
Growing Up Together:

BeneÞts for Age-grouped Children?

Kelly M. Jones!

University of California Berkeley

October 16, 2009

Abstract

Estimates of economies of scale in household size and composition have long been used

to adjust calculations of household welfare. It is suggested here that there are similar

economies found in other aspects of household structure, such as the age distribution of

the children within it. Age-grouped children may beneÞt from economies of scale that act

as price-e!ects for time-intensive child rearing inputs. As the number of children beneÞt-

ing at once from the adult time investment increases, the cost per child decreases. Such

price e!ects may signiÞcantly increase demand for child-quality inputs, particularly in poor

countries. An empirical test for such economies examines the e!ect of age-cohort size on

demand for childhood immunizations in Senegal. The estimations are within-household

and employ only non-sibling members of oneÕs age-cohort to avoid endogeneity introduced

by unobserved mother characteristics. Results o!er evidence that economies of scale do

arise from clumpy age distribution. Age-grouped children are 2 to 3 percentage points per
age-mate more likely to be immunized than age-isolated children, ceteris paribus.

JEL Codes: J13, J12 O12, O15, D13
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1 Introduction

In 1948, Frank and Earnestine GilbrethÕs bookCheaper by the Dozen popularized the economic

concept of economies of scale in household size. When anyone asked why the GilbrethÕs had

so many children, Frank always replied, ÒWell, they come cheaper by the dozen, you know!Ó

It is easy enough to observe in daily life, that public goods such as housing or an automobile

are cheaper per person when shared. Cooking for two is certain to save on food and time costs

compared to each cooking for oneself.

Consumption beneÞts from public goods, bulk purchasing and time division within a house-

hold have long interested economists. Over a century of literature has been dedicated to as-

sessing the role that household size and composition play in consumption decisions. Attempts

to quantify economies of scale and estimate equivalency scales across households are numerous.

Such measures are useful in both research and policy for the calculation of household welfare

and poverty lines. However, all measures to date have accounted only for household size and

perhaps composition of men, women and children.

In this paper I propose that other characteristics of household structure may also o!er

economies similar to those arising from household size and composition. In particular, this work

focuses on the age distribution of children within a household. The question of interest is how

the size of oneÕs age-cohort a!ects demands for child-quality inputs, holding total number of

children constant. Because certain child inputs can be time-intensive on the part of adults,

providing these for multiple children at once may reduce the marginal cost. A simple model

predicts that if economies in inputs are gained by age-grouping, children with larger age-cohorts,

ceteris paribus, should exhibit greater demand for such inputs.

Because demand for child-quality inputs can be highly price-elastic in poor countries, a

reduction in marginal cost could be quite e!ective in increasing human capital investments. In

this paper I present an empirical test for evidence of economies of scale in age-cohorts using

data on households and children in Senegal. As an example of childhood inputs, I examine the

relationship between immunization status and a childÕs age-cohort size.

To estimate the e!ect of cohort size holding all else constant, I compare children to others

within the same household via household-Þxed e!ects. However, many households in Senegal

contain several mothers of young children and so unobserved mother characteristics may still

enter the error term, despite the household-Þxed e!ect. While this seems to complicate the

analysis, at the same time it o!ers a solution. I exploit these co-residencies and use the number

of non-sibling children in the household close to oneÕs age as a measure of the childÕs age-

cohort size. These non-sibling age-mates should o!er the same economies of scale within the

household as siblings. However, use of this measure rather than siblings breaks the endogenous

connection between birthing and input decisions. Finally, I control for observable di!erences

between children that might a!ect parental input decisions, such as sex and birth order.

The identiÞed e!ects of cohort size are positive and statistically di!erent from zero. Within a

household, children with more coresidents their own age are more likely to receive immunizations

than children with a smaller age-cohort. The coe"cients suggest that each age-mate increases

the likelihood of vaccination by 2 to 3 percentage points. Such an increase is non-negligible given
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the current national immunization rate of 73%. These estimates are robust to a variety of sub-

sample selections and deÞnitions of age-mate. The increased demand resulting from additional

age-mates suggests that economies of scale in age-cohorts are creating a price-like e!ect for child

immunizations. As modeled, such economies may arise from any child-quality input for which

non-excludable adult-time is required for provision.

The remainder of the paper is organized as follows. Section (2) reviews past economic studies

of household economies of scale and comments on the contribution of this paper. A basic model

of the mechanism of scale economies is presented in section (3). The empirical analysis follows

in section (4), including a discussion of the data, methodological challenges and estimations.

Section (5) presents the results and considers alternative explanations for the Þndings, and

section (6) concludes that there is evidence for economies of scale in age distributions of children.

2 Household Economies of Scale and Measuring Child Costs

BartenÕs [1964] model of household economies of scale predicts that a change in family compo-

sition, holding total income constant, will change the householdÕs consumption choices across

goods. He likens these Òfamily e!ectsÓ to price e!ects: greater household size reduces the per

person cost of public goods. Similarly, this suggests that a household structure that e!ectively

reduces the per child cost of inputs to child rearing might induce increased use of such inputs.

