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Abstract
We examine the birth order effects on health status for a sample of children aged 1–18
years in South Africa. Using a mother fixed-effects specification, we observe children’s
height-for-age z-score decreases with birth order. We investigate potential mechanisms
underlying the birth order effect including those related to biology, parental preferences,
and resource dilution. We also look at whether these effects are due to selection into fam-
ilies of different sizes. We find that the magnitude of the effect is larger in poorer and rural
households and in larger families – suggesting that the birth order effect is largely due to
resource dilution in economically constrained households.
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1. Introduction

Ample evidence documents a strong relationship between birth order and health, edu-
cation, and labor market outcomes. Evidence, largely from developed countries, gener-
ally finds that younger children often lag behind their older siblings in outcomes such as
educational attainment, cognitive ability, and earnings.1 However, evidence on the effects
of birth order on health is mixed with the direction of the effect depending on the health
outcome being examined [Black et al. (2016), Elliott (1992)]. A number of mechanisms
offer potential explanations for the human capital effects of birth order including bio-
logical mechanisms related to differences in health endowments at birth and/or behav-
ioral mechanisms related to parental investment. Socio-economic circumstances may
also play a role in determining the birth order effect. Indeed, characteristics related to
poverty appear to magnify the birth order effect on health [De Haan et al. (2014)].2

A better understanding of the underlying mechanisms of the birth order effect may bet-
ter equip policymakers to design interventions aimed at improving human capital out-
comes particularly for poor families. This is particularly important in the context of
developing countries where poverty is widespread and improving human capital is a pol-
icy imperative for economic growth.
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In this paper, we examine the relationship between birth order and health in a
developing country context using a nationally representative sample of households
in South Africa. In particular, for a sample of individuals between the ages of 1
and 18 years, we investigate the effect of birth order on height-for-age z-score
(HAZ), a widely used indicator of long-term nutrition and health status among chil-
dren [Strauss and Thomas (2008)]. Using a mother fixed-effects specification, we find
an inverse relationship between birth order and HAZ. We further explore potential
mechanisms underlying this finding. Specifically, we examine parental preferences,
socio-economic, and biological determinants as possible explanations for the birth
order effect in our data. We do not find evidence supporting mechanisms related
to parental preference due to gender differences across children of different birth
ranks or biology through an effect on birth health. However, in looking at in-
come-based subsamples, we do find evidence suggesting that the socio-economic
circumstances and resource constraints faced by households may play a large role
in explaining our observed birth order effects. We also find that the birth order effect
is partially explained by heterogeneity across households depending on the number of
children they choose to have.

The rest of this paper is organized as follows: Section 2 briefly reviews existing
evidence for the birth order effect and its potential explanations. In Section 3, we dis-
cuss our data. Section 4 presents our econometric model. In Section 5, we discuss our
estimation results. Finally, we conclude in Section 6.

2. Birth order effects on health

Birth order effects have been studied for more than a century in economics, psychology,
sociology, and epidemiology. Recently, new theories and evidence on the role of genet-
ics, parental behavior, and household resource allocation have renewed interest in
understanding the human capital effects of birth order and the mechanisms underlying
them.3 For example, research in epidemiology and the social sciences links birth order
to numerous health outcomes and disease progression.4 Higher birth order is related to
increased body mass index, mortality risk and rate, and hospitalization rates due to
injuries. It is also associated with early and frequent indulgence in risky behavior
and worse self-reported physical and mental health [Black et al. (2016), Barclay and
Kolk (2015), Bozzoli et al. (2007), Argys et al. (2006), Modin (2002), Elliott (1992)].
Firstborns are also found to have taller stature than their siblings at the same age at dif-
ferent stages of the life course, i.e., in childhood, adolescence, and adulthood [Savage
et al. (2013)].5

While birth order effects are widely documented in both developed and developing
countries, the mechanisms underlying these effects may be context-specific. Indeed,
Modin (2002) argues that birth order effects tend to vary in strength over time and
space. In our analysis, we are specifically concerned with understanding the birth
order effect in a poor country context. Therefore, in the following discussion, we
focus on research coming from either developing countries or contexts similar to the
developing country setting.

While we are unaware of previous research on birth order effects in South Africa, a
sizable literature relates birth order to anthropometric measures such as height and
weight in developing countries. Studies in these countries find that higher birth
order has a negative effect on health. Some attribute this effect to socio-economic cir-
cumstances as well as limited access to resources characteristic in poor country contexts
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[Hatton and Martin (2010), Horton (1988)]. For a sample of Filipino children, Horton
(1988) finds a strong negative effect of birth order on HAZ but only modest effects on
weight-for-height. She concludes that birth order effects are not due to discrimination
among siblings but rather parents’ inability to provide nutritious food to their later-
born children. Similarly, Behrman (1988) finds that parental investment tends to
favor lower birth order children in rural India. Kebede (2005) finds that older children
in Ethiopia are taller than their younger siblings, but this finding was significant only
up to the third child. Hatton and Martin (2010) examine the birth order effects on
height-for-age and body mass index using a sample of predominantly poor families
in the UK during the 1930s (a sample that may more resemble some developing coun-
try contexts than others from developed countries). They find a negative effect of birth
order on HAZ but not on the body mass index. Using family fixed-effects model, the
authors further find that socio-economic conditions like per capita expenditure on food,
hygiene, and living conditions at home are important determinants of birth order
effects.

Research in economics, psychology, and epidemiology offers several theories on pos-
sible pathways through which birth order effects operate. Hence, the mechanisms
behind birth order effects may differ in high- and low-income countries. Regardless,
in both settings, these mechanisms can be broadly categorized into biological mechan-
isms, intra-family dynamics, and socio-economic factors.

2.1. Biological mechanisms

Theories on biological channels argue that later-born children are generally born to
older mothers who have a higher incidence of chromosomal and congenital defects
as well as a higher probability of delivering prematurely. All of these factors may nega-
tively impact child health, giving firstborn children a health advantage at birth
[Cleary-Goldman et al. (2005)]. Conversely, later-born children may have better
in-utero environment as a woman’s womb becomes more effective at nurturing the
fetus [Khong et al. (2003)]. Thus, later-born children tend to have higher birth weight
which may lead to better health at birth. Brenøe and Molitor (2015) find that firstborn
children enjoy a health advantage at birth; however, most studies find no significant dif-
ference between the birth health of firstborns and that of later-born children [De Haan
et al. (2014)]. Thus, evidence supporting biological mechanisms as drivers of the birth
order effect is weak.

