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1 Introduction

The liberalization of the Indian economy starting in the 1990s sparked an increase in ultrasound

availability. Indian government data shows that the number of ultrasound machines manufac-

tured in India increased rapidly between 1988 and 2003 with an especially marked increase

after 1994 (George, 2006). In 1994, companies such as GE began partnering with local compa-

nies and producing ultrasound machines. In 2006, annual sales rose to $77 million (Wonacott,

2007). The cost of an ultrasound test is in the range of $10 to $20 (Ganatra and Hirve, 2002),

and ultrasound has become easy to access even in many rural areas. Recent research attributes

the rise in sex-selection in India to the introduction of ultrasound as a relatively cheap and safe

way to determine the sex of a fetus (Arnold et al., 2002; Bhalotra and Cochrane, 2010). Re-

search has also confirmed high levels of sex-selective abortions in India, causing an estimated

half a million missing women in India per year (Jha et al., 2006, 2011; Bhalotra and Cochrane,

2010).

To date there is limited formal evidence on the effects of the continued spread of ultra-

sound technology on missing women in India. On the one hand, ultrasound can be misused for

sex-selective abortion, exacerbating the already skewed sex-ratio in India. On the other hand,

ultrasound technology has legitimate medical benefits that may lead to general improvements

in child and maternal health. Thus, it is relevant to public health policy to identify whether

there is a significant negative consequence of the increasing availability of ultrasound and to

quantify such an effect if it exists.

We contribute to the existing research by showing, contrary to common belief, that the

recent rapid spread of ultrasound in India did not cause a concomitant rise in sex-selection. To

clarify, throughout our paper we define sex-selection as the abortion of female fetuses until a

male child is born as opposed to infanticide or excess female mortality. This paper provides

a novel examination of the consequences of prenatal ultrasound use on the sex outcomes of

children at birth. This is the first paper to use the large District Level Health Surveys (DLHS)

to examine the spread of ultrasound in India, giving us a sample of close to half a million
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births. Specifically, we use state-by-cohort variation in ultrasound use in India arising from the

large-scale increase in ultrasound availability in the 1990s as a unique quasi-experiment. We

rigorously quantify the consequences of the increase in the use of ultrasound on sex-selection in

two ways. First, we examine the association over time between a mother’s individual ultrasound

use during pregnancy and the sex of her child. Second, we use state-year level ultrasound use in

India to control for individual reporting bias in addition to estimating the effects of state-level

trends in ultrasound use on sex-selection.

This is the first paper to use state-level ultrasound exposure to find that the rapid rise of

ultrasound in the 2000s in India did not cause an increase in sex-selective abortion. Our results

show that the more rapid the expansion of ultrasound, the fewer the sex-selective abortions

of female fetuses. These results are robust to using alternative samples and specifications,

including controlling for state-year level GDP per capita.

In order to interpret our findings and check the reliability of our data, we estimate whether

pre-trends in sex-selection are correlated with the rise in ultrasound use in the 2000s. We find

no statistically significant relationship between the sex at birth of children born in the 1980s,

before the large-scale introduction of ultrasound in India and when sex-selective abortion was

rare, and the spread of ultrasound in the 2000s. This finding helps to confirm that our main

estimates are not an artifact of our data. However, we find that states with a rapid rise in

ultrasound use in the 2000s are the states where parents were more likely to give birth to a son

in the 1990s. Thus, states which had an initial increase in sex-selection in the 1990s, reversed

their trend relative to the rest of India in the 2000s, despite the fact that ultrasound use grew

much more quickly in these states. We conclude that the recent rapid increase in ultrasound use

in several states of India is not causing a rapid rise in sex-selection in those states.

The remainder of the paper is organized as follows. Section 2 provides a brief background

on missing women and the spread of ultrasound technology in India. Section 3 describes the

data used in the analysis. Section 4 provides a broad overview of trends in ultrasound use and

sex-selection. Section 5 discusses the estimation strategy to test the relationship between ul-

trasound use and sex-selection. Section 6 presents the main results, extensions, and robustness
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checks. Section 7 concludes.

2 Background

The missing women problem, as elucidated by Sen (1990), posits that if females received the

same care and resources as males, there would be many more females alive today than there

actually are. Several studies estimate the magnitude of the missing women problem (Coale

(1991), Klasen (1994), Anderson and Ray (2008)). The higher than normal male-female sex

ratio before the 1980s is mostly attributed to higher female mortality. However, once the tech-

nology for sex-selective abortion became widely available in the 1980s and the 1990s (in China

and India respectively), the sex ratio increased at a faster rate.1 Populations using sex-selective

abortion may be doing so for strong economic reasons (Rosenblum, 2011). However, there has

been little previous research on whether wide-scale ultrasound availability is to blame for the

rise in sex-selection.

Bhalotra and Cochrane (2010) show that the sharp increase in the Indian male-female sex

ratio at birth coincides with the increased prevalence of ultrasound in the 1990s. A key dif-

ference between Bhalotra and Cochrane (2010) and our paper is that rather than looking at

differences in the timing of the initial availability of sex-selection, we look at differences in

trends in actual ultrasound use over time. In other words, our paper focuses on the effects of

the spread of ultrasound use after the introduction of ultrasound, rather than the effects of the

introduction of ultrasound itself.

Arnold and Parasuraman (2009) examine the relationship between reported ultrasound use

and pregnancy outcomes in the 2005-06 Indian National Family Health Survey. They show that

there is a positive correlation between a mother’s individual ultrasound use and the probability

a child is born male. If we ignore time trends, we find the same positive correlation between

ultrasound use and sex-selection. Our paper differs in that we investigate whether changes in

state-level ultrasound use over time are associated with changes in sex-selection. Our novel

1Hvistendahl (2011) provides an excellent overview of the technological and political history of sex-detection
and its consequences.
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approach shows that, although the initial introduction of ultrasound led to sex-selection, the

rapid rise in ultrasound afterwards did not cause more sex-selection. Our paper complements

Chen et al. (2011) who investigate the effect of the spread of ultrasound availability on sex-

selection in China. We do not find, as does Chen et al. (2011), that greater availability causes

more sex-selective abortions.