Many of the early e!orts at estimating such costs of child rearing held the common assump-

tion that, for a given age, sex, and standard of living, the cost of a child is Þxed. That is,

there are no economies of scale in child rearing. This is true of the very early work of Engel

[1895], who estimates expenditure equivalency scales for children based only on age. Other

e!orts throughout the mid-20th century, such as Dublin and Lotka [1946], improve on EngelÕs

work but most hold the same assumption of a Þxed marginal cost (see Espenshade [1972] for a

review).

Nicholson is reportedly the Þrst to allow the marginal cost of a child to vary by birth order in

his 1949 analysis of family expenditure patterns. He estimates expenditure functions separately

for families with none, one, or two children, taking their di!erences as estimates of marginal

child cost for the Þrst and second born, respectively. The concept that the second born may

add less to family expenses than did the Þrst e!ectively introduces household economies of scale

before the likes of Prais [1953] and Barten [1964].

Empirical evidence of such variation in the marginal cost of children is more recent. Gustafs-

son and Kjulin [1994] Þnd that considerable economies of scale exist for adult time spent in child

care, based on their analysis of families in Sweden. Focusing speciÞcally on poor countries, Lan-

jouw and Ravallion [1995] show that accounting for such economies provides evidence against

the commonly held view that larger families are generally poorer.

Nearly without exception, however, this body of work focuses exclusively on the number of

children as the source of economies in child rearing. Other aspects of household structure such as

age and gender distribution have the potential to o!er similar beneÞts. Yet no serious attempts

exist to ascertain the impact of such characteristics. The only mentions known to the author
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are as minor sub-points in the works described here. In an analysis of the child quantity-quality

trade-o! in Chinese families,Rosenzweig and Zhang [2006] brießy mention that scale economies

might be exaggerated in the case of twin births due to the closer spacing, but go no further.

Holmes and Tiefenthaler [1997] show evidence of economies of scale in number of children but

only consider age distribution in the result that an age space of six years or more eliminates the

estimated economies.

Researchers have o!ered much evidence that household economies of scale exist, particularly

in regard to child rearing. Yet other economies in child rearing related to age distribution

of children within a household remain largely unexplored. It is the purpose of this work to

determine if such economies exist.

2.1 Present Contribution

As noted, considerations of economies of scale based on household demographics have not ven-

tured much beyond basic measures of household composition. This study focuses on the the

impact of the age distribution of the children within a household. In this work, I deÞne an

age-cohortm of a child as the other children in the household withinm months of a childÕs age.

Further, I will refer to other children within oneÕs age-cohort asage-mates and to those with

age-mates asage-grouped and those without asage-isolated. The primary question of interest is

whether there are age-cohort economies of scale for age-speciÞc child inputs. That is, holding all

else about a household constant, are children in larger age-cohorts at an advantage in receiving

costly inputs?

One may conceive of several scenarios in which the size of oneÕs age-cohort may have price-

like e!ects on inputs for a child. The primary reason for the e!ects is generally the parental

time-intensive nature of providing such inputs.1 For example, one may think of reading to a

child as a quality input that is costly of adult time. Clearly reading to two or three children at

once has a much lower per-child cost.

This is particularly relevant in poor country contexts as women there spend more time in

home production than those in developed economies [Evenson, 1982]. Further, because inputs

such as nutrition, basic schooling and health care are often not a!ordable, even small price e!ects

could signiÞcantly increase demand. For example, in many African households, girl children take

care of the home, allowing the mother to work in the farm. A girl with sisters close in age may be

o!set at home and thus may be more likely to attend school than a girl with sisters much older or

younger than herself. Other inputs such as taking children to a health clinic for immunizations

or treatment are also quite costly of adult time. Long distances and poor transportation can

make travel to service sites quite burdensome. In such cases, taking several children at once can

create considerable savings on the per-child cost of the input. Thus, for a child with age-mates

the cost may be half or less of that for an age-isolated child.

The primary contribution of this work is a look beyond household size and basic composition

to another factor of household structure as a source of household economies of scale. Under-

standing the beneÞts or disadvantages of certain aspects of household structure is important

1Schultz [1969] and Lindert [1978], among others, argue that adult time is a primary input to child rearing.
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for welfare analysis and social policy. A multitude of work has attempted to calculate correct

equivalency scales based on household composition. However, if scale economies are also derived

from other aspects of structure, surely these aspects should be included in such calculations as

well.

Additionally, the vast majority of studies have used measures of food expenditures as a share

of nominal income as evidence of economies of scale. Certainly these are not the only indicators

of a householdÕs welfare. Because I focus on child rearing in this analysis, the measures of welfare

used here are those that indicate investments in child quality. Particularly in poor countries, it

seems that price e!ects that render more a!ordable investments in future human capital are of

utmost importance.

3 Modeling Economies of Scale

In this section, I Þrst describe a general model of scale economies within a household and then

apply it to the particular type of economies studied here. I then lay out the predictions of the

model to be tested using household data.

Lazear and Michael [1980] propose a model of household economies of scale, in which the

chosen measure of welfare is not market goods purchased, but rather the Òservice ßowsÓ resulting

from such goods. In this way, a householdÕs welfare is determined not only by income but also

by its Òenvironment,Ó which determines the service ßow resulting from any given market good.

