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A B S T R A C T

In 2007, approximately one in five children in Zambia lived with an HIV positive adult. We identify the effect of
adult antiretroviral therapy (ART) availability at scale on children’s educational outcomes by combining data on
the expansion of ART availability with two national household surveys that include HIV testing. Through a triple
difference specification, we find that the availability of ART increased the likelihood that children in households
with HIV positive household heads started school on time and were the appropriate grade-for-age. Two me-
chanisms were likely decreased incidental infections in the household and related care giving duties.

1. Introduction

In the southern cone of Africa more than 10 percent of prime aged
adults are HIV positive and 20% of children live with an HIV positive
adult, creating a public health crisis with multigenerational effects
(UNAIDS, 2015). HIV has no cure. Instead, the international response
has been to treat those already infected and try to prevent additional
infections. The primary treatment response has been the subsidized
distribution of adult antiretroviral therapy (ART) to infected adults.
Epidemiological studies have shown that the adherence to the pre-
scribed ART regime increases adult health (Hammer, 1997; Wools-
Kaloustian et al., 2006), and this improved adult health could have
important benefits for children. Previous research has shown the effect
of ill adult health on children. For example, Pitt and

Rosensweig (1990), Yamano and Jayne (2005), and Evans and
Miguel (2007) found that the ill health of others in the household im-
peded children’s educational access and attainment through care giving
duties, labor substitution, and money available for nutrition and school
expenses. In this paper we focus on the opposite question: the effect of a
national, adult public health intervention on the children of the tar-
geted adults. Specifically, we estimate the impacts of the at-scale, i.e.
national, provision of ART on the schooling of children living in
households with infected adults. Even though the national and inter-
national response to HIV/AIDS has been to provide free or subsidized
ART, the effect of adult ART provision at scale (and corresponding
improvement in adult health) on children’s schooling is unknown. Re-
search is complicated by both a lack of data and compelling sources of
exogenous variation in exposure to treatments. This study will provide
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the first estimates of the effect of a large scale subsidized adult ART
program on children’s schooling.
We identify the effect of the availability of adult ART on children’s

schooling through the timing and location of free ART availability and
variation in adult HIV status, a triple difference specification. Zambia,
the focus of our study, is one of the highest HIV prevalence countries in
the world and has one of the most successful ART distribution cam-
paigns in sub-Saharan Africa as one of the original President’s Plan for
AIDS Relief (PEPFAR) target countries. Prior to the availability of ART
in Zambia, one in seven adults aged 15–49 was HIV positive and one in
five children of primary school age was living with a mother, father, or
household head who was HIV positive (DHS 2002). In 2003 ART was
effectively unavailable and by 2007, 40% of households were within
10 km of a treatment facility that distributed free ART. We combine
unique health facility level data on the dates of initial ART availability
and geographic coordinates of the facilities that provided ART with two
national household surveys that include HIV testing modules. Because
we are studying a nationwide program at scale, unfortunately we are
somewhat limited by the available data. Due to privacy concerns we are
unable to assign exact HIV status to all of the adults in our sample. In
the interest of symmetry and to alleviate concerns of selective test re-
fusal, we instead rely on the likely HIV status of the individual based on
the HIV status of others in the demographic group. More details on the
exact construction of this measure are in the Data Section.1 We include
extensive controls in our primary specifications and numerous robust-
ness checks to ensure that this data limitation is not confounding our
estimates.2

Our triple difference is then the interaction of a health facility ever
providing free ART (spatial variation), whether the health facility dis-
tributed free ART prior to the date of the household survey (temporal
variation), and the likely HIV status of adults in the household (varia-
tion in likely HIV status). This triple difference identifies the effect of
adult ART availability on children’s educational outcomes in house-
holds with likely HIV positive adults, net of any location, time, or lo-
cation by time variation that is common to both likely HIV positive and
likely HIV negative households (e.g. differential development trends by
region). Further, it controls for any differences across time for likely
HIV positive and negative households. While we are unaware of any
education programs that targeted children in HIV positive households
or any programs that targeted households near to health facilities that
distributed ART, our use of the interaction of likely HIV status and a

time dummy variable and the use of the interaction of being near a
health facility that distributed ART and a time dummy variable would
control for these possibilities. Finally, we are unaware of any con-
current programs that specifically targeted HIV positive households in
locations in which ART was available, other than the specific ART
availability.3 Therefore, our estimates are the effect of adult ART
availability on children’s educational outcomes.
We find that expanded ART availability increased the likelihood

that primary school aged children who lived with a likely HIV positive
household head enrolled in school on time and were the correct grade
for age, a proxy for timely school progression. We do not find any
evidence that ART availability differentially increased the likelihood of
children being enrolled in school beyond the first two years of primary
school, perhaps not surprising given that government primary schools
did not charge fees, eliminating a common enrollment barrier. The
results are similar if the reference adult is the mother or father. Because
our labor market participation measures are coarse, we cannot confirm
or reject that this increase is due to changes in the extensive margin of
the adult labor supply. In contrast, we find substantial decreases in
illness among children under 5, indicating that one potential me-
chanism is a decrease in incidental infections in the household or re-
lated care giving duties.
One strand of the existing economic literature on HIV/AIDS has

focused on the detrimental relationship between adult HIV and adults’
and children’s outcomes. Both Akbulut-Yuksel and Turan (2013) and
Fortson (2011) found that children in households with an HIV positive
mother or in regions with a high with HIV prevalence had less schooling
than expected. Ainsworth and Filmer (2006) and Kasirye and
Hisali (2010) found a decrease in child school attendance during par-
ental illnesses and prior to parental death. Focusing on adults only,
Levinsohn, McLaren, Shisana, and Zuma (2013) used propensity score
matching and found that HIV positive adults in South Africa were less
likely to be employed.
Another strand of the literature has focused on the effects of the free

or subsidized provision of ART and has taken one of three approaches.
The first type used smaller scale clinic- or employer-based studies and
focused on HIV positive adult recipients of ART with variation coming
from the timing of the initiation of treatment. All individuals in these
studies had sought treatment and were adhering to treatment.
Hammer (1997) and Thirumurthy, Zivin, and Goldstein (2008) used
longitudinal data on individuals in Western Kenya and found that the
initiation of ART increased recipients’ labor supply and that children in
household’s with HIV positive adults increased their weekly school at-
tendance by over 20%. Habyarimana, Mbakile, and Pop-Eleches (2010)
used a similar strategy with longitudinal data from a diamond company
in Botswana and found that the initiation of ART decreased worker
absenteeism. A second approach relied on temporal and spatial varia-
tion in ART availability, effectively difference-in-differences, but con-
sidered the effect on the whole population regardless of HIV status (e.g.
Baranov & Kohler, 2014; Bendavid, Holmes, Bhattacharya, & Miller,
2012; Friedman, 2014; McLaren, 2010). A third approach used a
strategy similar to the current paper with the HIV status of individuals
or other adults in the household as an additional source of variation.
Baranov, Bennett, and Kohler (2015) used HIV status to limit their
analysis to HIV negative households and found that ART availability
increased the intensive margin of labor supply in three rural districts in
Malawi. Lucas and Wilson (2013) and Lucas and Wilson (2018) used a
similar identification strategy to the current paper and found that the

1 Formally, for each individual we define their demographic group by gender,
age, province, and living in an urban or rural location, the most precise group
possible given the privacy concerns.
2 Zambia is not the only African country with two national Demographic and

Health Surveys (DHS) household modules undertaken since 2000. We selected
Zambia for this study for three reasons. First, we wanted a country with a severe
HIV epidemic, and only four countries with two DHS since 2000 – Lestho,
Malawi, Zambia, and Zimbabwe – have HIV prevlance levels above 7%. Second,
we wanted a country with a relatively rapid and widespread expansion of
PEPFAR related activities between the two survey rounds. As of 2017, Lestho
had not yet reached the level of ART coverage Zambia had in 2007. Malawi
only recently reached that level, and its second DHS was seven years ago.
Finally, we chose not to study Zimbabwe since between the two DHS rounds
(2005 and 2011) the country experienced massive hyperinflation and a collapse
of basic health services. Further, we limit our study within Zambia to the period
ending in 2007 for two reasons. First, all data were collected during PEPFAR I
when the focus was primarily on expansion of ART availablility and not broader
support of the health sector. When PEPFAR was reauthorized by the US
Congress in 2008 and became PEPFAR II, the focus expanded to include broader
support for the health sector, which could confound our estimates. Second, as
PEPFAR’s scope expanded, it started reaching clinics that were not in place
prior to the start of the ART program; clinics that could have been en-
dogenously placed, causing bias in our estimates. Therefore, while our data
might not be ideal, they are the best available to study the effect of ART scale-
up on educational outcomes.

3 During the period under study (2002–2007), a social safety net of cash
transfers operated in only four of the seventy-two districts in Zambia. These
cash transfers targeted the most destitute households (Regional Hunger and
Vulnerability Program 2007). Even though HIV status was not part of the se-
lection mechanism, to ensure that this program is not biasing our results, in the
robustness section we remove these districts from the analysis.
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availability of adult ART increased the weight of children under 5 years
old in households with likely HIV positive adults and the weight of
likely HIV positive women.
Our paper adds to the existing literature on five important margins.

