that girls raised only with brothers have higher educational achieve-

ments than those raised only with sister, conditional on family size. Jensen (1999) provides evidence

showing that girls have more siblings than boys. Lundberg and Rose (2003) find that the birth of a son

is associated with a faster transition into marriage, when the child is born before the mother’s first mar-

riage. Dahl and Moretti (2008) suggest that a first-born daughter is significantly less likely to be living

with her father, compared to a first-born son. Lundberg and Rose (2002) show that fathers work more,

subsequent to a son’s birth, than after a daughter’s birth. Using a sample of rural Indian households,

Rose (2000) finds that women work less after the birth of a son, relative to that of a daughter.
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each other.

Identifying the overall effect of sibling rivalry and spillovers is challenging, particularly

in countries with highly imbalanced sex ratios. Pro-male bias, where parents may choose

child gender by resorting to sex-selective abortions, as manifestated in the phenomenon of

millions of “Missing Women” (Sen 1990, 1992). In this paper, we use the randomness of

firstborn twins’ sex composition as a natural experiment for studying the causal impact of

changes in sibling sex composition. Our goal is to ensure that the estimated impact of a

change in sibling gender on education is not confounded by sex-selective abortions. This

goal is achieved by taking advantage of the fact that the sex composition of firstborn twins

is virtually random (as shown in Table 1a), once we restrict our data to time periods in

which abortion was illegal and technology to abort one of the two twins was not available.

During the sample period, our twins data exhibits balanced sex ratios, with 100.76 girls

for every 100 boys on average. Thus, the impact of having a twin brother, relative to a

twin sister, on women’s education simply equals the difference in the outcomes between

mixed-sex and same-sex twins.

To derive an accurate measure of sibling sex composition, we trace all births by each

mother, for at least 15 years. We further derive precise information about college enroll-

ments by linking the birth registry records of all firstborns with the administrative data

of college entrance tests records. This unique data set provides a simple, accurate, and

powerful method for assessing the role of sibling sex composition in determining women’s

educational achievements.

A key limitation is that firstborn twins cannot represent the general population. Aver-

age firstborn twins have more siblings, lower birth weights, and older and more educated

parents than firstborn singletons. However, perhaps surprisingly, the twins’ college en-

rollment rates are very similar to the enrollment of rates of the singletons with the same

birth weights. Furthermore, if having a brother might adversely affect a female sibling,

due to resources constraints of the family, it would be most likely to arise among twins
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because of no spacing between the two. The birth of mixed-sex twins in a son-preferring

family not only increases the family size, but also makes the girl twin faces an immediate

rival competing for family resources. Arguably the estimated effects for twins represent

an upper bound of the net rivalry effects that could be realized in the general population.

Documenting the size of such effects is important not only for analyzing mechanisms of

within-household allocation of resources, but also for understanding female inequality in

other segments of populations.

The results of our twins’ study provide limited evidence of rivalry effects of male sib-

lings that echoes the literature on sibling rivalry (e.g., Parish and Willis 1993; Garg and

Morduch 1998; Morduch 2000).4 Given that only 14.6 percent of firstborn twins attended

college, 0.98 to 1.58 percent of reduction in female college enrollment, caused by having a

twin brother relative to a sister, are seemingly sizable but they are statistically insignifi-

cant (with standard errors about 1.4 percent). We also find that the detrimental effect of

having a twin brother approximately doubles among those who were born in rural areas,

and it almost tripples among those whose mother have a high school diploma or above.

However, these estimates are imprecise. Our earlier results based on the entire population

of firstborn singletons show nearly zero detrimental effects and very small standard errors

(Chen, Chen, and Liu 2008). Our finding suggests that positive externalities caused by a

son’s birth cannot be ignored in the studies on sibling rivalry.

The paper unfolds as follows. Section 2 provides a description of matched administra-

tive population data from one of the most sex-imbalanced economies, Taiwan. Section 3

documents qualitative and quantitative evidences of strong son preference in fertility be-

havior of Taiwanese families, especially those with firstborn twins, during the late 1970s

4Important findings by Butcher and Case (1994) suggest that boys’ masculine traits may help their

sisters to develop positive attitudes toward greater educational achievement. In contrast, Kaestner (1997)

uses the same data set but finds little correlation between sibling sex composition and educational at-

tainments of children, especially in case of later cohorts.
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and early 1980s. Section 4 lays out our methodology, and Section 5 reports the esti-

mated effect of sibling sex composition on college enrollments. We also report results by

alternative approaches. Section 6 discusses several potential interpretations. Section 7

concludes.

2 Data

Our analysis is based primarily on the national birth registry records of Taiwan, which

cover virtually all newborns since 1978, the initial year of the digitalization of birth registry

data. This data provides detailed information about each newborn’s birth date, order,

place, weight, and parental age, education, and residential location. We focus on the

subpopulation of firstborn twins, born between 1978 and 1984, i.e., before the legalization

of abortion.5 During this period, sex-selective abortion of one of the two twins was not

only illegal but also technically impossible. In fact, the technology for aborting one of

the two twins was initially developed in laboratories only in 1988 (see Cunningham et

al. 2005), a few years after the analyzed period. Although prenatal sex determination

methods, such as ultrasound, were available since early 1980s, it was only after 1986/7 that

the technology for sex-selective abortion became widely available but limited to singletons

(Lin, Liu, and Qian 2008); technologies for aborting one of the twins became available a

few years after that.

Our data of sex composition and completed family size appear to be quite accurate.

We trace all births by each mother of firstborn twins using their Unique Identification

Numbers, over an extended period, i.e. from 1978 to 1999. Because of the quality of the

administrative data, we were able to match 100 percent of our data. It is noteworthy

that no mother in our data had another child after 1997, suggesting that the constructed

5Taiwanese abortion laws (i.e. the Eugenics Protection Law) were enacted in 1984, and were enforced

from 1 January 1985 onwards.
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measures of sibling sex composition and completed family size are reliable. Furthermore,

we exclude children whose mothers were unwed, older than 50, or younger than 15 at the

time of birth. Inclusion of children born to single mothers, who account for less than 1

percent of the data, does not impact our results.

As statistics in Table 1a show, sex composition of firstborn twins is virtually random

in our data. The probability of having a boy twin almost equals the probability of having

a girl twin, irrespective of the sex of the other twin. The sex ratio in the population of

firstborn twins is nearly unity, which is the natural rate for twins documented in medical

literature (James 1980; Derom et al. 1988; see discussions in Machin 1996).6 Thus, the

sex composition of the first-born twins appears to represent a truly exogenous event that

can be used to identify the effects of a change in sibling sex composition on children’s

educational outcomes.

By contrast, sibling sex composition of firstborn singletons during the same pre-

abortion period does not seem to be random. As Table 1b shows, the subsequent sibling

of a first-born female singleton is 2.07 percentage points more likely to be male than

female. This is because some of the second-born children in our data were born after

1986, when technology for sex-selective abortion became widespread. Consequently, the

probability of having two boys at the first two births is 2.6 percentage points higher than

the probability of having two girls (p-value< 0.01) at the first two births.

In this paper, we measure educational achievements by college attendance. To derive

reliable information about college enrollments, we match firstborn children to the College

Entrance Test records, when they turned 18 during the academic years 1996 to 2003. This

matched administrative data covers all Taiwanese teens who were born between 1978 and

1984 and were the age of high school seniors during the academic years. Children who died

or emigrated overseas during those years are considered non-attendants in our analysis.

6According to this literature, the ratio of boys to girls for MZ and DZ twins is around 0.96 and 1.04,

respectively, based on the US data for the early 1980s and late 1970s.
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Table 2a provides descriptive statistics of firstborn twins, with variables that we study

below. To measure the extent to which twins and singletons share similar demographics

and backgrounds, we also report data on firstborn singletons for comparison purposes.

Compared with most of the previous studies of twins, our sample size is much larger

and the data is more comprehensive. The matched data contains 11,998 firstborn twins,

and includes important information such as their birth weights and parental age and

education. According to our data, parents of these children were born mostly during the

1950s. About 65 percent of them completed secondary education, and 13 to 17 percent

completed post-secondary education.