3 Data and Descriptive Statistics

We combine the 2002-2004 District Level Household Survey (DLHS II) and the 2007-2008

District Level Household Survey (DLHS III) to analyze the impact of the spread of ultrasound

over time in India. The DLHS I data set is not used in the analysis because it reports no

information on ultrasound use. These surveys were conducted by the Government of India

through the International Institute for Population Sciences (IIPS). Both surveys are nationally

representative at the district level and cover all of the approximately 600 districts in India. The

DLHS II surveyed 507,571 ever-married women aged 15-44. The DLHS III surveyed 643,944

ever-married women aged 15-49.

Essential to the purpose of this paper, the DLHS II and DLHS III provide information

on mothers’ ultrasound use during their most recent pregnancy, which covers the years 1999 to

2008. Using this information, we create a measure of the availability of ultrasound for pregnant

women at the state-year level. To simplify our analysis, we restrict the sample to children of

birth order four or less.2 Furthermore, since twins represent a different effect on the household

compared to a singleton, we drop households with twins from the analysis. The resulting

sample for the main analysis consists of 498,865 children born between 1999 and 2008.

The DLHS II and III ask demographic questions as well as detailed questions about fertility

and child care. The DLHS II includes full birth histories of mothers, while the DLHS III only

includes details on children born since January, 2004. For our main estimates we only use

information about births between 1999 and 2008, effectively reducing the DLHS II full birth

2All of our main estimates are robust to including all children.
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histories into birth histories similar to those reported in the DLHS III. Both surveys ask detailed

questions about the most recently born child. In particular they report whether an ultrasound

test was used during the last pregnancy. Reporting rates for this question are close to 100

percent. The DLHS II reports ultrasound use regardless of the outcome of the pregnancy (live

birth, abortion, still birth, or miscarriage), while the DLHS III reports ultrasound use except if

the pregnancy ended in a miscarriage. To minimize reporting bias and to provide consistency

between surveys, we only use ultrasound information if that pregnancy resulted in a live birth.3

We use reported ultrasound use of the most recent pregnancy in two ways. First, we directly

estimate whether a mother’s ultrasound use during pregnancy is correlated with the sex of her

most recent child at birth. This approach is problematic because there may be underreporting of

ultrasound use for parents who use ultrasound for sex-selective abortion. Furthermore, it only

allows us to investigate the effects of ultrasound use on the subset of most recently born chil-

dren. In order to resolve these issues, we use reported ultrasound use to calculate the average

ultrasound use in a given year and state. We call this average state-year level of ultrasound use

“ultrasound exposure” because it indicates the likelihood that ultrasound was used for a child

born in that year and state even if we do not directly know whether ultrasound was used during

that child’s pregnancy. This second approach also allows us to determine whether state-level

trends in ultrasound use are associated with state-level trends in the sex-ratio at birth.

In addition, the full birth histories of the DLHS II allow us to explore the relationship

between sex-selective abortion in Indian states before 1999 and the later diffusion of sex deter-

mination technologies in the 2000s. That is, this data allows us to perform a falsification test of

whether ultrasound use from 1999 to 2008 is correlated with the pre-trends in the sex of chil-

dren at birth in the 1980s when sex-selective abortion was rare. It also allows us to test whether

trends in sex-selective abortion in the 1990s are related to the future expansion of ultrasound

use.

Table 1 shows descriptive statistics for the dataset. The mean values are separated by child

birth order in columns (1) through (4). As found elsewhere (Bhalotra and Cochrane, 2010;

3Our estimates are robust to calculating ultrasound exposure using the ultrasound data from the pregnancies
that end in a live birth combined with the small fraction of pregnancies that do not end with a live birth.
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Ebenstein, 2007; Jha et al., 2011; Portner, 2010; Rosenblum, 2010), the proportion of male

children at birth is close to normal for first-borns and then rises for higher parities. Since

better-off parents tend to have fewer children, parents’ years of schooling are higher on average

for lower order births. For the same reason, scheduled caste and scheduled tribe households, as

well as rural households, are more likely to represent parents of higher order children.4

[Table 1 about here.]

4 Overview of Ultrasound Use and Sex-Selection

One may expect that the spread of ultrasound use across India would exacerbate sex-selective

abortion. This no doubt happened in the 1990s, as shown by Bhalotra and Cochrane (2010).

However, after the initial burst of sex-selective abortion in the 1990s, it is not clear that the

increasing availability of ultrasound in Indian states will increase the incidence of sex-selective

abortions in states where ultrasound machines are already available. Initial evidence that the

spread of ultrasound use may not be causing a rise in sex-selection can be seen from graphs

constructed from the DLHS II and III. First, Figure 1 shows the diffusion of ultrasound use

by region and year of birth.5 Each data point indicates the percent of most recent pregnancies

in which ultrasound was used during the pregnancy in a given region-year. Ultrasound use

has spread most quickly in the south, north, and west of India. Northern India has the highest

male-female sex ratio in India and ultrasound use rose from 14 percent in 1999 to 40 percent in

2008. Western India also has a high male-female sex ratio at birth and ultrasound use increased

from 29 percent in 1999 to 48 percent in 2008. However, southern India, which generally has

a normal male-female sex ratio, saw the most rapid increase in ultrasound use, growing from

26 percent in 1999 to 77 percent in 2008. The other regions of India saw modest increases in

4Higher order children may be more likely to live in states with less access to health services, including
ultrasound. We control for these possibilities in our estimates by including household demographic characteristics,
birth order dummies, and state fixed effects.

5North = Delhi, Haryana, Himachal Pradesh, Punjab, Rajasthan, and Uttaranchal/Uttarakhand. Center = Uttar
Pradesh and Madhya Pradesh. West = Gujarat and Maharashtra. South = Andhra Pradesh, Karnataka, Kerala,
and Tamil Nadu. East = Bihar, Chhatisgarh, Jharkand, Orissa, and West Bengal. Northeast = Arunachal Pradesh,
Assam, Manipur, Meghalaya, Mizoram, Sikkim, and Tripura.
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ultrasound use, rising from 5-8 percent in 1999 to 10-13 percent in 2008.