2.2. Intrahousehold dynamics and parental preferences

Intrahousehold dynamics relating to parental behaviors offer another potential explan-
ation for the birth order effect. Parents may favor firstborns or one gender over another.
For example, the oldest son is important in funeral rites in India, so they may be favored
[Horton (1988)]. Indeed, Jayachandran and Pande (2017) find favoritism for eldest sons
explains a large part of the birth order gradient in India. Additionally, lower birth order
children become economically independent earlier, thus parents may prefer to invest
more in older siblings [Ejrnæs and Pörtner (2004)]. Parents may also stop having chil-
dren once the desired child (such as the desired gender) is born, resulting in favoritism
toward the last-born child [Basu and De Jong (2010)]. Additionally, the presence of an
older or younger sibling can lead to dissimilar home environments for children within
the same household. For example, earlier-born children are more likely to have
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childcare responsibilities for their younger siblings. This likelihood is generally greater
for earlier-born female children than male children [Evans (2010)]. Parents may also
exhibit “strategic parenting” practices by enforcing stricter disciplinary environments
for earlier-born children than later born [Hotz and Pantano (2015)].

2.3. Resource dilution

Resource dilution theory points out that as the number of children increases, parents
face different constraints over time causing unequal resource distribution among chil-
dren. There are two competing narratives on how resource allocation affects siblings of
different birth order. First, later-born children are necessarily born into a larger family.
Much of the family size literature finds a negative association between family size and
child human capital development indicating a potential tradeoff between the number of
children and average child quality (Becker, 1991). As family size increases, resources for
per capita health investment (e.g., food, hygiene, and health expenditure) decrease
resulting in lower health outcomes in later-born children [Behrman (1988), Hatton
and Martin (2010)]. Later-born children may receive less quality time with their parents
or be breastfed for a shorter time or less often [Lehmann et al. (2016), Buckles and
Kolka (2014), Price (2008)]. Parenting style and focus may shift with the birth order.
For example, women have also been found to be more likely to delay prenatal care
and less likely to reduce their smoking or drinking for later pregnancies than earlier
ones [Lehmann et al. (2016)]. Later-born children are also more likely to be cared
for by their older siblings (usually older sisters) than firstborns, which implies a
lower quality of care [Jayachandran and Pande (2017), Evans (2010)]. This practice is
especially prevalent in many sub-Saharan African countries such as South Africa.

Conversely, some find that family resource dynamics may instead favor later-born
children. Later-born children are born to older parents who often have more education,
experience, and higher earnings, due to life cycle effects, resulting in improved health
investments [Hatton and Martin (2010)]. Some evidence exists showing that women
have increased labor market attachment and engagement in risky behaviors during
earlier pregnancies than later ones [Black et al. (2016), Brenøe and Molitor (2015)].
De Haan et al. (2014) find that later-born children in Ecuador receive more quality
time with their mothers and are breastfed for longer than their older siblings.

2.4. Heterogeneity across families of different sizes

The extent that birth order influences human capital outcomes depends on the social,
cultural, and historical context of the population [Modin (2002)]. Existing evidence
suggests that socio-economic characteristics relating to poverty and access to resources
influence the magnitude of the birth order effect. For example, De Haan et al. (2014)
find that birth order effects are stronger in families that are poorer, have a less educated
household head, or where the mother was a teenager at her first birth. Hatton and
Martin (2010) find that increased family size and poor housing conditions exacerbate
observed birth order effects. If poorer households with more limited access to resources
are also more likely to have a greater number of children such as those residing in rural
areas of developing countries, then the birth order effect may in fact be largely driven by
selection bias due to systematic differences between households that select into larger
versus smaller family sizes. In the following analysis, we examine each of these
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mechanisms as possible explanations for the birth order effects we find for this South
African sample.

3. Data

To examine the birth order effect as well as its underlying mechanisms, we employ data
from the National Income Dynamics Study (NIDS), which surveyed a sample of 7,300
households consisting of approximately 28,000 individuals in South Africa.6 These
nationally representative surveys currently consist of four waves covering the years
2008, 2010, 2012, and 2014 and include detailed information on numerous household
and child characteristics in addition to a complete fertility history of mothers. We only
use the fourth wave of NIDS in order to ensure that none of our sample children were
born before 1994 when Apartheid in South Africa ended. Children born during the
Apartheid era were exposed to a considerably different economic and political climate.
In order to examine the birth order effect among siblings born after the apartheid era,
we also limit our sample to the children who are 18 years old or younger with living
biological mothers. The fourth wave consists of 7,910 children fitting this description.

For the purposes of this paper, we employ a number of exclusions common in the
birth order literature for our final working sample. We drop families with only a single
child since there can be no birth order effect if there are no siblings. We exclude all chil-
dren whose biological mother is not alive to reduce heterogeneity due to orphans and
adopted children. We further exclude families with stillbirths or infant deaths as well as
with multiple births (i.e., twins or triplets) due to difficulty in assigning birth order.7

We also exclude families with six or more children because our sample includes too
few households in this category to garner precise estimates.8 Furthermore, we lose an
additional 390 children due to missing information. This leaves us with a final working
sample of 4670 children born to 2,068 mothers.9

We use child HAZ as an indicator of long-term health and nutrition status for the
children in our sample. Deficits in child HAZ reflect long-term, cumulative deficiencies
in health and/or nutrition resulting in a child failing to reach his or her growth potential
[World Health Organization (1995)]. Low child HAZ is associated with increased mor-
bidity and mortality as well as reduced long-term health. It is also widely associated
with a wide range of socio-economic outcomes such as education, cognitive ability,
and adult economic productivity [e.g., Vogl (2014), Strauss and Thomas (2008),
Victora et al. (2008), World Health Organization (1995)]. For these reasons, HAZ
has long been used as an indicator for long-term child health in the nutrition, epi-
demiological, and economic literature.

