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Abstract: A recent World Bank (2011) study has documented a rise in the mortality risk 

of girls relative to boys in Sub-Saharan Africa. This paper investigates whether this 

disadvantage for girls in child mortality is a result of son bias in parents’ health 

investments in child nutrition (breastfeeding) and preventive medicine (vaccination) in a 

Sub-Saharan African country, Ethiopia. We also examine potential heterogeneity in son 

bias by distinguishing intended from unintended births. The latter implies that the 

mother had more children than she wanted, which may be a result of a lack of effective 

contraception or her husband’s desire for more sons. Using data from the Ethiopian 

Demographic and Health Survey, we find no gender bias in breastfeeding and 

vaccination of sons and daughters. A further examination of the results reveals that the 

treatment of boys and girls depends on whether the birth was intended. We find that 

intended boys and girls receive similar treatment in breastfeeding and vaccination. 

However, among unintended children, we find that girls receive significantly less 

breastfeeding and vaccinations than boys. Our finding implies that government policies 

designed to improve access to effective contraception and women’s bargaining power in 

the household are important to reducing unintended births and its consequences for 

girls’ well-being. 
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1. Introduction 

Women in developing countries have lower levels of education, earnings, and political 

representation than men (World Bank, 2011). The missing women phenomenon, missing 

girls at birth and excess mortality of woman after birth, can be considered extreme 

examples of gender inequality. The missing women phenomenon is argued to be the 

consequence of strong preferences for sons among parents, which can be reflected in 

sex-selective abortion and son-biased investment in child healthcare and nutrition 

(Rosenzweig & Schultz, 1982; Das Gupta, 1987; Sen, 1990). This phenomenon was 

originally considered a problem limited to South and East Asia. However, recent studies 

show that this phenomenon is also widespread in Sub-Saharan African countries and it 

is on the rise (Andersson & Ray, 2010; World Bank, 2011). According to the World 

Bank (2011), in 2008 an estimated 1.18 million women were missing in Sub-Saharan 

Africa, which is more than the 0.86 million in India and comparable to the 1.25 million 

in China. Girls under the age of five constitute approximately one-fifth of the missing 

women in Sub-Saharan Africa, implying a possible son bias or daughter neglect in child 

healthcare and nutrition. This paper examines whether there is son bias in parents’ 

investment in child nutrition (breastfeeding) and preventive medicine (vaccination) in 

Ethiopia, the second most populated Sub-Saharan African country.
1
  

The prevalence of son preference and its effect on parents’ investment in child health 

inputs can be explained by a combination of economic and cultural factors. The leading 

explanation is based on the traditional patrilineal family system in which men inherit the 

family land and remain in the family house (Pankhust, 1992; Das Gupta et al., 2003). 

This system gives parents an economic incentive to prefer sons, who are expected to 

contribute to the future income of the household and take care of the parents in their old 

age. For women, sons are also considered a form of widows’ insurance since sons add 

to their bargaining power to inherit a late husband’s land. Parents may also invest more 

                                                           
1 Although girls generally have advantages over boys with respect to child mortality, Ethiopia is one of the few Sub-

Saharan African countries where child mortality among girls is found to be higher than boys. According to the UN 

Social and Economic Affairs, (2011) report, the ratio of male-to-female child mortality has declined from 1.09 in 

1970s to 0.97 in 2000s. Appendix Figure A1 shows a global map of countries with excess female child mortality.      
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in a son’s human capital, such as education and health, since the expected net economic 

return in the labor market is higher than for daughters (Rosenzweig & Schultz, 1982).
2
 

While studies in South Asian countries, especially India, find evidence supporting 

the son preference hypothesis as an explanation of the missing women phenomenon 

(Borooah 2004; Das Gupta, 1987; Ganatra & Hirve 1994; Jayachandran & Kuziemko, 

2011; Barcellos, Carvalho & Lleras-Muney, 2014), the evidence from empirical studies 

in Sub-Saharan Africa does not usually support it. Deaton (1989), for example, finds no 

evidence of son bias in household expenditure in Cote d’Ivoire. Similarly, Garene 

(2003) find no evidence of son bias in breastfeeding duration, oral rehydration 

supplement and vaccination in some Sub-Saharan African countries (this study does not 

include Ethiopia).
3
 The lack of evidence for son preference in parents’ resource 

allocation in healthcare and nutrition in Sub-Saharan Africa is at odds with the growing 

evidence on excess child mortality of girls in the continent. 

This paper offers new empirical evidence that is consistent with the son preference 

hypothesis by making a distinction between mothers’ intended and unintended births. 

An unintended birth is one beyond the mother’s desired family size, which may arise 

because of lack of effective contraception or her husband’s desire for more sons (Short 

& Kiros, 2002).
4
 It is plausible that the preference for sons may not be strongly reflected 

in actual resource allocation when the family size is below the desired level (when the 

birth is intended). Regardless of the gender of the child, the utility derived from having 

intended children is likely to exceed the cost of raising those children. However, when 

the mother exceeds her desired family size (i.e., when the mother’s utility from 

additional child is less than the cost), the preference for a son is likely to show up in 

actual resource allocation. This may happen for at least two reasons. First, unintended 

boys may be treated more favorably than unintended girls if the reason for exceeding 

the mother’s desired family size is due to the husband’s desire for more son. In this 

context, a son unintended by the mother is more likely to be intended by the father and 

                                                           
2 It should be noted that girls are not always a liability. In poor rural households, daughters usually help their mothers 

with cooking, fetching water, housecleaning and with the care of younger children. 
3 Kooho-Kamali (2008) is among the few researchers who finds evidence of son bias on household expenditure in 

Ethiopia. However, studies that rely on adult expenditure are often criticized since they fail to take into account the 

income and price effect (Kebede, 2008).  
4 In Sub-Saharan African countries like Ethiopia, it is not uncommon for mothers to have more children than planned. 

According to the Ethiopian Demographic and Health Survey (2011), the total wanted/intended fertility rate for 

woman is approximately 3 children per woman, or 1.8 children less than the actual fertility rate of 4.8. 
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is hence more likely to receive preferential treatment than an unintended daughter. This 

could be common in Ethiopia, where husbands are more likely to express a desire to 

have more children, especially sons, than wives (Short & Kiros, 2002; DHS Ethiopia, 

2011). Second, the value of an unintended daughter is likely to be less than that of an 

intended daughter if her contribution to domestic work diminishes because of the 

presence of additional daughters in the household. However, this may not be the case 

for unintended boys since they can be hired by other families and may have positive 

expected return.  

The potential heterogeneity in gender inequality by intended and unintended births is 

important to understand the causes of the missing women phenomenon and help 

formulate the policy tools to rectify it. For example, higher gender inequality in parental 

inputs among unintended children relative to intended children implies that gender-

based policy interventions that promote child health care and nutrition are important to 

counteract girls’ disadvantage in intra-household resource allocation among unintended 

children.  In addition, policies designed to improve access to contraceptives can prevent 

unintended births and their consequences for girls’ healthcare and nutrition. Moreover, 

policies that promote women’s equal rights in land ownership and use are likely to 

improve women’s bargaining power in fertility decisions, thereby reducing the number 

of unintended births. 

Identifying unequal treatment between boys and girls in the early childhood is a 

challenge. Although child gender at conception is likely to be determined by exogenous 

biological odds, a correlation between child gender and family size may develop if the 

parents’ fertility decision is a function of the gender composition of previous children 

(Jensen 2005; Basu & De Jong 2010). For example, in a society with a preference for 

sons, parents with a firstborn daughter are more likely to continue trying to have 

additional children than parents with a firstborn son. This creates a situation where girls 

live in bigger families and share the limited household resources with more siblings 

than boys do. As a result, the estimate of the gender gap in parental inputs may reflect 

not only differential treatment of boys and girls in the household but also the 
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confounding effect of family size.
5
 In this study, we will carefully examine if the 

practice of son-targeting fertility stopping behavior that was found in many parts of 

Asian and North African countries is also prevalent in Ethiopia. As will be shown later, 

we find no evidence of son-targeting fertility stopping behavior in Ethiopia and 

therefore the identification issue with family size seems not to be a serious concern. 

This study uses data from the Ethiopian Demographic and Health Survey of the 

2000, 2005 and 2011 waves, where each wave is a cross-section consisting of a random 

sample of women aged 15-49. The main analysis is based on women’s children when 

the children are between 0 and 59 months. The results from the empirical analysis show 

no general gender bias in the treatment of boys and girls in terms of vaccination and 

breastfeeding. However, further analysis shows heterogeneity in the treatment of boys 

and girls depending on whether the birth was intended. We find no significant gender 

differences in breastfeeding months, number of vaccinations and the probability of 

receiving full vaccination among intended children. However, among unintended 

children, we find that girls are breastfed for a significantly shorter time, receive fewer 

vaccinations and have a lower probability of receiving full vaccination than boys. This 

result indicates the presence of a preference for sons, in which girls are treated less 

favorably than boys when the mother exceeds her desired family size. We show that this 

result is not driven by the confounding effect of family size. 