First, we have longer run outcomes (e.g. grade progression and en-
rollment decisions) that were not available in previous studies. Second,
because we are using a national household survey we are able to esti-
mate the effect over all HIV positive households, even those who did
not seek, were not yet eligible given their disease progression, or did
not adhere to treatment. Existing studies focus on individuals seeking
and adhering to care at clinics. In a low-resource setting providing
public health at-scale could have very different effects than providing
care in individual clinics. Third, our estimates are the net effect on HIV
positive households, eliminating any changes in outcomes that are
common across all households. Fourth, we test the opposite side of the
literature that has found that parental illness has negative effects on
children’s schooling – can at scale public health improve parental
health to overcome this deficit? Fifth, the ART distribution and ex-
pansion model in Zambia is common to other countries supported by
the United States President’s Emergency Plan for AIDS Relief (PEPFAR),
and our estimates present a likely scenario for similar PEPFAR sup-
ported countries.

2. Background

2.1. HIV/AIDS

The HIV/AIDS epidemic is one of the most pressing public-health
challenges faced by developing countries, especially those in the
southern cone of Africa where more than 10% of the population aged
15–59 are afflicted with the disease (UNAIDS, 2015). HIV is a virus,
primarily transmitted through heterosexual intercourse in sub-Saharan
Africa (Dunkle et al., 2008). The initial symptoms of HIV are similar to
a mild flu. This disease then remains with infected individuals, causing
a slow decline in health as the immune system weakens and the disease
progresses to AIDS. The most common measure of the robustness of an
individual’s immune system in the context of HIV/AIDS is an in-
dividual’s CD4 T-cell count per micro liter of blood. CD4 T-cells are
white blood cells that are responsible for fighting infections. As the
disease progresses, these cells are destroyed resulting in infected in-
dividuals’ immune systems to progressively weaken. This decrease in
white blood cells leads to increased likelihood of malaria, tuberculosis,
severe influenza, and other infectious diseases even prior to the onset of
AIDS (Whitworth et al., 2000; Cohen et al., 2013; Sonnenberg et al.,
2005).
Untreated HIV eventually leads to AIDS when an individual's im-

mune system is severely compromised with fewer than 200 CD4 T-cells
per micro liter of blood. The rate of clinical progression from initial HIV
infection to AIDS has been observed to vary between individuals, from
2 weeks up to 20 years (Navarro, 2000). In the absence of treatment,
the median time of progression from HIV to AIDS is 9–10 years
(UNAIDS Inter-Agency Task Team on Education, 2000). In the absence
of antiretroviral therapy, estimates of the median survival time upon
the manifestation of AIDS is about one year (Lee, 2001; Morgan, Mahe,
Mayanja, & Whitworth, 2002).
HIV/AIDS does not have a cure. Instead, infected individuals are

prescribed anti-retroviral therapy (ART), a drug cocktail therapy that
impedes the course of HIV/AIDS and has been shown to improve the
health status of HIV positive patients (Hammer, 1997; Wools-
Kaloustian et al., 2006).

2.2. HIV/AIDS in Zambia

In Zambia the first reported AIDS case was in 1984 (World Health
Organization, 2005). Small scale state provision of subsidized ART
began in Zambia in 2002 at the University Teaching Hospital in Lusaka

and at the Ndola Central Hospital in Ndola. Even with partial sub-
sidization, the annual cost of treatment totaled at least US$2000, one
and a half times an urban nurse’s salary, almost four times a cleaner’s
salary, and more than four times the per capita GDP of Zambia
(International HIV/AIDS Alliance, 2004). In addition a limited number
of private companies, in particular the mining industry, provided ART
to their employees at a subsidized rate.4

The official commitment to the provision of universal free ART to
adults occurred in June 2004 (World Health Organization, 2006). Since
this announcement, both the Global Fund to Fight AIDS, Tuberculosis
and Malaria and the United States President’s Emergency Plan For AIDS
Relief (PEPFAR) have donated hundreds of millions of dollars annually
to increase ART availability. In 2005, the average price for the most
common ART drug combinations was US$268 per treated person per
year (World Health Organization, 2006). In Zambia, this expense was
paid by donors and not the individual recipients.
During the period under study, the WHO standard followed in

Zambia was to provide ART at the start of a patient’s descent into AIDS,
at approximately a CD4 T-cell count of around 200 per micro liter of
blood (Stringer et al., 2006; World Health Organization, 2006). Since
this was a previously untreated population, the average CD4 count of
those treated was likely much lower, resulting in many very sick in-
dividuals receiving treatment (Médecins sans Frontiéres, 2003). In a
previously untreated population in South Africa, Médecins sans
Frontiéres (2003) found that after 12 months of treatment, the mean
weight gain was 10 kg and patients reported a decrease in pain and
discomfort and an increase in the ability to care for oneself and engage
in typical activities. Further, the incidence rate of tuberculosis among
the treated declined by two thirds.
The scale-up of ART provision in Zambia was dramatic. In 2003, less

than 10% of those needing ART were receiving treatment and only 3
sites were open in the entire country. In 2005, 25% of those requiring
treatment were receiving it from 110 different clinics (World Health
Organization, 2006). Even though some private companies continued to
provide treatment to their employees, over 95% of those treated
were receiving treatment in the public sector (World Health
Organization, 2006).
The scale-up of treatment facilities started with the most advanced

hospitals (Zambia Ministry of Health, 2008).5 Each province had at
least one such facility, but many households were not within a rea-
sonable treatment distance. The program was then extended to smaller
primary care facilities, e.g. district hospitals and health centers. By the
end of 2007, 64% of the 440,000 people in Zambia needing ART had
access to it, and a third of all health facilities in the country were able to
offer treatment (Zambia Ministry of Health, 2008).
During our period of study, almost all individuals who were

treated received the “first-line” ART treatments that are cheaper and
easier to administer than later stage treatments (World Health
Organization, 2006).6 Even though the ART was free to recipients, some

4 Our health facilities data do not include clinics that only served specific
corporations. Therefore, individuals who received ART through their employers
prior to the wider availability of ART will be misclassified as not receiving ART.
5 In our triple difference specification we include interaction terms that

control for time varying differences between locations that did and did not
receive ART in addition to controls for any time invariant differences between
districts. See Section 3 for additional details.
6 Most of the ART treatment during the period of our study was for adults. In

2005, about 8% of the recipients of ART in the public sector were children
(WHO 2006). We will not be able to rule out this direct treatment of children as
the cause of our results, but given the number of adults versus children treated,
the direct treatment is likely not the dominant channel. Further, during the
period of ART scale-up, ART regimens were also used for the prevention of
mother-to-child transmission (PMTCT). Even the earliest beneficiaries of
PMTCT would not be old enough to appear in the schooling data that we use for
the analysis. A 2009 study of Cameroon, Cote d’Ivoire, South Africa, and

A.M. Lucas, et al. Economics of Education Review 72 (2019) 107–120

109



clinics continued to charge user fees. By early 2006 all of these point of
service user fees for HIV treatment had been eliminated (World Health
Organization, 2006).
Since ART has been shown to be more effective if provided to

someone who was well nourished, ART clinics in Zambia provided
nutritional advice and counseling to those receiving ART. Since these
two actions coincided, we cannot separately identify their effects. As
this coupling is often standard practice in ART provision, one would
expect a similar program in other settings.7

Despite being shown to increase patient health in clinic based stu-
dies, ART taken to scale in a low resource setting could be less effective.
First, during PEPFAR I, the treatment period of our study, the focus was
the rapid distribution of ART treatments, and money and support was
not provided to support the health sector more broadly. Therefore,
distributing ART and providing follow-up care to HIV patients could
have offset other health facility activity. Second, unlike clinic based
studies, patients might not correctly adhere to the prescribed regime.
Based on a study in 2005–2007 in Kenya, 29% of ART patients dropped
out of their program for at least 90 days (Unge et al. 2009)

2.3. Education in Zambia

Primary school in Zambia starts at age 7, lasts 7 years, and is not
compulsory (UNESCO, 2010). Secondary education spans grades 8–12,
and students are typically aged 15–19 years old (Zambian Ministry of
Education, 2011).
In 2002 Zambia introduced the Free Basic Education (FBE) program

that eliminated the school fees for grades 1–7 (Zambian Ministry of
Education, 2011).8 School uniforms were no longer compulsory, but
many schools continued to require them. Further, some schools con-
tinued to administer supplementary fees for school development pro-
jects, and parents were still responsible for books, other supplies,
transportation, and food. Therefore, despite the elimination of formal
fees, both other schooling related expenses and the need to work to earn
money continued to be a barrier to schooling for some children (Robson
& Sylvester, 2007). According to official statistics, approximately 7% of
students in primary school in 2005 repeated a grade (UNESCO, 2010).
Children continue on to a subsequent grade based on the assessment of
their current teachers in consultation with their parents.

