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Introduction

▶ Intestinal helminths—including hookworm, roundworm,
whipworm, and schistosomiasis—infect more than one-quarter of
the world’s population.

▶ Studies in which medical treatment is randomized at the
individual level potentially doubly underestimate the benefits of
treatment:

▶ missing externality benefits to the comparison group from
reduced disease transmission.

▶ therefore also underestimating benefits for the treatment group.

▶ We evaluate a Kenyan project in which school-based mass treatment
with deworming drugs was randomly phased into schools,
rather than to individuals, allowing estimation of overall
program effects.
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Introduction

▶ Main Finds 1:

▶ We examine the impact of a program in which 75 rural Kenyan
primary schools were phased into deworming treatment in a
randomized order.

▶ Find that the program reduced school absenteeism by at least
1/4, with particularly large participation gains among the youngest
children, making deworming a highly effective way to boost school
participation among young children.
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Introduction

▶ Main Finds 2:

▶ We then identify cross-school externalities—the impact of
deworming for pupils in schools located near treatment schools—
using exogenous variation in the local density of treatment school
pupils generated by the school-level randomization,

▶ Find that deworming reduces worm burdens and increases
school participation among children in neighboring primary schools.

▶ There is also some evidence of within-school treatment
externalities, we must rely on nonexperimental methods to
decompose the overall effect on treatment schools into a direct
effect and a within-school externality effect.
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Introduction

▶ Main Finds 3:

▶ Including the externality benefits, the cost per additional year of school
participation is only $3.50, making deworming considerably more
cost-effective than alternative methods of increasing school
participation, such as school subsidies.

▶ Moreover, internalizing these externalities would likely require not only
fully subsidizing deworming, but actually paying people to
receive treatment.

▶ We do not find any evidence that deworming increased academic
test scores. However, we observed cross-sectional relationship
between school attendance and test scores.
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3. Estimation Strategy
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5. Deworming Treatment Effects on School Participation

6. Deworming Treatment Effects on Test Scores
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8. Conclusions and Discussions
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Intestinal Helminth (Worm) Infections
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I. Intestinal Helminth (Worm) Infections

▶ Symptoms: Most have light infections, which may be asymptomatic(无
症状), a minority have heavy infections, which can lead to iron-deficiency
anemia(营养缺乏性贫血), protein-energy malnutrition(营养不良), abdominal
pain(腹痛), and listlessness(精神萎靡). Schistosomiasis can also have more
severe consequences, for instance, causing enlargement of the liver and
spleen(肝脏和脾脏肿大).

▶ Low-cost single-dose oral therapies(单剂口服疗法) can kill the worms,
reducing hookworm(钩虫), roundworm(蛔虫), and schistosomiasis(血吸虫病)
infections by 99%, only moderately effective against severe whipworm(鞭虫)
infections.

▶ Reinfection is rapid: Geohelminth drugs must be taken every 6 months
and schistosomiasis drugs must be taken annually.

▶ Drug side effects are minor, but due to concern about the possibility
that the drugs could cause birth defects(先天缺陷), deworming programs
has been to not treat girls of reproductive age.
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I. Intestinal Helminth (Worm) Infections

▶ School-aged children likely account for the bulk of helminth
transmission：children are most likely to spread worm infections because
they are less likely to use latrines(公共厕所) and more generally have poor
hygiene practices(卫生习惯).

▶ Treatment externalities for schistosomiasis are likely to take place across
larger areas than is typical for geohelminth(土源性蠕虫) externalities due
to the differing modes of disease transmission—deposited in the local
environment when defecating in the “bush”(在“灌木丛”中排便)
surrounding their home or school v.s. through contact with infected fresh
water, bathing or fishing in Lake Victoria.

▶ Infection rates vary widely seasonally and from year to year due to
rainfall variation and other factors.
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The Primary School Deworming Project
in Busia, Kenya
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II. The Primary School Deworming Project in Busia,
Kenya

▶ We evaluate the Primary School Deworming Project (PSDP),
carried out by Internationaal Christelijk Steunfonds Africa (ICS), in
cooperation with the Busia District Ministry of Health office.

▶ The project took place in southern Busia—poor and densely-settled
farming region with the highest helminth infection rates.

▶ 75 project schools, >30,000 pupils(ages 6-18)

▶ In January 1998, the 75 PSDP schools were randomly divided into 3
groups of 25 schools each.