To the best of my knowledge, this study is the first in Ethiopia to present empirical 

evidence on gender bias in breastfeeding and vaccination based on whether a birth was 

intended. This contribution relates to the studies by Jayachendran and Kuziemko (2011) 

on India and Chakravarty (2015) on breastfeeding in Egypt, where they also show that 

the disadvantage of girls in breastfeeding increases substantially when their mothers 

exceed their ideal family size. They consider son-targeting fertility stopping behavior as 

the main underlying mechanism, where the mother breastfeed girls less in an attempt to 

become pregnant again in the hope of having a male offspring, with this effect being 

                                                           
5 Studies such as Koohi-Kamili (2008) address the issue by comparing boys and girls of families that are similar in 

size. But, since family size is the outcome of child gender, comparing child input between boys and girls with similar 

family size does not address the problem (See Angrist and Pischke, 2009, p. 64 on bad controls).  
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greater once ideal family size is reached.
6
 Our study, however, differs from 

Jayachandran and Kuziemko’s (2011) because the analysis is conducted in a context 

where son-targeting fertility stopping behavior does not seem to be present. In addition, 

our result holds for not only breastfeeding but also vaccination (which is unrelated to 

the probability of pregnancy). Our result is consistent with Das Gupta (1987) and 

Rosenzweig and Schultz (1982), who show that parents treat boys and girls selectively 

based on the net utility from additional children.   

The remainder of the paper is organized as follows. Section 2 describes the data 

used for the empirical analysis. Section 3 and 4 discuss methodological issues and 

present a test for random assignment of child gender, respectively. Section 5 presents 

the main results. Section 6 provides a test for son-targeting fertility stopping behavior 

and a robustness check of the main results based on Barcellos et al. (2014) approach. 

Section 7 concludes.  

2. Data  

The data come from the three waves of Ethiopian Demographic and Health 

Survey (EDHS henceforth) conducted in 2000, 2005, and 2011. Each wave is a cross-

section of women aged 15-49. The waves contain a random sample of 10,143 mothers 

in 2000, 9,339 mothers in 2005 and 10,896 mothers in 2011. This data set contains 

information for every child ever born of women in the sample. A unique set of woman-

child birth order identifiers is used to create a demographic and health profile for each 

mother and her children.
7
 

For each child below the age of five, mothers were asked how many months they 

breastfed and which vaccinations were given to a child, which are our two main 

outcome variables of interest used to measure parental investment in child nutrition and 

                                                           
6
 Mothers are assumed to manipulate breastfeeding duration as a way to control the postpartum 

pregnancy. Mothers who want another pregnancy are likely to stop breastfeeding to increase their 

chances.  
7 The EDHS was conducted by the Central Statistical Agency (CSA) of Ethiopia under the worldwide DHS project 

funded by USAID. Each wave (2000, 2005 and 2011 surveys) is a nationally representative sample selected using a 

two stage probability sampling design. At the first stage, a random sample of enumeration areas (small area sampling 

units) was selected within 23 strata (regional states classified by urban and rural areas). In the second stage, a random 

sample of households was selected within each enumeration area. For each household, a sample of ever married 

women aged 15-59 was selected for interviews. The total response rates in 2000, 2005 and 2011 were 98, 96, and 

95%, respectively. For detailed information on the sampling strategy, see the DHS manual: 

https://dhsprogram.com/pubs/pdf/FR255/FR255.pdf 

https://dhsprogram.com/pubs/pdf/FR255/FR255.pdf
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preventive medicine.
8
 In addition, the EDHS collects information such as child gender, 

age (in months), weight, height, birth order, number of siblings, mother’s age, mother’s 

age at first birth, mother’s age at first marriage, mother’s educational background, 

ethnicity, religion and residence. The mothers were also asked about their ideal family 

size, which is the basis for defining whether or not a birth was intended. 

In this study, we define a child at n
th

 birth order as unintended, or unwanted, if actual 

family size at time of conception of the n
th

 child is great or equality to the mother’s ideal 

family size; otherwise, the child is classified as intended. The actual family size at the 

time of conception of the n
th

 child is obtained by taking the sum of the total number of 

older siblings who are alive at the time of the survey and the total number of siblings 

who are dead at the time of the survey but were alive before conception of the n
th

 child. 

The mothers’ desired number of children is obtained from the mothers’ response to the 

following survey question: “If you could go back to the time you did not have any 

children and could choose exactly the number of children to have your whole life, how 

many would that be?”.
9
 In this study, unintended birth is designed to reflect mother’s 

desire (intention) to have a child. Hence, an unintended birth may arise due to the 

husband’s desire for a larger family than the wife or contraceptive failure to limit 

fertility.  

We impose a few restrictions to the sample of women with children. First, we use 

only mothers who have a child below age five. This restriction is made because data on 

key variables of interest, such as breastfeeding duration and vaccination, were not 

collected for children older than five years old. This leaves us with a pooled sample of 

21,398 mothers with 32,388 children. Second, we restricted the analysis to the youngest 

                                                           
8The information on breastfeeding duration comes from the survey question: “For how many months did you 

breastfeed (Name of the child)?,” with response given in months. The information on number of vaccinations is 

obtained from vaccination card and mother’s reports. From the vaccination card of a child, information on polio 

vaccination (polio 0, polio 1, polio 2 and polio 3), DPT (DPT 1, DPT 2 and DPT 3), BCG and measles were 

collected. When the vaccination card is not available, the mother is asked whether the child received any of the above 

vaccinations with appropriate explanations. For example, in 2000, the mother was asked whether the child received 

any of the following vaccination and how many times: i) “Polio vaccine, that is, drops in the mouth?”; ii) “DPT 

vaccination, that is, an injection given in the thigh or buttocks, sometimes at the same time as polio drops?”; iii) “A 

BCG vaccination against tuberculosis, that is, an injection in the arm or shoulder that usually causes a scar?” and iv) 

“An injection to prevent measles?.” The details of survey questions can be found in the Ethiopian Demographic 

health survey reports of 2000, 2005 and 2011 in https://dhsprogram.com.  
9 Following EDHS’s definition, this study assumes that all children born to a woman with non-numeric response with 

regards to desired family size (responses like “up to God” or “up to Allah”) are considered to have a large desired 

family size and classified as having intended/wanted children. As will be shown in Appendix Table A3, excluding 

non-number responses from our sample does not affect the main result.   



8 
 

child at the time of the survey (could be the first or the last child to his/her mother), so 

that each woman is represented by one child in the sample. This restriction is necessary 

because the sampling procedure by EDHS is conducted at the household level. 

Including all children would mean that a woman with more than one child born within 

the five years before interview date would be sampled more than once. This may create 

a sampling bias if the unobserved attributes of women with large number of children 

born within a short birth intervals is different from women with few children.
10

 By 

restricting the analysis to the youngest child, we can avoid over sampling of mothers 

with more than one child born within short birth intervals. The choice of the youngest 

child for this study instead of other older children is motivated by the idea that the 

survey respondents are likely to make fewer recall errors (e.g., breastfeeding and 

vaccination) for the youngest child.  

Third, the analysis in this study is restricted to a sample of women in rural Ethiopia, 

which is a home to approximately 80% of the population. This restriction is in place 

because rural residents might have different reasons for son preference from urban 

residents. For example, the preference for sons is often justified in a rural society with a 

traditional patrilineal family system. This leaves us with a sample of 17,599 woman-

child pairs. In addition, we excluded twins or triplets due to the difficulty of determining 

the birth order. We also exclude children who are deceased or who do not live with their 

mother because the information on breastfeeding and number of vaccinations can be 

right censored and may not reflect the mother’s preferred level of investment. These 

restrictions further decrease the sample to 16,275 pairs. Finally, we dropped 

observations with missing values on key explanatory variables, which reduced our 

sample by approximately 2.6%. The final sample therefore consists of 15,843 woman-

child pairs, of which girls constitute 48% of the sample. As will be described later, this 

sample may change depending on the outcome variables used in the analysis. The 

summary statistics of the baseline sample are shown in Appendix Table A1.  

