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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.



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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INTESTINAL HELMINTH (WORM) INFECTIONS
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I. INTESTINAL HELMINTH (WORM) INFECTIONS

Symptoms: Most have light infections, which may be asymptomatic(JG
JEAR), a minority have heavy infections, which can lead to iron-deficiency
anemia (& 7R Z HEFL ML), protein-energy malnutrition(E 7% AN K ), abdominal
pain(f8J#), and listlessness(FE#11Z5E). Schistosomiasis can also have more
severe consequences, for instance, causing enlargement of the liver and

spleen (JH A1 oK) .

Low-cost single-dose oral therapies (.57 [ fzJ77%) can kill the worms,

reducing hookworm (£ H.), roundworm (¥ ), and schistosomiasis(Ifil ¥ H7%)
infections by 99%, only moderately effective against severe whipworm (¥ )
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(JtKikt[#), 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(A 3Ll fT) and more generally have poor
hygiene practices( A4 I H).

» Treatment externalities for schistosomiasis are likely to take place across
larger areas than is typical for geohelminth(LJFPEIEH) externalities due
to the differing modes of disease transmission—deposited in the local
environment when defecating in the “bush” (£ “FEARMN” FHE)
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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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.
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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.

&nﬂ»f)l
1999 frestneont

1999 trestment
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Detailed project timeline:

APPENDIX TABLE Al

PRIMARY SCHOOL DEWORMING PROJECT (PSDP) TIMELINE, 1997-1999

ESTIMATION STRATEGY

Dates

Activity

1997
October

1998
January-March

January-May
March-April
October-November
November

1999
January-March

March-June
May-TJuly
October

October-November

Pilot Kenya Ministry of Health, Division of Vector Borne Disease
(DVBD) parasitological survey. Pilot Pupil Questionnaire

Parent-teacher meetings in Group 1 schools

Pupil Questionnaire administration in grades 3 1o 8, and School
Questionnaire administration in all schools

DVBD parasitological survey for grades 3 to 8 in Group 1 schools

Heavy precipitation and widespread flooding associated with the
El Nifio weather system

First round of 1998 medical treatment (with albendazole,
praziquantel) in Group 1 schaols

ICS (NGO) examinations administered in grades 3 to 8 in all
schools

Second round of 1998 medical treatment (with albendazole) in
Group 1 schools

Parent-teacher meetings in Group 1 and Group 2 schools

Pupil Questionnaire administration in grades 3 1o 8, and School
Questionnaire administration in all schools

DVBD parasitological and hemoglobin surveys for grades 3 to 8
in Group 1 and Group 2 schools

First round of 1999 medical treatment (with albendazole,
praziquantel) in Group 1 and Group 2 schools

Deworming drug availability survey of local shops, clinics, and
pharmacies

ICS (NGO) examinations administered in grades 3 to 8 in all
schools

Second round of 1999 medical treatment (with albendazole) in
Group 1 and Group 2 schools

DEWORMING

[REATM
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2.1. BASELINE CHARACTERISTICS

TABLE 1
1998 AVERAGE PUPIL AND SCHOOL CHARACTERISTICS, PRE-TREATMENT*

Group 1 Group 2 Group 3 Group 1 — Group2 —
(25 schools) (25 schools) (25 schools) Group 3 Group 3
Panel A: Pre-school to Grade 8
Male 0.53 0.51 0.52 0.01 —0.01
(0.02) (0.02)
Proportion girls <13 years, 0.89 0.89 0.88 0.00 0.01
and all boys (0.01) (0.01)
Grade progression -21 -1.9 -21 —0.0 0.1
(= Grade — (Age — 6)) (0.1) (0.1)
Year of birth 1086.2 1986.5 1985.8 0.4 0.8
(0.2) (0.2)
Panel B: Grades 310 8
Attendance recorded in school 0.973 0.963 0.969 0.003 —0.006
registers (during the four weeks (0.004) (0.004)
prior to the pupil survey)
Access to latrine at home 0.82 0.81 0.82 0.00 —0.01
(0.03) (0.03)
Have livestock (cows, goats, pigs, 0.66 0.67 0.66 —0.00 0.01
sheep) at home (0.03) (0.03)
Weight-for-age Z-score (low —1.39 —1.40 —1.44 0.05 0.04
scores denote undernutrition) (0.05) (0.05)
Blood in stool (self-reported) 0.26 0.22 0.19 0.07" 0.03
(0.03) (0.03)
Sick often (self-reported) 0.10 0.10 0.08 0.027 0.02"
(0.01) (0.01)
Malaria/fever in past week 0.37 0.38 0.40 —0.03 —0.02
(self-reported) (0.03) (0.03)
Clean (observed by field workers) 0.60 0.66 0.67 —0.07" —0.01