Relative to firstborn singletons, firstborn twins tend to have more siblings and lower

birth weights, which is a direct consequence of twin births. Because the frequency of twin

births rises with maternal age, parents of firstborn twins in our data are more educated

than parents of firstborn singletons. In addition, we also find that firstborn twins were

more likely than firstborn singletons to have been born in urban areas. This might have

resulted from the fact that older mothers are more likely to have taken fertility-inducing

drugs, which are more available in urban than rural areas, and are known to increase the

incidence of multiple pregnancies (Chitkara and Berkowitz 2002).

Table 2b compares statistics of firstborn twins and singletons, by sex composition of

their siblings. It shows that a female first-born, either twin or singleton, has 0.43 to 0.47

more siblings if her twin or subsequent sibling is female, instead of male. This increase in

family size caused by a change in sibling sex is substantial since it accounts for 17 percent

of the average family size. Given that having a brother considerably lowers family size,

a firstborn girl might actually receive more family resources if her subsequent sibling is

male, not female. Therefore, a large portion of a rivalry effect of a brother on women’s

education may be overcome by a benefit of having fewer siblings because of a brother’s

birth. Indeed, Row (2) of Table 2b suggests that a boy twin or singleton at the second

birth is associated with more opportunities for the firstborn female to attend college.
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The higher incidence of mixed-sex twins among older mothers in Table 2b might look

puzzling. The mothers of mixed-sex twins are about 0.8 to 0.9 years older than mothers

of same-sex twins, at the time when the twins are born. The medical literature, summa-

rized by Chitkara and Berkowitz (2002), provides one explanation. Infertile women who

take fertility-inducing drugs (such as menopausal urinary gonadotropins or clomiphene

citrate), or adopt an in-vitro fertilization technology, generally have a considerably higher

probability of having DZ births, compared with those who conceive without medical

treatment. Given that infertility rises significantly with age and that mixed-sex twins are

mostly dizygotic, mixed-sex twins are more likely, than same-sex twins, to be born to

older mothers. The medical literature shows that the probability of DZ twins increases

from 0.3 percent to 1.4 percent, when the age of the mother rises from under age 20 to

35-40 years. In contrast, the frequency of MZ twining remains constant at around 0.4

percent, irrespective of maternal age.

Since age and education are positively associated, as expected, Table 2b and A1 also

show that parents having mixed-sex twins are more educated than those having same-sex

twins. In addition, parents living in urban areas are more likely to have mixed-sex twins,

probably because of better access to fertility-inducing technologies in urban than in rural

areas.

One concern is the large gap in maternal age between mixed-sex twins and girl twins, as

Table 2b shows. Mothers of mixed-sex twins are 0.9 years older than mothers of girl twins

(with p-value< 0.001). Ebenstein (2007) has noted that the delay in a son’s birth may

be a sign of sex-selective abortion because aborting female fetus delay the birth. Closer

exploration of our data, however, indicates otherwise. Table A1 shows that mothers of

mixed-sex twins are also 0.8 years older than those having boy twins (with p-value< 0.001)

also, besides being older than those of girl twins. In fact, during the analyzed period of

1978 to 1984, technologies for sex-selective abortions were not yet widely available, and

aborting one of the two twins was still technically impossible. This suggests that sex-
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selective abortions cannot dominate other causes, such as fertility-inducing treatments,

for the excess of mixed-sex twins among older mothers.

3 Documenting the demand for sons

3.1 Quantitative evidence

By the ratio of men to women among Asian countries, Taiwan is next only to China, India,

and South Korea (see the CIA World Fact Book 2007). The sex ratio at birth is 1.081

for all children born between 1978 to 1999, which amounts roughly to more than 218,000

“missing women,” or the number of additional females required to have a sex-balanced

population, taking 1.05 as the benchmark ratio.7

On average, Taiwanese couples tend to continue having children until they have a son.

The demand for sons in Taiwan is much stronger than estimates in most other countries.

Taiwanese parents with two daughters are nearly 30 percentage points more likely to have

a third child than those with two sons. In contrast, similar estimates from the U.S. or

Israeli Censuses are less than two percentage points (see Ben-Porath and Welch 1976;

Angrist and Evans 1998; Angrist, Lavy, and Schlosser 2006).

In Taiwan, family size depends largely on sibling sex composition, in a distinct manner

from other countries. Unlike American or Israeli families, which significantly favor mixed-

sex over same-sex composition, Taiwanese parents strongly prefer two boys to a mixed-sex

composition. Panel (B) of Table 3 shows that families with a boy and a girl singletons

at the first two births have 0.1 more children than those with two boys (s.e.=0.002). In

addition, families having two girls at the first two births have 0.53 more children than

those having two boy singletons (s.e.=0.023). Given that the average family size is about

2.8 among families with at least two children, these estimates indicate a very strong pro-

7See Lin, Liu, and Qian (2007) for more statistics on “missing women” in Taiwan.
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male bias. In addition, Panel (A) of Table 3 indicates that the impact of a change in

twin sex composition on family size seems stronger than that for singletons. Compared

with families with boy twins at the first birth, having girl twins increases family size by

at least 0.45 (s.e.=0.023), and having a pair of mixed-sex twins also increases family size

by 0.048 (s.e.=0.029).

3.2 Qualitative evidence

The strong Taiwanese preference for sons is rooted in the millennia-old Confucian tradi-

tion. The Confucian thought and discipline that systematically justifies the preference

for male offsprings over females, such as Analects (ca 479 BCE), has been at the core of

the educational curriculum in imperial China for more than two thousand years, since

the Hang Dynasty. In accordance with Confucian doctrines, inheritance of family wealth

and titles moves strictly from father to son, and the responsibility of old-age security

of parents is traditionally assumed by the son and his wife.8 Old-age citizens in Taiwan

have traditionally relied on family support. Public-funded old-age security programs were

initially established in 2002, targeting only farmers, who account for only a small portion

of population.

By Taiwanese customs, the oldest grandson of the family also inherits part of his

grandparents’ properties, possibly as much as his father does. Therefore, raising a son

is not only to secure old-age care and to ensure perpetuation of the family lineage, but

also to gain power and wealth in the extended family. In contrast, raising a daughter

is costly because they traditionally require expensive dowries from the parents at the

time of marriage, and are assumed to be responsible for taking care of their husbands’

parents in their old-age, not of their own parents. Raising daughters, thus, is considered

8If the family has no son but still wants to keep the family name, a conventional solution is giving

the family name to one of daughters’ son, or adopting a boy from a relative’s family. The the named or

adopted son assumes the old-age care of the parents.
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less worthwhile than raising a son. A Chinese poem, “Si Gan” from Book of Songs (also

called Shi-Jing), dated centuries before Confucius and believed to be compiled by him

has advised parents to allocate family resources unevenly between sons and daughters:

When a son is born

Let him sleep on the bed

Dress him with fine ropes

And give him jade to play...

When a daughter is born

Let her sleep on the ground

Cover her in usual wrappings

And give her tiles for playing....

With the prevalent system of patrilinear inheritance, it is not surprising that more

educated parents have a stronger son preference, because they are more likely to come

from wealthier families and because having a son can increase the probability of retaining

the family wealth within the family. Edlund (1999) advanced a similar argument to

explain why the ratio of boys to girls may increase with parental socio-economic status,

although the effect of the patrilinear inheritance system is not the focus of her model. In

addition, because of better access to information about sex-selective abortion, relatively

more educated parents and those who live in urban areas tend to have stronger preference

for sons. Our statistics (not shown here) indicate that starting in 1987, sex ratios at birth

for third-born children became imbalanced among third-born children who were born in

urban or to a mother who had a high school diploma or above. Before 1987, there were

no clear evidence that shows the practices of prenatal sex selection.
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4 Identifying sibling gender effects

With highly imbalanced sex ratios and strong preference for sons, we need to overcome

the problem of endogenous child gender. We address this by exploiting the fact that

given the sex of one twin, the sex of the other twin is exogenous. Indeed, during the

pre-abortion period, firstborn twins’ sex ratio is balanced, and their sex composition is

virtually random, as Table 1a has shown. In practice, we compare the education of girls

who have twin brothers, with the education of girls who have twin sisters. The effect of

changes in sibling sex composition is measured simply by the difference between college

enrollment rates in the treatment and comparison groups (i.e. samples of mixed-sex and

same-sex twins).