[Figure 1 about here.]

For an overview of patterns in sex-selection, we examine the sex-ratio at birth with the

sample separated into regions with fast ultrasound expansion (north, west, and south) and slow

ultrasound expansion (center, northeast, east). We further restrict the sample to children at a

high risk of sex-selection: second-born children who have a first-born sister.6 Figure 2 shows

the sex-ratio at birth for these children from 1989 to 2008, divided into the fast and slow grow-

ing ultrasound parts of India. The data is smoothed over three-year averages. Sex-selection

has been rising over time in both regions. The pattern shows a gap between the slow and fast

ultrasound growth regions starting in the early 1990s, but that gap begins to close in the 2000s.

Sex-selection appears to have leveled off in the fast growth regions, while it is increasing in

the slow growth regions. Thus, despite the rapid increase in ultrasound use in the fast growth

regions, sex-selection in these regions appears to be falling relative to the slow growth regions.

Appendix A shows further evidence of the disconnect between ultrasound use and regional

sex-ratios using the 1991, 2001, and 2011 Indian Censuses.7

[Figure 2 about here.]

Figure 3 shows a declining gap in the sex-ratio at birth between pregnancies in which a

mother indicates ultrasound was used versus mothers who did not use ultrasound. The graph

shows the proportion of males born across India of birth order two and higher by birth year.

First births are ignored because there is no evidence of sex-selective abortion at the first parity

(Jha et al., 2011; Bhalotra and Cochrane, 2010; Portner, 2010; Rosenblum, 2010). See Figure

4 for the proportion of recent male births for first births. There is no average difference in sex

outcomes between first pregnancies which used ultrasound and those that did not.

A biologically normal proportion of males to females at birth, which we see in developed

countries, is in the 51-52 percent range. Although some Indian states have proportions much
6There is no difference in the sex-ratio between regions if the first-born child is male.
7The census sex ratios reflect both the effects of sex-selection and excess female mortality, and, hence, only

show indirect trends in sex-selection over time in India.
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higher than this, Figure 3 shows that the recent trend in India is towards a lower proportion

of males born at birth order two and higher. The average proportion of males at birth is al-

ways higher in the ultrasound use group. Yet, the sex-ratio gap has been closing over time

between pregnancies in which ultrasound is used and those where it is not used. There is no

statistically significant difference in the proportion of children born male for the ultrasound and

non-ultrasound groups in 2007 and 2008. While ultrasound use has been rising, it has become

less and less correlated with sex-selection. Therefore, it is unlikely that the increased ultra-

sound use is driven by an increased demand for sex-selection. This is not to say that ultrasound

is not used for sex-selection. It certainly is, and it can explain why sex ratios at birth are still

quite skewed towards males in several regions of India. Rather, the increase in ultrasound use

does not appear to be causing an increase in sex-selection.

[Figure 3 about here.]

[Figure 4 about here.]

5 Estimation Strategy

We conduct our empirical analysis using two methods. First, we estimate the association be-

tween ultrasound use and child sex at birth using the actual ultrasound use of the mother for

her most recent birth. This method gives an initial indication of the trends in the correlation

between ultrasound use and sex-selection. However, this estimation method does not account

for the possible systematic underreporting of ultrasound use among mothers who have used it

for sex-selection, nor does it allow us to use the large number of births in the data that are not

the most recent ones. To resolve these problems, our second estimation method uses average

state-year ultrasound use as a proxy for ultrasound availability in a given birth-year. In addition,

this second method allows us to analyze state-level trends in ultrasound use.
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5.1 Mother’s Ultrasound Use

In this section, we present our estimation equation to analyze the association between ultra-

sound use and the probability of having a male child for most recent births. This equation more

formally estimates the relationship found in Figure 3. In particular, we estimate the following

linear regression:

(1) Yi jt = α+βUltrasoundi jt + γYOBt +ψUltrasoundi jt ∗YOBt +δ j +π
′Xi jt + εi jt

where the outcome, Yi jt , is 1 if the most recently born child for mother i in state j and

year t is male and 0 if female. Ultrasoundi jt is a dummy variable which takes a value of 1 if

the mother reported ultrasound was used during her pregnancy. A positive β implies that sex-

selection is more likely to occur among mothers who use ultrasound during their pregnancy.

YOBt is the child’s year of birth, treated as a continuous variable and normalized so that 1999

is year 0 and 2008 is year 9. We include an interaction term of ultrasound use and the child’s

year of birth to assess trends in the correlation between ultrasound and sex-selection over time.

A positive coefficient for this interaction term indicates that the likelihood of ultrasound tech-

nology being used for sex-selection has been increasing over the last decade, while a negative

coefficient indicates the opposite. Outside of the interaction term, YOBt controls for any linear

time trend in the sex-ratio at birth that is common in all of India. Xi jt is a vector of house-

hold characteristics including mother’s and father’s education, mother’s age at birth, birth order

dummy variables, caste and religion dummies and a rural dummy. δ j are state-specific fixed ef-

fects, controlling for the fact that states may be systematically different from each other. εi jt is

a random, idiosyncratic error term. In all of our estimates, robust standard errors are clustered

by state.

Since sex-detection is illegal in India,8 one concern of this approach is that parents who

use ultrasound for sex-selective abortion may under-report their ultrasound use. We only use

8Getting an ultrasound test is not illegal. It is just illegal for the doctor or technician to reveal the sex of a fetus
to parents.
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responses about ultrasound use if there was a live birth afterwards. Therefore, it is unlikely that

the respondents are worried that the surveyor will think they used ultrasound for sex-selection.

However, it still may be the case that parents are less likely to report ultrasound use if they had

used it for sex-selection in the past. Moreover, Equation (1) assumes that controlling for ob-

servables, the error term εi jt is uncorrelated with mother’s ultrasound use. However, if mothers

that use ultrasound technology for sex-selection are systematically different from the rest of

the population in observable and unobservable ways, OLS estimations would be biased. These

concerns will be partly addressed in the next section when state-year level ultrasound expo-

sure, as opposed to mother’s individual ultrasound use, provides a measure of the availability

of ultrasound.