(0.03) (0.03)
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Panel C: School characteristics
District exam score 1996, —0.10 0.09 0.01 —0.11 0.08
grades 5-8" (0.12) (0.12)
Distance to Lake Victoria 10.0 9.9 9.5 0.6 0.5
(L.9) (1.9)
Pupil population 392.7 403.8 375.9 16.8 27.9
(57.6) (57.6)
School latrines per pupil 0.007 0.006 0.007 0.001 —0.000
(0.001) (0.001)
Proportion moderate-heavy 0.37 0.37 0.36 0.01 0.01
infections in zone (0.03) (0.03)
Group 1 pupils within 3 km® 461.1 408.3 3445 116.6 63.8
(120.3) (120.3)
Group 1 pupils within 3-6 km 844.5 6352.0 869.7 —25.1 —217.6
(140.9) (140.9)
Group 1 Group 2 Group 3 Group1—  Group2—
(25 schools) (25 schools) (25 schools) Group 3 Group 3
Total primary school pupils 1229.1 1364.3 1151.9 71.2 2124
within 3 km (205.5) (205.5)
Total primary school pupils 2370.7 23242 2401.7 —31.1 =776
within 3-6 km (209.5) (209.5)

2School averages weighted by pupil population. Standard errors in parentheses. Significantly different than zero
at 99 (**%), 95 (**), and 90 (*) percent confidence. Data from the 1998 TCS Pupil Namelist, 1998 Pupil Questionnaire

and 1998 School Questionnaire.

b1996 District exam scores have been normalized to be in units of individual level standard deviations, and so are
comparable in units to the 1998 and 1999 ICS test scores (under the assumption that the decomposition of test score

variance within and between schools was the same in 1996, 1998, and 1999).

©This includes girls less than 13 years old, and all boys (those eligible for deworming in treatment schools).

DEWORMING

TREAT
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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(f1fil), 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 11
JANUARY 1998 HELMINTH INFECTIONS, PRE-TREATMENT, GROUP | SCHOOLS?

Prevalence of Prevalence of Average infection
infection moderate-heavy intensity, in
infection eggs per gram (s.e.)
Hookworm 0.77 0.15 426
(1055)
Roundworm 0.42 0.16 2337
(5156)
Schistosomiasis, all schools 0.22 0.07 91
> (413)
Schistosomiasis, 0.80 0.39 487
schools <5 km from Lake Victoria (879)
Whipworm 0.55 0.10 161
(470)
At least one infection 0.92 0.37 -
Born since 1985 0.92 O.40> -
Born before 1985 0.91 0.34 -
Female 0.91 0.34> -
Male 0.93 0.38 -
At least two infections 0.31 0.10 -
At least three infections 0.28 0.01 -

4These are averages of individual-level data, as presented in Brooker, Miguel, et al. (2000); correcting for the
aversampling of the (numerically smaller) upper grades does not substantially change the results. Standard errors in
parentheses. Sample size: 1894 pupils. Fifteen pupils per standard in grades 3 to 8 for Group 1 schools were randomly
sampled. The bottom two rows of the column “Prevalence of moderate-heavy infection” should be interpreted as the
proporrmn with at least two or at ]casr lhrcc moderate-to- hcavy helminth infections, rcspcctwclv

a4 teue 1t Y

. e




HE Wo! INFECT 5 THE PRIMARY SCHOOL DEWORMING PROJECT IN Busia, KENYA IATION STRATEGY

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([i] Z£1& ™) every 6 months, schools with schistosomiasis
prevalence over 30 percent were mass treated with praziquantel (HPEHH)
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