Formally, we denote by yi the college attendance dummy of the i-th girl in the sample

of firstborn twins; we denote by Xi her observed covariates and by Bi an indicator for

having a brother. We consider a parsimonious model of girl i’s college attendance as

follows:

yi = X ′
iα + βBi + εi, (1)

where α includes a constant and a set of covariates, and β is the parameter of interest,

the effect of a twin brother, as opposed to a twin sister, on women’s college enrollment.

Because sex composition of the twins is random in our data, we assume that the error

term εi is uncorrelated with sibling sex Bi, conditional on Xi. For comparisons, we also

use the data of firstborn sons in the twins population to estimate the effect of having

a twin brother, as opposed to having a twin sister, on men’s education. In all models,

we estimate standard errors that allow for potential correlations between the error terms

within family clusters.

The covariates include individual and family demographics, including a full set of

dummies for child i’s birth year and place, parents’ birth years, mother’s age at the first

birth, and the academic year in which the child graduated from high school. In some
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specifications, we also include children’s and their siblings’ birth weights, family size, and

parental education. We find that adding some or all of these additional controls does not

change our results, as discussed below. In addition, estimation results based on a Probit

model are virtually identical to those based on the linear probability model in (1).

One important merit of the twins’ methodology is that we can control for the time

intervals separating the births of siblings. Consequently, we are able to isolate the impact

of a change in sibling gender from accompanying effects of a change in age-spacing, which

arise only in case of singleton siblings. Wider spacing between an older brother and a

younger sister, for example, may lower the degree of sibling rivalry for the girl, because

it permits parents to time to recoup the financial expenses before the next child is born

(e.g., Powell and Steelman 1993). Closer spacing, however, may provide “economies of

scale” for the family, by reducing the total cost of toys and clothes that siblings can

share (e.g., Kidwell 1981). Moreover, a longer interval between the birth of a son and the

preceding birth, than in case of a daughter’s birth, might signal the use of sex-selective

abortion, since aborting a female fetus until a male is born delays the birth of the male

(Ebenstein 2007). The twins’ methodology allows us to set aside the disagreements on

the relationship among spacing, sex composition, and children’s outcomes.

Our main finding, presented below, is built on the reduced-form model (1). As in

Dahl and Moretti (2008), we exclude family size from our specification because family

size is endogenous. Thus, our results may reflect any indirect effect of having a brother

that can be operated through decreasing family size. In this sense, we understate the

pure rivalry effect of male siblings on educational outcomes of girls. In our earlier work

(Chen et al. 2008), we included and instrumented for family size, so the main effect of

family size on child outcomes was also identified. Consistent with other studies (Black et

al. 2005; Angrist et al. 2006), the estimated family size effect is nearly zero, with small

standard errors.
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5 Results

Using the large-scale administrative population data sets, which cover virtually all new-

borns in Taiwan over an extensive period of time, our estimates indicate that the overall

effect of male siblings on women’s college attendance is small and insignificant. Based on

estimates of the 6,022 firstborn twin girls, Column (1) of Table 4 shows that on average,

the overall rivalry effect of male siblings is about 1.4 percentage points (s.e.=0.014), which

is approximately one tenth of the average enrollment rate for firstborn twins.

In Panel (B) of Table 4, we further show a parallel analysis of the 5,976 firstborn twin

boys, using the specifications in panel (A). The results suggest that the effect on men is

less than 0.5 percentage points (s.e.=0.013-0.014), even smaller than the effect on women.

Overall, our estimates strongly suggest that the causal effect of having a male sibling

on his twin brother’s or sister’s opportunity to attend college is small in magnitude and

insignificant in statistics.

As a robustness check, we examine our results by including a full set of dummies

for levels of parental education. As Column (2) of Table 4 shows, the coefficient of the

brother indicator changes little and the estimate remains insignificant. Interacting the

brother indicator with parental education also does not affect our result; all coefficients

of the cross terms are insignificant at the 5 percent level (not shown in the table). F-test

statistics cannot reject the hypothesis that all interactions have no effect on firstborn twin

girls’ college attainment.

5.1 Controlling for Birth Weights

While both dizygotic (DZ) and monozygotic (MZ) twins are included in the regression

analysis, we do not observe zygosity in our data. Given that MZ twins must be same-

sex, our identification, essentially based on comparisons between mixed-sex and same-sex

twins, could in part reflect a genetic difference between DZ and MZ twins.
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We address this issue by including twins’ birth weights. This strategy is motivated by

previous studies that show twins’ birthweights are highly correlated with their educational

attainment and other outcomes (e.g., Currie and Hyson 1999; Conley and Bennett 2000;

Behrman and Rosenzweig 2004) and by the medical literature that uses birth weight as

a major indicator for a twin’s health status (e.g., Cunningham et al. 2005). DZ and MZ

twins differ considerably in patterns of birth weights: MZ twins on average are lighter than

DZ twins, and within-pair size discordance arises more often, and is more remarkable, in

MZ than in DZ twins.9

To see how this strategy works, define by yb(z, w) the mean of college enrollment of twin

girls who have a twin brother or sister, b = 1 or 0; zi is girl i’s observed characteristics,

and wi indicates her birthweight and her twin sibling’s birthweight. Given (z, w), the

parameter of interest is β = y1(z, w)−y0(z, w). If birthweights are omitted, the estimated

effect of sibling rivalry is a weighted average of the between-pairs differences across DZ-

MZ and DZ-DZ pairs, and they are weighed by the fractions of MZ and DZ twins (denoted

by φ and (1− φ)):

φ[y1(z, wdz)− y0(z, wmz)] + (1− φ)[y1(z, wdz)− y0(z, wdz)]

= [y1(z, wdz)− y0(z, wdz)] + φ[y0(z, wdz)− y0(z, wmz)] (2)

where wdz and wmz denote the birthweights of DZ and MZ pairs, and γ is the coefficient of

birthweights. The second term, φ[y0(z, wdz)−y0(z, wmz)], is a bias term due to unobserved

differences between DZ and MZ twin pairs. Adding birthweights in regression (1) removes

this bias term and yields unbiased estimates, since wdz = wdz. If birthweights were

omitted, the twins’ estimates would understate the net rivalry effect, since on average, DZ

twins are generally heavier than MZ twins (wdz > wmz). Column (3) of Table 4 shows that

9Coefficients of correlations between MZ twins are about 0.91 to 0.93 for birth weights and heights,

while the same coefficients range between 0.48 and 0.58 for DZ twins (e.g., Mittler 1971; Plomin, DeFries,

and McClearn 1990, Tables 12.6).
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the understatement caused by omitting birthweights is small and insignificant, and that

the standard error is nearly unchanged even after including birthweights (see comparisons

between Columns (2) and (3)).

Although there may be other differences in initial endowments between DZ and MZ

twins, birthweight is viewed as one of the most important proxies for a child’s initial en-

dowment. Evidence of the strong association between a child’s birthweight and outcomes,

such as schooling, wage, or health, can be seen in Bonjour et. al. (2003), Behrman and

Rosenzweig (2004), Almond, Chay, and Lee (2005), and Lin, Liu and Chou (2007).

5.2 External Validity

We have used differences in education across firstborn twin pairs to identify the causal

effect of a change in sibling gender on education. However, the question of generalization

of the results to the general population remains.