5.2 State-Year Level Ultrasound Exposure

In this section, we describe our strategy for estimating the effect of the spread of ultrasound

over time on sex-selection. This strategy exploits the plausibly exogenous state-by-cohort vari-

ation in average ultrasound use. We refer to the state-year mean ultrasound use as “ultrasound

exposure”. The proposed estimate of the average treatment effect of ultrasound exposure on

the probability that a child is born male is given by β in the following baseline state and child’s

year of birth fixed effects equation:

(2) Yi jt = α+βUltrasound jt +δ j + γt +π
′Xi jt + εi jt

where Yi jt is the sex of child i born in state j in year t, and now includes all children in

the data born between 1999 and 2008 (which we will refer to as the “2000s”). Ultrasound jt is

the measure of ultrasound exposure in state j in year t. γt are child year of birth fixed effects,

controlling for the likely secular changes across birth cohorts. The other variables are the same

as in Equation (1).

As in the previous section, we only use average ultrasound use for most recent pregnancies
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where there was a live birth afterward. If women are less likely to report ultrasound use if they

have ever used it for sex-selection, it is possible that we are underestimating ultrasound use in

states where sex-selection is more common. Since we include state fixed effects in our analysis,

if underreporting rates are similar over time in the same state, this underreporting will not affect

our estimates. However, our results will be confounded if state-level trends in sex-selection are

correlated with state-level trends in reporting of ultrasound use. This problem should be miti-

gated by the fact that the proportion of pregnancies that end in sex-selection represent a small

number of total pregnancies an, in addition, the large variation in average reported ultrasound

use across Indian states. Therefore, we believe that state-year level ultrasound exposure cap-

tures the availability of ultrasound in each Indian state in the given year rather than systematic

reporting bias.9

In order to interpret β as the causal effect of ultrasound exposure on the child sex ratio, we

must assume that had ultrasound not become available in India, the difference in the sex-ratio at

birth would have been the same across states with varying intensity of ultrasound availability.

We assess the plausibility of this assumption by performing a falsification test/control exper-

iment where we repeat the analysis using only cohorts who were born in the 1979-1988 time

period (which we will refer to as the “1980s”), before the wide-scale introduction of ultrasound

in India. We also test for differential state trends in the probability of being born male for the

1989-1998 time period (which we will refer to as the “1990s”) when ultrasound started to be-

come widely available. We estimate Equation (2) using 10 and 20 year birth lags. That is, we

assign the actual ultrasound exposure of year 1999+N to children who were born in 1979+N (20

year lag) or 1989+N (10 year lag). In particular, we estimate the following equation separately

for cohorts born in the 1980s and the 1990s, respectively:

(3) Yi jt−n = α+βUltrasound jt +δ j + γt−n +π
′Xi jt−n + εi jt−n

9Our estimates are robust to different specifications of ultrasound exposure. For example, the estimation results
are qualitatively similar if we use state-year-urban and state-year-rural ultrasound exposure measures.
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where n takes the value of 20 for cohorts born between 1979 and 1988 and the value of 10 for

cohorts born between 1989 and 1998. Yi jt−n is the sex of a child i born in state j in year t−n.

Ultrasound jt is the measure of ultrasound exposure in state j in year t. γt−n are child year of

birth fixed effects, controlling for the likely secular changes across birth cohorts born before

1999. The other variables are the same as in Equation (2).

6 Estimation Results

6.1 Individual Ultrasound Use

Our initial estimates show that while ultrasound use is positively correlated with sex-selection,

this correlation has been weakening over time. Recall that the sample used in this specifica-

tion consists only of most recently born children. The estimation results for Equation (1) are

reported in Table 2. Column (1) shows that mother’s ultrasound use is correlated with a 0.7

percentage point increase in the probability that a child is born male. In column (2), we in-

corporate a year trend and interaction term of a year trend and mother’s ultrasound use into

the analysis. In this specification, the positive correlation between mother’s ultrasound use and

whether the child is born male is even stronger and more than four times larger in magnitude.

However, the interaction term in Column (2) indicates that the positive relationship between

mother’s ultrasound use and the sex of a child weakens over time. By the last year of the sur-

veys, there is no longer a positive association between ultrasound use and the sex of a child at

birth.

We further estimate Equation (1) with the subsample of most recently born children who are

likely to be affected by sex-selection: most recently born children of birth order two through

four who had no older brothers. Estimation results are reported in columns (3) and (4). Ultra-

sound use is associated with a 1.8 percentage point increase in the probability that a child is

born a boy. In column (4), when year of birth and an ultrasound use and year-of-birth interac-

tion term are included, similar to Column (2), we find that there is a decreasing trend over time

in the correlation between ultrasound use and the probability that a child is born male. Again,
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by the end of the survey the relationship between ultrasound use and the child’s sex at birth

disappears.

[Table 2 about here.]

6.2 Pre-Trends in State-Year Ultrasound Exposure and Sex-Selection

Evidence presented in Table 2 suggests that a mother’s individual ultrasound use is positively

correlated with having a male child, although this correlation weakens over time. The OLS es-

timation above assumes that controlling for observables, the error term εi jt is uncorrelated with

mother’s ultrasound use. However, if mothers that use ultrasound technology for sex-selective

abortion are systematically different from the rest of the population in observable and unob-

servable ways, OLS estimation would be biased. To account for this concern, in the remainder

of the paper, we use state-year level ultrasound exposure as our explanatory variable instead

of a mother’s actual ultrasound use (which we only know for her most recent pregnancy). We

can only assume that the cross-state variation in intensity of ultrasound exposure, controlling

for state fixed effects, is exogenous if the pre-1999 trends in sex-selection are unrelated to ul-

trasound exposure in the 2000s. Using Equation (3), we formally test whether trends in the

probability of being born male in the 1980s and 1990s are related to trends in ultrasound ex-

posure in the 2000s. These two estimations only use the birth histories reported in the DLHS

II.10

We find that there is no relationship between the sex outcome of births in the 1980s and

state-year level ultrasound exposure in the 2000s. The estimation results are presented in Table

3. The coefficient on ultrasound exposure is not significant at even the 10 percent level.11 Thus,

there is no systematic difference in trends in the sex of children at birth between different states

before the large-scale introduction of ultrasound.