TABLE 111 |
PROPORTION OF PUPILS RECEIVING DEWORMING TREATMENT IN PSDP*

Group 1 Group2 Group 3

Girls <13 Gifls>  Girls<13  Girls=  Girls <13 Girls>
years,and  13years years,and  13ycars years,and  13ycars

all boys all boys all boys
Treatment Comparison Comparison
Any medical treatment in 1998 0.78 0.19 0 0 0 o
(For grades 1-8 in early 1998)
Round 1 (March-April 1998), 0.69 0.11 0 0 0 0
Albendazole
Round 1 (March-April 1998), 0.64 0.34 0 0 0 0
Praziquantel”
Round 2 (Oct—Nov. 1998), 0.56 0.07 0 0 0 0
Albendazole o
Treatment Treatmen: Comparison
Any medical treatment in 1999 0.59 0.07 0.55 0.10 0.01 0
(For grades 1-7 in early 1998)
Round 1 (March-June 1999), 0.44 0.06 S‘{‘L 035 0.06 0.01 0
Albendazole
Round 1 (March-June 1999), 0.47 0.06 0.38 0.06 0.01 0
Praziquantel”
Round 2 (Oct.—Nov. 1999), 0.53 0.06 0.51 0.08 0.01 0
Albendazole
Any medical treatment in 1999 0.73 0.10 0.71 0.13 0.02 0
(For grades 1-7 in early 1998), \_/.
among pupils enrolled in 1999 77//“
Round 1 (March-June 1999), 0.55 0.08 0.46 0.08 0.01 0
Albendazole
Round 1 (March-June 1999), 0.53 0.07 0.45 0.07 0.01 0
Praziquantel”
Round 2 (Oct.—Nov. 1999), 0.65 0.09 0.66 0.11 0.01 0

Albendazole
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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. T8%: 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.
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» 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.

TABLE 1V
PROPORTION OF PUPIL TRANSFERS ACROSS SCHOOLS

1998 transfer to a 1999 transfer to a
School in early 1998 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
(pre-treatment) school school school school school school
Group 1 0.005 0.007 0.007 0.032 0.026 0.027
Group 2 0.006 0.007 0.008 0.026 0.033 0.027
Group 3 0.010 0.010 0.006 0.022 0.036 0.022
Total transfers -);J'L 0.021 0.024 0.021 3‘% 0.080 0.095 0.076

» 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

TABLE V/

JANUARY TO MARCH 1999, HEALTH AND HEALTH BEHAVIOR DIFFERENCES BETWEEN GROUP 1
(1998 TREATMENT) AND GROUP 2 (1998 COMPARISON) SCHOOLS*

Groupl  Group2  Group 1-Group2

Panel A: Helminth Infection Rates

‘Any moderate-heavy infection, January-March 1998 0.38 - -
Any moderate-heavy infection, 1999 027 0.52 —0.25™
Hookworm moderate-heavy infection, 1999 0.06 022 13[1]2]
Roundworm moderate-heavy infection, 1999 0.09 < 0.24 lg?;)
Schistosomiasis moderate-heavy infection, 1999 0.08 0.18 jg%)
Whipworm moderate-heavy infection, 1999 013 017 _(§7§?
(0.05)

Panel B: Other Nutritional and Health Outcomes

Sick in past week (self-reported), 1999 041 0.45

Sick often (self-reported), 1999 0.12 0.15

Height-for-age Z-score, 1999 —-1.13 -1.22
(low scores denote undernutrition)

Weight-for-age Z-score, 1999 —125  -125
(low scores denote undernutrition)

Hemoglobin concentration (g/L), 1999 1248 > 1232

Proportion anemic (Hb < 100g/L), 1999 0.02 0.04

Panel C: Worm Prevention Behaviors

Clean (observed by field worker), 1999 0.59 0.60 —0.01
(0.02)

Wears shoes (observed by field worker), 1999 0.24 0.26 —0.02
(0.03)

Days contact with fresh water in past week 24 22 0.2

(self-reported), 1999 (0.3)




HE Wo! INFECT 5 THE PRIMARY SCHOOL DEWORMING PROJECT IN Busia, KENYA IATION STRATEGY

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:

Yije =a+ By - Trie + B - Toit + X056 + > (va - Nize) + Y (ba - Nait)
d d
+ Ui + €y

» Y 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;

» Ty, and Ts;¢ are indicator variables for school assignment to the first and second
year of deworming treatment, respectively;

» X;;t are school and pupil characteristics.

» Ngi:+ is the total number of pupils in primary schools at distance d from school i
in year t.

> Ng;t 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 u; term.
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vq—measure the deworming treatment externalities across schools.

Br+>, (’ydﬁfﬂt)—average effect of the first year of deworming treatment
on overall infection prevalence in treatment schools.

B2+ 3, (vaN4;,)—average effect of the second year of deworming treatment
on overall infection prevalence in treatment schools.