Twins differ from singletons in many ways. Twins are known to have shorter gestation

and higher mortality rates than singletons. In particular, twins are more likely to be

characterized by low birthweight than singletons, due mostly to restricted fetal growth

and premature delivery (Buekens and Wilcox, 1993). Although twins account for only 1.33

per 100 first-born children in our data, they account for 12.9 percent of low-birthweight

(less than 2,500 grams) newborns. As Table (2a) shows, in contrast to the average weight

of less than 2,500 grams in case of firstborn twins, firstborn singletons have an average

weight of 3,211 grams.

Twins, on average, have less schooling than singletons. The difference in college en-

rollment rates is about 2 percentage points, as Table 2a shows. When one compares twins

and singletons with the same birthwieght, however, their college enrollment rates are

surprisingly similar. Figures 3 and 4 show the differences in college enrollment rates by

birthweight, between firstborn twins and singletons. The differences in college enrollment

rates are nearly zero between female twins and singletons with the same birthweights of
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over 1500 grams. Male twins with birthweights of over 1750 grams are more likely to

enroll in college than male singletons with the same birthweights, though the differences

in enrollment rates are insignificant at conventional levels. Lower educational outcomes of

twins are found only among boys with very low birthweights. In addition, conditional on

the birthweights of both of the twins, our identification in equation (2) is based primarily

on the difference in educational outcomes across DZ pairs. In the sense that the incidence

of low birthweight is less likely to be found among DZ twins, than among MZ twins, the

estimates conditional on birthweights of firstborn twins may be generalized to the entire

population of firstborn singletons. This generalization is supported by our earlier findings

(see Section 5.4) of no effect of a change in sibling sex at the second birth on firstborn

daughters’ college attainment.

Some evidence has shown that twins may still differ from singletons, aside from low

weights at birth. For example, Duflo (1998) and Pettersson-Lidbom and Thoursie (2007)

suggest that shorter spacing between siblings has a negative impact on children’s out-

comes, because spacing children closer imposes additional strain on family resources,

besides increasing family size. This suggests that rivalry effects, if any, should be stronger

on twins than on singletons. In this sense, it is actually conservative to generalize the

twins’ results to the rest of the population.

5.3 Heterogeneous Effects of Sibling Sex Composition

As we have shown earlier, since 1987, sex ratios after the second birth became more

imbalanced for children born in families in urban areas, or families having more educated

mothers. While this phenomenon may be an outcome of better access to sex-selective

abortion facilities or information available to these families, we examine in this section if

the net rivalry effects of male siblings can also vary by regions or by maternal education.

Irrespective of specifications of regression models, we find no evidence of rivalry effects of

male siblings on boys’ college attainment. Thus, our report below focuses primarily on
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heterogeneous effects of a change in sibling sex on girls’ college enrollments.

The strongest effect of sibling rivalry in this study appears among twin girls having

more educated mothers. As Table 5a shows, if a twin girl’s mother has high school diploma

or above, having a twin brother may decrease her opportunity to attend college by 3.9

to 5.4 percentage points. This effect is substantial, given that only about 24 percent

of twin girls with an educated mother enrolled in college, and accounts for 16 to 24

percent of college enrollments of twin girls, although the estimates are either insignificant

or marginally significant. In contrast, in families with less educated mothers, net rivalry

effects on twin girls are less than 0.6 percentage points. The standard errors are about 1.5

percentage points. Because our analysis is based on population data comprising a large

number of twins, these estimates have reasonably small standard errors.

We also find a considerably strong rivalry effect of male siblings on college attainment

of females who were born in rural areas. In contrast, the same effect is not observed in

urban areas. As Table 5b shows, twin girls born in rural areas are 2.0 to 3.9 percentage

points less likely to enroll in college, if they have a twin brother, rather than a twin sister.

This impact is substantial since it constitutes up to 30 percent of college enrollments

among twin girls born in rural areas.

It is worth noting that when family size is included, the estimated effect of sibling

rivalry, either by regions or by maternal education, is significant at 5 percent level. This

suggests that the reduction in family size, which can be viewed as a spillover effect caused

by having a brother as opposed to having a sister, may have offset part of the rivalry

effect on the sister. This, once again, highlights the importance of taking into account

spillover effects while studying sibling rivalry.

It sounds somewhat puzzling that the net rivalry effect of male siblings is stronger

in rural areas, while sex ratios after the second birth are more imbalanced in urban

areas. This seemingly contradicting result can be explained by the prevalent tradition of

patrilinear inheritance. Land-holding families, mostly concentrated in rural areas, may
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invest more in sons than in daughters, in order to retain the family wealth and titles

within the family. As a result, sibling rivalry effects on children’s educational outcomes

appear to be stronger in rural areas, where land ownership and inheritance issues are

more important for families. In contrast, the ratio of boys to girls depends not only on

pro-male bias, but also on the accessibility of sex-selective abortion technology. With

limited availability of sex-selective abortion facilities, families in rural areas may have to

opt for diverting resources to sons from daughters, since they cannot achieve the desired

sex-ratio by sex-selective abortions. Some supporting evidence can be seen in Goodkind

(1996) and Lin, Liu and Qian (2008).

5.4 Another approach - using firstborn singletons

In an attempt to examine the representativeness of our twins estimates, this subsection

compares our estimates with the earlier results in Chen, Chen, and Liu (2008), based

on the data of the firstborn singletons population. There, we tested the hypothesis that

the sex of the second-born has no effect on the firstborn’s college enrollment, using the

same data sources and similar specifications as in this paper. We focused on educational

achievements of firstborn singletons who were born during the years 1978 to 1984, the same

pre-abortion period that has been studied in this paper. As Table 1b has suggested, this

population exhibited a seemingly balanced sex ratio, about 104.2 boys to every 100 girls.

However, by the time the siblings of this singletons population were born, abortion laws

had been legalized and technology for sex-selective abortions had started to be widespread.

Consequently, second-born singletons had a less balanced sex ratio, about 106.5 boys to

every 100 girls, although the sex ratio of the first-borns seemed balanced. Thus, while

the sex of the firstborn child could be taken as a random event, the incident that the

second child is a boy might be a consequence of sex-selective abortions. To the extent

that parents who would resort to sex-selective abortions are most likely to divert family

resources to a son from daughters, our earlier estimates for singletons may have overstated

18



the net rivalry effect of male siblings on women’s education.

Nevertheless, the firstborns’ results in Table 6, using the same covariates and spec-

ifications as of twins in Column (4) of Table 4, resemble twins’ results reported in this

paper. OLS estimates in Column (1) of Table 6 indicate that the estimated coefficients of

the brother indicator are nearly zero. The net rivalry effect on firstborn girls is about 0.34

percentage points, and that for firstborn boys is even smaller. Furthermore, as columns

(2) to (6) show in the set of firstborn singletons’ results, two-stage least squares estimates

that use twinning at the second birth to instrument family size also exhibit similar results.

The firstborn singletons data provide precise benchmark results, which suggest that hav-

ing a brother, as opposed to having a sister, has almost no impact on women’s or men’s

college enrollments. The new evidence based on the twins population in this paper echoes

this finding.

6 Concluding Remarks

This paper estimates the causal impact of a change in sibling sex composition on children’s

educational achievements. Based on a matched administrative data of entire Taiwan,

identification is achieved by a unique natural experiment of twins gender shocks, given

that the twin sex is random conditional on the sex of the other twin. We focus on the

period 1978-1984 when abortions were illegal and sex-selectively aborting one of the two

twins was technically impossible. The statistics show that sex composition of firstborn

twins was virtually random. The twins’ estimates show no evidence of negative effects

of having a brother, relative to a sister, on women’s or men’s college attainment. This

result remains robust even if we control for a function of family size and/or birthweights.

The finding based on firstborn twins also echoes our earlier estimates based on firstborn

singletons.