3. Empirical strategy

We exploit the scale-up in the availability of free ART in a triple
difference specification to identify the effect of adult ART availability
on children’s schooling outcomes. The primary conceptual difficulties
in identifying the effects of adult ART are the non-random placement of
treatment centers and take-up, retention, and adherence to treatment.
Within a country, or even between countries, regions that were earlier
recipients of ART could be richer or have a higher population densities,

attributes that could affect children’s schooling independent of ART
availability. Further, not all infected adults might seek or adhere to
treatment, resulting in clinic-based estimates differing from the effects
at scale. Our triple difference strategy overcomes both of these diffi-
culties by identifying the effect of adult ART availability off of the
differences between likely HIV positive and likely HIV negative in-
dividuals and using household instead of clinic based surveys. Our es-
timates are the net effect of the scale up of ART, not necessarily the
take-up, retention in care, and adherence to ART.
To identify the effect of ART at scale, we rely on variation in geo-

graphy, survey timing relative to initial ART provision, and adult HIV
status. The household data are repeated cross-sectional household
surveys collected in 2002 and 2007 that we combine with unique data
on the start date and geographic coordinates of each ART service pro-
vider.9 More details on the data appear in Section 4. Formally, we es-
timate the effect with a triple difference specification

= + + +

+ + + + +

+

Y HIV ART post HIV ART

post HIV ART HIV post ART post X

( * * )

( * ) ( * ) ( * )
ijt ijt j t ijt j

t ijt j ijt t j t ijt

ijt

1 2

3 4 5 6

(1)

where Yijt is the outcome of interest (e.g. enrolled in school, being the
correct grade for age) for individual i in geographic cluster j at time t,
HIVijt is the likely HIV status of the reference adult (e.g. household
head) for child i, ARTj is a dummy variable that takes the value of 1 if
the household is within 10 km of an ART treatment center in 2007, and
postt is a dummy variable that takes a value of 1 if the household was
surveyed in 2007.10 Xijt contains additional control variables: dummy
variables for the month of survey, female, living in an urban location,
the age group of the reference adult, interactions between the reference
adult age group and postt, the age of the child, the district, and the
interactions between district dummy variables and postt. We assume our
standard errors, εijt, are independent across districts but allow them to
correlated within a district.11 The coefficient of interest is β, the effect
of having a clinic that distributes ART near a household with an HIV
positive reference adult. Because we include dummy variables that
jointly vary by location and survey timing, this effect is net of any other
temporal or spatially varying attributes that might be common across
likely HIV positive and likely HIV negative households (e.g. a change in
the price of copper that might differentially affect districts in the “post”
period). By design we are focusing our analysis on the households of
those targeted to benefit directly from ART. Further because we are
including dummy variables for the age group of the reference adult and
its interaction with post and dummy variables for the child’s age, we are
controlling for life cycle dynamics. For such dynamics to be biasing our
results they must be both differential by ART availability and HIV
status. In our robustness section we include additional controls for birth
order.
One of our main education outcomes of interest is whether the child

is the correct grade-for-age. This measure combines timely entry and
progressing through one grade each year. Students who start school
after the official age of entry of seven will never be grade-for-age, while
even those who start on time could be retained in a grade, causing them
to no longer be grade-for-age.
At a minimum, this measure captures a delay in eventual educa-

tional attainment, at a cost to the schooling sector in the inefficient use
of resources if students are spending multiple years in a single grade
and to students in a delayed start of their working lives and therefore

(footnote continued)
Zambia found that fewer than 50% of infants born to HIV positive mothers at
health centers that provided PMTCT completed the full course of treatment
(UNICEF, 2009), and a WHO report based on data from 2008 deemed that
Zambia had made “no progress” towards the millenium development goal of
reducing the under 5 mortality rate (World Health Organization, 2010). Even if
additional younger siblings survived, the effect of this survival on older siblings
is uncertain, but the survival is unlikely to generate an increased likelihood of
school attendance.
7 A more comprehensive food assitance program that included supplemental

nutrition assistance was started in February 2009, after our window of study
(Tirivayi & Groot, 2014).
8 While not contemporaneous to the increased provision of ART, this program

did occur between the our first household survey (2002) and our second
household survey (2007). Our triple difference specification removes any policy
changes that uniformly affected households regardless of HIV status.

9 The first household survey occurred from November 2001 to June 2002. We
refer to it as the 2002 survey for simplicity.
10 For reasons of privacy and consent, exact HIV status cannot be assigned to

all adults. The algorithm for attaching likely HIV status to each adult is dis-
cussed in the Data Section.
11 In 2007 Zambia had 72 districts.
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lifetime income. These are two substantial concerns in low resource
settings.
In addition to being a desirable outcome itself, we believe that

grade-for-age, while not perfect, is a decent proxy for a child’s like-
lihood of completing primary school, and does not simply represent a
delay in eventual educational attainment. Both Shepard and
Smith (1989) and National Center for Education Statistics (1997)
found that students who were not grade-for-age had lower achieve-
ment outcomes and higher drop out rates. Further, Oreopoulos, Page,
and Stevens (2006) used grade-for-age among children aged 7–15 as a
proxy for “children’s long-run success” (page 737). While the cited
studies focused on developed countries, the likelihood of dropping
out as children become older could be even larger in African countries
as older children are both more complementary to and easily sub-
stitutes for adult labor, increasing the opportunity cost of school as
children age. Lewin (2009) based on an analysis of 44 countries in
sub-Saharan Africa, highlighted both within-school and external
factors that contribute to over-age students being more likely to drop-
out. Within the schooling environment, older students might have
less motivation, be increasingly frustrated from being in a class with
younger students with different levels of maturity, not be the targeted
age of the pedagogy, and feel the curriculum irrelevant. External
factors include an increasing opportunity cost of time and pregnancy
and family obligations for girls. Consistent with these barriers to
completion for older students, in Kenya, Tanzania, and Uganda, en-
rollment rates peak at age 11, prior to the expected age at completion
of primary school (Jones, Schipper, Ruto, & Rajani, 2014). Based on
data from 45 countries in sub-Saharan Africa, Ruff (2016) found a
negative relationship between student grade retention and primary
school completion. In Ethiopia, regions with the highest rate of grade
repetition also have the highest drop-out rates (Rossiter, Azubuike, &
Rolleston, 2017). As additional evidence of the difficulty in com-
pleting primary school for older students, Lucas and Mbiti (2012)
found that the removal of school fees for primary school in Kenya had
a smaller effect on older primary school children, especially girls.
Further, most salient to girls, the likelihood of pregnancy and mar-
riage increases with age. At age 7 in Kenya, Tanzania, and Uganda,
the number of girls exceeds the number of boys enrolled in school. By
age 9 this is no longer the case in Kenya and Uganda, and the number
of boys exceed the number of girls by age 14 in Tanzania (Jones et al.,
2014). Across all three countries girls are more likely than boys to
drop out in their early teenage years. This is confirmed in
Kremer, Miguel, and Thorton (2009) who note that grade 6 girls are
more likely to drop out than grade 6 boys in Kenya. In KwaZulu-
Natal, South Africa, each year of delayed entry increased the like-
lihood of a female student dropping out by 51% and grade repetition
was associated with a 73% increase in school drop-out (Grant &
Hallman, 2008). In Zambia, child marriage is common with 42% of
marriages occurring prior to the woman reaching age 18
(Mann, Quigley, & Fischer, 2015).
The availability of ART treatment could affect the schooling out-

comes for children living in households with HIV positive adults in at
least eight ways. First, fewer incidences of adult illness means children
will not be kept home from school to provide care or support.12 Second,
children would be less likely to be substitutes for adult labor in em-
ployment, household production, or child care.13 Third, an increase in
income could provide money necessary for school supplies, uniforms,
transportation, and other school expenses. Fourth, increased household
income or increased productivity of household enterprises through

improved health could increase children’s nutritional intake and food
security, and thus increase school attendance and outcomes (Food &
Agriculture Organization of the United Nations HIV/AIDS
Programme, 2003; Glewwe & Miguel, 2008 for a summary of the lit-
erature on the relationship between children’s nutrition and schooling
outcomes).14 Fifth, children would be exposed to fewer pathogens be-
cause adults with stronger immune systems would be less susceptible to
incidental infections. Sixth, the availability of ART could reduce HIV
related stigma. Seventh, a longer time horizon for parents could in-
crease the perceived return to educating their children (Lorentzen,
McMillan, and Wacziarg 2008). Finally, children who are less worried
about the health status of their parents might be able to focus more on
their studies. Our reduced form effect is the sum of all of the potential
channels through which the presence of an ART treatment center might
affect the children in a household with an HIV positive adult. Addi-
tional specifications attempt to parse out some of the potential me-
chanisms.