B1 and B2 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 Groupl;
0.55;0.51 for Group2)
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TABLE VI
DEWORMING HEALTH EXTERNALITIES WITHIN SCHOOLS, JANUARY TO MARCH 1999*

Group1, Groupl, Group2, Group2, (Groupl, (Groupl,
Treated Untreated Treated Untreated Treated Untreated
in1998  in1998  in1999  in1999  1998) —  1998) —

(Group2, (Group2,
Treated Untreated
1999)  1999)
Panel A: Selection into Treatment
Any moderate-heavy infection, 1998 0.39 = 0.44 - - - -
Proportion of 1998 parasitological 0.36 0.36 - - - -
sample tracked to 1999 sample®
Access to latrine at home, 1998 0.84 0.80 0.81 0.86 0.03  —0.06
(0.04)  (0.05)
Grade progression -20 -1.8 -18 -1.8 -027 -0.0
(= Grade — (Age —6)), 1998 (0.1) 0.2)
Weight-for-age (Z-score), 1998 —-158 -1.52 -157 -146 -0.01 -0.06
(low scores denote undernutrition) (0.06) (0.11)
Malaria/fever in past week 0.37 0.41 0.40 039 -0.03 —0.01

(self-reported), 1998

Clean (observed by field worker), 1998 0.53 0.59
Panel B: Health Outcomes 1.0 o0
Girls <13 years, and all boys 3“’" teh) F'I
Any moderate-heavy infection, 1999 0.24 @
Hookworm moderate-heavy infection, ~ 0.04 0.11
1999
Roundworm moderate-heavy infection,  0.08 0.12
1999
Schistosomiasis moderate-heavy 0.09 0.08
infection, 1999
‘Whipworm moderate-heavy infection,  0.12 0.16
Girls >13 years
Any moderate-heavy infection, 1998 031 7/ 0.28 - - - -
Any moderate-heavy infection, 1999 0.27 ~ 043 032<= 0.54 —0.05 =010 [o].
(0.17)  (0.09)
Panel C: School Participation 1
School participation rate, 0872 0.764 0.808 0.684 0.064" 0.080" ?%
May 1998 to March 1999¢ (0.032) (0.039)

DEWORMING

TREAT
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Assume children obtain treatment if the net gain from treatment is
more than a cut-off cost.

Dyij = 1(S (Xijt, €ije) + €ie > Ch)

D1;; = 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).

C 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)
€ij¢ 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 | Tin =1, X451, D1y = 0) — E (Yij1 | Thin = 0, Xi51, D135 = 0)
=p+ Zw - [E (N | Tuir = 1, D1 = 0)
d

—E (Nj;1 | Tyin = 0, Dyij = 0)]
+ Z’Yd “[E(Ngi1 | Tvin = 1,D145 = 0) — E (Ngi1 | Tiin = 0, Dyy5 = 0)]
d

+ [E (eij1 | Thi1 = 1, X551, D1ij = 0) — E (€451 | Thn = 0, Xi51, D1ij = 0)],

» T, 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.
» (1 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 dlfferences between untreated pupils in
the Group 1 and Group 2 schools:

E(eij1 | Tra1 = 1, Xi51,C1 — S (Xij1, €i51) > €i51)
— E(eij1 | Trar = 0, X451, Ca — S (Xij2, €552) > €ij2)

» If C1 = C2, then by randomization this term equals zero and (2) can be used to
estimate (7.

» 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 Xj;;1 variables described above.

» If S is in fact nondecreasing in e;j2(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 e;;; will be at least as great among the untreated in
Group 2 as among the untreated in Group 1 (and also that average e;;; 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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ESTIMATION STRATEGY

If the expectation of e;;; 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:

Yije =a+ 1 - Tt + b1 - Dijj + by - (Thie * Digj) + X[;40
+ Z (’Vd : Ni;t) + Z (ha - Nait) + ui + €554
d d

» (31 within-school externality effect on the untreated.