▶ Due to ICS’s administrative and financial constraints, the health
intervention was phased in over several years.



13/55

Intestinal Helminth (Worm) Infections The Primary School Deworming Project in Busia, Kenya Estimation Strategy Deworming Treatment Effects on Health and Nutrition Deworming Treatment Effects on School Participation Deworming Treatment Effects on Test Scores Cost Effectiveness and Welfare Analysis Conclusions and Discussions

Group 1 schools received free deworming treatment in both 1998 and 1999,
Group 2 schools in 1999, while Group 3 schools began receiving treatment in
2001.
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Detailed project timeline:
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2.1. Baseline Characteristics
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Table I:

1. Prior to treatment, 3 groups were similar on most demographic,
nutritional, and socioeconomic characteristics.

2. Group 1 pupils appear to be worse off than Group 2 and 3
pupils along some dimensions, potentially creating a bias against
finding significant program effects:

▶ Group 1 pupils more self-reported blood in stool(便血), reported being
sick more often than Group 3 pupils, and were not as clean as Group 2
and Group 3 pupils.

▶ Also had lower average scores on 1996 Kenyan primary school
examinations than Group 2 and 3 schools(not significant).
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Table II:

1. 92% of surveyed pupils had at least one helminth infection and
37% had at least one moderate-to-heavy helminth
infection.(understate actual infection prevalence to the extent
that the most heavily infected children were more likely to be absent
from school on the day of the survey.)

2. Moderate-to-heavy worm infections are more likely among younger
pupils and among boys.

3. Pupils who attend schools near Lake Victoria also have substantially
higher rates of schistosomiasis.
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2.2. The Intervention

▶ Schools with geohelminth prevalence over 50 percent were mass treated
with albendazole(阿苯达唑) every 6 months, schools with schistosomiasis
prevalence over 30 percent were mass treated with praziquantel(吡喹酮)
annually.

▶ All treatment schools met the geohelminth cut-off in both 1998 and 1999.
6/25 treatment schools met the schistosomiasis cut-off in 1998 and 16/50
treatment schools met the cut-off in 1999.

▶ Not for treating girls 13 years of age and older.

▶ In addition, treatment schools received worm prevention education: stressed
the importance of hand washing, wearing shoes, not swimming,...
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▶ ICS obtained community consent in all treatment schools in 1998.A series
of community and parent meetings were held in treatment schools, at which
the project was described and parents who did not want their child to
participate in the project were asked to inform the school
headmaster.

▶ Beginning in January 1999 ICS required signed parental consent for all
children to receive medical treatment; consent typically took the form of
parents signing their name in a notebook kept at school by the
headmaster.

▶ Note: travelling to school to sign the book may be time-consuming, and
some parents may be reluctant to meet the headmaster when behind
on school fees, a common problem in these schools.
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2.3. Assigned and Actual Deworming Treatment
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Table III:

▶ 78% of those pupils assigned to receive treatment (i.e., girls under 13 years
old and all boys in the treatment schools) received at least some medical
treatment through the program in 1998.

▶ 19% of girls thirteen years of age or older also received medical treatment
in 1998.(confusion in the field about pupil age; Particularly common in
schools near the lake where schistosomiasis was more of a problem).

▶ 72% v.s. 78%: process of selection into treatment was fairly similar
in the 2 years despite the change in consent rules.

▶ Among girls under 13 years of age and all boys in treatment schools from
the baseline sample, approximately 57% received medical treatment at
some point in 1999, while only 9% of the girls older.



24/55

Intestinal Helminth (Worm) Infections The Primary School Deworming Project in Busia, Kenya Estimation Strategy Deworming Treatment Effects on Health and Nutrition Deworming Treatment Effects on School Participation Deworming Treatment Effects on Test Scores Cost Effectiveness and Welfare Analysis Conclusions and Discussions

▶ Although pupils assigned to comparison schools could also potentially
have transferred to treatment schools to receive deworming
medical treatment through the program, there is no evidence of large
asymmetric flows of pupils into treatment schools, which could bias the
results.

▶ The transfer rates from early 1998 through the end of 1999 are
substantially higher than rates through the end of 1998 because most
transfers occur between school years.

▶ Potential transfer bias
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2.4. Health Outcome Differences Between Group 1
and Group 2 Schools
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Table V:

▶ Present simple differences in health outcomes between treatment
and comparison schools, these differences understate overall treatment
effects if there are deworming treatment externalities across schools.