4. Data

For our analysis we combine individual survey data from two
rounds of the Zambian Demographic and Health Survey (DHS) with
unique data on the geographic location of health facilities in Zambia as
of 2006 as well as the month and year in which these facilities started
offering free ART, if this date occurred prior to June 2008.
The Zambian DHS are national household surveys with data on

individual level demographic, economic, health, and education out-
comes. We use two rounds of this repeated cross section. The DHS-IV
survey was collected from November 2001 to June 2002, prior to the
availability of free ART, and the DHS-V was collected April to
October 2007, after the partial scale-up of free ART. For each child
within a surveyed household the data contain gender, age, school
enrollment status, and current grade as well as the gender of, age of,
and relationship to the household head. If the child’s mother or father
are in the household, they are similarly identified. Further, for each
child under the age of 60 months, the adult respondent was asked
whether the child had diarrhoea, fever, or cough in the two weeks
preceding the survey. At the household level the data contain the
district of residence and a normalized wealth measure based on
household assets.
As part of both the DHS-IV and DHS-V a subsample of females aged

15–49 and males aged 15–59 were tested for HIV. Due to privacy
concerns and incomplete testing coverage, we are not able to match
each adult with his or her HIV status.15 Instead, we use an individual’s
likely HIV status based on the portion of individuals who tested positive
for HIV in a respondent’s gender by age group by province by urban
status cell (e.g. 30–35 year old females in rural Northern Province).
These values are calculated separately for each of the two survey

12 Bicego et al. (2003) found that orphans were less likely to be grade for age.
Our findings show that this delay could have started prior to parental death.
13 Dillon (2013) found that children in Mali were substitutes for adult labor in

child care and household production when a household adult experienced a
negative health shock.

14 Based on a 2004 cross section of households in Northern Province, Zambia
prior to the widespread availability of ART, 24% of households with an HIV
positive adult reported eating at most one meal per day, approximarely twice as
high as the percentage of households unaffected by HIV/AIDS. Further,
households with an HIV positive adult reported a 9 percentage point larger
decline in the amount of land under cultivation between 1997 and 2002 than
unaffected households (Curry, Wiegers, Garbero, Stokes, & Hourihan, 2006).
15 In the DHS-IV about 75% of eligible individuals were tested with the re-

sponse rate appearing to be unbiased in relation to patterns of HIV infection
(Dzekedzeke, 2003). In the interest of respondent privacy, the HIV test results
in the DHS-IV lack unique identifiers. In the DHS-V, 75% of respondents in the
relevant age ranges consented to be tested and can be linked to the test results
through unique identifiers, 18% refused to be tested, and the remainder were
unavailable (Tembo-Mwanamwenge & Kasongo, 2009). The reason for a
missing test is not provided at the individual level. For consistency across the
two samples and within each sample, we apply the same procedure to all in-
dividuals.
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rounds.16,17 For each child we assign the likely HIV status of his
household head, his mother, and his father, if these individuals were
identified in the household roster.18

Our primary specifications use the household head as the reference
adult as all children in the sample have a household head, but not all
have a mother and/or father in the household for reasons that could be
related to the presence or absence of adult ART therapy.19 For about

60% of children their household head was their father, with mother as
the second most likely person (12%). Thirty-three percent did not live
with their mothers, 44% did not live with their fathers, and 30% lived
with neither a mother nor father, but only 4% reported both parents
being deceased. Robustness checks control for these different family
structures.
To determine the availability of ART for a household we combine

unique data on the location and date of ART availability (if ever) for the
health facilities with the locations of the sample cluster centroids from
the DHS.20 We calculate whether a household was within 10 km of a
ART treatment facility prior to the 2007 DHS survey, effectively cal-
culating an “ever ART” measure for the entire sample.21 Of all health
facilities open in 2008, 242 of them (18%) started distributing ART
prior to the 2007 survey. These unique health facilities data further
provide the start date of other HIV services, i.e. voluntary counseling
and testing and prevention of mother to child transmission, that we use
in robustness checks.
Table 1 contains summary statistics, separately by DHS survey

round. According to the data, 7% of the sample was within the 10km
treatment radius of an ART treatment facility in the 2002 data. While
technically available, ART was prohibitively expensive for most people.
Therefore, in our specifications we do not consider this availability as a
part of the free ART scale-up. Seventeen to 19% of children in our
sample lived with an HIV positive household head, with moms, when
present, somewhat more likely to be HIV positive than dads, when
present. Data were not collected on initiation of treatment. Women
were asked whether they visited a clinic for any reason in the last 12
months. The likelihood of visitation decreased between the two sur-
veys, but health generally increased over this period making trips for
childhood illnesses less likely. Children were more likely to be at-
tending school and be the correct age for their grade in the 2007 survey
round. Fig. 1 shows the national age profile of HIV risk. In our empirical
specification we exploit variation between genders, ages, provinces,
and urban vs. rural.

5. Results

We first estimate the effect of adult ART provision on children’s
schooling outcomes, then explore a number of potential mechanisms.

5.1. Schooling

Table 2 presents evidence of the effect of adult ART availability on
three schooling measures through the estimation of Eq. (1) as a linear
probability model.22 In all columns the sample is limited to children of
primary school age who have a household head in the HIV testing age
range.23 In each column the coefficient of interest is the one on the
triple interaction of HIV positive * ART ever * post, the differential
effect of ART availability on children in households with likely HIV
positive household heads. The HIV status of the household head is
calculated as explained in Section 4.

Table 1
Summary statistics.

2001 2007

ART available within 10 km 0.07 0.46
(0.26) (0.50)

Likelihood of HIV+Household head 0.17 0.19
(0.11) (0.08)

Likelihood of HIV+Mom 0.21 0.21
(0.11) (0.09)

Likelihood of HIV+ Dad 0.16 0.19
(0.11) (0.08)

Mom visited clinc in prior 12 months 0.74 0.54
(0.44) (0.50)

Mom ever tested for HIV 0.09 0.43
(0.28) (0.49)

Age 11.76 11.67
(3.36) (3.28)

Attending school 0.67 0.82
(0.47) (0.39)

Grade for age 0.27 0.43
(0.44) (0.49)

Household has a bednet 0.31 0.71
(0.46) (0.45)

Bednetused previous night 0.16 0.29
(0.37) (0.45)

Dad is household head 0.60 0.57
(0.49) (0.49)

Mom is household head 0.12 0.13
(0.32) (0.33)

Someone else is household head 0.28 0.30
(0.45) (0.46)

Orphan 0.02 0.04
(0.16) (0.18)

Household wealth (normalized measure based on assets) 0.07 0.01
(1.05) (1.03)

Illness in prior two weeks
Diarrhea 0.21 0.16

(0.41) (0.37)
Fever 0.45 0.18

(0.50) (0.39)
Cough 0.39 0.26

(0.49) (0.44)

Notes: Standard deviations appear in parenthesis. Source: Calculations based on
2002 and 2007 Zambia DHS. The unit of observation is a primary school aged
child with five exceptions: Household wealth is at the household level for
households with a primary school aged child and the four illness measures are
for children aged 0–5.

16 Since patients taking ART are less infectious than those who are in the final
stages of AIDS, one concern is that ART availability altered the HIV prevalence.
We do not find evidence of this. The relationship between HIV prevalence at the
cell level and portion of respondents who were within the treatment radius of
an ART clinic is not statistically significant once we control for HIV prevalence
in 2001 and province, urban, and female dummy variables.
17 Our data have 481 different populated cells with an average of 27 adults in

each cell.
18 We use a broad definition of father to include both biological fathers and

men married to the child’s mother to increase the sample size since we cannot
always differentiate between the two.
19 Children whose parents were deceased would still be included in this

analysis as long as they were living with someone aged 15 or older, even if that

(footnote continued)
person was an older sibling. In the robustness section we control for orphan
status.
20 Our data include 1349 health facilities.
21 For privacy concerns, DHS sample cluster centroids are displaced in a

random fashion, potentially leading to attentuation bias in our estimates.
22 The appendix Table A.1 shows the general trends in schooling using a

simple difference-in-differences strategy, removing the triple interaction term
from Eq. (1) as well as any measure of HIV status. That table shows that edu-
cation was generally increasing over the period as measured by both school
attendance and being grade-for-age.
23 Since each child in our regression must be at least 7 years old at the time of

the survey, these children will have been too old to have benefited from any
increased provision of PMTCT.
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According to column 1, ART availability did not differentially affect
the likelihood that a child in a household with an HIV positive house-
hold head was enrolled in school during the current school year, an
extensive measure of schooling, as the coefficient is positive but sta-
tistically insignificant.24 In 2007, government schools did not charge
fees and over 80% of the sample reported being enrolled in school.
Therefore, this lack of effect might not be surprising given the low cost
of enrolling in school. Further, our large standard error does not rule
out a change in enrollment. In contrast, ART availability increased the
likelihood that children in households with HIV positive household

heads were the correct grade for their age, a measure of the intensive
margin of schooling that combines timely entry and progression
(column 2). Based on the magnitude of the coefficient, for a child in a
household with a household head who was HIV positive with certainty,
the likelihood of being grade for age increased by 49 percentage points
with the availability of ART. This represents a one standard deviation
increase in this likelihood. None of our demographic cells have a value
of 1 for likely HIV status. Within our sample, a change from the median
value of head HIV status to 0 would lead to an expected increase in
likelihood of being grade for age by 8 percentage points (17% of a
standard deviation), and a change from the 10th to 90th percentile
would result in an expected 19 percentage point change (41% of a
standard deviation). Over this period, the likelihood of being age for
grade in locations that received ART increased 31 percentage points.
We estimate that ART availability caused 29% of this change.
While these estimates might appear large, recall that they include

all direct and indirect benefits that might accrue to children in house-
holds with HIV positive household heads due to the availability of adult
ART.25