» (B1 + 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

[»yog * NG o + 730 Ng‘s,l] —[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(Groupl’s within-school externality)+40.09(Groupl’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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TABLE VII
DEWORMING HEALTH EXTERNALITIES WITHIN AND ACROSS SCHOOLS, JANUARY TO MARCH 1999*

Any moderate-heavy Moderate-heavy Moderate-heavy
helminth infection, 1999 schistosomiasis infection, 1999 geohelminth infection, 1999
()] @ 3) @ TN ©) )] ®) ©
Indicator for Group 1 (1998 Treatment) School ‘Q —0257 —012° —009 —0.03 0.02) —0.07  —0207 —0.1f —0.03
(0.05)  (0.07)  (0.11)  (0.03) \(0.04)/ (0.06) (0.09)
Group 1 pupils within 3 km (per 1000 pupils) —0.26"" —0.26"" —0.11 0125, -0tz -0.117" —0.01
/\ (0.09)  (0.09) (0.13) (0.04) (0.07)
Group 1 pupils within 3-6 km (per 1000 pupils) —0.14" -0.13" -0.07 0.16
(0.06)  (0.06) (0.14) (0.10)
Total pupils within 3 km (per 1000 pupils) 011" 011" 010" 011" 0.02
0.04)  (0.04) (0.04) (0.02) (0.03)
Total pupils within 3-6 km (per 1000 pupils) 013 013" 0127 012" 0.01
(0.06)  (0.06) (0.07)  (0.03)
Received first year of deworming treatment, when —0.06"
offered (1998 for Group 1, 1999 for Group 2) (0.03)
(Group 1 Indicator) + Received treatment, when offered \)3——0.14'
(0.07)
(Group 1 Indicator) # Group 1 pupils within 3 km —0.25"
(per 1000 pupils) r}.a\ L (0.14)
(Group 1 Indicator) + Group 1 pupils within 3-6 km —0.09
(per 1000 pupils) (0.13)
Grade indicators, school assistance controls, district Yes Yes Yes Yes Yes
exam score control
Number of observations 2328 2328 2328 2328 2328 2328 2328 2328 2328
Mean of dependent variable 0.41 0.41 0.41 0.16 0.16 0.16 0.32 0.32 0.32

AGrade 3-8 pupils. Probit estimation, robust standard errors in parentheses. Disturbance terms are clustered within schools. Observations are weighted by total school
population. Significantly different than zero at 99 (++*), 95 (*+), and 90 (*) percent confidence. The 1999 parasitological survey data are for Group 1 and Group 2 schools. The
pupil population data is from the 1998 School Questionnaire. The geohelminths are hookworm, roundworm, and whipworm, We use the number of girls less than 13 years old
and all boys (the pupils eligible for deworming in the treatment schools) as the schaol population for all schaols.
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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(ifi £ 1%
27), due to children coming to school in the hope of receiving medicine.
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5.1. SCHOOL PARTICIPATION DIFFERENCES ACROSS

DEWORMING PROJECT

IN Busia, KENYA

ESTIMATION STRATEGY

TREATMENT AND COMPARISON SCHOOLS

TABLE VIII

SCHOOL PARTICIPATION, SCHOOL-LEVEL DATA*

Group 1
(25 schools) (25 schools)

Group3
(25 schools)

Panel A:

First year post-treatment
(May 1998 o March 1999)
Girls <13 years, and all boys

Girls > 13 years

Preschool, Grade 1, Grade 2 in
carly

Grade 3, Grade 4, Grade 5 in
carly

Gmde 6. Gradc 7.Grade § in
carly 199

Rcoordcd as “droppcd out” in
carly 1998

Females”

Males

Panel B:

Second year post-treatment
(March to November 1999)
Girls <13 years, and all boys

Girls =14 years®

Preschool, Grade 1, Grade 2 in
carly 1998

Grade 3, Grade 4, Grade 5 in
carly 1998

Grade 6, Grade 7, Grade 8 in
carly 1998

Recorded as “dropped out” in
carly 1998

Females”

Males

Ist Year Group I = Group 2 —
Treatment Comparison Comparison (Gmnp: 2&3) Group3
0.841 0731 0.767 0093 ~0.037

VAo, 031) (0.036)
0.864 0.803 0811 00577 —~0.008
(0.034)
0.795 0.688 0.703 —0.018
.0 (0.043)
0.880 0.789 0831/ 00107 —0043
(002 (0.029)
0934 0.858 0.5 ' —0.034
® (0.026)
0.064 0.050 0.0 0.022 0020
0.018) (0017
0855 0771 % 0076 0018
©0.027)  (0.032)
0844 0736 o7 0.0 —0.044
0031 (0.037)
nd Year Ist Year Group 1= Group 2 —
TreatmentTreatment  Comparyon | Group 3
0.713 0717 0.663 0.050"
0.028)
0.627 0.649 0.588 U 0.039
0.035)
0.692 0726 0.641 0.05
(0.034)
0750 0774 0725 0.025
(0.023)
0770 0777 0751 0.020
0.027)
0.176 0.129 0.056 0.120°
0.063)
0716 0746 0.648 0.067"
0.027)
0.698 0.695 0.655 0.043