For example, it is not simply the ownership of an automobile that is valuable, but the service

ßow of using it. Clearly such service ßow is also impacted by the number (and needs) of

other individuals sharing use of the auto. In their article, Lazear and Michael interpret the

ÒenvironmentÓ parameter simply as the household composition.

Following Lazear and Michael [1980], I deÞne a service ßow,S1, as the beneÞt derived from a

costly good,X 1. The ratio of beneÞt to good is determined by the environment of the individual,

so we deÞne

! 1 ≡
S1

X 1

where ! 1 is an environment parameter. Then the cost of receiving the beneÞtS1 is

PS1 =
P1

! 1
(1)

where P1 is the market cost of goodX 1 .

Therefore, an individualÕs demand forS1 is

S1 = d
!

P1

! 1
, Y

"
≡ g(P1, Y )

where Y is nominal income, and the derived demand forX 1 is

X 1 =
g(P1, Y )

! 1
≡ h(P1, Y ).
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Although Lazear and Michael interpreted ! 1 as an indicator of household composition only,

the same model can be applied to household structure. This allows one to formalize the concept

of economies of scale within age-cohorts for important childhood inputs such as schooling, visits

to a health clinic, or immunizations. As discussed in the previous section, a signiÞcant cost of

inputs of this type is the contribution of adult time.

I let Siv represent child iÕs receipt of inputv, and X iv represent the adult time required to

provide the input. As before, we deÞne a childÕs environment parameter

! iv ≡
Siv

X iv

as the determining factor of how muchSiv is received perX iv. As illustrated in the examples

above, ! iv can best be thought of as the size of the childÕs age-cohort within her household.

This environment parameter is indexed also byv, as the particular input of interest would deÞne

the relevant age-distance for a cohort. For example, considering attendance at primary school,

age-mates within 6 years of oneself may be relevant. However, for early childhood inputs such

as immunizations, only those within 2 years of oneself would create the price e!ects considered

here.

Revisiting equation (1), we add a term to capture the entirely private costs of inputs that

do not change with age-cohort size (e.g. the per child cost for school fees)

PSiv =
Pv

! iv
+ "v. (2)

Despite these additional costs,PSiv is still decreasing in! iv (under constant labor market prices)

and thus Siv is increasing in ! iv.

Thus if age-cohort scale economies exist, we expect to observe the following e!ect:

#Siv

#! iv
> 0 (3)

That is, the receipt of input v by child i is increasing in the size of the childÕs age-cohort.

4 Empirical Analysis

Given the likely importance of these price e!ects in poor countries, the empirical test of relation

(3) presented here is set in the country of Senegal. While the theory is applicable to numerous

critical childhood inputs, for simplicity, the test focuses on a single, representative input: that

of early childhood vaccinations. The Senegalese National Immunization Schedule recommends

the timing of ten primary immunizations as shown in Table 1.

4.1 Data

I employ data from the Demographic and Health Survey (DHS) for Senegal collected in early

2005, which is a nationally representative sample of 7,412 households. The DHS interviews all
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Table 1: Senegalese National Immunization Schedule & Coverage

Of children due,
Vaccine Dose Due at age % that have received Sample Size
Tuberculosis Birth 87% 10,045
Oral Polio Vaccine 0 Birth 46% 10,035
Diphtheria, Pertussis, Tetanus 1 6 weeks 86% 9,951
Oral Polio Vaccine 1 6 weeks 87% 9,967
Diphtheria, Pertussis, Tetanus 2 10 weeks 80% 9,859
Oral Polio Vaccine 2 10 weeks 78% 9,871
Diphtheria, Pertussis, Tetanus 3 14 weeks 68% 9,777
Oral Polio Vaccine 3 14 weeks 62% 9,789
Measles 9 months 67% 9,335
Yellow Fever 9 months 66% 9,290
All Vaccines 73% 97,919
Source: Vaccine-Preventable Diseases Monitoring System Immunization Schedules, World
Health Organization, 2007; and authorÕs calculations based on Senegal DHS 2005 data.

women aged 15-49 in the sampled households on topics relevant to fertility, reproductive health,

marital relations, and childhood health and nutrition. This sample includes 14,602 women, 65%

of whom are mothers.

The survey records whether each child under age Þve did or did not receive each vaccine.

Therefore, the full sample for this analysis is 11,607 children, born to 7,306 mothers in 4,845

households.

A summary of the coverage of immunizations is also presented in Table 1. Overall coverage

of immunizations is mediocre, 73% on average, and earlier vaccines are more commonly received.

Vaccines for which a child is not yet due are excluded from the mean, giving rise to the slight

decline in sample size for vaccines due at older ages.

As a preliminary check of the validity of the model, a subsample is examined for evidence that

age-grouped children are often taken as a group to receive immunizations. For a portion of the

full sample, the enumerator was able to view the healthcard that lists the immunization history

of a child. For this healthcard sub-sample, which includes 56% of children, the data contain the

date on which each immunization was received. With this additional information we can see

whether the vaccine was received when it was due (or later). As shown in Table 2, over 10%

of households with age-grouped children have multiple children receiving immunizations on the

same day. This di!ers signiÞcantly from households that may have multiple young children but

do not have any that are age-grouped within 2 years of each other.