3. Empirical model specification and identification issues 

                                                           
10 For example, women with more than one child born within a five year interval are likely to have short birth 

intervals, which can potentially affect the outcome variable on breastfeeding duration.    
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The main interest in this study is to investigate 1) if parents’ investments in children’s 

health depend on the gender of the child and 2) if this depends on whether the birth was 

intended. The empirical model for testing the presence of a gender inequality in parents’ 

investments, without considering the intended/unintended dimension, takes the 

following form:  

𝑦𝑖 = 𝛼 + 𝛽1𝐺𝑖𝑟𝑙𝑖 + 𝑋𝑖𝛽3 + 𝜀𝑖                                                  (1) 

where 𝑦𝑖 represents either of the two outcome variables of interest: breastfeeding 

duration and vaccination. 𝐺𝑖𝑟𝑙𝑖 is a dummy variable that takes a value of 1 if the child is 

female and a value of 0 if the child is male. 𝑋𝑖 represents a set of controls of child and 

mother characteristics. The controls for the mother’s characteristics include years of 

education, age, age at first marriage, age at first birth, religion, ethnicity, mother’s ideal 

family size, number of prenatal visits, number of tetanus shots, a dummy for non-home 

delivery and residence. The controls for child characteristics are age (in months), birth 

order, number of brothers and number of sisters. Finally, we also control for survey year 

to account for unobserved factors that change across the different survey years.  

The coefficient 𝛽1 represents the child gender gap in the parents’ investment in the 

child. Causal identification of 𝛽1 requires that unobserved characteristic of families of 

boys and girls are similar. Although child gender at conception is determined by 

exogenous biological odds that are unlikely to be related to family characteristics, 

subsequent fertility behavior of families may lead to the violation of the identifying 

assumption. 

First, the characteristics of families of boys and girls can be different if the parents’ 

subsequent fertility decision is a function of the current offspring’s gender composition 

(Jensen 2005; Basu & De Jong 2010). For example, in a society with a strong 

preference for sons, families with a firstborn daughter are more likely to have additional 

children in an attempt to have a son than families with a firstborn son.
11

 This behavior, 

also known as the son-targeting fertility stopping rule, implies that girls tend to have 

more siblings and share limited resources with more siblings than boys. Even in the 

                                                           
11 Consider a family that wants to have at least one son. If the firstborn child is a son, then the family would stop 

fertility. If the firstborn child is a daughter, on the other hand, they would continue having children until a son is born, 

in the extreme case of son preference. This implies that a median girl in the population is more likely to be raised in a 

bigger family than a median boy.  
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absence of direct unequal treatment of girls, girls would generally receive lower 

parental health inputs since they are more likely to live in bigger families than boys. As 

a result, the observed gender gap in parental health inputs, 𝛽1, not only is attributable to 

differential treatment of boys and girls within the household, but also may be related to 

the confounding effect of family size. To the extent that family size is the outcome of 

child gender, controlling for family size in the above empirical model will not address 

the endogeneity issue.
12

 In section 6.1, we will examine if the practice of son-targeting 

fertility stopping behavior that has been found in many Asian and North African 

countries is also prevalent in Ethiopia. As will be shown, there is no evidence of such 

behavior in Ethiopia and endogeneity should therefore not be a major concern.  

A second concern for identification is the presence of selective abortion of female 

fetuses. It has been shown that countries that are traditionally known for their strong 

preference for sons have a skewed sex ratio towards more boys, presumably linked to 

the selective abortion of female fetuses (Sen 1990; Lin et al., 2014). In the presence of 

sex-selective abortion, girls will be more likely to be born in families with less or no 

bias against girls and the reverse will hold for boys. As a result, in the presence of 

selective abortion, the gender of a child will not be randomly determined by biological 

odds and the estimated coefficient, 𝛽1, is likely to be biased. We argue that unlike in 

India and China, sex-selective abortion is less prevalent in Ethiopia. One reason is that it 

is difficult to determine the gender of a child during pregnancy for most families in 

Ethiopia since most health facilities in rural parts of the country do not have ultrasound 

technology. Given that all families in our study live in the rural parts of Ethiopia, we do 

not expect mothers to practice sex-selective abortion. In addition, a son-preferring 

family in Ethiopia may not need to resort to sex-selective abortion because the chance 

of a male offspring out of the average 4.8 children per woman is very high. This is 

contrary to the average family size of 2.6 children per woman in India and 1.5 children 

in China (World Bank, 2011). 

Beyond general inequalities in parents’ health investments in boys and girls, we are 

interested in if they depend on whether the birth was intended. In other words, we are 

interested in estimating the following empirical model:  

                                                           
12 See Angrist and Pischke (2008) for a discussion of bad controls.  
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𝑦𝑖 = 𝛼 + 𝛽1𝐺𝑖𝑟𝑙𝑖 + 𝛽2𝐺𝑖𝑟𝑙𝑖 × 𝑈𝑛𝑖𝑛𝑡𝑒𝑛𝑑𝑒𝑑𝑖 + 𝛽3𝑈𝑛𝑖𝑛𝑡𝑒𝑛𝑑𝑒𝑑𝑖 + 𝑋𝑖𝛽4 + 𝜀𝑖   (2) 

In this specification, unintended is a dummy variable that takes a value of 1 if the 

actual family size at conception of a child was greater than the mother’s ideal family 

size, and 0 otherwise. This dummy controls for the difference between intended and 

unintended children in parents’ health investment in children. The coefficient 

𝛽1 represents the gender gap in parental inputs among children who are intended. The 

coefficient 𝛽2, is a difference-in-difference estimate, which represents the additional 

gender gap in parent’s health investment among unintended children relative the gender 

gap among intended children. The total gender gap among unintended children can be 

obtained by adding 𝛽1 and 𝛽2.  

Causal identification of differential treatment of boys and girls among intended (𝛽1) 

and unintended (𝛽1 + 𝛽2) children requires the following two assumptions to hold: i) 

child gender is exogenously determined and ii) the gender of a child is not correlated 

with whether a child is intended or unintended. The latter assumption implies that our 

model allows for unobserved differences between families with an intended and 

unintended child as long as such differences are not correlated with the gender of the 

child. That is, the gender of a child should not predict the status of a child as being 

intended or unintended. This assumption looks fairly realistic considering that the “ideal 

family size” is a preference that is expected to be determined before the gender of the 

child is known. However, since the information on ideal family size is collected ex-

post,
13

 one may argue that this information is subject to measurement error due to 

cognitive dissonance. That is, mothers may try to rationalize the actual fertility outcome 

and report a desired family size that fits the current family size. But, such behavior does 

not seem to be supported by the data where a sizable number of women, 20% in our 

sample, reported having more children than their desired family size (See Appendix 

Table A1 on the share of mothers with unintended children).
14

 In addition, boys and 

girls have a similar chance of being classified as unintended,
15

 which suggests that 

                                                           
13 In the survey, mothers were asked, “If you could go back to the time you did not have any children and could 

choose exactly the number of children to have your whole life, how many would that be?” 
14 According to EDHS (2011), the average wanted fertility rate in Ethiopia is approximately three children per 

woman, lower than the actual fertility rate of 4.8 children per woman for whole population. 
15 See Appendix Figure A2, on the effect of child gender on the probability of being an unintended birth.   
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mothers do not appear to systematically rationalize fertility outcomes depending on the 

gender of their child.  

The coefficient 𝛽3 shows whether a child who is unintended is treated differently 

than a child who is intended. One needs to be cautious when interpreting this estimate 

since characteristics of families with an unintended birth could be different from 

families with an intended birth. For example, because unintended children are born after 

families exceed their ideal family size, unintended children are more likely than 

intended children to have a higher birth order, have more siblings or have a lower ideal 

family size (Appendix Figure A2). In addition to the above mechanical differences, we 

also find that the mother’s education reduces the probability of having an unintended 

birth by approximately 0.9% (See Appendix Figure A2).
16

 In our preferred empirical 

model specification, we account for a number of observable attributes of the child and 

the mother, such as birth order, ideal family size, number of brothers, number of sisters, 

and other control variables listed in Equation 1. Nevertheless, we cannot rule out the 

possibility of omitted variable bias. For this reason, our estimate of the unintended 

indicator should be interpreted as a correlation.  

4. A Test of random assignment of child gender  

Gender differences in parent’s investment in early health of children can be attributable 

to differential treatment of boys and girls if the characteristics of the families of boys 

and girls are similar. To the extent that child gender at conception is exogenously 

determined by natural odds, we would generally expect the above assumption to be 

satisfied at the time of conception. However, once the gender of the child is known, 

either at pregnancy or after birth, families with a strong preference for a son may try to 

alter the natural sex composition of children through a practice of son-biased sex 

selective abortion or son-targeting fertility stopping behavior. In the previous section, 

we have argued that such fertility behaviors are unlikely to exist in Ethiopian context 

and therefore we expect the characteristics of families of boys and girls to look similar. 

The aim of this section is to present a test of random assignment of child gender by 

                                                           
16 In Appendix Figure A3, we examine whether the effect of family background on the probability of unintended birth 

is similar for boys and girls. From the estimate, one can see that there is no significant gender difference on the effect 

of family background on the probability of unintended birth. This indicates that the chance of a girl being classified 

as intended or unintended does not depend on family background.  
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examining whether the pre-determined characteristics of families of boys and girls are 

similar.  