Table 1 describes child-level characteristics by birth order for the full working sam-
ple. HAZ gradually decreases with birth order with an average difference of 0.472 stand-
ard deviations between first- and fifth-born children. Average birth weight does not
statistically differ across children in each birth order category. Approximately half of
all first-, second-, and third-born children are male. The proportion of male children
increases to approximately 60% for fourth- and fifth-born children. This could be indi-
cative of families having additional children in the hopes of having a male child.10

Table 2 reports descriptive statistics at the mother and household level. The majority
of the mothers (83%) in our sample are Black African. Thirty-eight percent of our
sample mothers were teenagers in their first pregnancy.11 On average, our sample
mothers have 2.66 children. Households in our sample are roughly evenly split between
residing in urban and traditional areas. Traditional areas are administrative areas in
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Table 1. Child characteristics by birth rank

First born Second born Third born Fourth born Fifth born All

Height for age −0.771 (1.081) −0.849 (1.245) −1.003 (1.341) −1.113 (1.686) −1.243 (1.699) −0.845 (1.213)

Age (in months) 135.8 (45.72) 82.97 (43.25) 65.39 (34.73) 53.44 (28.67) 38.35 (17.12) 102.4 (52.39)

% of Male child 0.510 (0.500) 0.502 (0.500) 0.486 (0.500) 0.580 (0.495) 0.609 (0.499) 0.506 (0.500)

Birth weight (in grams) 3,070.7 (518.5) 3,140.1 (545.6) 3,171.3 (546.5) 3,238.6 (527.0) 3,184.1 (390.7) 3,122.2 (535.9)

N 2,013 (43%) 1,896 (41%) 588 (13%) 150 (3%) 23 (1%) 4,670 (100%)

Standard errors in parentheses.
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South Africa rooted in Apartheid. They consist of commonly owned land under the
jurisdiction of traditional leaders and settlements. They are generally rural and have
less developed infrastructure. For the remainder of this paper, we use the terms rural
areas and traditional areas interchangeably.

4. Empirical strategy

We estimate the birth order effects on health status among the children aged 1–18 years
using the following linear model with mother fixed effects.

Him = a + b2secondim + b3thirdim + b4fourthim + b5fifthim + lm + p Xim + eim

(1)

where Him is the HAZ of a child i born to the mother m. λm is a vector of mother fixed
effects, and thus captures all unobserved family characteristics that do not vary across
siblings (e.g., the role of genetics in determining height). The variables secondim,
thirdim, fourthim, and fifthim indicate whether child i is a second, third, fourth, or
fifth born, respectively. Children of birth order 1 serve as the omitted category. Thus,
the coefficients on each of the birth order dummy variables can be interpreted as the
average difference between the HAZ of firstborns and that of the corresponding
younger sibling. Xim is a vector of controls and includes the gender of the child, a quad-
ratic of mother’s age, child’s age squared, household income, and household size.12 It

Table 2. Mother and household characteristics

Variable Observations Mean Std. Dev.

Mother’s race 2,068

African 0.834 0.372

Colored 0.146 0.353

Others 0.0198 0.139

Mother’s age at birth 2,068 24.60 4.715

Teen mother 2,068 0.376 0.485

Mother’s age at first birth 2,068 21.65 4.480

Total child 2,068 2.655 1.200

Household head 2,068

Grandparents 0.416 6.783

Parents 0.485 0.478

Other 0.0985 0.479

Household size 2,068 6.544 0.272

Urban 2,068 0.496 0.493

Household income (South African Rand) 2,068 7,224.1 8,617.4
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also includes district fixed effects to control for community-level heterogeneity and
birth year fixed effects to control for cohort-specific heterogeneity. In many developing
countries, children born in later years tend to be taller due to the economic growth and
improved access to health and nutrition inputs. Finally, we cluster standard errors at the
mother level.

5. Results

Table 3 reports the birth order effects on child HAZ estimated from equation (1).
Columns (1) through (4) incrementally add controls for cohort fixed effects, district
fixed effects, and household-level controls. While adding these controls marginally
reduces the magnitude of the birth order effect, in each specification we see a clear pat-
tern; we find a significant and negative association between birth order and HAZ.
Relative to that of firstborns, children of a higher birth order experience reduced
HAZ with the biggest change (gradient) happening after the second child. Compared
with firstborns, second-born children’s HAZ is approximately 0.175–0.223 standard
deviations smaller on average. Similarly, third- and fourth-born children are approxi-
mately 0.355–0.414 and 0.381–0.479 standard deviations shorter, respectively, than
firstborns. While the HAZ of fifth-born children is not statistically different from
that of firstborns, the point estimates are similar in magnitude to those of fourth-born
children. Further, there are only 23 fifth-born children in our sample. Therefore, the
lack of significance may be due to a lack of precision rather than a zero effect. These
results are consistent with previous findings by Hatton and Martin (2010) in interwar
Britain; Behrman (1988) in India; Horton (1988) in the Philippines; and Lehmann et al.
(2016) in the USA. Studies examining adult height [Black et al. (2016), Myrskylä, et al.
(2013)] also find that the later-born children are shorter than the firstborns, on average.

Our findings reinforce the well-established notion that later-born children tend to be
worse off in terms of height. However, the results reported in Table 3 do not indicate
the mechanisms underlying this finding and are thus unable to inform policies aimed at
improving human capital outcomes such as health. If the birth order effect is primarily
due to biological mechanisms, then there is a little policymakers can do to improve the
health outcomes of later-born children. However, HAZ is a good proxy for long-term
health as well as for health inputs early in life when linear growth is especially rapid. If
the birth order effect is primarily due to socio-economic characteristics or resource
dilution in larger families, then there is potential for effective interventions.

The next step then is to investigate more fully some possible explanations behind the
birth order effect. We previously discussed a number of potential explanations: heterogen-
eity across families of different sizes, biological mechanisms, parental preferences or beha-
viors, and resource dilution. In the following, we explore each of these explanations.

5.1. Birth order effects due to heterogeneity across families of different sizes

Higher birth order necessarily means that children are born into a larger family.
Households that select into larger families may be systematically different in ways cor-
related with the health outcomes of their children [Hatton and Martin (2010)]. For
example, rural households tend to have more children, and have reduced access to
resources often resulting in lower average economic and health outcomes [Paciorek
et al. (2013)]. Although the inclusion of mother fixed-effects controls for the family
size, heterogeneity across families of different sizes still may bias our findings. To
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explore if selection into different sized families is driving our estimated birth order
effect, we estimate equation (1) separately on three subsamples of our data: families
with two children only, families with three children, and families with four children.
We omit the families with five children due to small sample size. Table A1 in the
Appendix reports average household characteristics for families of different sizes.
Here we see that households with larger families tend to be poorer and less likely to
live in an urban area. Mothers in larger families also appear to be more likely to be
a teen at the time of their first birth. Because later-born children, by construction,
are more likely to be in larger families, then the birth order effect observed in the pooled
sample may be driven by these factors resulting in a large birth order effect for children
in larger families that does not exist in smaller families. If this is in fact the case, then we
would expect to see the birth order effect disappear when comparing families of the
same size.