As aforementioned, ultrasound became available in India starting in the 1990s; therefore

10The estimations in Table 3 may suffer from reporting bias, since the births happened well in the past compared
to the date of the survey. We find quantitatively similar results if we instead use the Indian National Family Health
Survey from 1992-1993, which would not be subject to this reporting bias.

11We find similar results when we control for state level GDP per capita in our analysis.
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it is possible that it was adopted in some Indian states earlier than others. We find that there

is a positive relationship between trends in the probability of being born male in the 1990s

and ultrasound exposure in the 2000s. The estimates are shown in In Table 4. The coefficient

for ultrasound exposure indicates that a 50 percentage point increase in ultrasound exposure in

the 2000s is correlated with a 1.4 percentage point increase in the probability a child is born

male in the 1990s.12 These estimates suggest that Indian states with rapidly growing ultrasound

use in the 2000s were more likely to be using sex-selection in the 1990s. Therefore, we will

not be able to claim that there is a causal relationship between ultrasound exposure and sex-

selection in the 2000s. However, knowing the pre-trends will allow us to better interpret our

main estimation results.

[Table 3 about here.]

[Table 4 about here.]

6.3 State-Year Ultrasound Exposure and Sex-Selection in the 2000s: Main

Specification

We find a statistically significant negative correlation between state-year level increases in ul-

trasound exposure from 1999 through 2008 and the probability of a male birth. That is, the

more ultrasound that is used in a state, the less likely parents are to use sex-selective abortion.

Results from estimation Equation (2) are presented in Table 5. The ultrasound exposure coef-

ficient remains negative, of a similar magnitude, and statistically significant at the five percent

level for all of the specifications. We estimate that a state with ultrasound exposure in a given

year that is 50 percentage points higher compared to the state’s initial ultrasound exposure in

1999 has a 1.3 percentage point decrease in the probability that a child is born male compared

to a state with no increase in ultrasound exposure. This is a large correlation, given that a small

percentage of total pregnancies end in a sex-selective abortion.13

12We find similar results when we control for state level GDP per capita in our analysis.
13Similar to previous studies, we also find that a mother’s years of schooling is positively correlated with sex-

selection.
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Given that we find that there is a positive pre-1999 trend in sex-selection in states with

rapidly growing ultrasound use in the 2000s, we should be careful not to interpret our findings

as implying a rise in ultrasound exposure caused a decline in sex-selective abortion in India.

Rather, our findings suggest that Indian states with an already skewed sex-ratio at birth in

1999 were faster to adopt ultrasound technology in the 2000s. Moreover, we find that these

states experienced a decline in sex-selection relative to the states which began 1999 with a

more balanced sex-ratio at birth and slower adoption of ultrasound technology in the 2000s.

Therefore, one can conclude that the rapid rise in ultrasound use in the 2000s cannot have

caused a rapid increase in sex-selection in the 2000s. However, this does not imply that the

fast growth in ultrasound use in some states of India directly lowered sex-selection there (see

Figure 2). It only did so relative to those states with a slower rise in ultrasound use.

[Table 5 about here.]

6.4 State-Year Ultrasound Exposure and Sex-Selection in the 2000s: Het-

erogeneity and Robustness

We have shown that ultrasound exposure is negatively associated with sex-selection in the pop-

ulation at large. However, it is of interest to estimate the heterogeneous effects of ultrasound

exposure on sex-selection among different fractions of the population. We examine whether a

rise in ultrasound has different associations with the probability a child is born male in rural

versus urban households, households where the mothers are young versus old, and households

where the mother has particularly low versus high levels of education. We find that the negative

correlation between trends in ultrasound exposure and sex-selection only occurs in rural house-

holds. There is no relationship between ultrasound exposure and the probability a child is born

male in an urban household. We also find that the negative relationship persists for children of

mothers with low or high levels of education, although the correlation is stronger for mothers

with a low level of education. In addition we perform robustness checks by dropping southern

states from the sample, including state-level GDP and including a one-year lag of ultrasound
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exposure as independent variables. The estimates are robust to all of these specifications.

In columns (1) and (2) of Table 6, we split the sample into rural and urban populations,

respectively. We find that an increase in ultrasound exposure is associated with a fall in sex-

selection in rural areas, while an increase in ultrasound exposure is unrelated to sex-selection in

urban areas. Since ultrasound diffusion went from urban to rural parts of India (Khanna, 1997),

it is possible that urban areas across India already had a high enough ultrasound availability

to satiate demand for sex-selection in the 1990s, and thus we would not see any change in the

2000s. Thus, the recent rise in sex-selection in India may be occurring in rural areas that are

just recently getting access to ultrasound.

In columns (3), (4), (5), and (6) we allow the ultrasound effects to vary by mothers’ char-

acteristics. Ultrasound is more likely to be used if a pregnancy is risky. The risk of pregnancy

increases with the age of the mother, and mothers aged 35 and older should be closely moni-

tored during their pregnancy; therefore they are more likely to use ultrasound for health reasons

rather than sex-selective abortion. To account for this potential difference in ultrasound use, in

column (3), the subsample is restricted to mothers who were age 30 or older at the time of birth,

while in column (4) the subsample is restricted to mothers who were under age 30 at the time

of birth.14 Although the estimated coefficient for older mothers is of the same magnitude in

our full estimates, it is not statistically significant. The coefficient for younger mothers is of

a similar size and is significant at the 5 percent level. Although the difference in significance

could be coming from the smaller size of the older mothers sample, it is also plausible that the

use of ultrasound for sex-selection is more common among younger mothers.

With the rapid economic development of India during the 1990s, ultrasound became widely

available to households that had no or limited ex ante access. Therefore, it is possible that

ultrasound exposure has the largest effect among disadvantaged households, proxied here by

mothers without any schooling. We restrict the sample to mothers with zero years of education

in Column (5) and eight or more years of education in column (6). The negative correlation

between ultrasound exposure and the probability a child is born male is more than twice the

14Since the vast majority of mothers in our sample completed their fertility before age 35, we use age 30 as a
risk cut-off rather than age 35.
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magnitude of the baseline specification.