Table 1 presents a test of random assignment of child gender by regressing child 

gender on pre-determined family characteristics. Column 1 presents the results for the 

baseline sample of the youngest children aged 0-59 months. As can be seen, besides the 

Tigray ethnic group, none of the pre-determined family characteristics predict child 

gender. In the last row of column 1, we conducted an F-test based on the null hypothesis 

that the pre-determined characteristics do not jointly predict child gender. The results 

show that we cannot reject the null hypothesis that pre-determined family characteristics 

do not jointly predict child gender (p-value=0.655).  

It is interesting to note that the number of siblings (brothers and sisters) girls have is 

not significantly different from boys, which confirms that families are unlikely to 

exhibit son-targeting fertility stopping behavior in Ethiopia (See column 1). A second 

interesting result from column 1 is that the number of prenatal visits, tetanus shots and 

non-home delivery do not predict child gender. If families in rural Ethiopia have 

ultrasound access to determine the gender of a child during pregnancy, then we would 

expect mothers with son preference to have more prenatal care when the child is a son 

than a daughter. This result is consistent with our expectation that rural households in 

Ethiopia do not have access to ultrasound technology to determine the gender of a child 

and are hence unlikely to practice sex-selective abortion. Third, we find that the 

unintended indictor is not correlated with the gender of a child. This implies that 

mothers do not seem to justify the birth of a child as intended or unintended depending 

on the gender of the child. 

Columns 2 and 3 of Table 1 present a test of the randomness of a child’s gender for 

intended and unintended children, respectively. The test result in column 2 shows that 

boys and girls whose births are intended look similar in terms of pre-determined 

characteristics, with the exception of Tigray. Similarly, the estimates in column 3 show 

that there is no significant gender difference in pre-determined family characteristics of 

unintended boys and girls. The joint F-test for intended (with p-value=0.472) and 

unintended (with p-value=0.792) children confirms that pre-determined characteristics 

do not jointly predict child gender. These test results show no evidence that child gender  
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Table 1: Test of Random Assignment of Child Gender 
 Dep. Variable: Girl=1

a 

 All Children Intended Unintended 

Variables (1) (2) (3) 

    

Mother’s age 0.001 0.002 -0.000 

 (0.001) (0.002) (0.003) 

Years of education 0.001 0.000 0.002 

 (0.003) (0.003) (0.009) 

Age at Marriage -0.001 -0.000 -0.003 

 (0.002) (0.002) (0.005) 

Age at first birth 0.001 -0.001 0.006 
 (0.002) (0.003) (0.005) 

Ethnicity (Others is the reference group) 

Oromo 0.009 0.010 0.004 

 (0.016) (0.018) (0.033) 

Amhara -0.000 0.009 -0.038 

 (0.015) (0.017) (0.035) 

Tigray 0.032** 0.043** -0.027 

 (0.016) (0.018) (0.042) 

Somali 0.007 0.006 0.179 
 (0.032) (0.033) (0.126) 

Religion (Christian is the reference group)  

Muslim -0.018 -0.019 -0.009 
 (0.014) (0.016) (0.032) 

Others 0.013 0.008 0.025 
 (0.033) (0.039) (0.061) 

# Prenatal visits -0.002 -0.004 0.007 

 (0.003) (0.004) (0.008) 

# Tetanus Shots 0.000 0.002 -0.008 

 (0.005) (0.006) (0.010) 

Non-home delivery (0/1) -0.029 -0.017 -0.084 
 (0.032) (0.033) (0.075) 

# brothers 0.002 0.001 0.006 
 (0.006) (0.007) (0.011) 

# sisters -0.008 -0.009 -0.008 
 (0.006) (0.007) (0.011) 

Unintended (1/0) 0.001   

 (0.015)   

Constant 0.465*** 0.470*** 0.454*** 
 (0.038) (0.043) (0.090) 

    

Observations 15,843 13,265 2,578 

Joint test of significance (F-test)
b 

p-value 0.655 0.472 0.792 

Notes: a) The dependent variable is the girl dummy regressed on pre-determined characteristics of the mother and 

children. b) The null hypothesis is that the pre-determined characteristics do not jointly predict child gender. The 

standard errors are reported in parentheses. The signs ***, *, and * represent a 1, 5 and 10 percent significance 

level, respectively.  

 



15 
 

is endogenous. One should take into account that these tests are based on observable 

pre-determined family characteristics. We cannot entirely rule out unobserved 

differences between families of boys and girls.  

5. Gender difference in parental inputs to a child 

5.1. Main results 

The analysis in this section presents empirical evidence on the difference between boys 

and girls on key parental health inputs, vaccination and breastfeeding, in early 

childhood. In addition, we present heterogeneity in treatment of boys and girls by 

intended and unintended children. We use ordinary least square (OLS) and estimate an 

empirical model specification similar to Equations 1 and 2. The exception is the 

estimation of completed breastfeeding duration where we have a problem of right 

censoring. The information for the very young children who are still breastfeeding at the 

time of the survey does not represent completed breastfeeding duration. For this reason, 

in addition to a simple OLS regression, we will also present our results on breastfeeding 

by estimating a proportional hazard model. For all regressions, we use the appropriate 

survey weight to account for the sampling design.  

5.1.1. Results on vaccination 

Immunization is a crucial healthcare input that can contribute to better child health and 

the reduction of child mortality. The Ethiopian child immunization program follows the 

World Health Organization’s immunization policy for developing countries and 

recommends vaccination against tuberculosis (BCG) and polio at birth, three doses of 

DPT and polio each at 6, 10 and 14 weeks of age and one dose of measles after reaching 

nine months of age (Ethiopian National Expanded Program on Immunization, 2010).  

Column 1 in Table 2 presents the estimates from the OLS regression of the number 

of vaccinations on the girl dummy. The result shows that the overall gender gap in the 

number of vaccination is small (-0.04) and not statistically significant. However, a 

further analysis of the gender gap in vaccination by intendedness of a birth reveals the 

presence of son bias in Ethiopia (column 2). For intended children, represented by the 

girl dummy, we find no significant gender difference in number of vaccinations (only 

0.06). However, among unintended children, we find that girls receive 0.5 fewer 
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vaccinations than boys (this number is obtained by adding the estimate on the girls 

dummy and its interaction with the unintended indicator; the difference is significant at 

the 1% level). Given the average number of vaccinations for unintended girls (3.4), the 

boy-girl gap in number of vaccinations is approximately 15% (0.5/3.4). Column 3 

repeats the baseline model, but with covariates added. As seen from the estimate, 

controlling for the covariates does not change the main results. This is expected if the 

explanatory variable (child gender) is exogenous.  

Table 2: The gender gap in vaccination among intended and unintended children.  
 0-59 Months  12-59 Months 

 Number of vaccination  Full vaccination 

Variables (1) (2) (3)  (4) (5) (6) 

        

Girl -0.040 0.063 0.032  -0.007 0.002 0.001 

 (0.067) (0.072) (0.062)  (0.006) (0.006) (0.006) 

Girl × Unintended -0.530*** -0.468***   -0.041*** -0.037** 

  (0.171) (0.144)   (0.015) (0.015) 

Unintended   0.344*** 0.224*   0.023* 0.023* 

  (0.129) (0.129)   (0.012) (0.013) 

        

Control  No No Yes  No No Yes 

        

Constant 3.541*** 3.474*** 2.013***  0.055*** 0.050*** -0.040 
 (0.068) (0.070) (0.480)  (0.005) (0.004) (0.045) 

        

Observations 15,259 15,259 15,259  10,406 10,406 10,406 

Average 
vaccination 

3.52 3.52 3.52  0.05 0.05 0.05 

R-squared 0.000 0.001 0.270  0.000 0.002 0.039 

Notes: The information on number of vaccinations has 584 missing observations, which reduced the baseline sample 

size in columns 1-3 from 15,843 to 15,259. The sample size for columns 4 to 6 is low because we exclude children 

who are younger than 12 months. The controls in columns 3 and 6 include mother characteristics (age, age at birth, 

age at marriage, years of education, religion, ethnicity, residence, ideal family size, number of prenatal visits, number 

of tetanus shots and non-home delivery), child characteristics (age in months, birth order, number of brothers and 

number of sisters) and survey year fixed effect. The standard errors are reported in parentheses. The signs ***, *, and 

* represent a 1, 5 and 10 percent significance level, respectively.  

The last estimate in column 2, the unintended dummy, indicates that unintended boys 

have a small (0.3) advantage in number of vaccinations compared to intended children. 

As already indicated in section 3, since unintended children mostly constitute high birth 

order children, the above result could be a result of a correlation between the attributes 

of the mother or the child and birth order. For example, the high level of vaccinations 

among unintended boys could simply be a reflection of mothers learning by doing when 
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observing the health benefits obtained by vaccination. Column 3 addresses this issue by 

controlling for birth order, the mother’s age and the mother and child characteristics 

described in Equation 2. Once we control for the family characteristics, the difference in 

the number of vaccinations between intended and unintended children drops (from 0.3 

to 0.2), but remains significant at the 10% level.  