Further, it is notable that immunizations are scheduled at the earliest age when it is safe for

a child to receive it. Therefore, a vaccine is either received when it is due, or it is received late, as

it cannot be administered early. Although all immunizations are due by age 9 months, the data

reveal that many children receive them late Ð even up to age 48 months. We would expect that

taking children as a group would therefore decrease the likelihood of receiving immunizations

exactly when they are due. Thus conditional on receiving a vaccine, the likelihood of receiving

7



Table 2: Evidence of age-grouping for immunizations

Households with(out)
age-grouped children

t-statistic
Without With for di!erence

Percent with kids receiving
vaccines on the same day 0.13% 11.64% 17.35

Percent of received vaccines
that were late 44.60% 47.0% 4.64

it late should be higher for age-grouped children. Evidence of this is shown in the second row

of Table 2: of vaccines received in households with age-grouped children, 47% were received

late. Again, this is statistically di!erent (at the 1% level) from households that do not have

age-grouped children, suggesting that age-grouped children are more likely to be taken as a

group for immunizations.

4.2 Econometric Test

In order to more formally answer the question of interest, I test for evidence of relation (3),

#Siv

#! iv
> 0.

That is, what is the impact a childÕs cohort size on the amount of time-intensive inputs she

receives? As noted above, the input used for this test is a childÕs immunization.

4.2.1 Methodological Challenges

Several challenges exist in ascertaining the sign of∂Siv
∂αi

. In order to be sure that it is a di!er-

ence in ! iv causing a di!erence in Siv, one must rule out any other potential causes for such

di!erences. To begin, we note that one cannot simply examine the correlation between cohort

size and the number of immunizations received. Age grouped children may, on average, come

from households that are di!erent in important ways from those that house age isolated chil-

dren. In particular they are likely to be in households that have more children in total. Further,

household characteristics such as wealth, age and education of the household head, religion, and

a host of unobservable characteristics may inßuence decisions regarding health inputs as well

as those regarding reproduction. In order to avoid any bias resulting from the correlation of

these excluded characteristics with the variables of interest, I employ a within-estimator using

household Þxed e!ects to compare across children within the same household. In combination

with an indicator for a childÕs birth order, this holds constant the total number of children

in the household when the child is due for immunizations, as well as time-invariant household

characteristics.
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However, since nearly 50% of the households in the sample include multiple mothers of young

children, one may still be concerned that unobservable di!erences between mothers within a

household could inßuence both birth timing and immunization decisions.2 For example, if a

mother is by nature very concerned for her childrenÕs health, she is likely to employ adequate

birth spacing, resulting in age-isolated children that are also likely to be vaccinated. This would

cause a downward bias in the estimation of the relation of interest. Mother-Þxed e!ects could

remedy this problem but are unfortunately not feasible in this sample. Variation in age-cohort

size across a motherÕs children would require her to have at least 3 children in the sample. Since

vaccination information is only available for children born within 5 years of the survey, less than

10% of mothers have 3 or more children in the sample.

Mother-Þxed e!ects being unavailable, one might consider the use of an instrumental variable

to avoid endogeneity in the estimation. Yet an instrument that predicts a childÕs age-grouping

while being independent of her likelihood to receive vaccinations is elusive given the close rela-

tionship between such decisions. As an alternative, I exploit the prevalence of coresident families

in Senegal, allowing me to exclude a childÕs siblings from the calculation of her age-cohort size.

The remainder in her cohort will be referred to as non-sibling coresident children (NSC). Recall

that it is the increase in oneÕs age-cohort size that is expected to generate the price (and thus

demand) e!ects. Households operating as a unit would likely take all young children to the

clinic together, so that non-sibling coresident age-mates would o!er a beneÞt similar to that

of age-mate siblings.3 Focusing on NSCs creates a measure of that environmental parameter

that is free of the endogenous relationship between reproductive and input decisions for di!erent

children.

After controlling for any potentially endogenous household factors with Þxed e!ects and

evading unobserved mother characteristics by focusing on NSCs, one may still be concerned

about important di!erences across children within a household. In order to capture any dif-

ferentials in likelihood of immunization based on child characteristics, I also include the childÕs

gender, sibling birth order, and household birth order in the equation.

4.2.2 Estimations

In estimating the e!ect of age-cohort size on likelihood of receiving immunizations, I Þrst let

m = 24. That is, I deÞne the relevant age-cohort for vaccinations as the number of other children

within 24 months of oneÕs age. This is based on the immunization schedule as shown in Table 1,

combined with information from the data suggesting that children continue to receive vaccines

up to age 48 months. However, 99% of vaccines received are completed by age 24 months.4

As discussed in the previous section, the measure of age-cohort isNSCij , the number of

non-sibling coresident children within 24 months of oneÕs age. The primary equation of interest

is

Sijv = $NSCij + Zij + %j + %v + " ijv (4)
2In this analysis (as in the data), a family is deÞned as a mother and her children. A household is deÞned as

members who coreside Ð generally extended families, but not necessarily.
3For evidence of cooperation in coresident families, see Foster [2004], which states that Òthe health status of

coresident family units are viewed as complementary to the health of oneÕs own familyÓ.
4Checks for robustness include varying the size of m between 12 and 48 months.
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Table 3: Characteristics of the Sample