▶ 27% of pupils in Group 1 (1998 treatment) schools had a
moderate-to-heavy helminth infection in early 1999 compared to 52%
in Group 2 (1998 comparison) schools.

▶ The prevalences of moderate-to-heavy hookworm, roundworm,
schistosomiasis, and whipworm infections were all lower in Group 1 (1998
treatment) schools than in Group 2.

▶ Group 1 pupils also reported better health outcomes after the first year
of deworming treatment.

▶ Health education had a minimal impact on behavior, so to the extent
the program improved health through the effect of anthelmintics rather
than through health education.
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Estimation Strategy
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III. Estimation Strategy
3.1. Econometric Specifications

▶ We first estimate program impacts in treatment schools, as well as
cross-school treatment externalities:

Yijt =a+ β1 · T1it + β2 · T2it +X ′
ijtδ +

∑
d

(
γd ·NT

dit

)
+
∑
d

(ϕd ·Ndit)

+ ui + eijt.

▶ Yijt is the individual health or education outcome, where i refers to the school, j to
the student, and t ∈ {1, 2} to the year of the program;

▶ T1it and T2it are indicator variables for school assignment to the first and second
year of deworming treatment, respectively;

▶ Xijt are school and pupil characteristics.

▶ Ndit is the total number of pupils in primary schools at distance d from school i
in year t.

▶ NT
dit is the number of these pupils in schools randomly assigned to

deworming treatment. d = 03 denotes schools that are located within 3
kilometers of school i, and d = 36 denotes schools that are located between three to
6 kilometers away.

▶ Individual disturbance terms are assumed to be independent across schools, but
are allowed to be correlated for observations within the same school.

▶ The school effect is captured in the ui term.
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▶ γd—measure the deworming treatment externalities across schools.

▶ β1 +
∑

d

(
γdN̄

T
dit

)
—average effect of the first year of deworming treatment

on overall infection prevalence in treatment schools.

▶ β2 +
∑

d

(
γdN̄

T
dit

)
—average effect of the second year of deworming treatment

on overall infection prevalence in treatment schools.

▶ β1 and β2 capture both direct effects of deworming treatment on the
treated, as well as any externalities on untreated pupils within the
treatment schools.

▶ Xijt controls for those pre-treatment differences across schools.

▶ the average school score on the 1996 Kenya government district exams for
grades 5 to 8;

▶ prevalence of moderate-to-heavy helminth infections in the pupil’s grade;
▶ geographic zone; indicators for school involvement in other nongovernmental

organization assistance projects;
▶ time controls(indicator variables for each six-month period capture the

downward trend in school participation due to dropouts);
▶ grade cohort indicator variables)
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3.2. Estimating Within-School Externalities

▶ We must rely on nonexperimental methods to decompose the effect on
treated schools into a direct effect and with-in school externality
effect.

▶ It is worth bearing in mind that there is no evidence that sicker pupils
were more likely to obtain deworming treatment(less likely to be in
school on the day of treatment or because their households were less willing
and able to invest in health).

▶ Table VI:

▶ Prior to the intervention,the children who would remain
untreated more likely to be moderately to heavily infected those
who ultimately obtained treatment.（0.44¿0.39 for Group1;
0.55¿0.51 for Group2）
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▶ Assume children obtain treatment if the net gain from treatment is
more than a cut-off cost.

▶ D1ij = 1 (S (Xijt, eijt)+ εijt > Ct)

▶ D1ij = 1 if individual j in school i received treatment in the first year
that her school was eligible for treatment (1998 for Group 1, 1999 for
Group 2).

▶ Ct is the total cost to the household of obtaining treatment in year t (which
varies between the two years due to the changing consent requirements)

▶ εijt is an unobserved random variable that could depend on the
distance of the pupil’s home from school, or whether the pupil was
sick on the treatment day.