In columns 4 to 6, we investigate the gender gap in the probability of receiving full 

vaccination. A child is considered to have full vaccination if he/she receives all nine 

vaccinations recommended by the WHO. Since children younger than 12 months are 

not expected to have complete vaccination according to the WHO-recommended 

schedule, the analysis is restricted to children between the age of 12 and 59 months. 

This reduces the sample size to 10,406 observations. In line with our earlier finding, the 

overall gender gap in the probability of full vaccination is very small and statistically 

insignificant (see column 4). However, we find that the gender gap in the probability of 

full vaccination varies depending on whether a birth was intended (see column 5). We 

find no significant gender difference in the probability of full vaccination among 

intended children (the point estimate is 0.002). However, among unintended children, 

we find a significant gender difference in the probability of full vaccination, where girls 

have a 4% percentage point less probability of receiving full immunization than boys. 

Controlling for additional covariates in column 6 does not change the main result. In 

sum, the results in Table 2 suggest the presence of a weak son preference in Ethiopia, 

where the preference is reflected in actual resource allocation when a child is 

unintended.  

5.1.2. Results on breastfeeding 

Breastfeeding is an important source of nutrition, which makes a tremendous 

contribution to child survival, health and growth. Table 3 reports the gender gap in 

breastfeeding duration by intendedness of births based on OLS and Proportional Hazard 

models. Since data on breastfeeding duration is not available for 2011, the analysis is 

based on a pooled sample of 2000 and 2005.  

Column 1 of Table 3 presents the estimates from the OLS regression of breastfeeding 

months on the girl dummy, after controlling for the child’s age. Since the child’s age is 

a strong predictor of breastfeeding duration, especially for children who are still 
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breastfeeding at the time of the survey, a small age difference between boys and girls or 

intended and unintended children may bias the estimates. For this reason, we control for 

the child’s age, which allows us to compare breastfeeding duration among children of 

the same age and at the same time improve the efficiency of our estimate.
17

 Similar to 

the results for vaccination, the overall gender gap in breastfeeding months is close to 

zero and statistically insignificant. In column 2, we examine the presence of 

heterogeneity in treatment of boys and girls depending on the intendedness of birth. The 

result reveals that the gender inequality in breastfeeding varies by intendedness of birth, 

with the gender inequality being higher among unintended children. In column 3, we 

report the result after adding the full model controls. The estimate of the girl dummy, 

which represents the gender gap among intended children, shows 0.25 months of 

additional breastfeeding time in favor of girls, but the coefficient is not statistically 

significant. In contrast, we find a significant son bias in breastfeeding months among 

unintended children. On average, unintended boys receive 0.9 more months of 

breastfeeding than unintended girls (obtained by adding the coefficient of the interaction 

term and the girl dummy; the difference is significant at the 1% level). This means that 

unintended boys are given 5% additional breastfeeding time compared to unintended 

girls (obtained by dividing 0.9 by the mean breastfeeding duration of 17.8 months for 

unintended girls). The estimate for unintended children shows that unintended boys 

receive 0.7 months of additional breastfeeding time than intended boys. But this result is 

not stable once we account for the right censoring of breastfeeding duration (see 

Column 6). 

As mentioned above, the information on completed breastfeeding duration is right 

censored for children who are still breastfeeding during the interview. In column 4, we 

estimate a proportional hazard model that takes into account the right censoring of 

breastfeeding duration. The estimates from the proportional hazard model measure the 

probability of weaning. In line with the findings from the OLS regression, we find that 

the overall gender gap in the probability of weaning is small (-0.02) and not statistically 

significant. A heterogeneity analysis in column 5 and 6 shows that the gender gap in the 

probability of weaning among unintended children is higher than that among intended 

                                                           
17 In Appendix Table A2, we report the estimates without controlling for children’s age.    
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children. Among intended children, column 6, we find that the probability of weaning is 

9% lower for girls than boys, although the coefficient is not statistically significant. 

However, when it comes to unintended children, the girls’ advantage disappears and we 

find that weaning is 22% more likely if the child is a girl (0.308-0.086=0.222; the 

difference is statistically significant at the 5% level).  

Table 3: The gender gap in breastfeeding months among intended and unintended 
children.  
 

Breastfeeding Months 

 
OLS  Proportional Hazard 

Variables (1) (2) (3)  (4) (5) (6) 

        
Girl -0.005 0.243 0.249  -0.021 -0.102* -0.086 
 (0.142) (0.156) (0.156)  (0.048) (0.053) (0.052) 

Girl × Unintended  -1.263*** -1.147***   0.393*** 0.308*** 

  (0.348) (0.341)   (0.113) (0.115) 

Unintended   0.645** 0.699**   -0.266*** -0.068 
  (0.257) (0.337)   (0.087) (0.108) 

Controls        

Child age Yes Yes Yes  No No Yes 

Other controls No No Yes  No No Yes 

        

Constant 3.573*** 3.451*** 6.677***     

 (0.139) (0.142) (1.660)     

        

Observations 10,113 10,113 10,113  10,113 10,113 10,113 

Average 
Breastfeeding 

17.93 17.93 17.93  17.93 17.93 17.93 

R-squared 0.754 0.754 0.765     

Note: The above models are estimates based on a sample for 2000 and 2005. Data on number of months of 

breastfeeding duration is not available for 2011. The controls are described in footnotes of Table 2. The standard 

errors are reported in parentheses. The signs ***, *, and * represent a 1, 5 and 10 percent significance level, 

respectively. 

       The last estimate in column 5, for the unintended dummy, shows that the 

probability of weaning for unintended boys is lower than for intended boys. However, 

this result appears to be driven by differences in the family characteristics of intended 

and unintended children. Once we control for child and mother characteristics, in 

column 6, the breastfeeding difference between intended and unintended drops and 

become insignificant.
18

   

                                                           
18 In the main analysis, mothers with a non-numeric response on ideal family size were classified as having intended 

children. Since the decision to categorize non-numeric responses into intended birth is somewhat subjective, in 

Appendix Table A3, we examine whether our result is robust if we exclude mothers with non-numeric responses. As 
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5.1.3. Interpretation of the main results 

The findings in the previous two sub-sections showed no gender bias in child 

vaccination and breastfeeding among intended children. However, we find a significant 

son bias in child vaccinations and breastfeeding duration among children that are born 

after the mother exceeds her ideal family size, i.e., among unintended children. The 

purpose of this section is to discuss the factors that can potentially explain the 

heterogeneity in treatment of boys and girls in Ethiopia.  

Regarding the results on breastfeeding, Jayachendran and Kuziemko (2011), who 

also find similar heterogeneity for India, provides an explanation based on the son-

targeting fertility stopping behavior of mothers and the contraceptive properties of 

breastfeeding. Mothers are assumed to use breastfeeding duration as a contraceptive 

method to manipulate postpartum pregnancy.
19

 In the presence of son-targeting fertility 

stopping behavior, boys born once the ideal family size is reached are likely to be 

breastfed longer since the mother wants to avoid another pregnancy. On the other hand, 

girls born once the ideal family size is reached are likely to be breastfed less since the 

mother wants to become pregnant again in an attempt to attain the desired number of 

sons. Hence, the explanation by Jayachendran and Kuziemko (2011) implies that the 

differential treatment of boys and girls among unintended children may arise due to the 

demand for sons.   

However, our result on breastfeeding is unlikely to be explained by the above 

mechanisms for two reasons. First, as will be shown later, we find no evidence that 

suggests the presence of son-targeting fertility stopping behavior in Ethiopia (See 

section 6). That is, the decision on whether to stop or continue fertility does not appear 

to depend on the gender of the existing children. Second, if our result for unintended 

children is explained by the desire to stop (continue) fertility, then this result should 

hold only for the breastfeeding outcome. However, we find a similar result for the 

vaccination outcome, which indicates that our result on breastfeeding is less likely to be 

explained by the mechanisms suggested by Jayachendran and Kuziemko (2011). 

                                                                                                                                                                          
shown in the table, excluding the mothers with non-numeric response do not change the main findings on vaccination 

and breastfeeding outcomes.  
19 Mothers who want another pregnancy are likely to stop breastfeeding to increase the chances of getting pregnant 

again while mothers who do not want another pregnancy breastfeed longer. 
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As already discussed in the introduction, one likely explanation is based on non-

unitary preferences on ideal family size, where husbands tend to be pronatalist and want 

more sons than wives (See Short & Kiros, 2002).
20

 This gender difference in 

preferences can also be seen from the matched husband-wife sample of EDHS data (See 

Appendix Table A4). In this sub-sample, husbands express their desire to have 3.5 sons 

and 2.5 daughters, which is higher than wives’ 2.5 sons and 2.2 daughters. In this 

context, an unintended boy may be treated more favorably than unintended girls if the 

reason for exceeding the mother’s desired family size is due to the husband’s desire for 

more sons. This may partly explain why unintended boys receive preferential treatment 

compared to unintended girls.  

