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• They evaluate a Primary School

Deworming Project (PSDP) in which

school-based mass treatment with

deworming.

• PSDP reduced school absenteeism in

treatment schools by 1/4 (direct).

• PSDP improved health and school

participation among untreated pupils

(externalities).

• Deworming did not improve academic

test scores.

Highlights: What They Did and Found? And Why?

Causal Relationship

PSDP (Cause)

Health and Education (Effect)

(health, school participation, test scores)

I. Evaluate the effects of PSDP on 

health and education.

II. Solve the grand poverty problem.

WHY Do This?
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• Intestinal helminths: infect more than one-quarter

of the world’s population.

• PSDP: Deworming, carried out by Dutch nonprofit

organization (ICS) and Busia District Ministry of

Health office.

• Place: Southern Busia (Western Kenya), in an area

with the highest helminth infection rates.

• Intervention ways:

(1) medical treatment;

(2) worm prevention education.

Background

Lake Victoria

* Pupils who attend schools near Lake Victoria 

also have substantially higher rates of 

schistosomiasis.



Primary School Deworming Project (PSDP)

Program Introduction

year 1998 1999

Intervention
Treatment 

Group

Control 

Group

Treatment 

Group

Control 

Group

Group1 √ √

Group2 √ √

Group3 √ √

• Subject: 30,000 pupils  from 75 schools, all boys and girls under 13.

• Subgroup: Randomly devided to  3 groups, 25 schools per group.

• Intervention: School-based, phased (1998, 1999, 2001) mass treated worming.

• All schools before PSDP have the same average characteristics.             (No systematic differences)

Table I 1998 Average Pupil and School Characteristics, Pre-Treatment

(i) ICS’s administrative (ii) financial constraints



Identification Strategy: School-level RCT

• No systematic differences: All schools before PSDP have the same average characteristics.

• Casual Effect: The effects of deworming on health and education are the difference of pre- and post-PSDP.

Table V January to March 1999 Health and Health Behavior Differences Between 

Group 1 (1998 Treatment) and Group 2 (1998 Comparison) Schools

Strategy 1: School-level RCT



Identification Strategy: School-level RCT

Why the PSDP was randomly phased into school level, rather than individual level?

Estimators: Studies at the individual level potentially doubly underestimate the benefits of treatment.

Missing externality benefits

Program Design: Dutch nonprofit organization (ICS) in cooperation with the Busia District

Ministry of Health office.

Strategy 1: School-level RCT

Potential Reasons



Identification Strategy: Mechanism

① Most people in this area live on their farms rather than being concentrated in villages, and neighbors (and even siblings) often

attend different schools since there is typically more than one primary school within walking distance.

Virus

treated

Cross school①

Untreated in 

Control group

Within school

Untreated in 

Treated grouptreated

Direct Effect: Environment to people

Externality Effects: People to people

Mechanism: The Treatment Effect and Treatment Externalities



Externality Benefits

• Missing externality benefits to the comparison group from reduced disease transmission,

also underestimating benefits for the treatment group.

• Evaluating in school-based level can obtain the OVERALL treated school effects.

BUT IS IT ENOUGH? NO

Identification Strategy: Mechanism

Research Innovations

Estimators: Not only evaluated the direct effects of deworming treatment

But innovatively separated and estimated the externalities at DIFFERENT levels.

Perspective: It is necessary to study externality.

But empirical studies are rather limited.



Identification Strategy: Mechanism 

PSDP Treatment

Decline the infection 

rate of  student treated ↓

Medicine &

Prevention Education

Cut down the 

transmission path

Decline the infection rate 

of  student untreated in 

control group↓

Decline the infection rate 

of  student untreated in 

treatment group ↓

Impacts on Health and  

Education 

Externality Effect 

Within School

Externality Effect 

Cross School

Direct Effect

Mechanism: The Treatment Effect and Treatment Externalities



Identification Strategy: RCT + Non-experimental

Strategy 2: RCT + Non-experimental Approach

Direct Effect + Externality Effect Within School

Decompose the effect on treated schools into a direct effect and within-school externality.

RCT + Need Decompose

Externality Effect Cross School

Variation in the local density of treatment schools induced by randomization.

Cross-school externalities increase with the local density of treatment school pupils.

(See Page 18.)