As noted, being grade for age is the result of starting school on time
at age 7 as well as progressing through one grade each year.
Unfortunately, our data do not contain either of these measures. We
present results in column 3 of the effect of ART availability on timely
entry only for those who should have been in their first year of school at
the time of the survey. As with grade-for-age, we find a positive and
statistically significant relationship between this measure of schooling
and our regressor of interest. Scaling this coefficient, comparing the
median HIV status to zero implies a change in the probability of timely
entry of 12 percentage points (15% of a standard deviation). During this
period, the likelihood of timely entry in regions that received ART in-
creased 43 percentage points. We estimate that ART availablilty caused
31% of this change.
While the other coefficients in the table are not of direct interest to

the research question, they show that children in households with HIV
positive household heads were more likely to be attending school and
be the correct grade for age. In Zambia, as with other countries of sub-
Saharan Africa, HIV rates increase with education, and these

Fig. 1. Age profile of HIV status.

Table 2
Effect of adult ART on children’s schooling.

Enrolled Grade for age Timely entry
(1) (2) (3)

HIV+ * ART Ever * Post 0.166 0.494*** 0.753**
(0.146) (0.155) (0.375)

HIV+ 0.120 0.219** 0.377*
(0.083) (0.091) (0.193)

ART Ever 0.057 0.115*** 0.084
(0.035) (0.042) (0.060)

Post −0.070 0.345 0.188
(0.177) (0.215) (0.423)

HIV+ * ART Ever −0.098 −0.228** −0.331
(0.091) (0.113) (0.234)

HIV+ * Post −0.148 −0.245 −0.425
(0.128) (0.154) (0.329)

ART Ever * Post −0.055 −0.115* −0.162*
(0.045) (0.060) (0.097)

Observations 12,128 12,128 1,933
Rsquared 0.19 0.22 0.24
Coefficient of interest in standard

deviations
HIV+ * ART Ever * Post 0.364 1.044*** 1.508**

(0.321) (0.328) (0.752)

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard
errors clustered at the district level appear in parenthesis. The sample is limited
to children in expected grades 1–7 with a valid HIV approximation for their
household head. All columns are linear probability models and include dummy
variables for child age, household head age group, district, month of survey,
urban, female, household head age group times post, and district dummy
variables times post.

24 Precisely, the survey asks whether the child has attended any school in the
last year, effectively a measure of enrollment.

25 Our results are not directly comparable to Fortson (2011), who estimates
the relationship between regional HIV prevalence and completed schooling,
including both HIV positive and HIV negative households. Based on her esti-
mates, one would expect approximately 1 fewer years of schooling for 15–49
year olds due to HIV/AIDS, in the absence of treatment.
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coefficients likely reflect that relationship (Fortson, 2008). Further,
children from locations that ever received ART were more likely to be
the correct grade-for-age. Since our identification strategy leverages
temporal, spatial, and HIV status differences, these time invariant
characteristics do not affect the validity of our strategy.26

We tested for differences by child gender across all three schooling
outcomes and while the point estimates are larger for boys in all cases,
we fail to reject that the coefficients are equal for boys and girls (results
not presented).
Table 3 tests for differential effects by grade, replacing the single

triple interaction from Eq. (1) with separate interactions for each pri-
mary grade. Unlike in the overall average in column 1 of Table 2, in
column 1 of Table 3 we find that adult ART availability differentially
increased the likelihood that students in primary grades 1 and 2 were
attending school. Further we are able to reject the equality of coeffi-
cients across all primary grades. Therefore, for school enrollment the
benefits appear to be concentrated with the youngest cohorts. And
while we cannot directly test the mechanism, this finding suggests that
the dominant mechanism is not care giving – or at least care giving that
is preventing children from being enrolled in school – as this effect
would be stronger in the older aged children. Column 2 contains ana-
logous estimates on the effect of being grade-for-age. In this case, all
grade levels are more likely to be grade-for-age with no clear age pat-
tern, indicating that adult ART availability affects the likelihood of
grade progression.

In Table 4 we provide estimates for differential effects by both
distance and duration of exposure. In column 1, we replaced the triple

interaction of interest in Eq. (1) with a series of 5 km distance inter-
actions (i.e. 0–5 km, 5–10 km, 10–15 km, and 15–20 km) and included
the appropriate double interactions. Based on column 1, the benefit is
concentrated within 10 km of a health facility that provided free ART.
The coefficients for larger distances are positive, but smaller in mag-
nitude and statistically insignificant. This confirms our use of 10 km in
our primary specifications. In column 2, we augmented Eq. (1) with an
additional triple interaction term replacing the single “post” with the
number of months that ART was available. The point estimate on both
the original triple interaction term and the new one are positive, as
expected, but separately insignificant. The test of joint significance
confirms that these regressors are jointly statistically significant.

5.2. Mechanisms

Adult ART could have improved children’s schooling through a
number of channels. First, we test for the impact of adult ART on the
labor supply of adults who were the household heads of the children in
our sample. Specifically, we estimate Eq. (1) with a household head as
the unit of observation, limiting the sample to household heads of a
primary school aged child, and a measure of labor supply as the out-
come of interest. Unfortunately, our data are not particularly well
suited for this analysis. The labor force participation measures are
coarse measures of the extensive margin of labor supply with over 80%
of household heads reporting in 2002 that they were currently working
or had worked in the last 12 months. Additionally, because of the
structure of the DHS, the labor supply questions only cover about half of
all household heads in our sample. Nevertheless, we report these esti-
mates in Table 5.
In columns 1 and 2 of Table 5 we do not find any statistically sig-

nificant relationship between the provision of ART and the likelihood
that the household head was working at the time of the survey (column
1) or had worked in the last 12 months (column 2). As an potential
indictment of our data quality, none of the lower level coefficients have

Table 3
Effect of adult ART on children’s schooling – analysis by grade.

Enrolled Grade for age
(1) (2)

Primary 1 0.484*** 0.492***
(0.170) (0.165)

Primary 2 0.413** 0.537***
(0.167) (0.179)

Primary 3 0.175 0.298
(0.151) (0.187)

Primary 4 0.056 0.348*
(0.160) (0.195)

Primary 5 −0.059 0.487***
(0.166) (0.163)

Primary 6 −0.027 0.331*
(0.159) (0.192)

Primary 7 0.115 0.238**
(0.087) (0.096)

Test of equality of coefficients
F statistic 8.20 1.97
p-value 0.00 0.09

Observations 12,128 12,128
Rsquared 0.20 0.23

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. The
coefficients presented are those from the interaction of HIV*ART*post*relevant
grade level, primary 1 through 7. Standard errors clustered at the district level
appear in parenthesis. The sample is limited to children in expected grades 1–7
with a valid HIV approximation for their household head. All columns are linear
probability models and include dummy variables for child age, household head
age group, district, month of survey, urban, female, household head age group
times post, and district dummy variables times post.

Table 4
Effect of adult ART on children’s schooling – distance and timing gradients.

Grade for age

(1) (2)

0–5 km 0.575***
(0.174)

5–10 km 0.984**
(0.426)

10–15 km 0.241
(0.363)

15–20 km 0.655
(0.438)

HIV+ * ART Ever * Post 0.279
(0.220)

HIV+ * ART Ever * Months of ART 0.005
(0.007)

Test coefficients are jointly equal to 0
F-statistic 3.30
p-value 0.04

Observations 12,128 12,128
Rsquared 0.23 0.23

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. In
column 1 the coefficients presented are those from the interaction of
HIV*ART*post where the distance band is substitiuted for ART. Standard errors
clustered at the district level appear in parenthesis. The sample is limited to
children in expected grades 1–7 with a valid HIV approximation for their
household head. All columns are linear probability models and include dummy
variables for child age, household head age group, district, month of survey,
urban, female, household head age group times post, and district dummy
variables times post.

26 The negative coefficient on HIV+ times post reflects a convergence of the
likelihood of being grade-for-age for children with likely HIV positive house-
hold heads. In our data, our HIV measure is increasing in wealth, but the re-
lationship is less pronounced in 2007 than in 2001. This negative coefficient
could be reflecting the changing composition of being HIV positive. As we di-
rectly control for this likelihood, it should not generate bias in our coefficients
of interest.
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a statistically significant relationship with these outcomes. In results
not presented, we further find no evidence of a statistically significant
relationship with working full time or working for pay. This lack of
result should not be taken to indicate no effect. Our large standard
errors lead to confidence intervals that include point estimates similar
to those found in Thirumurthy et al. (2008) using a clinic based study in
Kenya and in McLaren (2010) using difference-in-differences for Black
men in South Africa.