Table 4 reports estimated birth order effects by family size. Results are significant
and consistent with those reported for the full sample. However, some of the estimated
birth order effects increase in magnitude with family size. A joint test rejects the equiva-
lence of birth order coefficients across family size subsamples at the 1% level with a χ2

statistic of 17.93. Specifically, the effect of being a third-born child is twice as high in a
four-child family than in a three-child family. On average, a third-born child in three-
child families is 0.344 standard deviations shorter than firstborns while those in four-
child families are 0.683 standard deviations shorter. The increasing magnitude of the
birth order effect with family size is suggestive of either resource dilution in larger

Table 3. The birth order effects on health status

Height-for-age z-score

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

Second born −0.223***
(0.0651)

−0.175***
(0.0663)

−0.185***
(0.0676)

−0.187***
(0.0676)

Third born −0.414***
(0.110)

−0.355***
(0.112)

−0.369***
(0.113)

−0.372***
(0.113)

Fourth born −0.479**
(0.192)

−0.381**
(0.190)

−0.400**
(0.192)

−0.400**
(0.192)

Fifth born −0.484
(0.358)

−0.379
(0.369)

−0.405
(0.372)

−0.404
(0.372)

No. of mothers 2,068 2,068 2,068 2,068

No. of children 4,670 4,670 4,670 4,670

Household controls No No No Yes

District fixed effects No No Yes Yes

Birth cohort fixed effects No Yes Yes Yes

Mother fixed effects Yes Yes Yes Yes

Note: Standard errors in parentheses and clustered at the mother level. All specifications include controls for gender of
the child, quadratic of mother’s age, and child’s age squared. Controls for household characteristics include household
income and household size.
*p < 0.10, **p < 0.05, ***p < 0.01.
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families, that families of different sizes are indeed systematically different, or some com-
bination of the two. However, the fact that the birth order effect exists in each family
size subsample indicates that heterogeneity cannot fully explain the birth order effect.

To further explore the possibility of heterogeneity across households driving our esti-
mated birth order effects, we estimate equation (1) separately for households living in
rural (traditional) and urban areas. Existing evidence demonstrates that rural areas are
often disadvantaged in terms of health and access to health resources [Paciorek et al.
(2013)]. Given the apartheid history of South Africa, there exists a large chasm between
a traditional and urban area in terms of quality, access, and utilization of healthcare, as
well as overall quality of life. Table A2 in the Appendix reports household and mother
characteristics for our sample households living in rural and urban areas. Indeed, rural
households tend to be poorer and live in larger households. They are also almost
entirely made up of black South Africans.

Table 5 reports equation (1) estimates separately for traditional and urban house-
holds. Results indicate that a statistically significant birth order effect exists in both
urban and traditional areas. The magnitude of the birth order effect of being a fourth-
or fifth-born child also appears to be larger in the traditional areas. The point estimate
on being a fourth-born child is over five times higher in the traditional sample than it is
in the urban. This may indicate that access to health resources and systematic differ-
ences between traditional and urban households may in part explain the birth order
effect. However, these estimates are imprecise and a joint test fails to reject that the coef-
ficients are statistically different across the two samples. Regardless the birth effect
remains across both families of different sizes (Table 4) and across rural and urban
areas (Table 5). Thus, while heterogeneity across families and regions may play some
part in explaining our results, they are unable to completely account for the birth
order effect in this South African sample.

5.2. Birth order effects due to biological mechanisms

To explore whether the birth order effect is due to biological channels affecting health
endowments, we examine whether a birth order effect exists in health at birth, proxied
by birth weight.13 Of course, health at birth in part reflects a child’s health endowment

Table 4. Birth order effects by family size

Height-for-age z-score

Two-child family Three-child family Four-child family

Second born −0.239*** (0.0892) −0.208* (0.119) −0.209 (0.205)

Third born −0.344* (0.196) −0.683** (0.318)

Fourth born −0.722 (0.482)

No. of mothers 1,400 496 143

No. of children 2,615 1,379 538

Note: Standard errors in parentheses and clustered at the mother level. Controls include gender of the child, quadratic of
mother’s age, child’s age squared, household income, and household size. We also include mother, district, and birth
cohort fixed effects.
*p < 0.10, **p < 0.05, ***p < 0.01.
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but it also reflects prenatal conditions. Unfortunately, we do not have information on
maternal behaviors during pregnancy (e.g., smoking, doctor visits, employment status,
etc.) nor do we have information of socioeconomic status at the time of the child’s birth.
Therefore, any birth order health effects we find at birth may not be solely due to a bio-
logical transmission. However, in South Africa, free healthcare is provided to pregnant
woman and children under the age 6, thus heterogeneity due to pre- and post-natal care
(like doctor visits, etc.) is minimal. Regardless, a lack of birth order effects at birth
would make it unlikely that the birth order effects observed later in childhood are
due to biological channels. Table 6 reports estimated birth order effects on the log of
the child birth weight in grams. According to these results, there is no statistically sig-
nificant difference in the birth weight of children of different birth orders. Moreover,
the point estimates indicate that later-born children are heavier at birth than their
earlier-born counterparts, suggesting that if a birth order effect does exist, it is in the
opposite direction of that reported in Table 3. Therefore, the health disadvantage of
later-born children appears to develop after birth and thus it is unlikely that biological
mechanisms underlie this disparity in later childhood.