Households with higher levels of education are those that have been found to be more

likely to use sex-selective abortion. The coefficient on ultrasound exposure in column (6) is

similar in magnitude to our baseline specification. However, the large gap in the ultrasound

coefficient between the educated and uneducated mothers indicates that sex-selective abortion

is falling relatively faster amongst the uneducated compared to the educated in states with

rapid ultrasound expansion. In other words, the increase in sex-selection in the slow ultrasound

growth states is occurring more rapidly among uneducated mothers. Similar to our urban/rural

findings, these estimates fit the hypothesis that demand for ultrasound for sex-selection among

better-off households in the 1990s was already largely satisfied in most states of India. Thus,

the states where ultrasound growth is slower are the states where the rural and less educated are

just starting to get access to sex-detection.

The last estimates determine whether our results are robust to alternative specifications. In

column (7), states that are located in the south of India are dropped from the analysis since they

are known to have historically more balanced sex ratios. These are states with fast growing

ultrasound use, but little sex-selection. For example, Kerala has the highest rates of ultrasound

use in India, but little evidence of sex-selection. Since ultrasound use in Kerala is likely due to

the better availability of health care, rather than a desire for sex-selection, we test whether our

negative coefficients are being driven by these southern outliers. The coefficient on ultrasound

exposure in this column remains quantitatively similar to the baseline specification providing

evidence that our results are not driven by a lack of selective abortion in the south.

In the 2000s, states with a higher ultrasound exposure may have been experiencing higher

economic growth rates compared to states with lower ultrasound use, which may be responsible

for the relative decline in sex-selection in these states. To assess whether the negative associ-

ation between ultrasound exposure and sex-selection is explained by differential state growth

rates, we control for state-year level GDP per capita between 1999 and 2007 in column (8).

The point estimate on the ultrasound exposure coefficient slightly decreases when we control

for state-year GDP per capita; however it is not statistically significantly different than the ul-
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trasound coefficient in the baseline results. Hence, the estimation results presented in Table 5

are not caused by differential economic growth.

Since women use ultrasound before giving birth, ultrasound availability for women in the

year before giving birth may be a better measure of ultrasound availability. In Column (9), we

use the one year lag of ultrasound exposure instead of ultrasound exposure in the year of birth

itself. The estimates remain essentially unchanged.

[Table 6 about here.]

6.5 State-Year Ultrasound Exposure and Selective Abortion in the 2000s:

Conditional Child Sex Outcomes

Previous research has documented that sex-selective abortion is not prevalent at the first preg-

nancy; however it increases with birth order (Jha et al., 2011; Bhalotra and Cochrane, 2010;

Portner, 2010; Rosenblum, 2010). Furthermore, sex-selection has only been detected at higher

parities if there is no older male sibling. We want to ensure our findings are not simply an

artifact of our data. Thus, we confirm that our estimates are consistent with knowledge about

which births are at high risk of sex-selection. In particular, we estimate the correlation between

ultrasound exposure and the probability that a second-born child is male conditional on the

first-born child being female, as well as the probability that a third-born child is male condi-

tional on the first two children being born female. Parents do not report their full birth histories

in the DLHS III. However, they do report the total number of sons and daughters born. Thus,

we can impute the number of sons or daughters born before the most recent birth.

We find no relationship between ultrasound exposure and the sex of the child if there were

older brothers, which is consistent with previous findings that sex-selective abortion does not

occur for these groups. However, we find that there is a large and statistically significant nega-

tive association between ultrasound exposure and sex-selection for children of parity two con-

ditional on the first-born child being female. Since this is the group for which parents are

most likely to use sex-selection, our negative and statistically significant coefficient adds fur-
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ther evidence to the empirical finding that increases in ultrasound use are negatively related to

sex-selection.

Table 7 presents estimates for the subset of children of birth order two and three conditional

on the sex of the older sibling(s). In columns (1) and (3), the sample consists of children of

birth order two and shows estimates of sex-selection of these children conditional on the older

sibling being male (column 1) or female (column 3). The table also shows estimates for the

subset of children of birth order three conditional on the two older siblings being male (column

2) or female (column 4). Though the coefficient in column (4), for parity three children with

two older sisters, is of a similar magnitude and direction as to what we find in our main results,

it is not statistically significant at the ten percent level. This lack of statistical significance is

possibly due to the small sample size of this group.

[Table 7 about here.]

7 Conclusion

We find consistent evidence that the rapid rise in ultrasound use in India in the 2000s cannot

have caused a rise in sex-selection. Rather, our findings suggest that the states of India with a

faster growth in ultrasound use are the states with a relative decline in sex-selection. We also

find that states with a rapid increase in sex-selection in the 1990s had an upsurge in ultrasound

use in the 2000s, with some states doubling or tripling average ultrasound use over the 2000s.

And, yet, there was no disastrous explosion in sex-selective abortion for these states. Therefore,

our findings suggest that ultrasound has been increasingly used for health care rather than sex-

selection in India in the 2000s.

The diffusion of ultrasound in India may correspond to a selection story. Parents who

wanted to use ultrasound for sex-selective abortion are the ones who first got access to ultra-

sound because they were willing to pay the most for the technology. After this initial spread

of ultrasound, parents who want to use it for health reasons rather than sex-selective abortion

are more likely to ask for this service. If this is true, then an increase in ultrasound use will be
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negatively correlated with sex-selection.

Another possibility is that it is not the trends in ultrasound exposure that matter for adopting

sex-selection, but a critical level of ultrasound exposure. Those states with rapidly growing

ultrasound use may have passed that threshold before 1999 and have already obtained a sex-

ratio that is close to equilibrium. The states with slow-growing ultrasound have just started to

pass this threshold in the 2000s. Therefore, we may see convergence in sex-selective abortion

between the slow and fast growing ultrasound use states, even if the growth rates in ultrasound

exposure have diverged.