Although Taiwanese’ son preference has been diminishing in recent decades, pro-male
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bias in fertility choice remains markedly strong. For example, during the years 1996 to

2003, when the analyzed cohorts turned 18, the sex ratio of boys to girls continues to

rise, and parents still strongly favor having two boys over mixed-sex children, for the first

two births. However, since 1989, share of girls enrolling in college has been higher than

of boys, by 2 to 3 percentage points on average, in spite of the strong pro-male bias in

fertility choices. Lack of evidence of discrimination against girls in household expenditures

– even in economies where a strong pro-male bias is known such as India, Bangladesh and

Pakistan – has also been noted by Deaton (1989, 1997), Subramanian and Deaton (1990),

Subramanian (1995), Bhalotra and Attfield (1998), Ahmad and Morduch (2002), Case

and Deaton (2003), and Kingdon (2005).

While the rationale behind this phenomenon awaits further investigations, recent stud-

ies on parents’ behavioral responses to a son’s birth provide possible interpretations for

our findings. For example, some evidence has suggested that a son’s birth, relative to a

daughter’s, motivates the father to earn more, the mother to work less, or the parents to

reside together and to have more stable relationships.10 If the parental response to a son’s

birth can also benefit daughters, the rivalry and spillover effects of the son on daughters

may have canceled out each other in the process of the home production of human capital.

Our ongoing research is exploring these possibilities.

10See, e.g., Rose (2000), Lundberg and Rose (2002, 2003), Morgan and Pollard (2002), Lundberg (2005),

Bedard and Deschenes (2005), Ananat and Michaels (forthcoming), and Moretti and Dahl (forthcoming);

see Lundberg (2005) for some literature reviews.

20



References

Ananat, Elizabeth O. and Michaels, Guy. Forthcoming“The Effect of Marital

Breakup on the income and Poverty of Children?” Journal of Human Resources.

Ahmad, Asif, and Jonathan Morduch. 2002. “Identifying Sex Bias in the Al-

location of Household Resources: Evidence from Linked Household Surveys from

Bangladesh.” Unpublished manuscript, Department of Economics, New York Uni-

versity.

Almond, Douglas, Kenneth Y. Chay and David S. Lee. 2005 “The Cost of Low

Birth Weight.” The Quarterly Journal of Economics, 121: 1031-1083.

Angrist, Joshua D., William N. Evans. 1998. “Children and Their Parents’ Labor

Supply: Evidence from Exogenous Variation in Family Size.” American Economic

Review 88(3): 450-477.

Angrist, Joshua D., Victor Lavy, and Analia Schlosser. 2006. “New Evidence

on the Causal Link between the Quantity and Quality of Children,” mimeo.

Ashenfelter, Orley and Alan Krueger. 1994. “Estimates of the Economic Return

to Schooling from a New Sample of Twins.” American Economic Review 84(5):

1157-1173.

Bedard, Kelly and Olivier Deschenes. 2005. “Sex preferences, marital dissolution,

and the economic status of women,” Journal of Human Resources 2005, 40(2) pp.

411-434.

Behrman, J.R. and M.R. Rosenzweig (2004) “Returns to Birthweight.” Review of

Economics and Statistics 86(2): 586-601.

Ben-Porath , Yoram and Finis Welch. 1972. Chance, Child Traits and Choice of

Family Size, The Rand Corporation, R-1117.

21



Ben-Porath , Yoram and Finis Welch. 1976. “Do Sex Preferences Really Matter?”

The Quarterly Journal of Economics 90(2): 285-307.

Bhalotra, Sonia, and Chris Attfield. 1998. “Intrahousehold Resource Allocation

in Rural Pakistan: A Semiparametric Analysis.” Journal of Applied Econometrics

13(5): 463–80.

Black, Sandra E., Paul J. Devereux, and Kjell G. Salvanes. 2005. “The More

the Merrier? The Effect of Family Size and Birth Order on Children’s Education,”

Quarterly Journal of Economics 120(2):669-700.

Bonjour, Dorothe, Lynn F. Cherkas, Jonathan E. Haskel , Denise D. Hawkes

and Tim D. Spector. 2003. “Returns to Education: Evidence from U.K. Twins.”

The American Economic Review, 93(5): 1799-1812.

Boklage C.E. 1987. “Race, zygosity and mortality among twins: interaction of myth

and method,” Acta Genet Med Gemellol, 36a: 257-288.

Buekens P. and A. Wilcox 1993. “Why do small twins have a lower mortality rate

than small singletons?” American Journal of Obstetrics and Gynecology 168:937.

Butcher, F. Kristin and Anne Case. 1994. “The Effect of Sibling Sex Composition

on Women’s Education and Earnings.” Quarterly Journal of Economics, CIX(3):

531-563.

Case, Anne, and Angus Deaton. 2003. “Consumption, Health, Gender, and

Poverty.” Working Paper no. 3020, World Bank Poverty Reduction and Economic

Management Network, Washington, DC.

Chen L., Huq E., and D’Souza S. 1981. “Sex bias in the family allocation of food

and health care in rural Bangladesh,” Population and Development Review 7:55-70.

22



Chen, Stacey H., Yen-chien Chen, and Jin-tan Liu. 2008. “Do Sibling Sex

Composition and Family Size Affect Children’s Education?” mimeo.

Chitkara, Usha and Richard L. Berkowitz. (2002) Obstetrics: Normal and Problem

Pregnancies, ed. by Steven G. Gabbe, Jennifer R. Niebyl, and Joe Leigh Simpson.

p. 827.

Conley, D. and N. Bennett. (2000) “Is Biology Destiny? Birth Weight and Life

Chances,” American Sociological Review 65:458-67.

Cunningham, F. Gary, John C. Hauth, Kenneth J. Leveno, Larry Gilstrap III,

Steven L. Bloom, and Katharine D. Wenstrom. 2005. Williams Obstetrics,

New York: McGRAW-Hill.

Currie, J. and R. Hyson. (1999) “Is the Impact of Health Shocks Cushioned by So-

cioeconomic Status? The Case of Low Birth Weight.” American Economic Review

89:245-50.

Dahl, Gordon and Enrico Moretti. Forthcoming. “The Demand for Sons: Evidence

from Divorce, Fertility and Shotgun Marriage.” Review of Economics and Statistics.

Das Gupta M. 1987. “Selective Discrimination against Female Children in Rural

Punjab, India.” Population and Development Review 13(1): 77-00.

Das Gupta M. 2005. “Explaining Asia’s “missing women”: A new look at the data.”

Population and Development Review 31(3): 529.

Das Gupta M. 2006. “Cultural versus Biological Factors in Explaining Asia’s ‘Missing

Women’: Response to Oster.” Population and Development Review 32(2): 328-32.

Deaton, Angus. 1989. “Looking for Boy-Girl Discrimination in Household Expendi-

ture Data.” World Bank Economic Review 3(1): 1–15.

23



Deaton, Angus. 1997. The Analysis of Household Surveys: A Microeconometric Ap-

proach to Development Policy. Washington, DC: Johns Hopkins University Press

for the World Bank.

Deolalikar, Anil and Elaina Rose. 1998. “Gender and Savings in Rural India,”

Journal of Population Economics, 11(4): 453-70.

Derom, C., R. Vlietinck, R. Derom, H. van den Berghe, and M. Thiery. 1988.

“Population-based Study of Sex Proportion in Monoamniotic Twins.” New England

Journal of Medicine, 319: 119-120.

Duflo, Esther. (1998) “Evaluating the Effect of Birth-spacing on Child Mortality,”

unpublished.

Edlund, Lena. 1999. “Son preference, sex ratios, and marriage patterns,” Journal of

Political Economy 107(6): 1275-1304.

Ebenstein, Avraham Y. 2007. “Fertility Choices and Sex Selection in Asia: Analysis

and Policy,” unpublished.

El-Badry, M. A. 1969. “Higher Female than Male Mortality in Some Countries of

South Asia,” Journal of the American Statistical Association, 64: 1234-44.

Garg, Ashish and Jonathan Morduch. 1998. “Sibling Rivalry and the Gender

Gap: Evidence from Child Health Outcomes in Ghana.” Journal of Population

Economics, 11: 471-493.