5.3. Birth order effects due to parental behaviors and preferences

Another potential explanation underlying the birth order effects we find may relate to
parental behaviors and preferential investments giving advantage to children of differ-
ent birth ranks. We unfortunately do not observe parental investments for each child at
the same age. We therefore cannot disentangle whether current differences in invest-
ment across children are due to difference in age or preferential treatment depending
on birth order. However, we can examine whether the birth order effect we observe
is driven by the gender composition of the sibling group and is thus due to parents exhi-
biting discrimination or preferential treatment in their investment behaviors due to the
gender of the child. Gender preference in parents can result in a birth order effect
through its influence on parents’ decisions on both fertility and resource allocation
among their children. These gender preferences may be reflected in the birth order if
parents also employ a stopping rule in which they continue to have children until

Table 5. Birth order effects across urban and traditional households

Height-for-age z-score

Traditional Urban

Second born −0.183** (0.0880) −0.184* (0.103)

Third born −0.371*** (0.142) −0.346* (0.183)

Fourth born −0.564** (0.233) −0.151 (0.342)

Fifth born −0.407 (0.863) −0.346 (0.415)

No. of mothers 996 1,072

No. of children 2,320 2,350

Note: Standard errors in parentheses and clustered at the mother level. Controls include gender of the child, quadratic of
mother’s age, child’s age squared, household income, and household size. We also include mother, district, and birth
cohort fixed effects.
*p < 0.10, **p < 0.05, ***p < 0.01.
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they get a child of their preferred gender. For example, if male is a preferred gender and
the firstborn is a girl, parents may continue to have more children until they have a
male child. In that case, we may find that parents invest more in later-born children.
Conversely, if earlier-born children are males, parents may divert resources away
from younger siblings toward their older male children. While male preference is widely
documented in East and South Asian countries, there is less evidence for it in
sub-Saharan Africa. Instead, evidence in sub-Saharan Africa seems to indicate female
preferences or a preference for mixed genders [Rossi and Rouanet (2015)]. Despite
this, households in our sample seem to employ a male-preference stopping rule as
we see a higher proportion of males in later-born children. Approximately 50% of
the first-, second-, and third-born children in our sample are male, while 60% of the
fourth- and fifth-born children are male (Table 1). Evidence, mostly from developing
non-African countries, observes that the gender of the first-born influences family
dynamics and can drive a large part of estimated birth order effects [e.g.,
Jayachandran and Pande (2017)]. To understand whether this may be a factor we esti-
mate equation (1) separately for households whose firstborn is a girl and those whose
firstborn is a boy. These results are reported in columns (1) and (2) of Table 7, respect-
ively. We also estimate equation (1) for families with all female children (column 3 of
Table 7) and those with all male children (column 4 of Table 7).14

Looking at columns (3) and (4) of Table 7, birth order effects appear to exist in both
the all-female and all-male child samples. However, sample size is greatly reduced in
these cases and thus not all of the birth order effects are estimated with precision. A
joint test rejects that the coefficients across birth order ranks are equal at the 1 and
5% levels of significance for the all-female and all-male groups, respectively. If gender
bias is driving our estimated birth order effects, then we would not expect to find any
birth order effect in these households where gender does not vary across children.

Turning to columns (1) and (2) of Table 7, we find statistically significant birth order
effects in families whose firstborn is a girl (column 1) but not in families whose firstborn is
a boy (column 2). The birth order effects found for families with firstborn girls are similar
in magnitude to those found for the full working sample, and coefficients are not statis-
tically different.15 A joint test rejects that the coefficients across birth order ranks are equal
in the female firstborn sample at the 1% level. If the birth order effect was due to favoring
firstborns, then we would expect to find it in both samples with female and male

Table 6. Birth order effects on birth weight

Log of birth weight

Second born 0.0159 (0.0122)

Third born 0.0265 (0.0203)

Fourth born 0.0413 (0.0303)

Fifth born 0.0431 (0.0453)

No. of mothers 1,713

No. of children 3,333

Note: Standard errors in parentheses and clustered at the mother level. Controls include gender of the child, quadratic of
mother’s age, child’s age squared, household income, and household size. We also include mother, district, and birth
cohort fixed effects.
*p < 0.10, **p < 0.05, ***p < 0.01.
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firstborns. Therefore, favoritism toward firstborns does not appear to be driving the effects
we find. If a male bias was present, then we would expect to find significant birth order
effects in families with male firstborns (i.e., these families would exhibit favoritism toward
their male firstborn children). However, instead we find significant birth order effects for
families with female firstborns. This may be due to the fact that female children are much
more likely to be given childcare responsibilities over their younger siblings than male chil-
dren. In much of sub-Saharan Africa, it is not unusual for older siblings to play significant
roles in caring for younger siblings. Moreover, girls are more likely to be involved in the
direct care of their siblings and spend more time in childcare activities than boys. Older
boys, on the other hand, are more likely to care for younger siblings through financial sup-
port [Evans (2010)]. Therefore, the birth order effect may be in part due to later-born chil-
dren in these households being more likely to be cared for by their older sisters resulting in
less quality time with their parents than if the firstborn was male. This finding indicates
that parents do invest differentially depending on the gender of their child. However, this
is likely due to traditional gender roles in the household rather than an explicit gender
bias. Therefore, neither biological mechanisms nor parental favoritism can fully account
for birth order effects found in this sample.

5.4. Birth order effects due to resource dilution in larger families

Much of our findings at this point suggest that resource dilution, particularly in poorer
households, may play a role in causing our observed birth order effects. According to
the resource dilution hypothesis, available resources for human capital investment
decrease as the number of children (and thus family size) increases. A higher birth
order inevitably means a child has a larger sibling size. Considerable evidence demon-
strates that average human capital outcomes decrease as family size increases [Hatton
and Martin (2010), Marteleto and de Souza (2012), Stradford et al. (2017)].
Following this literature, we estimate the effect of number of children in a family on
its average child HAZ. We do so using ordinary least squares method as well as by
instrumenting family size with incidence of twin births. Consistent with the family

Table 7. Birth order effects by sibling composition

Height-for-age z-score

First born is a girl
First born is a

boy
Family with all
female child

Family with all
male child

Second born −0.271*** (0.103) −0.0845 (0.108) −0.00700 (0.154) −0.263 (0.164)

Third born −0.488*** (0.160) −0.229 (0.176) −0.0563 (0.260) −0.542** (0.273)

Fourth born −0.556** (0.252) −0.257 (0.292) −1.207** (0.528) −0.768 (0.968)

Fifth born −0.997** (0.447) 0.308 (0.576) 0.357 (0.985)

No. of mothers 1,013 1,055 424 416

No. of children 2,305 2,365 886 863

Note: Standard errors in parentheses and clustered at the mother level. Controls include gender of the child, quadratic of
mother’s age, child’s age squared, household income, and household size. We also include mother, district, and birth
cohort fixed effects.
*p < 0.10, **p < 0.05, ***p < 0.01.
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size literature, we find that increasing family size by one child reduces average family
child HAZ by approximately half a standard deviation. These results along with a
description of how they are estimated can be found in Appendix B.