▶ Deal with selection bias : (Group 1, Untreated 1998)-(Group 2, Untreated
1999).
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E (Yij1 | T1i1 = 1, Xij1, D1ij = 0)− E (Yij1 | T1i1 = 0, Xij1, D1ij = 0)

= β1 +
∑
d

γd ·
[
E
(
NT

di1 | T1i1 = 1, D1ij = 0
)

−E
(
NT

di1 | T1i1 = 0, D1ij = 0
)]

+
∑
d

γd · [E (Ndi1 | T1i1 = 1, D1ij = 0)− E (Ndi1 | T1i1 = 0, D1ij = 0)]

+ [E (eij1 | T1i1 = 1, Xij1, D1ij = 0)− E (eij1 | T1i1 = 0, Xij1, D1ij = 0)] ,

▶ T1i1 is the treatment assignment of the school in 1998 (t = 1), and this takes on a
value of one forGroup 1 and zero for Group 2 schools.

▶ β1 is the within-school externality effect.

▶ The second and third terms are effects due to differing local densities of primary
schools between treatment and comparison schools; these are approximately 0 (as
we show in Table I).
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Key final term captures any unobserved differences between untreated pupils in
the Group 1 and Group 2 schools：

E (eij1 | T1i1 = 1, Xij1, C1 − S (Xij1, eij1) > εij1)

− E (eij1 | T1i1 = 0, Xij1, C2 − S (Xij2, eij2) > εij2)

▶ If C1 = C2, then by randomization this term equals zero and (2) can be used to
estimate β1.

▶ However, it is likely that C2>C1 due to imposition of the signed parental
consent requirement in 1999.

▶ In our sample, infected people are less likely to be treated—and this is
robust to conditioning on the full set of Xij1 variables described above.

▶ If S is in fact nondecreasing in eij2(unobserved characteristics associated with good
health outcomes), then C2>C1 implies that the final term will be 0 or -, so
underestimate the within-school externality.

▶ Due to changes in the process of selection into treatment, some Group 2
pupils who would have been treated had they been in Group 1 were in
fact not treated in 1999.

▶ That average unobservables eijt will be at least as great among the untreated in
Group 2 as among the untreated in Group 1 (and also that average eijt will
also be at least as great among the treated Group 2 as among the treated
Group 1)(no statistically significant differences in 5 baseline characteristics in
Table VI, Panel A).
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If the expectation of eijt is the same for the Group 1 pupils who missed
their first year of treatment in 1998, and the Group 2 pupils who missed
treatment in 1999, then we can estimate both within-school and
cross-school treatment externalities in 1998:

Yijt =a+ β1 · T1it + b1 ·D1ij + b2 · (T1it ∗D1ij) +X ′
ijtδ

+
∑
d

(
γd ·NT

dit

)
+
∑
d

(ϕd ·Ndit) + ui + eijt

▶ β1 within-school externality effect on the untreated.

▶ (β1 + b2) within-school externality effect + the additional direct effect of
treatment on the treated.

▶ If the final term in equation (2) is negative, as we suggest above, this
specification underestimates within-school externalities and overstates the
impact on the treated within treatment schools.

▶ In certain specifications we interact the local pupil density terms with the
treatment school indicator to estimate potentially differential cross-school
externalities in treatment and comparison schools.
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3.3. Initial Evidence on Within-School Deworming
Externalities

▶ rates of moderate-to-heavy infections were 21% lower among Group 1 pupils who
did not receive medical treatment in 1998.

▶ By way of contrast, Group 1 pupils who were treated in 1998 had a 24% chance of
moderate-to-heavy infection in January to February 1999, while Group 2 pupils
who would obtain treatment later in 1999 had a 51% chance of infection, for a
difference of 27 %.

▶ Difference in the prevalence of moderate-to-heavy infections among the
untreated was approximately three-quarters the difference in prevalence for
the treated (21%-27%).
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Deworming Treatment Effects on
Health and Nutrition
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IV. Deworming Treatment Effects on Health and
Nutrition

▶ Table VII:

▶ regression 1, this implies the estimated average cross-school externality
reduction in moderate-to-heavy helminth infections is[
γ03 ∗ N̄T

03,1 + γ36 ∗ N̄T
36,1

]
=[0.26 ∗ 454 + 0.14 ∗ 802]/1000 = 0.23;

▶ The average cross-school externality reduction in moderate-to-heavy
infections for comparison school (Group 2) pupils is 9%, while the effect for
treatment school (Group 1) pupils is considerably larger, at nearly 29%
(Table VII, regression 3).

▶ 0.35=0.25(Group1’s within-school externality)+0.09(Group1’s cross-school
externality).