A second possible explanation is based on the economic behavior of the parents, 

where parents treat boys and girls differently based on the expected earnings potential 

of a child (Das Gupta, 1987; Rosenzweig and Schultz, 1982). The economic motives 

particularly become relevant when families are faced with time/resource constraints due 

to an unintended birth. In countries like Ethiopia, characterized by a patrilineal family 

system, parents may have an incentive to invest more in unintended boys than 

unintended girls. An unintended child is likely to be the last child in a family. If it is a 

boy, he is expected to remain in the family house and help parents in labor intensive 

agricultural production. In contrast, if it is a girl, the child is often considered a liability 

since a girl is expected to get married and move to another family house. In addition, 

families in rural societies may invest less in unintended daughters than in intended 

daughters if the marginal contribution of a daughter in domestic house work diminishes 

with increasing number of daughters in the household. However, this may not be the 

case for unintended boys since they can be hired by other families in activities like 

animal herding or other agricultural production. 

5.2. Additional results: gender difference in anthropometric outcomes 

Child anthropometric measures - weight-for-age, height-for-age and weight-for-height 

z-scores - have been widely used as a measure of child nutritional and health status. The 

weight-for-height and height-for-age z-scores are considered indicators of current and 

                                                           
20

 This is perhaps not surprising given that mothers are the ones who will bear the physical risk and the cost 

associated with raising a child. 
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long-run levels of child malnutrition, respectively. The weight-for-age z-score is a 

composite measure of weight-for-age and height-for-weight indices. The three 

anthropometric indices are expressed in standard deviations from the median of the 

WHO reference group. For example, a z-score of -2 indicates that a child is two 

standard deviations below the median values of the WHO reference population. 

 Although anthropometric measures can provide an objective measure of child 

nutritional and health status, using anthropometry to measure differential treatment of 

girls and boys in nutrition and food intake can be problematic (Moestue 2008). Even if 

parents feed boys and girls in the same manner, children’s health outcomes measured by 

height and weight could be different for boys and girls for other reasons. For example, 

studies show that boys are more susceptible to diseases and have less chance of survival 

in many developing countries (Waldron, 1983; Naeye et al. 1971). As a result of the 

higher tendency of boys to get sick, boys are more likely to be stunted or wasted than 

girls. In other words, the observed gender difference in anthropometric outcome may 

represent not only differential treatment of boys and girls in parents’ health input but 

also gender differences in susceptibility to diseases. For this reason, the estimates on the 

overall gender gap in anthropometric outcomes should be interpreted with caution. 

However, the estimate from the interaction between gender and the unintended 

dummy can provide useful information as long as the sex difference in biological 

susceptibility to disease is not correlated with the unintended dummy. That is, if the sex 

difference in biological susceptibility to disease is similar among intended and 

unintended children, then the presence of a higher gender gap in anthropometric 

outcomes among unintended children relative to intended children can indicate the 

presence of differential treatment of boys and girls in nutrition. The interaction term 

between gender and the unintended dummy can be considered as a difference-in-

difference estimator where the unobserved sex difference in biological susceptibility to 

disease is controlled for by the gender dummy.  

Table 4 presents the results for the three anthropometric z-scores. In column 1, one 

can see that the weight-for-age z-score for girls is higher than for boys, which implies 

that girls are better nourished than boys. As already indicated above, we need to be 

careful when interpreting this result. The reason is that it is not obvious whether it is  
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Table 4: The gender gap in anthropometric outcomes among intended and unintended 
children 
 Weight-for-Age z-score Height-for-Age z-score Weight-for-Height z-score 

Variables  (1) (2) (3) (4) (5) (6) (7) (8) (9) 

          

Girl 0.15*** 0.17*** 0.19*** 0.18*** 0.21*** 0.23*** 0.15*** 0.16*** 0.16*** 
 (0.035) (0.036) (0.034) (0.046) (0.047) (0.042) (0.032) (0.035) (0.034) 

Girl × Unintended -0.13 -0.14*  -0.16 -0.17*  -0.04 -0.05 

  (0.096) (0.080)  (0.132) (0.103)  (0.091) (0.089) 

Unintended   0.07 -0.05  0.14 0.01  -0.02 -0.08 
  (0.067) (0.074)  (0.099) (0.089)  (0.065) (0.080) 

Control No No Yes No No Yes No No Yes 

          

Constant -1.61*** -1.62*** -0.97*** -1.98*** -2.00*** -0.75** -0.73*** -0.73*** -0.54*** 
 (0.029) (0.030) (0.246) (0.036) (0.037) (0.358) (0.027) (0.030) (0.201) 

          

Observations 12,073 12,073 12,073 12,073 12,073 12,073 12,073 12,073 12,073 

Average z-
score 

-1.536 -1.536 -1.536 -1.889 -1.889 -1.889 -0.654 -0.654 -0.654 

R-squared 0.003 0.004 0.161 0.003 0.003 0.246 0.003 0.004 0.025 

Note: The data on anthropometry is obtained by directly measuring the height of the child who is at home during the 

survey. Children below the age of five but not present during the interview are missing in the sample, leaving us with 

12,073 observations. The controls are described in the footnotes of Table 2. We also added square root of child age in 

months to improve the precision of our estimate. The standard errors are reported in parentheses. The signs ***, *, 

and * represent a 1, 5 and 10 percent significance level, respectively. 

driven by the parents’ preferential treatment of intended girls in feeding practices or due 

to sex differences in biological susceptibility to diseases. Column 2 and 3 present the 

heterogeneity by intendedness of birth with and without controls, respectively. In line 

with the evidence for vaccination and breastfeeding, we find heterogeneity in the effect 

of child gender on the anthropometric outcomes. Looking at the model with a full set of 

controls, in column 3, it is evident that intended girls are better nourished than boys. 

However, this advantage for girls disappears among unintended children. That is, 

unintended girls are as well-nourished as unintended boys (the gap being only 0.05 and 

not statically significant), but they are poorly nourished compared to intended girls (the 

gap being -0.18=-13-05 and statistically significant at the 1% level). This result suggests 

that the preference for daughters is heterogeneous, where unintended girls seem to be 

treated less favorably than intended girls. However, this is not the case for boys, where 

the difference between intended and unintended boys in weight-for-age z-score is small 

(-0.05) and not statistically significant. We find a similar result for the height-for-age z-

score, where long term effects of nutritional intake appear (columns 4-6). However, 
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when it comes to weight-for-height z-score, both intended and unintended girls are 

found to be better nourished than boys (columns 7-9).   

The advantage for girls in anthropometric measures is not unique to Ethiopia, but is 

also found in other Sub-Saharan African countries (Wamani et al., 2007). Even in 

countries like India, traditionally known for a strong son preference and a skewed sex 

ratio at birth, the studies do not usually find consistent result. For example, Corsi et al. 

(2015) find no significant gender difference in anthropometric outcomes in India. This 

is in contrast to the evidence of a disadvantage for girls in inputs such as breastfeeding 

(Jayachandran & Kuziemko, 2011), immunization (Barcellos et al., 2014) and 

healthcare (Ganatra & Hirve, 1994). This finding implies that the effect of nutritional 

intake on children’s height and weight could vary depending on the gender of the child, 

especially in developing countries where boys are more susceptible to disease than girls. 

This shows the difficulty in using anthropometric measures to identify differential 

treatment of boys and girls in parents’ investments in child nutrition.
21

    

6. A test of son-targeting fertility stopping behavior and a robustness 

check 

In Section 3, we indicated that the estimate of son preferences could be biased if parents 

adopt son-targeting fertility stopping behavior. In this section, we will provide a test for 

the presence of son-targeting fertility stopping behavior in Ethiopia and some additional 

robustness checks. 

6.1. A test for son-targeting fertility stopping behavior  

The test for son-targeting fertility stopping behavior is undertaken by examining the 

share of last-born children in the families. If parents exhibit son-targeting fertility 

stopping behavior, then we would expect families to stop having children after the birth 

of a son. In these families, the result will be that more than 50% of last-born children 

are boys. This motivates the examination of the share of boys among the last-born 

children to investigate the presence of son-targeting fertility stopping behavior among 

parents. However, since some families in our sample have not yet completed fertility, 

                                                           
21 It should be stressed that anthropometric indices can be used to measure the sex gap in malnutrition status. But, to 

suggest this as evidence of differential treatment of boys and girls in nutritional intake can be misleading if there are 

biological sex differences on the effect of nutritional intake on anthropometric outcomes. 
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identifying the last children is difficult. The youngest child in a family may not always 

be the last child, especially if the child is very young. However, as the age of the 

youngest child increases the likelihood that the youngest child is the last child in a 

family increases. Following this logic, in the presence of son-targeting fertility stopping 

behavior, the share of boys among the youngest children should increase as the age of 

the youngest child increases. This pattern is typically found in countries where son 

preference is historically strong. For example, in India, the share of boys among 

youngest children increases from 51% for children between 0-5 months old to 58% for 

children between 54-59 months old (Barcellos et al., 2014).  