However our goal is not to estimate the family size effect, but rather to explore
resource dilution as a potential mechanism underlying the birth order effect we observe
in our sample. If resource dilution is in fact a major underlying factor in the birth order
effect we observe, we expect it to be more prevalent in households where resource con-
straints are more binding. To further examine whether resource dilution in households
at a lower socioeconomic status plays a role in the observed birth order effects, we split
our sample into three subsamples based on income terciles and estimate equation (1) on
each of these subsamples. Results are reported in Table 8. Household and mother char-
acteristics for each of these subsamples can be found in Table A5 in the Appendix.

According to Table 8, the birth order effect appears strongest in both magnitude and
significance in the bottom tercile with later-born children being approximately 0.26–
0.75 standard deviations shorter than firstborns, on average. In the middle tercile,
only the coefficients on third- and fifth-born children are statistically significant with
point estimates of −0.30 and −1.03, respectively. Finally, none of the birth order effects
are statistically significant in the richest tercile except that on fifth-born children. The
coefficient on fifth-born children in the richest tercile is both statistically significant and
positive indicating that these children are taller than firstborns on average. However,
there is only one fifth-born child in the highest tercile. Therefore, there is not much
we can infer from this result. A joint test rejects the equivalence of the birth order coef-
ficients across the three income terciles at the 1% level with a χ2 statistic of 82.27. Our
results indicate that the birth order effect appears to exist in households with binding
resources constraints and is mitigated and even disappears as those constraints are
relaxed. We also performed the same analysis by separating the sample into two groups
at median income and into four groups based on income quartiles. These results are
reported in Tables A6 and A7 in the appendix and tell a similar story as those reported
in Table 8. Therefore, it appears that the dilution of resources in larger families for
households facing binding economic constraints is likely an important mechanism
determining the birth order effect in this developing country.

Table 8. Birth order effects across income terciles

Height-for-age z-score

Q1 Q2 Q3

Second born −0.262** (0.108) −0.0677 (0.109) −0.182 (0.144)

Third born −0.475** (0.191) −0.302* (0.173) −0.168 (0.248)

Fourth born −0.746*** (0.273) −0.385 (0.288) 0.729 (0.589)

Fifth born −0.184 (0.518) −1.032* (0.537) 3.019*** (0.528)

No. of mothers 692 689 687

No. of children 1,613 1,575 1,482

Note: Standard errors in parentheses and clustered at the mother level. Controls include gender of the child, quadratic of
mother’s age, child’s age squared, household income, and household size. We also include mother, district, and birth
cohort fixed effects. Q1 represents the poorest terciles and Q3 represents the richest terciles.
*p < 0.10, **p < 0.05, ***p < 0.01.
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6. Conclusion

In this paper, we examine the effect of birth order on health status measured in HAZ.
Consistent with a large body of previous research, we find that higher birth order is
associated with lower HAZ, indicating that firstborn children enjoy a health advantage
over their later-born siblings. We further explore potential explanations behind the
birth order effect we observe. Namely, we explore whether this effect is due to biological
mechanisms, parental preferences, or resource dilution in larger families. We also inves-
tigate if this effect is simply due to systematic differences between households that select
into different sized families. We find that the birth order effect does differ in magnitude
across families of different sizes and that these families differ in a number of household
and maternal characteristics. This indicates that heterogeneity across families of differ-
ent sizes serves as a partial explanation for the birth order effect in this sample.
However, it cannot fully account for the effects we observe as we find significant
birth order effects in families of each observed size.

Understanding the mechanisms underlying the birth order effect can help to eluci-
date the potential for policies to improve child outcomes and reduce disparities within
families. For example, if the primary mechanism underlying the birth order effect is
biological, due to say being born to an older mother, then there is little room for policy
to intervene. If instead the birth order effect is largely driven by male bias [as
Jayachandran and Pande (2017) found], then child well-being would be improved by
interventions targeting female children. Finally, if the birth order effect is the result
of resource dilution, then policies aimed at relaxing household resource constraints
could hold promise.

We find no evidence to support that the birth order effect is due to biological
mechanisms or parental favoritisms for firstborns or male children. Much of our results
indicate that the birth order effect is stronger in poorer, more disadvantaged families,
which is suggestive that this effect is largely driven by resource dilution in this South
African sample. In Table 4, we see that the magnitude of the birth order effect increases
with family size and Appendix Table A1 reports that larger families tend to be poorer
and more likely to live in rural areas, which also tend to be poorer with lower access to
resources than urban areas. In Table 5, we similarly see that the birth order effect
appears to be larger in rural households. In Table 7, we do not find a significant
birth order effect for families with male firstborns but we do for those with female first-
borns, suggesting that later-born children with older sisters potentially receive less qual-
ity time with their parents. All of this is suggestive that as families increase in size, there
are fewer resources per capita to invest in child health (i.e., resource dilution) and that
this effect is felt more strongly by households facing tighter economic constraints. We
test this explanation more explicitly in Table 8, where we find that birth order effects are
stronger in significance and magnitude in the lowest tercile of our sample but are largely
nonexistent in the richer terciles. Finally, we also find (reported in Appendix B) that as
instrumented family size increases, average child HAZ in a family decreases.

Our results suggest that the birth order effect we observe in this South African sample
is largely due to the dilution of resources in larger families (e.g., resources for health
investments and parental investments including time with parents). Consequently,
birth order effects resulting from resource dilution appear to be much more salient in
poorer, resource-constrained households. However, the dilution of resources in larger
families does not result in a significant birth order effect in richer households with less
binding constraints on their resources. Thus wealthier families appear to be able to absorb
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increases in family size without reductions in child HAZ. Therefore, policies that relax the
resource constraints faced by poor households – such as improved health infrastructure in
rural areas, cash transfers, and other income generating programs – offer much promise
in improving child health outcomes and reducing within household disparities.