DEWORMING

TREATM
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FIGURE 1.—School participation rate May 1998 to November 1999 for girls under 13 years old
and for all boys (difference between Group 1 and Group 3 (diamonds), and difference between
Group 2 and Group 3 (squares)).*

AThe shaded regions are periods in which medical treatment was being provided (in March-April and November
1998 to Group 1 schools, and March—June and October-November 1999 to Group 1 and Group 2 schools).
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5.2. ESTIMATING OVERALL SCHOOL PARTICIPATION IMPACTS

TABLE IX

SCHOOL PARTICIPATION, DIRECT EFFECTS AND EXTERNALITIES®
DEPENDENT VARIABLE: AVERAGE INDIVIDUAL SCHOOL PARTICIPATION, BY YEAR

oLs oLs oLs oLs oLs OLS IV-25LS
[¢)] @ 3 @ ®) ®) ™
May98- May98- May98- May 98—
%u) March 99 March 92 March 99 March 99
Moderate-heavy U7 0028 —0.203
infection, early 1999 (0.010)  (0.094)
Treatment school (T) 0.051°"
(0.022)
First year as treatment 0.062"" 0.0607" 0.062" 0.056""
school (T1) (0.015)  (0.015) (0.022) (0.020)
Second year as treatment 0.040°  0.034
school (T2) (0.021) (0.021)
Treatment school pupils 0.044 0.023
within 3 km (0.022) (0.036)
(per 1000 pupils)
Treatment school pupils —0.014 —0.041
within 3-6 km (0.015) (0.027)
(per 1000 pupils)
Total pupils within 3 km —0.033" —-0.035"  0.018 0.021
(per 1000 pupils) (0.013) 0.019)  (0.021) (0.019)
Total pupils within 3-6 km —0.010 0.022 -0.010 -0.021
(per 1000 pupils) (0.012) 0.027)  (0.012) (0.015)
Indicator received first 0.100"
year of deworming (0.014)
treatment, when
offered (1998 for
Group 1, 1999 for
Group 2)
(First year as treatment
school Indicator) % 0
(Received treatment,
when offered)
1996 district exam score, 0.063"" 0.071"" 0.063" 0.058 0.091"  0.021 0.003
school average (0.021)  (0.020) (0.020) (0.032) (0.038) (0.026) (0.023)

DEWORMING TREATN
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TABLE IX
(CONTINUED)
OLS OLS OLS OLS OLS OLS IV-25LS
O] 2) 3) @) () ) @
May 98-  May 98- May 98- May 98-
March 99 March 99 March 99 March 99
Grade indicators, school Yes Yes Yes Yes Yes Yes Yes
assistance controls, and
time controls
R’ 0.23 0.23 0.24 0.33 0.36 0.28 -
Root MSE 0273 0272 0272 0223 0219 0.150 0.073
Number of observations 56487 56487 56487 18264 18264 (2327 49 (schools)
Mean of dependent 0.747 0747 0747 0784  0.784  0.884 0.884

variable

DEWORMINC

TREAT
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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 (KPR 537 %A .

» 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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TABLE X
ACADEMIC EXAMINATIONS, INDIVIDUAL-LEVEL DATA*

Dependent variable: ICS Exam Score
(normalized by standard)

(1y @
mong those
who filled in the
998 pupil surve;
Average school participation (during the year 0.63"""
of the exam) (0.07)
First year as treatment school (T1) —0.032 —0.030
(0.046) (0.049)
Second year as treatment school (T2) 0.001 0.009
(0.073) (0.081)
1996 District exam score, school average 074" 0717 0.75"
(0.07) (0.07) (0.07)
Grade indicators, school assistance controls, Yes Yes Yes
and local pupil density controls
R? 0.14 0.13 0.15
Root MSE 0.919 0.923 0.916
Number of obsetvations 24958 24958 19072

Mean of dependent variable 0.020 0.020 0.039

DEWOI
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CosT EFFECTIVENESS AND WELFARE
ANALYSIS



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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CONCLUSIONS AND DISCUSSIONS



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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