Figure 1 shows the share of boys by age in quarters of a year for Ethiopia. During the 

first quarter (0-2 months), the share of boys among the youngest children is 

approximately 51.5%. As the age of the youngest child increase, the share of boys 

among these children shows no sign of an increasing trend. Rather, the share of boys 

among the youngest children shows a similar pattern to the population of all children. 

This indicates that families in Ethiopia do not exhibit a son-biased fertility stopping 

behavior.   
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The share of boys reported in Figure 1 is for living children. However, this may not 

reflect the actual fertility behavior of families if there is a gender difference in 

infant/child mortality. For example, if the rate of mortality among boys is higher than 

girls, then the share of boys among children who are alive is likely to underestimate the 

share of boys among children who are alive or dead. In Figure 2, we consider all 

children, alive and dead, and report the share of boys for the youngest children and all 

children by age in quarters of a year. As seen from the graph, we find no increasing 

trend in share of boys among the youngest children ever born, which indicates that the 

result is not driven by a gender difference in child mortality. 

 In sum, contrary to the evidence for India and other traditional son-preferring 

countries, the evidence suggests that son preference in Ethiopia is not reflected in son-

targeting fertility stopping behavior. This finding implies that the potential identification 

issue associated with son-targeting fertility stopping behavior does not seem to be a 

concern.  

6.2. Robustness Check  

In the previous section, we presented graphical evidence that son-targeting fertility 

stopping behavior does not seem to be prevalent in the case of Ethiopia and the 
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identification threat due to such fertility behavior should not be a major concern. In this 

section, we provide an additional test on the robustness of our result with regard to such 

fertility behavior. Barcellos et al. (2014) suggest that by restricting the analysis to the 

youngest child who is “young enough”, one can address the endogeneity problem due to 

the son-targeting fertility stopping rule of family size. Barcellos et al. (2014) argue that 

in the absence of sex-selective abortion, child gender at birth is determined by 

biological odds. A correlation between child gender and family characteristics (family 

size) arises as the child grows older. The reason is that a son-preferring mother who just 

gave birth to a daughter is more likely to have another child after a year or more. 

Barcellos et al., 2014 suggests restricting the analysis to the youngest child, whose 

gender is revealed but parents have not yet had the time to react to the gender of the 

child in terms of fertility. In this section, we will exploit the randomness of child gender 

at birth and restrict the analysis to the youngest child born in the last 15 months before 

the date of interview. 

Table 5 presents the gender gap on vaccination for the youngest children, those 

between the age of 0 and 15 months. Breastfeeding duration is excluded from this 

analysis since most of the children between the ages 0 and 15 months (approximately 

97%) are still breastfeeding, leaving us with very little variation in breastfeeding 

duration. In column 1, we report the results from an OLS regression of the number of 

vaccinations on the child gender indicator. This result shows that the overall gender gap 

in number of vaccinations among children below the age 15 months is small (0.04) and 

statistically insignificant. In column 2, we add the indicator for unintended birth and its 

interaction with the child’s gender. In line with our previous findings, we find that the 

gender gap in number of vaccinations varies by intendedness of a birth, where the 

gender gap is significantly higher among unintended children and in favor of boys. 

Adding the controls from the baseline specification, shown in column 3, does not 

change the main conclusion. A similar analysis is conducted for full vaccination 

outcome in columns 4 to 6. As seen from the estimates, the result is consistent with our 
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previous conclusion. This empirical exercise confirms that our main result is not likely 

to be affected by son-targeting fertility stopping behavior.
22

 

Table 5: The gender gap in vaccination among intended and unintended children, 
younger than 15 months 

 0-15 Months  12-15 Months 

 Number of vaccination  Full vaccination 

VARIABLES (1) (2) (3)  (4) (5) (6) 

        

Girl  -0.044 0.043 0.009  -0.009 0.012 0.014 

 (0.097) (0.107) (0.082)  (0.016) (0.015) (0.014) 

Girl × Unintended  -0.469** -0.482***   -0.111*** -0.106*** 

  (0.226) (0.183)   (0.040) (0.039) 

Unintended   0.327* -0.011   0.073* 0.049 
  (0.173) (0.171)   (0.038) (0.040) 

        
Control  No No Yes  No No Yes 

Constant 2.537*** 2.477*** -0.301  0.060*** 0.046*** 0.162 
 (0.079) (0.083) (0.681)  (0.013) (0.010) (0.128) 

Average 
Vaccination 

2.5 2.5 2.5  3.9 3.9 3.9 

Observations 6,472 6,472 6,472  1,619 1,619 1,619 

R-squared 0.000 0.001 0.339  0.000 0.002 0.094 

Notes: Columns 1-3 estimate the model after excluding children above 15 months. Columns 4-6 restrict the sample to 

children between 12 to 15 months. The controls are described in footnotes of Table 2. The standard errors are 

reported in parentheses. The signs ***, *, and * represent a 1, 5 and 10 percent significance level, respectively. 

 

7. Conclusion  

This study sets out to investigate if there is differential treatment of boys and girls in 

parental health inputs in breastfeeding duration and vaccination in Ethiopia and to what 

extent this gender gap varies depending on the intendedness of the child birth. We used 

a pooled sample of Ethiopian Demographic and Health Surveys from 2000, 2005, and 

2011 for the youngest children between the age of 0 to 59 months.   

The empirical analysis in this study shows that the overall gender gap among 

children in vaccination and breastfeeding is small and statistically insignificant. 

However, a further analysis by intendedness of births reveals the presence of gender 

bias in Ethiopia. Among intended children, we find that boys and girls receive similar 

treatment in terms of breastfeeding duration, number of vaccinations and the probability 

                                                           
22 We also did similar analysis for anthropometric outcomes and found similar results (see Appendix Table A5).   
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of receiving full vaccination. Intended girls are even found to have more favorable 

anthropometric outcome than boys. However, for unintended children, we find that girls 

receive significantly lower breastfeeding duration, receive fewer vaccinations and have 

a lower probability of receiving full vaccination. We also find that the girls’ advantages 

in anthropometric outcomes are not present among unintended children. An empirical 

issue is that the observed gender difference in parental inputs may arise not only due to 

differential treatment of boys and girls but also due to the additional effect of child 

gender on family size that arises in the presence of son-targeting fertility stopping 

behavior. In this study, we investigate the relevance of this threat to exogeneity in two 

ways. First, by examining the share of boys among last-born children to a representative 

woman, we find no evidence of son-targeting fertility stopping behavior in Ethiopian. 

Second, we used Barcellos et al.’s (2014) method, where we restricted the sample to the 

youngest child between the age of 0 and 15 months and exploited the randomness of 

child gender at birth. An examination of the results showed that our empirical findings 

are robust and that the estimates are unlikely to be biased.  

The empirical finding from this study suggests the presence of a son preference in 

Ethiopia, where such gender preferences are reflected on child inputs only when the 

child is unintended. We provided two likely explanations for the differential treatment 

of boys and girls among unintended children. One explanation is based on non-unitary 

preferences for ideal family size, where husbands tend to be more pronatalist and want 

to have more sons than wives. In this context, although the boy is unintended/unwanted 

for the mother (i.e., the net utility from additional child is likely to be negative for the 

mother), the boy is likely to be intended/wanted by the father. For this reason, 

unintended boys are more likely to receive better treatment than unintended girls. A 

second explanation is based on the economic behavior of parents, in which parents 

selectively allocate resources based on the expected earnings potential (Das Gupta, 1987 

and Rosenzweig and Schultz, 1982). The presence of such economic behavior and a 

patrilineal family system may provide incentives for families to invest more in 

unintended boys than unintended girls.  

The findings in this study have important implications for policy makers. First, the 

presence of gender inequality among unintended children indicates that gender-based 
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government policy interventions that promote child healthcare and nutrition are 

important to counteract girls’ disadvantages in intra-household resource allocation 

among unintended children. Second, the expansion of modern contraceptives to address 

unmet needs to limit fertility can be an effective method that can help reduce unintended 

births, and thereby reduce its negative consequences on girls’ healthcare and nutrition. 