Notes
1 See, for example, Lehmann et al. (2016), De Haan et al. (2014), De Haan (2010), Booth and Kee (2009),
Kantarevic and Mechoulan (2006), Black et al. (2005, 2016).
2 The extent that birth order influences various outcomes depends on the social, cultural, and historical
context in which the study is conducted [Modin (2002)]. For instance, as fertility rates decline and family
policies evolve, the relative advantage of one birth order position over another may vanish or change.
3 Elliott (1992) argues that birth order is not a “strong independent explanatory factor in understanding
health outcomes, however, it is an important marker variable.”
4 For example, type I diabetes mellitus appears to fall with increasing birth order and children with low
birth order are at a reduced risk of schizophrenia, gastric carcinoma, ulcer, and congenital heart defects
[Cullinan (2006)]. Evidence is mixed regarding the effect of birth order on cancer development and child-
hood allergic diseases [Barclay and Kolk (2015)]. Firstborn are found to be taller and slimmer [Ayyavoo
et al. (2013), Savage et al. (2013)]. The birth order effects on body mass index and obesity are ambiguous
[Brenøe and Molitor (2015), Meller et al. (2015), Jelenkovic et al. (2013)].
5 Adult height, not height-for-age, has been extensively used in birth order literature. Black et al. (2016)
using large Norwegian Registry Data and family fixed-effects specification observe decreasing height with
birth order. Specifically, they find that the first born, on average, are 0.2 centimeters taller than second born.
Finally, Myrskylä et al. (2013) using the Swedish Military Conscription Register for the years 1969–2004 of
a male cohort born between 1951 and 1984 find that the individuals with birth orders 2, 3, and 4 were
associated with 0.4, 0.7, and 0.8 centimeters shorter height than birth order 1.
6 The National Income Dynamics Study is conducted by the Southern African Labour and Development
Research Unit housed at the University of Cape Town.
7 Results are largely similar if we include these families and assign birth order to only living children and
assign all multiple births the sample birth order rank. These results are available upon request.
8 There are only nine families with six children and no families with more than six children.
9 By far, the largest reduction in sample size comes from excluding single child families. This reduces our
sample by 2,611 children.
10 Table 1 has an unequal number of firstborn and second born due to missing values. To maximize the
sample size, we did not drop families if a child has missing values. The estimated coefficients after dropping
families with missing values produce similar results. These results are available upon request.
11 In 2008, 25% of children in South Africa were born to a teenage mother and 35% of the children were
born to a mother who first gave birth in her teens [Branson et al. (2013)].
12 Mother fixed effects should capture household characteristics as it should not vary among children if
they live in the same household. However, we observe that a significant number of children do not live with
their biological mother or within the same household as their siblings; thus, we also include controls for
household size and income.
13 We have birth weight for only 3333 of our sample individuals. Mother and household characteristics for
these individuals are reported in Appendix Table A.3. This sample looks almost identical to our full work-
ing sample.
14 Household and mother characteristics for each of these genders based samples can be found in
Appendix Table A.4. Households across these samples appear to be nearly identical, on average.
15 The only notable difference is the point estimate for the birth order effect of being a fifth born which is
almost twice as high in the firstborn girl sample than it is for the full working sample.
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Appendix A
(see Tables A1–A7).

Table A1. Mother and household characteristics by family size

Two-child family Three-child family Four-child family

Mother’s race

African 0.82 (0.38) 0.85 (0.36) 0.85 (0.36)

Colored 0.15 (0.36) 0.13 (0.34) 0.14 (0.35)

Other 0.02 (0.14) 0.02 (0.13) 0.01 (0.08)

Mother’s age at birth 24.25 (4.90) 25.29 (4.45) 25.54 (3.46)

Teen mother 0.35 (0.48) 0.40 (0.49) 0.49 (0.50)

Mother’s age at first birth 21.96 (4.65) 21.29 (4.20) 20.30 (3.36)

Household head

Grandparent 0.44 (0.48) 0.37 (0.47) 0.36 (0.46)

Parent 0.46 (0.48) 0.55 (0.47) 0.53 (0.47)

Other 0.10 (0.28) 0.09 (0.24) 0.11 (0.27)

Household size 6.24 (3.17) 6.90 (3.35) 7.83 (3.41)

Urban 0.53 (0.49) 0.44 (0.49) 0.44 (0.49)

Household income 7,437.20 (8,532.10) 7,195.20 (9,827.00) 5,601.00 (4,650.30)

Standard errors in parentheses.

Table A2. Mother and household characteristics across urban and traditional areas

Urban Traditional

Mother’s race

African 0.72 (0.45) 0.95 (0.21)

Colored 0.24 (0.43) 0.04 (0.21)

Other 0.04 (0.19) 0.002 (0.04)

Mother’s age at birth 25.04 (4.72) 24.17 (4.73)

Teen mother 0.34 (0.47) 0.41 (0.49)

Mother’s age at first birth 22.07 (4.53) 21.24 (4.35)

Total child 2.45 (1.06) 2.79 (1.33)

Household head

Grandparent 0.30 (0.45) 0.53 (0.49)

Parent 0.58 (0.48) 0.38 (0.47)

Other 0.11 (0.30) 0.09 (0.27)

Household size 5.77 (2.70) 7.20 (3.70)

Traditional 0.00 (0.00) 1.00 (0.00)

Household income 8,812.00 (10,442.70) 5,505.90 (5,688.70)

Standard errors in parentheses.
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Table A3. Mother and child characteristics for birth weight sample

Mother’s race Household head

African 0.83 (0.38) Grandparent 0.40 (0.48)

Colored 0.15 (0.36) Parents 0.51 (0.49)

Other 0.02 (0.15) Other 0.09 (0.26)

Mother’s age at birth 25.74 (5.09) Household size 6.51 (3.38)

Teen mother 0.37 (0.48) Traditional 0.50 (0.49)

Mother’s age at first birth 21.67 (4.40) Household income 7,377.00 (9,009.00)

Total child 2.65 (1.20)

Standard errors in parentheses.
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Table A4. Mother and household characteristics by child gender decomposition

Male firstborn Female firstborn All male children All female children

Mother’s race

African 0.82 (0.384) 0.85 (0.36) 0.81 (0.39) 0.83 (0.38)

Colored 0.16 (0.36) 0.14 (0.34) 0.15 (0.36) 0.16 (0.36)

Other 0.02 (0.15) 0.02 (0.13) 0.036 (0.19) 0.019 (0.14)

Mother’s age at birth 24.68 (4.65) 24.53 (4.78) 24.74 (4.98) 24.51 (4.98)

Teen mother 0.37 (0.48) 0.39 (0.49) 0.34 (4.85) 0.37 (0.48)