Sex-detection has been illegal in India since the passage of the Pre-Natal Diagnostic Tech-

niques Act of 1994 (and put into effect in 1996). Another possible explanation for our findings,

is that India may be differentially enforcing laws against sex-selection. In states with a rapid

increase in ultrasound use, the government may be putting more resources into combating sex-

selection, and, thus, allowing a relative rise in sex-selection in states with a slow increase in

ultrasound use.15

Findings in this paper should both comfort and concern policy makers in India. On the one

hand, our findings indicate that the rapid spread of ultrasound is unlikely to further exacerbate

the sex-selection problem in India. Thus, the possibly significant health benefits of greater

access to ultrasound do not need to be balanced with a fear of increasing misuse. On the other

hand, if the spread of ultrasound is not responsible for rising sex-selective abortion in some

parts of India, then stopping sex-selection will be more difficult than controlling ultrasound

use. Indeed, the reasons for sex-selection are likely far more complicated than the simple

spread of sex-detection technology.

15Nandi and Deolalikar (2011) find that the earlier implementation of laws against sex-detection in Maharashtra
reduced sex-selection there relative to the nearby parts of India that later introduced such laws. Maharashtra passed
laws against sex-detection in 1988, whereas the Pre-Natal Diagnostics Technique Act was implemented nationally
in 1996. However, Portner (2010) finds that these later laws were ineffective at reducing sex-selection.
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A Indian Census Graphs

For additional evidence that growth in ultrasound use may not be causing sex-selection, we

present state-level graphs grouped by region for the number of females per 1000 males, age

0-6, from the 1991, 2001, and 2011 Indian Censuses. For comparison, sex ratios at birth in

developed countries are in the 950-975 range, which rises as children age because boys are

more likely to die at young ages than girls (assuming equal care). In the United States’ 2010

Census, there were 958 females per 1000 males for children under age 5. Many of the states

of India are close to this reference group, with most exceptions being in the north, center, and

west. The census sex ratios reflect both the effects of sex-selective abortion and excess female

mortality, and thus the more specific estimates of child sex at birth in this paper are a better

measure of the effect of ultrasound use on sex-selection. Nevertheless, the census data is as

accurate as one can get for an estimate of the actual sex-ratio in India and represents the trends

in the overall demographic outcomes of the Indian population.

North India, albeit experiencing large drops in the number of girls from 1991 to 2001,

shows little change in the number of females from 2001 to 2011. If anything, most of the states

show improving sex ratios over the last ten years even with an almost quadrupling of reported

ultrasound use. For instance, child sex ratios in south India have generally remained flat over

the three censuses, even though it is the region with the largest increase in ultrasound use. The

east and northeast have several states showing a worsening trend in child sex ratios over time,

and yet they have only had modest increases in ultrasound use. Taken together, the regional

trends presented in Appendix A suggests that the places where ultrasound is spreading quickly

are not the places where child sex ratios are getting significantly worse.

[Figure 5 about here.]

[Figure 6 about here.]

[Figure 7 about here.]

[Figure 8 about here.]
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[Figure 9 about here.]
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Figure 1: Proportion of women reporting ultrasound use during most recent pregnancy. Only
pregnancies that resulted in a live birth are included. Data Source: DLHS II and DLHS III.
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Figure 2: Shrinking gap in the sex-ratio at birth in regions with fast versus slow growth in
ultrasound exposure. Fast growth regions are the north, west, and south. Slow growth regions
are the center, northeast, and east. Data Source: DLHS II and DLHS III.
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Figure 3: Percent of most recent births male by ultrasound use, second and higher order chil-
dren. Data Source: DLHS II and DLHS III.
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Figure 4: Percent of most recent births male by ultrasound use, first-born children. Data Source:
DLHS II and DLHS III.
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Figure 5: Child Female-Male Sex Ratio: North. Data Source: Indian Census 1991, 2001, and
2011.
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Figure 6: Child Female-Male Sex Ratio: Center (solid lines) and West (dashed lines). Data
Source: Indian Census 1991, 2001, and 2011.
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Figure 7: Child Female-Male Sex Ratio: South. Data Source: Indian Census 1991, 2001, and
2011.
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Figure 8: Child Female-Male Sex Ratio: East. Data Source: Indian Census 1991, 2001, and
2011.

33



Figure 9: Child Female-Male Sex Ratio: Northeast. Data Source: Indian Census 1991, 2001,
and 2011.
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Table 1: Descriptive Statistics
First-Born Second-Born Third-Born Fourth-Born All

(1) (2) (3) (4) (5)
Child is a Boy 0.519 0.523 0.528 0.523 0.523

(0.500) (0.499) (0.499) (0.499) (0.499)
Ultrasound Exposure 0.221 0.216 0.182 0.155 0.203

(0.191) (0.188) (0.164) (0.142) (0.181)
Mother’s Years of Schooling 6.015 5.126 3.476 2.329 4.751

(5.102) (4.940) (4.293) (3.657) (4.904)
Father’s Years of Schooling 7.880 7.299 6.132 5.196 7.001

(4.922) (4.965) (4.845) (4.721) (4.983)
Mother’s Age at Birth 20.59 22.79 24.55 26.52 22.84

(3.636) (3.890) (3.981) (4.166) (4.354)
Rural 0.728 0.741 0.784 0.815 0.755

(0.445) (0.438) (0.411) (0.388) (0.430)
Hindu 0.772 0.771 0.752 0.729 0.762

(0.419) (0.420) (0.432) (0.444) (0.426)
Muslim 0.117 0.119 0.138 0.161 0.128

(0.322) (0.324) (0.345) (0.368) (0.334)
Christian 0.0557 0.0578 0.0637 0.0682 0.0596

(0.229) (0.233) (0.244) (0.252) (0.237)
Backwards Classes 0.391 0.394 0.393 0.392 0.393

(0.488) (0.489) (0.489) (0.488) (0.488)
Scheduled Caste 0.171 0.176 0.195 0.202 0.182

(0.377) (0.381) (0.396) (0.402) (0.386)
Scheduled Tribe 0.155 0.161 0.187 0.206 0.170

(0.362) (0.368) (0.390) (0.405) (0.376)
Observations 176048 157849 102688 62280 498865
Notes: Standard errors are reported in parentheses. In the analysis, we include variables
for Sikh, Jain, and Buddhist. Because these groups represent less than three percent of
observations, their means and standard errors are not reported here. Data source: DLHS
II and DLHS III.