Goodkind, Daniel. 1996. “On Substituting Sex Preference Strategies in East Asia:

Does Prenatal Sex Selection Reduce Postnatal Discrimination?” Population and

Development Review 22(1):111-125.

24



Goldberger, A. S. and L. J. Kamin. 1998. “Behavior Genetic Modeling of Twins: A

Deconstruction,” Department of Economics Working Paper, University of Wisconsin

Madison.

Hammoud, E.I., 1977. “Sex Differentials in Mortality,” World Health Statistics Report,

3(30): 174-206.

Hauser, R.M. and Hisang-Hui Daphne Kuo. 1998. “Does the gender composition

of sibships affect women’s educational attainment?” Journal of Human Resources.

James, Williams M. 1980. “Sex Ratios and Placentation in Twins.” Annals of Human

Biology 7: 273-276.

Jensen, Robert. 1999. “Equal Treatment, Unequal Outcomes? Generation Sex In-

equality Through Fertility Behavior”, unpublished.

Kaestner, Robert. 1997. “Are Brothers Really Better? Sibling Sex Composition and

Educational Achievement Revisited”. Journal of Human Resources, 32(2):250-284.

Kidwell, J.S.1981. “Number of Siblings, Sibling Spacing, Sex, and Birth Order: Their

Effects on Perceived Parent-Adolescent Relationship.” Journal of Marriage and the

Family, 43(2): 315-332.

Kingdon, Geeta Gandhi. 2005. “Where Has All the Bias Gone? Detecting Gen-

der Bias in the Intrahousehold Allocation of Educational Expenditure.” Economic

Development and Cultural Change 53(2):409-451.

Lee, Jungmin “Sibling Size and Investment in Children’s Education: An Asian Instru-

ment” 2004, unpublished.

Lillard L, Willis R. 1994. “Intergenerational Educational Mobility Effects of Family

and State in Malaysia.” Journal of Human Resources 29 (4):1126-1166.

25



Lin, Ming-Jen, Jin-Tan Liu, and Nancy Qian. 2008. “More Women Missing,

Fewer Girls Dying: The Impact of Abortion on Sex Ratios at Birth and Excess

Female Mortality in Taiwan.” unpublished paper.

Lin, Ming-Jen, Jin-Tan Liu and Shin-Yi Chou. 2007. “As Low Birth Weight

Babies Grow, Can Well-educated Parents Buffer this Adverse Factor? A Research

Note.” Demograghy, 44(2): 335-343.

Lin, Ming-Jen and Ming-Ching Luoh. 2008. “Can Hepatitis B Mothers Explain

the Case of Missing Women? Evidence from Three Million Newborns in Taiwan,”

American Economic Review, forthcoming.

Lundberg, Shelly J. and Elaina Rose. 2002. “The Effect of Sons and Daughters on

Men’s Labor Supply and Wages.” Review of Economics and Statistics, 84: 251-268.

Lundberg, Shelly J. and Elaina Rose. 2003. “Child Gender and the Transition to

Marriage,” Demography, 40(2): 333-349.

Lundberg, S. J. 2005 “Sons, daughters, and parental behaviour,” Oxford Review of

Economic Policy 21(3), 340-356.

Lundberg, Shelly J., Sara McLanahan, and Elaina Rose. 2007. “Child Gender

and Father Involvement in Fragile Families,” Demography 44(1): 79-92.

Machin, Geoffrey A. 1996. “Some Causes of Genotypic and Phenotypic Discordance

in Monozygotic Twin Pairs.” American Journal of Medical Genetics 61: 216-228.

Mittler, P. 1971. The Study of Twins. Harmondsworth, England: Penguin Books.

Morduch, Jonathan. 2000. “Sibling Rivalry in Africa.” American Economic Review

90(2): 405-409.

26



Morgan, S. Philip and Pollard, Michael S. 2002. “Emerging parental gender

indifference: Sex composition of children and the third birth.” American Sociological

Review, 67(4): 600-613.

Muhuri, Pradip K. and Samuel H. Preston. 1991. “Effects of Family Compo-

sition on Mortality Differentials by Sex Among Children in Matlab, Bangladesh.”

Population and Development Review, 17(3):415-434

Oster, Emily. 2005. “Hepatitis B and the Case of the Missing Women,” Quarterly

Journal of Economics 113(6):1163-1216.

Oster, Emily. 2006. “On Explaining Asia’s ‘Missing Women’: Comment on Das

Gupta,” Population and Development Review 32(2):323-327.

Parish, William and Robert Willis. 1993. “Daughters, Education and Family

Budgets: Taiwan Experiences.” Journal of Human Resources, 28(4): 863-898.

Pettersson-Lidbom, Per and Peter Skogman Thoursie. (2007) “Does Child Spac-

ing Affect Children’s Outcomes? Evidence from a Swedish Reform,” unpublished.

Plomin, R., J. C. DeFries, and G. E. McClearn. 1990. Behavioral Genetics a

Primer, W. H. Freeman and Company, New York.

Powell, B, Steelman L.C. 1989. “The Liability of Having Brothers: Paying for College

and the Sex Composition of the Family.” Sociology of Education 62:137-147.

Powell, Brian and Lala C. Steelman 1993. “The Educational Benefits of Being

Spaced Out: Sibship Density and Educational Progress.” American Sociological

Review 58(3): 367-381.

Qian, Nancy. 2008. “Missing Women and the Price of Tea in China: The Effect of

Sex-Specific Income on Sex Imbalance,” forthcoming in the Quarterly Journal of

Economics 123(3).

27



Ram Gupta, San T. 1975. “Mortality Patterns in India,” in R. B. Chari, ed., Demo-

graphic Trends in India, New Delhi: D.P. Sharma and R.K. Bhatia, 43-52.

Rose, Elaina. 2000. “Gender Bias, Credit Constraints and Time Allocation in Rural

India,” Economic Journal 110(465): 738-58.

Rosenzweig, Mark R. and T. Paul Schultz. 1982. “Market Opportunities, Ge-

netic Endowments, and Intrafamily Resource Distribution: Child Survival in Rural

India,” American Economic Review 72(4):803-815.

Ruhm, Christopher J. “Parental Employment and Child Cognitive Development,”

Journal of Human Resources 39(1): 155-192.

Sen, Amartya. 1990. “More Than 100 Million Women Are Missing.” New York Times,

December 20, 37(20).

Sen, Amartya. 1992. “Missing women: social inequality outweighs women’s survival

advantage in Asia and north Africa,” British Medical Journal 304(6827):587-9.

Subramanian, Shankar, and Angus Deaton. 1990. “Gender Effects in Indian Con-

sumption Patterns.” Discussion Paper no. 147, Research Program in Development

Studies, Woodrow Wilson School, Princeton University.

Subramanian, Shankar. 1995. “Gender Discrimination in Intra-Household Allocation

in India.” Unpublished manuscript, Department of Economics, Cornell University.

28



Figure 1: College Enrollment Rates of Firstborn Girls by Birthweight
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Figure 2: College Enrollment Rates of Firstborn Boys by Birthweight
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Female Male
Marginal 

distribution
Twin 2
Female 0.4297 0.0722 0.5019
Male 0.0722 0.4259 0.4981
Marginal distribution 0.5019 0.4981

Female Male
Marginal 

distribution
Singleton 2nd

Female 0.2362 0.2480 0.4842
Male 0.2534 0.2624 0.5158
Marginal distribution 0.4896 0.5104

Singletons 1st

Source: The same as Table 1a.

Table 1a. The probability distribution of  firstborn twins' sex 
composition

Twin 1

Source: Taiwan birth registry records from 1978 to 1984.