Mother’s age at first birth 21.73 (4.47) 21.58 (4.49) 22.14 (0.48) 21.82 (4.66)

Total child 2.61 (1.14) 2.70 (1.25) 2.38 (4.67) 2.47 (1.02)

Household head

Grandparent 0.42 (0.48) 0.41 (0.48) 0.42 (0.48) 0.42 (0.48)

Parent 0.48 (0.48) 0.49 (0.48) 0.49 (0.48) 0.50 (0.49)

Other 0.10 (0.27) 0.10 (0.27) 0.10 (0.27) 0.08 (0.24)

Household size 6.50 (3.19) 6.58 (3.36) 6.22 (2.98) 6.22 (2.96)

Traditional 0.51 (0.49) 0.48 (0.49) 0.56 (0.49) 0.51 (0.49)

Household income 7,090.30 (8,824.40) 7,352.70 (8,416.00) 7,404.70 (8,977.90) 7,439.10 (8,353.60)

Standard errors in parentheses.
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Table A5. Mother and household characteristics across income terciles

Q1 Q2 Q3

Mother’s race

African 0.941 (0.234) 0.811 (0.392) 0.746 (0.435)

Colored 0.0560 (0.230) 0.187 (0.390) 0.195 (0.397)

Other 0.00143 (0.0379) 0.00287 (0.0535) 0.0575 (0.233)

Mother’s age at birth 24.33 (4.445) 24.37 (4.498) 25.96 (4.545)

Teen mother 0.410 (0.492) 0.432 (0.496) 0.280 (0.449)

Mother’s age at first birth 21.19 (4.294) 21.11 (4.315) 22.71 (4.648)

Total child 2.945 (1.303) 2.712 (1.305) 2.294 (0.827)

Household head

Grandparent 0.489 (0.490) 0.452 (0.473) 0.290 (0.432)

Parent 0.400 (0.476) 0.459 (0.470) 0.607 (0.455)

Other 0.111 (0.289) 0.0897 (0.250) 0.102 (0.263)

Household size 7.404 (3.481) 6.661 (3.539) 5.540 (2.434)

Traditional 0.314 (0.462) 0.483(0.484) 0.704 (0.446)

Household income 2,715.9 (1,544.6) 5,103.9 (2,727.0) 13,904.1 (11,987.8)

Standard errors in parentheses. Q1 represents the poorest quartile and Q3 represents the richest quartile.

Table A6. Birth order effects across income quartiles

Height-for-age z-score

Q1 Q2 Q3 Q4

Second born −0.386*** (0.123) −0.0222 (0.122) −0.119 (0.131) −0.245 (0.173)

Third born −0.698*** (0.220) −0.152 (0.203) −0.326 (0.218) −0.201 (0.299)

Fourth born −1.165*** (0.333) −0.195 (0.299) 0.0921 (0.392) 0.922 (0.787)

Fifth born −0.0300 (0.905) −0.680 (0.467) −0.896 (0.942) 3.063*** (0.638)

No. of mothers 520 514 522 512

No. of children 1,199 1,232 1,144 1,095

Note: Standard errors in parentheses. Controls include gender of the child, mother’s age at birth and its quadratic,
child’s age and its quadratic, household income, and household size. We also include mother, district, and birth cohort
fixed effects. Q1 represents the poorest quartile and Q4 represents the richest quartile.
*p < 0.10, **p < 0.05, ***p < 0.01.
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Appendix B
While examining the relationship between sibling size and birth order, to test the resource dilution hypoth-
esis, we follow the standard methodology popular in the literature. Although this sample includes the fam-
ilies with multiple births (twin, triplets, or more), the sample size is obviously larger than what we have in
the main results. Besides using ordinary least square (OLS) estimation technique, we use instrumental vari-
able (IV) approach to address the endogeneity problem. Endogeneity occurs if a family that chooses more
children also chooses a lower quality of life, for reasons not associated with the binding resource constraint.
Using incidence of twin births as an exogenous shock to family size as it is random and increases family size
by two children rather than one, we estimate the following linear model.

Hm = a+ b2SIBm + lYm + p Xm + em

where Hm is the mean height-for-age z-score (HAZ) of the children born to the motherm. Ym is a vector of
child characteristics and Xm is a vector of mother and household characteristics. Finally, ϵ is the random
error.

Table A7. Birth order effects across household above and below median income

Height-for-age z-score

Q1 Q2

Second born −0.183** (0.0855) −0.157 (0.106)

Third born −0.414*** (0.148) −0.232 (0.175)

Fourth born −0.647*** (0.220) 0.434 (0.405)

Fifth born −0.546 (0.413) 0.427 (1.138)

No. of mothers 1,034 1,034

No. of children 2,431 2,239

Note: Standard errors in parentheses and clustered at the mother level. Controls include gender of the child, quadratic of
mother’s age, child’s age squared, household income, and household size. We also include mother, district, and birth
cohort fixed effects. The sample is divided into two groups at the median income. Q1 represents the poorest group and
Q2 represents the richest group.
*p < 0.10, **p < 0.05, ***p < 0.01.

Table B1. Effect of total children on height-for-age z-score

Height-for-age z-score

OLS IV

Total children −0.0414* (0.0247) −0.549* (0.305)

R2 0.285 0.165

No. of mothers 2,116 2,116

Note: Robust standard errors in parentheses. Child characteristics include average age in months. Mother characteristics
include mean age at birth, and its quadratic, mother education, and log of mother’s height in centimeter. Household
control includes household income and household size. OLS is the ordinary least square method, whereas IV is the
instrumental variable method. The total number of children is instrument with an indicator variable whether mother
experienced any twin births.
*p < 0.10, **p < 0.05, ***p < 0.01.
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In Table B1, we estimate the effect of total children born to a mother on average height-for-age z-score
of the siblings. Both estimation techniques show an inverse relationship between the total number of chil-
dren and the average HAZ. In fact, the first column shows that an increase in one more sibling decreases the
average HAZ by 0.0414. Despite being a weak instrument (F stat = 11.02), we find a negative and significant
effect to total children on HAZ. Although birth order and family size have negative effects on HAZ, family
size alone cannot predict the birth order effect through resource dilution.

Cite this article: Bishwakarma R, Villa KM (2019). First come, first served? Birth order effects on child
height in South Africa. Journal of Demographic Economics 85, 71–94. https://doi.org/10.1017/dem.2018.23
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