We further tested for the effect of ART availability on household
wealth measured in two ways. First, we use the standardized measure of
household wealth, with a mean of 0 and standard deviation of 1, cal-
culated by the DHS based on reported assets. We limit the sample to one
observation per household that has at least one child of primary school
age. As with our measures of working, we find no statistically significant
effect on household wealth (column 3). Given the long term nature of
wealth accumulation and the relatively short exposure to ART avail-
ability, this result could be different with a longer exposure to ART.
Second, we created an indicator variable that takes the value of 1 if the
floor of the household dwelling was improved, i.e. not earth, mud, or
dung, as a potentially shorter run estimate of a change in wealth. As with
the standardized wealth measure, we found a positive and statistically
insignificant relationship with our regressor of interest (column 4).
Next we tested for the effect of ART on illnesses. Unfortunately the

DHS survey did not ask questions on the health of primary school aged
children. Instead, respondents were asked whether each child under 5
years old had diarrhea, a fever, or a cough in the two weeks prior to the
survey. These younger children would be subject to the same home
disease environment as the primary school aged children. Susceptibility

to illness could reflect an underlying nutrition deficit as well as increased
intra-household disease transmission due to an adult with a weakened
immune system. Table 6 contains the results of separate estimates for
each of these measures. The top of each column indicates the dummy
variable used as a dependent variable in a re-estimation of Eq. (1) as a
linear probability model. While the coefficients are negative, we do not
find a statistically significant relationship between increased ART avail-
ability and the likelihood of diarrhea or cough for children with HIV
positive household heads (columns 1 and 3). In contrast, we find a large,
statistically significant decrease in the incidence of fever, consistent with
household heads bringing less illness into the household and children
having a higher level of nutrition and being better able to fend off ill-
ness.27 Further supporting these illness results, Lucas and Wilson (2013)
and Lucas and Wilson (2018) used a similar strategy and found an in-
crease in weight among children under age 5 and likely HIV positive
women, indicating a healthier home environment. The decrease in
household illness and improved nutrition could have increased the
school attendance of primary school aged children through an im-
provement in their own health or decrease in care giving duties.

Because of data limitations we cannot directly test for other me-
chanisms that might be the channel through which adult ART avail-
ability affects children’s schooling. Our empirical tests are not meant to
be exhaustive, instead pointing out one channel – improved health of
young children in the house – through which adult ART availability
affects children’s schooling.
Due to the questions asked in the DHS we cannot know whether

members of the household were receiving ART. During the time under

Table 5
Mechanisms – labor and wealth.

Household head Household
wealth

Improved
floor
material

Currently
working

Worked in the
last 12 months

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

HIV+ * ART Ever * Post −0.152 −0.178 0.509 0.166
(0.229) (0.139) (0.540) (0.250)

HIV+ 0.023 0.01 0.417 0.143
(0.113) (0.081) (0.288) (0.112)

ART Ever −0.041 −0.023 0.319** 0.131*
(0.044) (0.030) (0.159) (0.066)

Post −0.02 0.005 −0.014 0.036
(0.237) (0.242) −0.412 −0.156

HIV+ * ART Ever 0.148 0.125 −0.423 −0.167
(0.176) (0.105) (0.436) (0.179)

HIV+ * Post 0.108 0.157 −0.202 0.035
(0.156) (0.118) (0.417) (0.204)

ART Ever * Post −0.013 0.012 −0.349** −0.123*
(0.054) (0.037) (0.163) (0.068)

Observations 4030 4030 6517 6,472
Rsquared 0.18 0.18 0.67 0.50
Coefficient ofinterest in

standard deviations
HIV+ * ART Ever * Post −0.393 −0.564 0.345

(0.594) (0.442) (0.518)

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard
errors clustered at the district level appear in parenthesis. The sample is limited to
households with at least one child in expected grades 1–7 and a valid HIV ap-
proximation for their household head. Columns 1, 2, and 4 are linear probability
models. Column 3: the dependent variable is a standardized measure of wealth
with mean 0 and standard deviation of 1 across all households in the full DHS
survey. As this measure is already in standard deviations we do not present the
alternative coefficient at the bottom. All columns include dummy variables for
household member age group, district, month of survey, urban, female, household
member age group times post, and district dummy variables times post.

Table 6
Mechanisms – illnesses.

Diarrhea Fever Cough
(1) (2) (3)

HIV+ * ART Ever * Post −0.16 −0.378** −0.235
(0.148) (0.157) (0.201)

HIV+ 0.034 −0.203** −0.047
(0.086) (0.083) (0.094)

ART Ever −0.037 −0.063** −0.019
(0.027) (0.028) (0.036)

Post −0.203 −0.454*** −0.189
(0.151) (0.158) (0.172)

HIV+ * ART Ever −0.012 0.233** 0.136
(0.094) (0.107) (0.125)

HIV+ * Post 0.206 0.260* 0.044
(0.146) (0.141) (0.168)

ART Ever * Post 0.068* 0.076* 0.042
(0.040) (0.045) (0.067)

Observations 10,372 10,372 10,372
Rsquared 0.08 0.15 0.08
Coefficient of interest in standard deviations
HIV+ * ART Ever * Post −0.394 −0.761** −0.484

(0.364) (0.315) (0.414)

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard
errors clustered at the district level appear in parenthesis. The sample consists
of children aged up to age 5 with a valid HIV approximation for their household
head. All columns are linear probability models. The dependent variable is an
indicator variable equal to one if the child had the illness at the top of the
column in the two weeks prior to the survey. All columns include dummy
variables for child age, household head age group, district, month of survey,
urban, female, household head age group times post, and district dummy
variables times post.

27 An alternative explanation could be an increase in vaccination due to in-
creased clinic exposure. In results not presented, children were not differen-
tially likely based on the HIV status of the household head and clinic proximity
to have received their BCG vaccine to protect against tuberculosis, polio vac-
cine, measles vaccine, or DPT vaccine to protect against diptheria, pertussis,
and tetanus. Further, they were not differentially likely to have a health card.
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study, those receiving ART would have had to make periodic visits to
the clinic in order to receive medication. The DHS does inquire of
women only whether they “visited a health facility for any reason in the
twelve months preceding the interview.” (Demographic and Health
Surveys 2008) This question is not ideal for a three reasons. First, the
question is posed during the family planning section of the survey,
priming women to think only of certain kinds of visits. Second, recall
from Table 1 that the portion of women who reported visiting a clinic
fell by 20 percentage points between the two surveys, with changes for
other reasons potentially swamping changes due to ART. Finally, re-
spondents might not consider a visit to pick up an ART prescription as a
formal visit to a health facility. Nevertheless, we test whether the
women were more likely to have indicated that they visited a health
facility and find no differential effect by our triple interaction of in-
terest. Additionally we test whether women were more likely to have
ever been tested for HIV, finding that women were substantially more
likely to have been tested by the 2007 survey, but the effect is not
differential by HIV status and ART availability.

5.3. Alternative adults

Our primary specifications focused on the household head to alle-
viate concerns about ART altering the likelihood that a mother or father
was present in the household. In Table 7 we provide estimates analo-
gous to Table 2 but using the HIV status of either the child’s mother or
father and the maximum HIV measure across the household head,
mother, or father. Recall from Table 1 that the mother was the house-
hold head for about 12% of the sample and fathers were the household
heads for about 58% of the sample. Almost all of the fathers (97%) were
also household heads and 18% of the mothers were household heads.
Therefore, for some households the same HIV status would appear in
both the household head and mother or father estimations.

Column 1 contains the estimates for the likelihood of school at-
tendance with a separate panel for each adult. Similar to the estimates
for household heads in which we did not find a statistically significant
relationship, the interaction of availability of ART with mother’s, fa-
ther’s, or adult maximum HIV status has a positive and statistically
insignificant relationship with the likelihood of attending school. When
we consider being the correct grade for age (column 2), the results are

of similar magnitude to the result with household head’s status, but the
result is statistically insignificant using mother’s status while remaining
statistically significant for father’s and adult maximum status.
Similarly, the point estimate in column 3 is similar to the household
head analog, but only statistically significant for mother’s and adult
maximum status. Columns 4 to 6 contain the estimates for reported
childhood illness. Consistent with a story of physical proximity and
incidental infections, the point estimates are statistically significant for
diarrhea and cough for both parents, estimates that were not statisti-
cally significant when using the status of the household head or adult
maximum. On average in our sample, primary school aged children live
in households of 6.4 people, 2.5 adults and 3.9 children.
These differences by relationship of the child to the adult could be the

result of differing levels of personal and economic interactions between
the child and the adult, different economic and household responsi-
bilities by gender, other factors potentially related to HIV that would
cause a child to reside with either a father or mother, or different
treatment take-up and adherence by gender. Unfortunately, we cannot
empirically differentiate these possibilities. Conditional on receiving and
adhering to treatment, the effect of ART on men versus women should
biologically be the same. Whether women and men were equally likely to
seek and adhere to treatment is an open question. In 2005 women in sub-
Saharan Africa were more likely than men to seek treatment with 55% of
the infected population estimated to be women while over 60% of those
receiving ART were women (World Health Organization, 2006). On the
other hand, women did not always correctly adhere to the treatment.
Zulu (2005) found that among those surveyed in Zambia, 76% of women
did not always exactly follow their prescribed regimen and 21% shared
their regimen with a non-tested husband.
Given that the illness results are stronger while the schooling results

remain similar when considering adults other than the household head,
the mechanism is likely more than just illness in the household.