Third, prior studies in Ethiopia indicate that fathers are more pronatalist than mothers, 

which can lead to births that are unwanted by the mother. To the extent that mothers are 

the ones who take the lion share of child bearing and rearing, mothers’ unmet need to 

limit fertility can be reflected in the differential treatment of boys and girls on the 

margin. Policies designed to improve mothers’ bargaining power in fertility decisions, 

such as women’s equal rights in land ownership and use, can be effective tool to reduce 

the number of unintended or unwanted births and hence improve the well-being of girls 

and mothers.  
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Appendix Tables 

Table A1: Summary Statistics 
     

Variables obs Mean Std. Dev. Minimum Maximum 

Child Characteristics      

Girl (1/0) 15,843 0.48 0.50 0 1 

Unintended (1/0) 15,843 0.20 0.40 0 1 

Child age (in months) 15,843 21.45 15.20 0 59 

# sisters 15,843 1.34 1.36 0 9 

# brothers 15,843 1.39 1.40 0 10 

Birth order 15,843 4.40 2.68 1 16 

Mother’s Characteristics 

     Mother's age (in years) 15,843 29.54 7.28 15 49 

Years of education 15,843 0.67 1.77 0 15 

Age at first marriage 15,843 15.96 3.40 5 38 

Age at first birth 15,843 18.55 3.38 8 40 
Ideal family size (excl. non-numeric 
response)

a
 13,523 5.23 3.18 0 13 

Ethnicity 
          Oromo 15,843 0.36 0.48 0 1 

     Amhara 15,843 0.28 0.45 0 1 

    Tigray 15,843 0.06 0.24 0 1 

    Somali 15,843 0.02 0.15 0 1 

    Others 15,843 0.27 0.44 0 1 

Religion 

         Christians 15,843 0.64 0.48 0 1 

    Muslim 15,843 0.33 0.47 0 1 

    Others 15,843 0.03 0.17 0 1 

# Prenatal visits 15,843 0.87 1.72 0 20 

# Tetanus shots 15,843 0.74 1.21 0 9 

If non-home delivery (1/0) 15,843 0.03 0.17 0 1 

Health inputs 

     number of vaccinations
b 

15,259 3.52 3.06 0 9 

If fully vaccination (1/0)
c 

10,406 0.05 0.22 0 1 

Number of breastfeeding months
d 

10,113 17.93 11.67 0 59 

Additional variables
e
       

Weight-for-Age z-score 12,073 -1.536 1.3217 -5.94 4.92 

Height-for-Age z-score 12,073 -1.89 1.781 -6.00 5.90 

Weight-for-Height z-score 12,073 -0.65 1.319 -5.00 4.97 

Notes: a) A total of 2,320 respondents have a non-number response to the survey question on ideal family size, of 
which approximately 1,826 respondents have a non-numeric response of “up to God” or “up to Allah.” Women with a 
response on ideal family size above 13 children are coded as 13. b) The information on vaccination has 584 missing 
observations. c) A child is considered fully vaccinated if he/she received all the nine recommended vaccinations by 
12 months or older. d) The data on breastfeeding duration is not available for 2011. Hence, the analysis on 
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breastfeeding duration is solely based on the information from 2000 and 2005. e) Children below the age of five but 
not present during the interview are missing in the sample, leaving us with 12,073 observations. 

Table A2: The gender gap in breastfeeding months among intended and unintended 
children. Excluding children’s age control.  

 Breastfeeding Months 

 OLS 

VARIABLES (1) (2) (3) 

    

Girl 0.168 0.448 0.249 

 (0.305) (0.327) (0.156) 

Girl × Unintended  -1.465** -1.147*** 

  (0.727) (0.341) 

Unintended   1.697*** 0.699** 

  (0.530) (0.337) 

Controls     

Child age No No Yes 

Other controls  No No Yes 

    

Constant 17.848*** 17.521*** 6.677*** 

 (0.217) (0.236) (1.660) 

Observations 10,113 10,113 10,113 

R-squared 0.000 0.002 0.765 

Note: The above models are estimates based on a sample for 2000 and 2005. Data on number of months of 

breastfeeding duration is not available for 2011. The controls are described in the footnotes of Table 2. The standard 

errors are reported in parentheses. The signs ***, *, and * represent a 1, 5 and 10 percent significance level, 

respectively. 

Table A3: The gender gap in health inputs among intended and unintended children. 
Excludes non-numeric response on ideal family size   
 Number of 

vaccination 
Full 

Vaccination Breastfeeding months 

 OLS OLS OLS proportional 
Hazard 

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

     

Girl 0.029 0.001 0.275 -0.106* 

 (0.068) (0.006) (0.167) (0.058) 

Girl × Unintended -0.468*** -0.037** -1.185*** 0.330*** 

 (0.144) (0.015) (0.351) (0.118) 

Unintended 0.197 0.023 0.791** -0.135 
 (0.132) (0.014) (0.347) (0.111) 

Controls  yes Yes yes yes 

Constant 2.001*** -0.012 4.932***  

 (0.499) (0.045) (0.830)  

     

Observations 13,019 8,889 8,616 8,648 

R-squared 0.273 0.037 0.766  

Note: Observations with non-numeric responses, approximately 2320, are excluded from the sample. The controls are 

described in the footnotes of Table 2. The standard errors are reported in parentheses. The signs ***, *, and * 

represent a 1, 5 and 10 percent significance level, respectively. 
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Table A4: Stated preferences of wives and husbands on ideal family size 

 

Main 
sample 

Households with both wives and 
husbands are interviewed  

 
Women Wife  Husband Difference 

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

Panel A: Ideal number of Boys and Girls 
 

   

Ideal number of sons 2.7 2.5 3.5 1 

Ideal number of daughters 2.3 2.2 2.5 0.3 

Indifferent  0.3 0.3 0.3 0 

Total  5.3 6.3 5 1.3 

 

Panel B: The Percentage share of wives and husbands who want: 

Equal number of sons and daughters 67 69 50 -19 

More boys than daughters 26 24 45 21 

More daughters than sons 7 7 5 -2 

Total  100 100 100 
 

Observations 13481  4,771 4,975   

Note: The sample in column 1 consists of women aged 15-49 with numeric responses to the survey question of "If 

you can go back to the time you did not have any children and could choose exactly the number of children to have in 

your whole life, how many would that be?". The sample size in columns 2 and 3 is lower because men’s surveys are 

conducted for a few randomly selected households.  

 

Table A5: Gender gap in anthropometric outcomes among intended and unintended 
children, 0-15 months  
 Weight-for-Age z-score Height-for-Age z-score Weight-for-Height z-score 

VARIABLES (1) (2) (3) (4) (5) (6) (7) (8) (9) 

          

Girl 0.26*** 0.30*** 0.32*** 0.26*** 0.32*** 0.34*** 0.20*** 0.20*** 0.22*** 
 (0.055) (0.060) (0.06) (0.070) (0.075) (0.07) (0.059) (0.06) (0.06) 

Girl × Unintended -0.22 -0.24*  -0.35* -0.38**  0.00 -0.03 

  (0.155) (0.13)  (0.213) (0.174)  (0.159) (0.155) 

Unintended   0.13 0.04  0.27* -0.00  -0.04 0.05 
  (0.103) (0.124)  (0.162) (0.149)  (0.120) (0.143) 

          

Control No No Yes No No Yes No No Yes 

          

Constant -1.25*** -1.27*** -0.31 -1.17*** -1.2*** -0.22 -0.76*** -0.76*** -0.297 
 (0.045) (0.048) (0.356) (0.058) (0.059) (0.406) (0.047) (0.051) (0.396) 

          

Observations 4,851 4,851 4,851 4,851 4,851 4,851 4,851 4,851 4,851 

Average z-score -1.121 -1.121 -1.121 -1.044 -1.044 -1.044 -0.670 -0.670 -0.670 

R-squared 0.003 0.004 0.200 0.003 0.003 0.189 0.003 0.004 0.075 

Note: The controls are described in the footnotes of Table 4. We also added the square root of child age in 

months to improve the precision of our estimate. The standard errors are reported in parentheses. The 

signs ***, *, and * represent a 1, 5 and 10 percent significance level, respectively. 
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Appendix Graphs 

 

Figure A1: Distribution of Excess Female Child Mortality (age 1-4) after 2000. 

 

Source: United Nations, Economic and Social Affairs, Population Division (2011) 
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Figure A2: A comparison of families with intended and unintended children 

 
Note: The estimates are obtained from a linear probability regression of unintended indicator on family 

characteristics (listed in the horizontal axis). The coefficients reported in the x-axis represent the effect of 

family background on the probability of unintended birth. The omitted categories for ethnicity, regional 

states and religion are Oromo ethnic group, Christian religion and Oromia regional state, respectively. 

The 95% confidence interval is represented by the horizontal line corresponding to every individual 

estimate.  
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Figure A3: Gender difference on the effect of family background on unintended birth 

 

Note: The estimates are obtained from a linear probability regression of unintended indicator on family 

background (reported on the horizontal axis) and their interactions with the girl dummy. The coefficients 

reported in the x-axis are estimates from the interaction between girl indicator and family background. 

The omitted categories for ethnicity, regional states and religion are Oromo ethnic group, Christian 

religion and Oromia regional state, respectively. The 95% confidence interval is represented by the 

horizontal line corresponding to every individual estimate. The estimates for Tigre ethnicity, Addis Ababa 

(rural) and Tigray regions are statistically significant at 5% level, while other estimates are not 

statistically significant.  
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