Proportion
or Mean Std. Dev Min Max

Households N = 4 , 845
Number of children under age Þve (U5) 2.34 1.52 1 15
Have age-grouped children 50%
Have multiple mothers of U5 47%
Has variation across children in NSC age-cohort size 33%

Mothers N = 7 , 306
Age 29.4 7.44 15 49
Number of children 3.9 2.62 1 14
Children under age Þve 1.6 0.66 1 5
Have coresident mothers 64%
Variation across children in NSC age-cohort size 24%
In polygamous union 34%
Getting to a clinic is "big problem" 40%

Children Under Age Five N = 11, 607
Percent of vaccines received 0.69 0.35 0 1
Healthcard data recorded 52%
In HH with multiple mothers of U5 64%
Have non-sibling coresident children (NSCs) 63%

Of which: Number of NSCs 5.32 3.85 1 24
Size of NSC age-cohort 1.63 1.58 0 14
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where Sijv indicates whether immunization v was received by child i in household j , and is

predicted by NSCij , controlling for Zij , a vector of child-speciÞc characteristics as discussed

above, a household-Þxed term%j , a vaccine-Þxed term%v, plus a random, mean-zero error term.

The central identiÞcation assumption of this approach is the following: controlling for anything

common across mothers in a household by the use of household-Þxed e!ects, the immunization

decisions of a mother are independent of the spacing decisions of her coresident mothers.5

The theory predicts that $ will be positive and signiÞcantly di!erent from zero, indicating

that a childÕs likelihood for receiving a vaccination is increasing in the size of her age-cohort.

Such a result would o!er evidence that households do experience economies in time-intensive

child inputs when children are age-grouped into larger cohorts.

5 Results

The characteristics of the sample regarding coresident mothers and children are detailed in

Table 3. Forty-seven percent of households have multiple mothers of children under age 5, and

33% of households exhibit variation across children in age-cohort size. While 64% of women

have coresident mothers, only 34% are in polygamous unions, suggesting that many coresident

mothers are likely sisters, sisters-in-law or cousins, etc. Sixty-three percent of children in the

sample have non-sibling coresident children. For these, the average number of NSC age-mates

is 1.63.

5.1 Primary Findings

Table 4 shows OLS estimations of equation (4) form = 24. The Þrst column shows a positive

and statistically signiÞcant impact of age-cohort size on immunization status based on robust

standard errors clustered at the household level. However, without household Þxed e!ects the

point estimate in column (1) su!ers from downward bias as discussed in section 4.2.1.

Columns (2) and (3) include the household Þxed e!ects and the point estimates quadruple

in size. The di!erence in the estimates of$ between columns (2) and (3) results from the

exclusion of child-speciÞc characteristics in column (2). Column (2) likely su!ers from upward

bias resulting from the fact that children born later in a household (thus with higher values for

household birth order) are statistically less likely to receive vaccinations. Because these children

are also more likely to be age-isolated6, column (2) is slightly upward biased by the correlation

of this excluded factor.

The estimation in column (3), controlling for relevant child characteristics, suggests that

each additional NSC age-mate increases the chance a child will be vaccinated by 1.9 percentage

points. Based on current immunization rates above 70%, this is not a large increase, however

it is statistically di!erent from zero at the 1% level. Additionally, it is important to note that

5Note that for single-family households, the household-Þxed e!ect is, in essence, a mother-Þxed e!ect. As
a speciÞcation check, these, as well has polygamous households, are excluded from the sample and it does not
change the results.

6Estimating within households, I Þnd that for each step toward the end of the birth order, the average number
of NSC agemates is decreased by 0.8.
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Table 4: E!ect of Age-cohort Size on Immunization Status

Dependent Var: Y/N vaccine received
(1) (2) (3) (4)

NSC age-cohort size .005 .029 .019 -.001
(.002) (.005) (.005) (.007)

Rural * NSC size .028
(.009)

Male .019 .019
(.006) (.006)

Birth Order -.002 -.002
(.002) (.002)

HH birth order -.024 -.024
(.002) (.002)

Household FE No Yes Yes Yes
Obs. 92791 92791 92791 92791
R2 .102 .382 .385 .386

Notes: All speciÞcations include vaccine Þxed e!ects. All columns are estimated at the child-vaccine level and

vaccines for which a child is not yet due are excluded. Robust standard errors are in parentheses, clustered at the

household level. ÒNSCÓ indicates non-sibling coresident children. Age-cohort includes children within 24 months

of oneÕs age.

increasing rates by just 1.9 percentage points would result in an additional 75,000 vaccines

received per year in Senegal.7 Further, this point estimate is similar in magnitude and sign to

the di!erential treatment boys receive in terms of health inputs. That is, for a girl, having one

additional agemate makes up the gender gap in chance of vaccination.8

Given that the beneÞt of age-grouping arises from the high cost of adult time for this invest-

ment, one would expect the impact of age-mates to be greater in rural areas. The di!erence in

travel time required to reach a clinic in rural areas rather than urban can be considerable. In

column (4) of table 4, the size of age-cohort is interacted with an indicator for living in a rural

area. We see that in fact the result is exclusively a rural one: the impact per age-mate is 2.7

percentage points in rural areas, but in urban areas is indistinguishable from zero. This is a

relevant result considering that nearly 70% of these children live in rural areas.