Unfortunately, our data do not allow us to test for further mechanisms
such as beliefs or the intensive margin of the labor supply.

6. Robustness

Tables 8 and 9 contains additional estimates of our coefficients of
interest confirming that the results with our preferred specifications

Table 7
HIV status of alternative adults.

Attends school Grade for age Timely entry Diarrhea Fever Cough
(1) (2) (3) (4) (5) (6)

Panel A: Mother
HIV+ * ART Ever * Post 0.238 0.267 0.742* −0.367** −0.334* −0.367**

(0.173) (0.253) (0.375) (0.146) (0.185) (0.146)
Observations 9585 9585 1699 11,379 11,379 11,379
Rsquared 0.20 0.24 0.28 0.08 0.08 0.08
Panel B: Father
HIV+ * ART Ever * Post 0.008 0.446* 0.660 −0.412** −0.481*** −0.364*

(0.204) (0.232) (0.514) (0.173) (0.181) (0.212)
Observations 7842 7842 1395 8503 8503 8,503
Rsquared 0.21 0.25 0.27 0.08 0.15 0.08
Panel C: Maximum across Head, Mother, and Father
HIV+ * ART Ever * Post 0.165 0.413** 0.888** −0.197 −0.318** −0.120

(0.145) (0.182) (0.343) (0.135) (0.158) (0.191)
Observations 12,903 12,903 2047 11,380 11,380 11,380
Rsquared 0.19 0.22 0.24 0.08 0.14 0.08

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors clustered at the district level appear in parenthesis. Each panel uses the likely
HIV status of a different household member. Panel A: Mother. Panel B: Father. Panel C: Maximum HIV status across household head, mother, and father. A non-
missing HIV status for any of these adults is sufficient to be included in this panel. Columns 1–2: The sample is limited to children in expected grade 1–7 with a valid
HIV approximation for their household adult as listed in the panel. Column 3: The sample is limited to children who should be grade 1 with a valid HIV approx-
imation for their household adult as listed in the panel. Columns 4–6: The sample is limited to children aged 0 to 5 with a valid HIV approximation for their
household adult as listed in the panel. All columns are linear probability models and include dummy variables for child age, household member age group, district,
month of survey, urban, female, household member age group times post, and district dummy variables times post.
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above were not due to bias. Table 8 contains estimates that control for
additional programs and covariates. Table 9 contains estimates that
redefine the sample and include alternative measures of HIV status.
Columns 1 of both Tables repeat the estimates from Table 2 for ease of
comparison. Each panel is a separate dependent variable.
One potential concern with our estimation is the presence of con-

current HIV programs. In Column 2 of Table 8 we include controls for
the availability of prevention of mother-to-child transmission (PMTCT)
of HIV and voluntary counseling and testing (VCT) services, two ad-
ditional HIV services that were scaled up during our time frame of in-
terest but not colinearly with ART availability. Our point estimates
remain quite similar.

An additional concern is that we are conflating teacher HIV status
with household adult HIV status. We used data from round two of the
Zambian Southern and Eastern Africa Consortium for Monitoring and
Education Quality (SACMEQ) data, collected in 2003, to calculate the
gender ratio of teachers in each province.28 Then based on this gender
ratio, we used the HIV data from the 2002 Zambia DHS to estimate the
average HIV status of teachers in each province. In the results in column
3, we included this HIV status as an additional triple interaction term as
an additional regressor. Our results are robust to this inclusion with the
exception of timely entry. While the point estimate is still large, the
increase in the standard error and decrease in the point estimate ren-
ders the coefficient statistically insignificant. In all cases the point es-
timates moved in the expected direction, towards 0.
While average HIV in the community could affect households with

HIV positive and HIV negative household heads similarly, it will be cor-
related with household head HIV status. Therefore, similar to the concerns
in column 3, in column 4 we include a triple interaction for the average

HIV status of geographic region, province by urban/rural. The grade for
age finding is similarly sized and statistically significant, but the finding
for timely entry is smaller and no longer statistically significant.
To be sure we are not capturing differences in family structure or

adult life cycle dynamics, we control for alternative family structures in
columns 5 and 6. For 3% of our sample, both parents are deceased with
7% having a deceased mother and 14% a decreased father. In column 5
we included dummy variables for a deceased mother, deceased father,
and both parents being deceased. Recall that in our primary specifica-
tions we control for the age group of the reference adult, its interaction
with post, and the age of the child, likely alleviating many of the
concerns that our results are biased by life cycle dynamics. As an ad-

ditional check, in column 6 we include a set of dummy variables for
birth order.29,30 Our findings are robust to both of these inclusions.
Also, during the time of our study, malaria control and treatment

activities increased in Zambia. One malaria control effort involved in-
door residual spraying (IRS), a direct spraying of insecticide on the
walls of dwellings. Only permanent walls, i.e. mud, clay, wood, brick or
concrete, are suitable for IRS (World Health Organization, 2006). HIV

Table 8
Specification checks – concurrent programs and covariates.

Dependent Variable as
Indicated in Each Panel

Additional covariates

Preferred specification
(Table 2)

Other HIV
services

Teacher HIV
status

Average HIV
status

Orphan
status

Birth order Indoor residual
spraying suitability

anti-malarial
availability and use

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

Panel A: Attended School
HIV+ * ART Ever * Post 0.166 0.185 0.094 −0.010 0.167 0.131 0.115 0.152

(0.146) (0.142) (0.131) (0.140) (0.145) (0.143) (0.144) (0.152)
Observations 12,128 12,128 12,128 12,128 12,128 12,128 12,128 12,128
Rsquared 0.19 0.19 0.19 0.19 0.19 0.19 0.20 0.19
Panel B: Grade for Age
HIV+ * ART Ever * Post 0.494*** 0.498** 0.390*** 0.381** 0.495*** 0.443*** 0.448*** 0.496***

(0.155) (0.223) (0.146) (0.158) (0.157) (0.154) (0.141) (0.160)
Observations 12,128 12,128 12,128 12,128 12,128 12,128 12,128 12,128
Rsquared 0.22 0.22 0.22 0.22 0.22 0.23 0.25 0.23
Panel C: Timely Entry
HIV+ * ART Ever * Post 0.753** 0.833* 0.535 0.241 0.763* 0.658* 0.703* 0.746*

(0.375) (0.462) (0.427) (0.438) (0.400) (0.393) (0.405) (0.402)
Observations 1,933 1933 1933 1933 1933 1933 1933 1,933
Rsquared 0.24 0.24 0.24 0.25 0.24 0.26 0.27 0.24

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors clustered at the district level appear in parenthesis. Panels A and B: The sample
is limited to children of primary school age with a valid HIV approximation for their household head. Panel C: Sample limited to children of grade 1 age. Each panel is
a separate dependent variable. All estimates are linear probability models and include child age, household member age group, district, month of survey, urban, and
female dummy variables and the following interactions: household member age group times post, and district dummy variables times post. Column 1 from Table 2.
Column 2 includes for controls for PMTCT and VCT availability within 10km of the household. Column 3 includes a triple interaction with the average HIV status of
teachers in the province. See text for additional details on its calculation. Column 4 includes a triple interaction with average HIV status in the geographic region.
Column 5 includes three additional dummy variables: whether the mother of the child is decreased, whether the father of the child is deceased, and whether both
parents are deceased. Column 6 includes dummy variables for birth order. Column 7 includes type of flooring (as a proxy for type of wall material) and interactions
between type of flooring times post. Column 8 includes controls for household ACT use, community ACT availability and its interaction with head HIV status, use of
anti-malarials by pregnant women the household, community use of ant-malarials by pregnant women and its interaction times head HIV status. See text for
additional details.

28 Teachers’ ages are not available in the SACMEQ data.

29 Due to the structure of the DHS data the birth order was not reported for all
of the respondents in our primary sample. For these individuals, we approx-
imate their birth order based on their age relative to the ages of other children
in the household and include an additional dummy variable to indicate an
approximated birth order.
30 To further confirm that we are not conflating differences between birth

orders that might have occurred in the likelihood of being grade-for-age with
ART availability, we re-estimate Eq. (1) replacing all incidences of HIV status
with birth order. The coefficient on the triple interaction is both economically
and statistically insignificant with a point value of −0.004 and standard error
of 0.006. Therefore, we conclude that our results are not being driven by birth
order effects.