Table 1b. The probability distribution of first two singletons' 
sex composition



Table 2a: Descriptive Statistics 

Variables Firstborn Twins Firstborn Singletons
Boy-to-girl ratio 0.992 1.042

(0.500) (0.500)
Family size 2.837 2.698

(0.895) (0.808)
College enrollment rate 0.146 0.165

(0.352) (0.371)
Age of mother at birth 24.333 23.448

(3.642) (3.336)
Mothers' birth year 1956 1957

(3.944) (3.737)
Fathers' birth year 1953 1954

(5.129) (4.584)
Mothers' highest grade completed
  College or above 0.037 0.028

(0.187) (0.166)
  Professional training degree 0.056 0.040

(0.229) (0.197)
  High School 0.069 0.061

(0.254) (0.238)
  Vocational HS 0.209 0.187

(0.406) (0.389)
  Junior HS 0.244 0.259

(0.429) (0.438)
Fathers' highest  grade completed
  College or above 0.088 0.062

(0.282) (0.242)
  Professional training degree 0.086 0.072

(0.279) (0.259)
  High School 0.089 0.091

(0.284) (0.288)
  Vocational HS 0.177 0.176

(0.382) (0.381)
  Junior HS 0.214 0.231

(0.410) (0.421)
Birth weight (kg) 2.472 3.211

(0.532) (0.445)
Born in urban 0.405 0.341

(0.491) (0.474)
Sample size 11,998 893,157

Mean (standard deviation in parentheses)

Source: The birth registry records from 1978 to 1984, matched with college entrance
test records of 1996 to 2003 while children turn 18.  Singleton data are drawn from 
families with at least two children. Urban areas refer to cities of Taipei, Taichung, 
Kaoshiung, or Taipei county. 



Variables
with a boy 

twin
with a girl 

twin Diff=(2)-(1)
with a 2nd-born 

brother
with a 2nd-born 

sister Diff=(5)-(4)
(1) (2) (3) (4) (5) (6)

Family size 2.627 3.097 0.470 2.620 3.051 0.431
(0.784) (0.962) [0.000] (0.751) (0.921) [0.000]

College enrollment rate 0.157 0.144 -0.013 0.172 0.169 -0.003
(0.363) (0.352) [0.203] (0.377) (0.374) [0.040]

Age of mother at birth 25.070 24.168 -0.902 23.483 23.444 -0.039
(3.573) (3.652) [0.000] (03.349) (3.358) [0.000]

Mothers' birth year 1956 1956 0.000 1957 1957 0.000
(3.911) ( 3.946) [0.694] (3.749) (3.756) [0.226]

Fathers' birth year 1953 1953 0.000 1954 1954 0.000
(5.097) (5.160) [0.495] (4.602) (4.646) [0.092]

Mothers' highest grade completed
  College or above 0.051 0.033 -0.018 0.029 0.028 -0.001

(0.219) (0.177) [0.000] (0.167) (0.164) [0.009]
  Professional training degree 0.073 0.059 -0.014 0.041 0.040 -0.001

(0.259) (0.235) [0.037] (0.198) (0.196) [0.314]
  High School 0.065 0.072 0.007 0.061 0.061 0.000

(0.246) (0.257) [0.329] (0.239) (0.239) [0.999]
  Vocational HS 0.219 0.197 -0.022 0.188 0.186 -0.002

(0.413) (0.397) [0.047] (0.390) (0.388) [ 0.062]
  Junior HS 0.228 0.241 0.013 0.258 0.259 0.001

(0.419) (0.428) [0.257] (0.437) (0.438) [ 0.311]
Fathers' highest  grade completed
  College or above 0.105 0.080 -0.025 0.063 0.062 -0.001

(0.306) (0.270) [0.001] (0.243) (0.241) [0.111]
  Professional training 0.100 0.086 -0.014 0.073 0.072 -0.001
  degree (0.299) (0.280) [0.082] (0.259) (0.258) [0.215]
  High School 0.088 0.088 0.000 0.092 0.091 -0.001

(0.283) (0.283) [0.989] (0.289) (0.287) [0.103]
  Vocational HS 0.193 0.176 -0.017 0.176 0.175 -0.001

(0.395) (0.380) [0.105] (0.381) (0.380) [0.358]
  Junior HS 0.204 0.214 0.010 0.229 0.232 0.003

(0.403) (0.410) [0.400] (0.420) (0.422) [0.027]
Birth weight (kg) 2.503 2.417 -0.086 3.164 3.161 -0.003

(0.477) (0.525) [0.000] (0.431) (0.434) [0.013]
Born in urban 0.430 0.387 0.956 0.344 0.342 0.998

(0.495) (0.487) [0.001] (0.475) (0.474) [0.128]
Sample size 1,732 5,156 226,254 211,077

Table 2b: Descriptive Statistics of firstborn girls, by sibling sex composition
Firstborn female twin Firstborn female singleton

Note:  Same as Table 2a. Standard deviations in (.); p-values in [.].



Non-urban 
areas

High school 
graduated 
mothers

(1) (2) (3) (4)

Two girls 0.456 0.421 0.467 0.328
(0.023) (0.023) (0.032) (0.031)

Mixed gender 0.048 0.048 0.080 0.040 
(0.029) (0.031) (0.044) (0.038)

Parental education controls No Yes Yes Yes
R-squared 0.186 0.203 0.187 0.178
Sample size 11,998 11,998 7,133 4,399

B) Firstborn singletons
Two girls 0.533 0.531 0.581 0.407

(0.002) (0.002) (0.003) (0.003)
Mixed gender 0.099 0.099 0.113 0.060

(0.002) (0.002) (0.002) (0.002)
Parental education controls No Yes Yes Yes
R-squared 0.161 0.186 0.172 0.136
Sample size 893,157 893,157 588,197 280,379
Note: Control variables in all specifications include a full set of dummies for children's birth place an
year, mother's age at first birth parental age. Parental education controls include a full set of dummies for 
mothers' and fathers' categorical education. Standard errors in (.)

Table 3: Son preference -- the effect of sibling sex composition on family size

All families with at least 2 kids

A) Firstborn twins



(1) (2) (3)
A) Firstborn girls
B=1 if sibling is boy -0.0098 -0.0135 -0.0158

(0.0139) (0.0136) (0.0139)
Birthweight (kg) of 0.0411
   subject (0.0103)
Birthweight (kg) of 0.0084

twin sibling (0.0097)
Parental education No Yes Yes
R-squared 0.0892 0.0935 0.1519
Sample size 6,022 6,022 6,022

B) Firstborn Boys  
B=1 if sibling is boy -0.0042 -0.0022 -0.0001

(0.0139) (0.0134) (0.0135)
Birthweight (kg) of 0.0458
   (0.0107)
Birthweight (kg) of -0.0052

(0.0106)
Parental education No Yes Yes
R-squared 0.0713 0.0774  0.1199
Sample size 5,976 5,976 5,976

Table 4: The effect of twins' sex composition on college 
enrollments

Note:  All specifications include the same set of covariates as
Table 3. The cross terms between sibling sex and parental 
education, if included, are all insignificant at the 5 percent



(1) (2) (3) (5) (6) (7)
A) Subject=First-born girls
B=1 if sibling is boy -0.0393 -0.0420 -0.0462 -0.0025 -0.0024 -0.0037

(0.0270) (0.0269) (0.0272) (0.0144) (0.0143) (0.0147)
Birthweight (kg) of 0.0575 0.0246
  subject (0.0205) (0.0112)
Birthweight (kg) of 0.0337 -0.0057

twin sibling 0.0202 0.0104
Parental education No Yes Yes No Yes Yes
R-squared 0.1159 0.1188 0.1485 0.0667 0.0839 0.0871
Sample size 2,189 2,189 2,189 3,833 3,833 3,833

B) Subject=First-born boys
B=1 if sibling is boy -0.0326 -0.0291 -0.0269 0.0158 0.0155 0.0170

(0.0269) (0.0262) (0.0263) (0.0141) (0.0139) (0.0141)
Birthweight (kg) of 0.0922 0.0186
  subject (0.0224) (0.0109)
Birthweight (kg) of -0.0007 -0.0087

twin sibling 0.0225 0.0107
Parental education No Yes Yes No Yes Yes
R-squared 0.0897 0.0964 0.1272 0.0654 0.0692 0.0894
Parental education No Yes Yes No Yes Yes
Sample size 2,210 2,210 2,210 3,766 3,766 3,766

Table 5a:  The effect of twins' sex composition on college enrollments, by mothers' 
education

High school graduated 
mother Less educated mother

Note: Same as Table 4. The college enrollment rate for firstborn twin girls who bore to a
high school graduated mother is 0.2435, while that for those who bore to a less educated 
mother is 0.1093.