5.2 Specification checks

Table 5 presents results from alternative speciÞcations. Column (1) displays the estimation at

the child level. Here, the dependent variable is the percent of vaccines (for which a child is due)

that he or she has received. This reduces the sample size by nearly 90%. Despite the loss in

7Based on a population of approximately 12 million in 2006, and a birth rate of 32.78/1,000 people, 3.934
million vaccines are due per year in Senegal.

8 In comparison to columns (2) and (3), equations are also estimated using the sibling age-cohort size as the
independent variable of interest. As discussed above, unobserved maternal characteristics that are correlated
with short birth spacing and low concern for immunizations are likely to make the use of siblings endogenous.
One would expect such endogeneity to cause a downward bias on the estimates. As expected, the estimated
parameters are signiÞcantly lower than those in table 4 and are, in fact, indistinguishable from zero. These
results are not presented here but are available from the author upon request.
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Table 5: SpeciÞcation Checks

Child Level Child-Vaccine Level
(1) (2) (3) (4)

NSC age-cohort size .046 .017 .031
(.008) (.005) (.008)

Number of NSCs not in age-cohort -.004
(.004)

(NSC age-cohort size)2 -.002
(.001)

One NSC .017
(.015)

Two NSCs .039
(.017)

Three NSCs .072
(.020)

Four NSCs .118
(.025)

Five NSCs .077
(.032)

Six NSCs .082
(.040)

Seven or more .117
(.050)

Male .005 .019 .019 .019
(.010) (.006) (.006) (.006)

Birth Order .003 -.004 -.002 -.002
(.003) (.003) (.002) (.002)

HH birth order .023 -.023 -.024 -.024
(.004) (.002) (.002) (.002)

Vaccine FE Yes No No No
Obs. 7735 92791 92791 92791
R2 .511 .385 .385 .386

Notes: All speciÞcations include household Þxed e!ects. Robust standard errors are in parentheses, clustered at

the household level. Column 1 is estimated at the child-level and the dependent variable is share of vaccines

received; columns 2-4 are estimated at the child-vaccine level and the dependent variable is (Y/N) the vaccine

was received. In both cases, vaccines for which a child is not yet due are excluded. ÒNSCÓ indicates non-sibling

coresident children. Age-cohort includes children within 24 months of oneÕs age. ÒNSCs not in age-cohortÓ is

the number of coresident children (under age 13 yrs) but not within 24 months of oneÕs age.
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power, the estimated coe"cient remains statistically di!erent from zero at the 1% level. This

result suggests that two additional age-mates would increase a childÕs immunizations by nearly

10%, or about 1 vaccine out of the required 10.

The remaining columns in Table 5 are estimated at the child-vaccine level. For comparability,

column (2) explores the impact of non-sibling coresident children (under age 13) that arenot
within 24 months of oneÕs age. The results show that the presence in the household of children

outside oneÕs own age-cohort has a slightly negative impact on immunization status, though it

is not statistically di!erent from zero.

To check for potential non-linearities in this relationship, column (3) includes a quadratic

term. The coe"cient on the quadratic term is signiÞcantly less than zero at the 5% level,

suggesting that the returns to scale in age-cohorts are non-linear in nature. Algebraic analysis

suggests that returns peak at an NSC age-cohort size of 7.75. However, as 99% of children in

the sample have six or fewer NSCÕs within two years of their age, this peak suggests that the

marginal e!ect is decreasing but generally remains positive.

To examine non-linearities more fully, column (4) shows estimates of the e!ects of NSCs at

each age-cohort size, relative to being age-isolated. The cohort-size coe"cients are plotted in

Þgure 1. Contrary to the quadratic speciÞcation, I Þnd the marginal e!ect is increasing up to

cohort size four. With respect to receiving immunizations, having one age-mate increases the

likelihood by 1.7 percentage points, although I cannot reject that this e!ect is zero. However,

additional agemates signiÞcantly increase the likelihood of immunization: the second by 2.2

pp, the third by an additional 3.3, and the fourth by 4.6pp further. The e!ect is the greatest

for those with four age-mates (or cohort of size 5), which exhibit a precisely estimated 11.8pp

increase relative to age-isolated children in the same household.

Beyond four age-mates, the e!ect seems to level-o!. However the conÞdence intervals for

categories of 5, 6, and 7 or more age-mates grow wide, as only 4% of the sample have such large

cohorts. The e!ects for very large cohorts are distinguishable from zero, but are not statistically

di!erent from one another. Thus the nonparametric analysis supports the Þnding of a positive

e!ect of age-mates overall, and suggests that the marginal e!ect may be increasing within the

normal range of age-cohort sizes. However, the standard errors fail to reject that the e!ects are

generally equal to the linear 1.9 pp per agemate estimated in column (3) of table 4.