▶ The estimated number of moderate-to-heavy helminth infections eliminated
through the program is thus (0.35)*%(9817 pupils in Group 1 schools)
+(0.09)*(19493 Pupils in Group 2 and 3 schools) = 5190 infections.

▶ Consistent with the differing modes of disease transmission,
geohelminth externalities were primarily within schools, while
schistosomiasis externalities were primarily across schools.
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Deworming Treatment Effects on
School Participation
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V. Deworming Treatment Effects on School
Participation

▶ Deworming increased school participation in treatment schools by at least 7%
points, a one-quarter reduction in total school.(By allowing previously weak and
listless children to attend school regularly or by improving children’s ability to
concentrate) absenteeism.

▶ As with the health impacts, deworming creates externalities in school
participation both within and across schools.

▶ after accounting for externalities we estimate that overall school participation
in this area likely increased by at least 0.14 years of schooling per pupil actually
treated through the program.

▶ Considered a participant if she or he is present in school on a given day, and a
nonparticipant if she or he is not in school on that day. The days of medical
treatment were pre-announced, do not include attendance on these days(调查的这
些天)，due to children coming to school in the hope of receiving medicine。
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5.1. School Participation Differences across
Treatment and Comparison Schools
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5.2. Estimating Overall School Participation Impacts
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5.3. Comparing Experimental and Nonexperimental
Estimates

▶ OLS(6): This nonexperimental estimate is restricted to the subsample of
2327 pupils in grades three to eight for whom there is 1999 parasitological
data.

▶ OLS(7): IV—Group 1 (treatment) indicator variable, treatment school
pupils within 3 km, and treatment school pupils within 3–6 km.

▶ There are at least 3 reasons why the IV estimates of the impact of
moderate-heavy infection on school participation are substantially larger
than OLS estimates.

▶ The parasitological exam data almost certainly understates the total
number of moderate to heavy infections eliminated as a result of the
program immediately after treatment（处理之后立刻调查）.

▶ Exclusion restriction—the program only affects pupils’ school
attendance by changing their health—may not hold, due to
complementarities in school participation（e.g.stay home sick，their
older sisters may also stay home to take care of them.

▶ Attenuation bias due to error in measuring the severity of disease.
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Deworming Treatment Effects on Test
Scores
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VI. Deworming Treatment Effects on Test Scores

▶ Positive mechanisms: Deworming could improve test scores both by
increasing time spent in school and by improving learning while pupils are
in school

▶ Negative mechanisms: but could also potentially reduce test scores
through congestion or negative peer effects.

▶ The results could potentially have been affected by differential attrition
across treatment and comparison schools, if the additional treatment
school pupils who participated in the exam after deworming were
below-average performers.(we restrict the sample to pupils who were
administered the 1998 pupil questionnaire, eliminating over twenty percent
of the sample and much of the potential exam participation bias since
nearly identical proportions of these pupils took the ICS exam in
treatment and comparison schools.)
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Cost Effectiveness and Welfare
Analysis
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VII. Cost Effectiveness and Welfare Analysis

We explore the controversy over whether mass school-based
deworming treatment should be a public policy priority for the
poorest countries using four different approaches.

▶ Health Cost Effectiveness: health projects are considered cost-effective
up to some threshold cost per Disability- Adjusted Life Year (DALY) saved,
perhaps $25 to $100 per DALY in the poorest countries.

▶ Educational Cost Effectiveness: promoting school participation through
deworming rather than through alternative educational interventions.

▶ Deworming as Human Capital Investment: estimates the rate of
return to deworming in future earnings.

▶ Externalities and Optimal Deworming Subsidies: identify the subsidy
that would lead individuals to fully internalize treatment externalities.
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VIII. Conclusions and Discussions

▶ A school-based deworming programin Kenya led to a 7.5% average gain
in primary school participation in treatment schools, reducing overall
school absenteeism by at least one-quarter.

▶ Treatment created positive health and school participation
externalities for untreated students.

▶ A rough calculation suggests that these spillovers alone are sufficient to
justify not only fully subsidizing deworming treatment, but perhaps
even paying people to receive treatment.

▶ However, this multi-level design may not be practical in all contexts:

▶ Randomization at the level of clusters of schools also dramatically
increases the sample size needed for adequate statistical
power, raising project cost.

▶ Our results also suggest that microeconomic and macroeconomic
studies that estimate the impact of health on income conditional on
educational attainment are likely to systematically underestimate.
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