(1) (2) (3) (5) (6) (7)
A) Subject=First-born girls
B=1 if sibling is boy -0.0201 -0.0299 -0.0334 0.0104 0.0151 0.0148

(0.0172) (0.0170) (0.0173) (0.0238) (0.0231) (0.0235)
Birthweight (kg) of 0.0322 0.0523
  subject (0.0120) (0.0189)
Birthweight (kg) of 0.0169 -0.0062

twin sibling 0.0109 0.0187
Parental education No Yes Yes No Yes Yes
R-squared 0.0942 0.0994 0.1497 0.1092 0.1121 0.1788
Sample size 3,656 3,656 3,656 2,366 2,366 2,366

B) Subject=First-born boys
B=1 if sibling is boy -0.0095 0.0007 0.0011 0.0008 -0.0057 -0.0027

(0.0179) (0.0173) (0.0177) (0.0227) (0.0218) (0.0217)
Birthweight (kg) of 0.0176 0.0869
  subject (0.0137) (0.0173)
Birthweight (kg) of -0.0083 0.0017

twin sibling (0.0141) (0.0167)
Parental education No Yes Yes No Yes Yes
Parental education No Yes Yes No Yes Yes
R-squared 0.0736  0.0790 0.1264 0.0854 0.0910 0.1322
Sample size 3,477 3,477 3,477 2,499 2,499 2,499

Table 5b:  The effect of twins' sex composition on college enrollments, by place of birth
Born in a rural area Born in an urban area

Note: Same as Table 4. The college enrollment rate for firstborn twin girls born in a rural
area is 0.1283, while that for those in a urban area is 0.1741.



OLS 2SLS 
Instrumenting 

family size with 
twins at 2nd 

birth

Non-
urban Urban HS graduated Less educated

(1) (2) (3) (4) (5) (6)
A) Subject=First-born Girls
B=1 if sibling is boy 0.0013 -0.0062 -0.0033 -0.0108 -0.0101 -0.0032

(0.0011) (0.0047) (0.0065) (0.0066) (0.0067) (0.0062)
Birthweight (kg) of 0.0198 0.0205 0.0205 0.0204 0.0290 0.0169
   subject (0.0013) (0.0013) (0.0015) (0.0025) (0.0030) (0.0014)
Birthweight (kg) of 0.0038 0.0025 0.0046 -0.0008 0.0006 0.0033

twin sibling (0.0012) (0.0014) (0.0017) (0.0024) (0.0030) (0.0015)
Family size -0.0180 0.0037 -0.0229 -0.0291 -0.0118

(0.0107) (0.0138) (0.0171) (0.0180) (0.0130)
Parental education Yes Yes Yes Yes Yes Yes
Sample size 437,331 437,331 287,284 150,047 137,287 300,044

B) Subject=First-born Boys
B=1 if sibling is boy -0.0001 -0.0006 -0.0001 -0.0025 -0.0003 -0.0011

(0.0010) (0.0014) (0.0018) (0.0022) (0.0026) (0.0022)
Birthweight (kg) of 0.0186 0.0190 0.0180 0.0209 0.0228 0.0173
   subject (0.0012) (0.0012) (0.0014) (0.0022) (0.0028) (0.0012)
Birthweight (kg) of 0.0015 0.0007 0.0011 -0.0001 -0.0015 0.0014

twin sibling (0.0012) (0.0012) (0.0015) (0.0022) (0.0029) (0.0014)
Family size -0.0079 -0.0097 -0.0057 -0.0082 -0.0113

(0.0093) (0.0120) (0.0150) (0.0187) (0.0169)
Parental education Yes Yes Yes Yes Yes Yes
Sample size 455,826 455,826 300,913 154,913 143,092 312,734

Table 6: The effect of sibling sex composition on firstborn singletons' college enrollments
Birth areas Mother's education

Note: Same as Table 4. The firstborn results are based on Chen, Chen, and Liu (2008). R-squares of the OLS
regressions range between 0.09 and 0.12



Variables
with a girl twin with a boy twin Diff=(2)-(1).

(1) (2) (3)
Family size 2.627 2.646 0.019

(0.784) (0.788) [0.387]
College enrollment rate 0.157 0.134 -0.023

(0.363) (0.340) [0.015]
Age of mother at birth 25.070 24.250 -0.820

(3.573) (3.625) [0.000]
Mothers' birth year 1956 1956 0.000

(3.911) ( 3.939) [0.129]
Fathers' birth year 1953 1953 0.000

(5.097) (5.103) [0.115]
Mothers' highest grade completed
  College or above 0.051 0.036 -0.015

(0.219) (0.185) [0.005]
  Professional training degre 0.073 0.047 -0.026

(0.259) (0.212) [0.000]
  High School 0.065 0.069 0.004

(0.246) (0.252) [0.564]
  Vocational HS 0.219 0.217 -0.001

(0.413) (0.412) [0.902]
  Junior HS 0.228 0.253 0.025

(0.419) (0.434) [0.004]
Fathers' highest  grade completed
  College or above 0.105 0.090 -0.014

(0.306) (0.286) [0.078]
  Professional training 0.100 0.080 -0.020
  degree (0.299) (0.271) [0.011]
  High School 0.088 0.090 0.001

(0.283) (0.286) [0.851]
  Vocational HS 0.193 0.173 -0.020

(0.395) (0.378) [0.055]
  Junior HS 0.204 0.218 0.013

(0.403) (0.413) [0.239]
Birth weight (kg) 2.503 2.516 0.013

(0.477) (0.551) [0.379]
Rural areas 0.570 0.584 0.044

(0.495) (0.493) [0.311]
Sample size 1,732 5,156

Table A1: Descriptive Statistics of firstborn twin boys
Firstborn male twin 

Note: same as Table 2. Standard deviation in (.); and P-values in [.].



Rural Urban HS graduated or 
more Less educated

(1) (2) (3) (4)
A) Subject=First-born Girls
B=1 if sibling is boy -0.0033 -0.0108 -0.0101 -0.0032

(0.0065) (0.0066) (0.0067) (0.0062)
Family size 0.0037 -0.0229 -0.0291 -0.0118

(0.0138) (0.0171) (0.0180) (0.0130)
Birthweight (kg) of 0.0205 0.0204 0.0290 0.0169
   subject (0.0015) (0.0025) (0.0030) (0.0014)
Birthweight (kg) of 0.0046 -0.0008 0.0006 0.0033

twin sibling (0.0017) (0.0024) (0.0030) (0.0015)
Parental education Yes Yes Yes Yes
Sample size 287,284 150,047 137,287 300,044

B) Subject=First-born Boys
B=1 if sibling is boy -0.0001 -0.0025 -0.0003 -0.0011

(0.0018) (0.0022) (0.0026) (0.0022)
Family size -0.0097 -0.0057 -0.0082 -0.0113

(0.0120) (0.0150) (0.0187) (0.0169)
Birthweight (kg) of 0.0180 0.0209 0.0228 0.0173
   (0.0014) (0.0022) (0.0028) (0.0012)
Birthweight (kg) of 0.0011 -0.0001 -0.0015 0.0014

(0.0015) (0.0022) (0.0029) (0.0014)
Parental education Yes Yes Yes Yes
Sample size 300,913 154,913 143,092 312,734

Table A2: 2SLS Results for first-born singletons, by area and by mother's education 

Area Mother's education

Note:  Covariates include parental ages, mother's age at first birth, year dummies, and birth place. Parental 
education includes a full set of dummies for categorical education. If interactions between sibling gender and 
parental education are included, the coefficients are all insignificant at the 5 percent level.  In singletons 
sample, we use twins at 2nd birth as the instrument for family size.
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