5.3 Robustness Checks

As a Þrst check for robustness, I exclude a category of households in which the key identiÞcation

assumption might be violated. It is noted that while many households include multiple mothers

of young children, a non-negligible percentage of these include polygamous unions. In the

case of polygamy, it may be the case that reproduction decisions of one mother are no longer

independent of a coresident mother, if they share a husband. In a one-husband household, the

household Þxed e!ect would control for such interactions. However, with multiple men, one

or more of whom have multiple wives, then the central assumption of equation (4) may be

violated. Therefore, column (1) of Table 6 presents the same estimation excluding observations
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Figure 1:

Table 6: Robustness Checks

Dependent Var: (Y/N) Vaccine was received

Excluding Width of Age-cohort Shocks last
Polygamous m = 12 m = 36 m = 48 ≤ 12mo ≤ 24mo

(1) (2) (3) (4) (5) (6)
NSC age-cohort size .018 .019 .011 .007

(.007) (.005) (.004) (.003)

Uncorrelated NSCs .016 .016
(.005) (.005)

Male .025 .018 .018 .018 .019 .019
(.010) (.006) (.006) (.006) (.006) (.006)

Birth Order -.001 -.002 -.001 -.001 -.002 -.002
(.003) (.002) (.002) (.002) (.002) (.002)

HH birth order -.024 -.026 -.023 -.023 -.028 -.028
(.003) (.002) (.002) (.003) (.003) (.003)

Obs. 29677 92791 92791 92791 92791 92791
R2 .353 .385 .385 .385 .385 .385

Notes: All speciÞcations include household and vaccine Þxed e!ects. Robust standard errors are in parentheses,

clustered at the household level. All columns are estimated at the child-vaccine level and vaccines for which a

child is not yet due are excluded. ÒNSCÓ indicates non-sibling coresident children. Age-cohort includes children

within 24 months of oneÕs age for columns 1, 5 and 6. Width of age-cohort varies for columns 2-4 from 12 to 48

months, as shown.
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Figure 2:

from households containing any polygamous union.9 The results of this estimation are very

similar to previous estimations. The point estimate of 1.8 pp is not distinguishable from the 1.9

estimated in the full sample, yet is statistically di!erent from zero at the 5% level.

To test the sensitivity of the results to the choice of age-cohort cut-o!, m, columns (2) - (4)

of Table 6 estimate equation (4) with m set to 12, 36, and 48 months. In all cases, the coe"cient

on cohort size remains positive and signiÞcantly di!erent from zero. Of note, as the window is

widened, that is as the age-cohort includes children farther from oneÕs own age, the magnitude

of the e!ect diminishes. Figure 2 plots the estimated coe"cients against the range of values for

m. The apparent trend suggests that the closer to oneÕs age an age-mate is, the greater impact

he will have on a childÕs chance of immunization.

5.4 Alternative explanations for results

Peer E!ects

One might suggest that the results shown here merely reßect peer e!ects among coresident

mothers rather than true economies of scale. For example, if a mother observes her coresident

mother investing in immunizations, perhaps she is more likely to also do so.

I argue that for this to be the primary mechanism behind these results, two rather unbeliev-

able assumptions must hold. First, the peer e!ects must only operate in the positive direction.

That is, observing investment must induce investment, but observing non-investment must not

induce non-investment. If peer e!ects work in both directions, which seems more likely, then

9Note that whether the women in a household reporting polygamous unions all share the same husband or
not is not known to the researcher. The number of married males on the household roster is not su"cient
information, as many men are absent from the home for work or with live with other families. Therefore, all
polygamous households are excluded as a conservative measure.
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they would o!set each other and the presence of age-mates would have an ambiguous e!ect.

Secondly, one must assume that a mother is inßuenced only by coresidents with children of the

same age as her own. Because we found no e!ect from non-sibling coresidents outside oneÕs

age-cohort, one must assume that mothers with children of other ages do not exert peer e!ects.

This assumption seems even less tenable, as young mothers may look to senior women in the

household for child-rearing advice.

Immunization Issues

Other potential explanations for the results relate to the choice of immunizations as the represen-

tative input used for the empirical test. Primarily, one might consider the potential externalities

of vaccinations to be confounding factors in the analysis. That is, perhaps children in larger

age-cohorts are more likely to be immunized as a result of their greater exposure to other chil-

dren.

As before, there are stringent assumptions one must make for this reason to explain the

results. First, children must be more contagious to age-mates than to children outside their own

age-cohorts. This is perhaps more possible for some diseases than others. However, a second

strong assumption is that those in oneÕs age-cohorts account for a non-negligible fraction of a

childÕs exposure to disease. Even the largest cohorts in this data (10+) are small compared to

the number of children to which a child is generally exposed. Furthermore, diseases such as

yellow fever and diphtheria are transmitted via environmental factors. It is unlikely that the

externalities within a household of immunizations could produce the results presented here.

Additionally, there could be concern with the examination of immunizations in Senegal since

there are often Òvaccination daysÓ sponsored by a national campaign designed to encourage

demand for the service by providing it at a lower cost. In fact, nearly two-thirds of children in

the sample received at least one immunization on such an occasion. However, it is important

to note that these campaigns do not entail door-to-door service. Generally, a service site is set

up in or near a major market at a distance of up to 10km or more from some households. The

campaign likely reduces the"-cost of immunizations from equation (2). However, it does not

eliminate the adult time required to receive the service, which is the source of the economies as

modeled here.