35



Table 2: Mother’s ultrasound use and the probability the most recently born child is male.
Birth Order 1-4 Birth Order 2-4

No Older Brothers
(1) (2) (3) (4)

Ultrasound 0.007** 0.026*** 0.018** 0.055***
(0.003) (0.008) (0.007) (0.013)

Ultrasound*Year -0.003** -0.006***
(0.001) (0.002)

Year of Birth -0.002*** -0.003***
(0.000) (0.001)

R-Squared 0.0019 0.0020 0.0100 0.0106
Observations 330974 330938 79428 79417
Household Variables Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes
Notes: Robust standard errors, clustered at the state level, are reported
in parentheses. Columns (1) and (2) are estimates for the full sample of
most recent births of birth order 1 through 4. Columns (3) and (4) are
estimates for the sample of most recent births of birth order 2 through 4
with no older brothers. Household variables include: mother’s years of
schooling, father’s years of schooling, mother’s age at birth, birth order
dummies, a rural dummy, and religion and caste dummy variables. Data
Source: DLHS II and DLHS III.
(* p < 0.1, ** p < 0.05, *** p < 0.01)
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Table 3: Ultrasound exposure and the probability the most recently born child is male, 20-year
birth-year lag (1980s).

(1) (2) (3) (4)
Ultrasound Exposure -0.0167 -0.0166 -0.0165 -0.0166

(0.0217) (0.0218) (0.0218) (0.0217)
Mother’s Years of Schooling -0.0003 -0.0003 -0.0004

(0.0003) (0.0003) (0.0003)
Father’s Years of Schooling 0.0000 0.0000 -0.0000

(0.0003) (0.0002) (0.0002)
R-Squared 0.0008 0.0009 0.0009 0.0009
Observations 309048 309048 309048 309046
State and Year of Birth FE Yes Yes Yes Yes
Mother’s Age at Birth, Rural, Birth Order No Yes Yes Yes
Religion No No Yes Yes
Caste No No No Yes
Notes: Robust standard errors, clustered at state level, are reported in parentheses. Chil-
dren with birth order 4 or less are included in the analysis. Births in year 19XX are
assigned ultrasound exposures in the year 19XX+20. Birth years are 1979 through 1988.
Data Source: DLHS II.
(* p < 0.1, ** p < 0.05, *** p < 0.01)
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Table 4: Ultrasound exposure and the probability the most recently born child is male, 10-year
birth-year lag (1990s).

(1) (2) (3) (4)
Ultrasound Exposure 0.0280** 0.0274** 0.0274** 0.0274**

(0.0114) (0.0113) (0.0113) (0.0114)
Mother’s Years of Schooling 0.0003 0.0003 0.0001

(0.0002) (0.0002) (0.0002)
Father’s Years of Schooling 0.0003** 0.0003** 0.0002

(0.0001) (0.0001) (0.0001)
R-Squared 0.0003 0.0004 0.0004 0.0004
Observations 573371 573371 573371 573371
State and Year of Birth FE Yes Yes Yes Yes
Mother’s Age at Birth, Rural, Birth Order No Yes Yes Yes
Religion No No Yes Yes
Caste No No No Yes
Notes: Robust standard errors, clustered at state level, are reported in parentheses. Chil-
dren with birth order 4 or less are included in the analysis. Births in year 19XX are
assigned ultrasound exposures in the year 19XX+10. Birth years are 1989 through 1998.
Data Source: DLHS II.
(* p < 0.1, ** p < 0.05, *** p < 0.01)
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Table 5: Ultrasound exposure and the probability the most recently born child is male (2000s).
(1) (2) (3) (4)

Ultrasound Exposure -0.0226** -0.0259** -0.0266** -0.0262***
(0.0091) (0.0095) (0.0098) (0.0095)

Mother’s Years of Schooling 0.0014*** 0.0014*** 0.0012***
(0.0003) (0.0003) (0.0002)

Father’s Years of Schooling 0.0003** 0.0003 0.0002
(0.0002) (0.0002) (0.0002)

R-Squared 0.0004 0.0007 0.0008 0.0008
Observations 498865 498865 498860 498622
State and Year of Birth FE Yes Yes Yes Yes
Mother’s Age at Birth, Rural, Birth Order No Yes Yes Yes
Religion No No Yes Yes
Caste No No No Yes
Notes: Robust standard errors, clustered at state level, are reported in parentheses. Chil-
dren with birth order 4 or less are included in the analysis. Data Source: DLHS II and
DLHS III.
(* p < 0.1, ** p < 0.05, *** p < 0.01)
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Table 7: Ultrasound exposure and the probability the most recently born child is male (2000s):
By birth order, conditional on the sex of older siblings.

Parity 2 Parity 3 Parity 2 Parity 3
B BB G GG
(1) (2) (3) (4)

Ultrasound Exposure 0.0072 -0.0034 -0.0581** -0.0287
(0.0183) (0.0289) (0.0258) (0.0630)

Mother’s Years of Schooling 0.0000 -0.0014 0.0029*** 0.0068***
(0.0006) (0.0011) (0.0005) (0.0011)

Father’s Years of Schooling -0.0003 -0.0006 0.0013*** 0.0017*
(0.0004) (0.0008) (0.0004) (0.0009)

R-Squared 0.0010 0.0055 0.0054 0.0129
Observations 77552 22289 74822 27823
Notes: Robust standard errors, clustered at state level, are reported in
parentheses. Children are birth order four or less. All estimations in-
clude control variables for mother’s age at birth, birth order, religion,
caste, rural/urban dummies, child year of birth fixed effects and state
fixed effects. B indicates first-born child is male. BB indicates first and
second born children are male. G indicates first-born child is female.
GG indicates first and second-born children are female. Data Source:
DLHS II and DLHS III.
(* p < 0.1, ** p < 0.05, *** p < 0.01)
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