A.M. Lucas, et al. Economics of Education Review 72 (2019) 107–120

117



positive individuals were not specifically targeted for this intervention.
Yet, richer households were both more likely to have permanent walls
and more likely to be HIV positive. Unfortunately, wall material is
unavailable in our 2002 data. As 95% of respondents in the 2007 data
that have non-IRS suitable walls have an earth, dung, or mud floor (a
single category in the DHS), we use floor type as an approximation of
wall type.31 Therefore to ensure that we are not conflating IRS malaria
control efforts with ART availability we include floor-type dummy
variables and their interaction with post as additional regressors in
column 7. Our findings are robust to this inclusion. Additionally, the
IRS spraying was concentrated in urban areas (Masaninga et al., 2013).
All of our primary specifications include the interaction of urban times
post, controlling for any differences in urban areas between the pre and
post period. As a further malaria control activity, bed net availability

increased, and one concern is that our results are reflecting an increase
in their use, instead of an effect of ART. While HIV positive individuals
were not specifically targeted to receive bed nets, one could imagine
that because of clinic contact they might be more likely to use a bed net.
Our results remain robust to the inclusion of a dummy variable for bed
net use (results not shown). Finally, during our period of study the use
of anti-malarials for intermittent presumptive treatment (IPTp) for
pregnant women and the use of artemisinin-based combination therapy
(ACT) for malaria treatment both increased (Chanda et al., 2012).
Neither program was universal nor targeted HIV specific households.32

In column 8 we control for household use of ACT, availability of ACT in
the community, use of anti-malarials by pregnant women in the
household, and availability of anti-malarials for pregnant women in the
community.33 These variables and the interactions of the community
level variables with HIV status of the household head control for use,
availability, and if availability was differential by HIV status of the
household head. The findings appear in column 8 and are robust to
these inclusions.
In Table 9 we limit the sample in three separate ways to further test

for the robustness of our findings. In 2003 Zambia’s Ministry of Com-
munity Development and Social Services (MCDSS) started a Social Cash
Transfer (SCT) scheme in Kalomo district that was designed as a pilot
cash transfer to the most destitute 10% of households in the targeted
communities (Schubert, 2005). By 2007 the program was operating in

Table 9
Specification checks – sample and HIV status.

Dependent Variables as Indicated in Each Panel

Alternative HIV Measure

Preferred Specification
(Table 2)

Removing social cash
transfer districts

Sample limited to households
within 10 km of a health facility

Remove Lusaka
Province

above or below
median

actual when
available

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

Panel A: Attended School
HIV+ * ART Ever * Post 0.166 0.170 0.170 0.099 0.062 0.048

(0.146) (0.153) (0.160) (0.149) (0.047) (0.044)
Observations 12,128 11,067 9170 10,709 12,128 12,128
Rsquared 0.19 0.19 0.18 0.20 0.19 0.19
Panel B: Grade for Age
HIV+ * ART Ever * Post 0.494*** 0.502*** 0.498*** 0.466*** 0.152** 0.128**

(0.155) (0.169) (0.181) (0.163) (0.059) (0.059)
Observations 12,128 11,067 9170 10,709 12,128 12,128
Rsquared 0.22 0.23 0.22 0.23 0.23 0.23
Panel C: Timely Entry
HIV+ * ART Ever * Post 0.753** 0.669 0.808* 0.752* 0.211 0.135

(0.375) (0.429) (0.470) (0.435) (0.133) (0.125)
Observations 1,933 1766 1428 1707 1933 1,933
Rsquared 0.24 0.25 0.25 0.25 0.27 0.27

Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors clustered at the district level appear in parenthesis. Panels A and B: The sample
is limited to children of primary school age with a valid HIV approximation for their household head. Panel C: Sample limited to children of grade 1 age. Each panel is
a separate dependent variable. All estimates are linear probability models and include child age, household member age group, district, year of survey, month of
survey, urban, and female dummy variables and the following interactions: household member age group times post, and district dummy variables times Post.
Column 1 from Table 2. Column 2 removes the 4 districts with cash transfer schemes. Column 3 limits the sample to households within 10 km of a health facility.
Column 4 removes observations in Lusaka province. Column 5 replaces all instances of the HIV measure with one that is an indicator for above or below median HIV
likelihood. Column 6 replaces all instances of the HIV measure with an individual’s test result if available or the same measure as in Column 5 if not.

31 At most 2.9% of our 2007 sample had non-IRS suitable walls, this includes
the 0.8% that had wall type “unknown” or “other,” which may or may not have
been IRS-suitable.
32 Even though artemisinin-based combination therapy (ACT) was theoreti-

cally available nationwide in Zambia in 2004, based on a survey of health fa-
cilities in Zambia in 2006, 40% did not have ACT in stock at the time of the
survey and on average clinics were out of stock 30% of the year (Barnes,
Chanda, & Barnabas, 2009; Zurovac et al., 2007). Further while ACT is 100%
effective when used correctly, incorrect treatment seeking and treatment ad-
ministering behavior led to only a 25% systems effectiveness as late as 2012
(Littrell et al., 2013).

33 Both rounds of the DHS collected data on whether a respondent used an
anti-malarial during her last pregnancy and whether any children under the age
of 5 took ACT or another anti-malarial in the previous two weeks. Based on the
responses we create four additional controls and two interactions for the
availability and use of anti-malarials. First, we include a dummy variable if any
woman in the household reported the use of an anti-malarial during pregnancy.
For households without a response to this question, we code this variable as
zero and include a dummy variable to indicate a missing response to keep the
same sample as the main specification. Second, as a measure of the local
availability of anti-malarials for pregnant women, we calculate the share of
women in a cluster who reported using an anti-malarial while pregnant. We
include this variable and its interaction with the household head’s HIV status, in
case this availability differentially affected households by HIV status, as addi-
tional regressors. Third, we include a dummy variable equal to one if any child
under five in the household took ACT in the past two weeks, the only measure
of ACT availability in the DHS. For any households from the 2007 survey that
did not have any children under 5, we gave this variable a value of 0 and
included an additional indicator for a missing value. All households in the 2002
sample have a value of 0 for this variable. Fourth, as a measure of local
availability of ACT, we calculated the percent of children who took ACT relative
to all children who took any anti-malarial at the cluster level. We include this
variable and its interaction with household head HIV status in case this avail-
ability differentially affected households by HIV status, as additional regressors.
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Chipata, Katete, Kazungula, and Monze districts (Hunger & Programme,
2007; Seidenfeld & Handa, 2011). The amount of the transfer was de-
signed to allow each household to purchase a 50 kg bag of maize per
month, enough to increase household consumption from one meal to
two meals per day (Hunger & Programme, 2007). The program did not
specifically target HIV positive households, relying instead on per-
ceived destitution. To ensure that our results are not being driven by
this program, we provide estimates in column 2 that eliminate these
districts from the analysis. The point estimates are quite similar to the
estimates over the full sample.
Even though we control for time invariant and time varying het-

erogeneity by both district and ART availability, in column 3 we limit
our sample to households that were within 10 km of a health facility to
ensure that we are not misappropriating access to health care as access
to ART. In column 4 we remove Lusaka Province, the capital of Zambia,
to alleviate concerns that our results are driven by or substantially
different for Lusaka Province. The point estimates are remarkably si-
milar to the original point estimates.
In the final two columns of Table 9 we use two alternative HIV

measures. Note that these point estimates are not strictly comparable to
our previous estimates without appropriate scaling. First in column 5
we used a binary HIV measure defined as HIV status above or below the
median HIV status in the sample. This replaces all instances of HIV in
Eq. (1). The point estimates under this specification match the sig-
nificance of the original grade-for-age findings, but are smaller in
magnitude. The point estimates are larger than those from column 1
when considering the 25th to 75th percentile change in HIV status. In
Column 6 we use replace all instances of HIV in Eq. (1) with actual HIV
status if it is known, using the binary HIV status from column 5 in the
case of a missing test result or inability to link an individual due to
privacy concerns, additionally controlling for the use of this imputation.

The results are similar to those in column 5.
Therefore, we find our results robust to the alternative estimates

presented.

7. Discussion and conclusions

This study uses the 2002 and 2007 Zambia DHS repeated cross
sections of households combined with uniquely collected adminis-
trative data on availability of antiretroviral therapy (ART) to identify
the effect of subsidized adult ART therapy at scale on educational
outcomes of children in households with likely infected adults.
We find that availability of adult ART resulted in educational gains

for primary school aged children in households with likely HIV positive
adults. Provision of free ART increased the likelihood that children in
households with HIV positive household heads were grade-for-age and
entered school at the correct age. We do not find an overall effect on the
likelihood of being enrolled in school, our proxy for the extensive
margin of schooling, but children in primary grades 1 and 2 were more
likely to be enrolled. One potential mechanism driving this result is that
children in the household are healthier, potentially indicating fewer
incidental infections in the household. Therefore, in addition to directly
benefiting adults, ART provision to adults in a household assists chil-
dren already in school, but does not appear to alter likelihood that older
children are enrolled in school. When cost effectiveness analyses of
ARTs are conducted these additional indirect benefits are often not
included. Improved schooling outcomes for students is an additional
benefit to be considered when assessing the cost effectiveness of ART
provision. Further, our findings confirm the importance of inter-
gererational spillovers of public health interventions and considering
the entire household in interventions to increase children’s schooling
outcomes
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