Time-varying household characteristics

The presence of multiple young children in households allows for the exploitation of household-

Þxed e!ects, which is a useful way of dealing with the host of unobservable characteristics of a

household. However, there may be important household factors that change through time that

are not being captured by the Þxed e!ect. To the extent that a changing factor is related to

both reproduction and immunization decisions, it could confound the analysis. For example, if

a household experiences a negative income shock and as a result reduces or postpones reproduc-

tion, the shock is likely to also reduce investments in child quality such as the inputs discussed

here. If such an e!ect is operating, it would create a correlation between large cohorts and

greater inputs and would create an upward bias in the point estimates.
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Figure 3: Selection of Age-Mates Uncorrelated to Household Shocks

2.A

2.B

2.C
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In considering whether this e!ect could be driving the results, I Þrst note that the time span

included in this analysis is Þve years. Therefore, any longer-term shocks (covering all Þve years)

are not considered variation through time. Further, given the lag between conception decisions

and a resulting birth and considering the speciÞc window of time during which a child receives

vaccinations, shocks that a!ect both would be rare.

To test more explicitly whether such shocks should be a concern, I begin with the assumption

that these negative shocks last up to a maximum of 12 months, an assumption which is later

relaxed. The diagrams shown in Þgure (3) illustrate this discussion. If childi is born at

time 0, then her window of vaccinations is [0, 24], where time is measured in months. The

time window for the birth of her age-mates is [−24, 24], resulting in a window for age-mate

conception of[−35, 15]. As shown in Þgure 3.B, I impose a window for household shocks a!ecting

immunizations that extends 12 months beyond the immunization window in either direction. If

an age-mate is conceived outside of this shock window, then the decision of her birth must be

uncorrelated to any shock a!ecting input decisions for child i . Figure 3.C shows the resulting

window for conception of ÒuncorrelatedÓ age-mates and the associated window for births of such.

By this thought experiment, one Þnds that any age-mates born 26 to 3 months before

oneÕs own birth should be exogenous regarding any household shocks of concern. Relaxing the

assumption imposed on maximum length of shocks from 12 to 24 months, one proceeds similarly

to select uncorrelated age-mates. Under this assumption, uncorrelated age-mates are born 26

to 15 months before the child of interest.

I re-estimate the previous speciÞcation, replacing NSC cohort size with the size of oneÕs

ÒuncorrelatedÓ NSC cohort. If time-varying household characteristics are a factor here, one would

expect that the parameter estimates would be signiÞcantly reduced as a result of excluding the

previously upward biasing age-mates. Such estimates are shown in columns (5) and (6) of Table

6 based on assumptions of shock lengths at 12 and 24 months. The coe"cients remain signiÞcant

at the 1% level and, though slightly lower, are not statistically di!erent from the 1.9pp e!ect of

all NSC age-mates. This provides evidence that time-varying household characteristics are not

a signiÞcant source of the e!ects identiÞed in this analysis.

6 Conclusions

The purpose of this study has been to investigate the potential for economies of scale arising

from the age distribution of children within a household. While much research has examined

economies of scale resulting from household size or composition, this is the Þrst, to my knowledge,

to directly seek evidence of scale economies arising from other aspects of household structure.

The economies examined here act as price e!ects, lowering the marginal cost of child-quality

inputs for children in larger age-cohorts. Such economies are suggested to arise from the signif-

icant demands placed on adult time to provide these inputs. The proposed model predicts that

these scale economies would result in a positive relationship between observed age-cohort size

and inputs received.

In this analysis I have attempted to examine the causal relationship between these two
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observables by netting out as many other potentially inßuencing factors as possible. The use

of non-sibling coresident age-mates as a measure of oneÕs age-cohort eliminates problems of

endogeneity arising from unobservable mother characteristics. Household Þxed e!ects are used

to compare children within a household, thus eliminating issues of household unobservables.

Using childhood immunizations as a representative input for the empirical test, I Þnd that

having a larger age-cohort results in a greater likelihood of receiving a vaccination, relative

to a child in the same household who has a smaller age-cohort. These results are robust to

the inclusion of child-speciÞc characteristics, as well as the deÞnition of age-cohort and various

modiÞcations to the estimating equation.

The linear estimate suggests that each additional age-mate increases the chance of immu-

nization by about 2 percentage points. More ßexible estimates show that a child with four

coresident agemates may have as much as a 12 percentage point advantage over an age-isolated

child. Unfortunately, in order to calculate the size of the price e!ect that is inducing this ob-

served change in demand, one would need knowledge of the demand function for a vaccination.

Lacking this, a quantitative measure of the economies provided by the marginal age-mate is not

o!ered here. However, what can be said is that the induced demand increase of 2 percentage

points is non-negligible. Applying such an increase to the current national immunization cov-

erage rates would result in 75,000 additional vaccines received per year in Senegal. Considering

the multiplicative public health beneÞts resulting from increases in coverage, the social beneÞt

of such an increase could be quite large.

The results presented here o!er solid evidence that for inputs in which the adultÕs time

investment is a public good, a childÕs receipt of the input is increasing in the size of her age-

cohort with the household. Such Þndings suggest that there are economies of scale gained when

a householdÕs children are age-grouped rather than age-isolated. I o!er the contribution of this

work as a Þrst look at scale economies arising from an aspect of household structure previously

ignored by the economic literature. This paper presents evidence that such economies do exist.
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