Local Treatment Density



𝑁𝑑𝑖𝑡: total number of pupils in primary schools at distance 𝑑 from school 𝑖 in year 𝑡 (0-3km, 3-6km)

𝑁𝑑𝑖𝑡
𝑇 : total number of pupils in primary schools, which randomly assigned to deworming treatment, 

at distance 𝑑 from school 𝑖 in year 𝑡 (0-3km, 3-6km)

𝛽1, 𝛽2: the effect of treatment in school (Direct and Within Effect Not Differentiated)

𝛾𝑑: the effect of treatment cross school

Empirical Methodology: Model 1

Model 1: Estimate Effect of Treatment Schools, and Cross School Externality

Limitation

𝑌𝑖𝑗𝑡 = 𝑎 + 𝛽1𝑇1𝑖𝑡 + 𝛽2𝑇2𝑖𝑡 + 𝑋𝑖𝑗𝑡
′ 𝛿 +෍

𝑑

(𝛾𝑑 ∙ 𝑁𝑑𝑖𝑡
𝑇 ) +෍

𝑑

(𝜙𝑑 ∙ 𝑁𝑑𝑖𝑡)

Treatment Dummy Cross School Effect

Covariate

Individual Health

or Education Outcome Check Causal Effect

Overall Treated School Effect



Identification Strategy: Within School Externality 
Table III Proportion of Pupils Receiving Deworming Treatment in PSDP

Strategy 1: Randomized Controlled Trial (RCT)

• 78% of pupils to receive treatment in 1998

• The parental consent rules changed

between 1998 and 1999, reduction in the

fraction of pupils receiving treatment.

• The treatment rate in 1999 was

approximately 57%.

(59% in Group 1 and 53% in Group 2) 

• The overall treatment rate (including

pupils enrolled) in 1999 was

approximately 72%.

(73% in Group 1 and 71% in Group 2)



In the Year of 1998 to 1999

Model 2: Estimate Within Effect of Treatment Schools

Student in Group 1 who did not participate in the 1998 

Student in Group 2 who did not participate in the 1999 

Within school effect + Across school effect

Across school effect

𝑌1 𝑖𝑛 1999

𝑌2 𝑖𝑛 1999

Almost same in each situation

𝑌1 𝑖𝑛 1998

𝑌2 𝑖𝑛 1998

𝐸 𝑊𝑖𝑡ℎ𝑖𝑛 𝑠𝑐ℎ𝑜𝑜𝑙 𝑒𝑓𝑓𝑒𝑐𝑡 = 𝐸(𝑌1 𝑖𝑛 1999) − 𝐸(𝑌2 𝑖𝑛 1998)

Identification Strategy: Within School Externality 



Empirical Methodology: Model 2 

Model 2: Decompose Direct and Within Effect of Treatment School

𝑌𝑖𝑗𝑡 = 𝑎 + 𝛽1𝑇1𝑖𝑡 + 𝑏1𝐷1𝑖𝑗 + 𝑏2(𝑇1𝑖𝑡 ×𝐷1𝑖𝑗) + 𝑋𝑖𝑗𝑡
′ 𝛿 +෍

𝑑

(𝛾𝑑 ∙ 𝑁𝑑𝑖𝑡
𝑇 ) +෍

𝑑

(𝜙𝑑 ∙ 𝑁𝑑𝑖𝑡)

Within School Effect

Individual Dummy Cross School Effect

Direct effect (DID estimator)

Mechanism &

Identification



PSDP’s Effect: Health

Table VII Deworming Health Externalities Within and Cross Schools, January to March 1999



⚫ Decomposing the grand poverty problem into more

precise problems related to individuals or groups.

⚫ More specific public policies (deworming, books,

lunch, teacher, etc.) be suggested to anti-poverty.

⚫ Introduce RCT and Nonexperimental approach to

evaluate the causal effects of intervention policies.

⚫ Emphasize and provide a framework to measure the

externality.

⚫ Reshape the research paradigm of development

economics.

Contributions & Comments



Table I 1998 School Characteristics, Pre-Treatment

Strategy 1: Randomized Controlled Trial (RCT)Strategy 2: RCT + Non-experimental Method

• The assigned deworming treatment group

is NOT significantly associated with the

density of other local treatment school pupils.

Appendix Table AII Local Densities of Other Primary Schools and

Deworming Compliance Rates

• 1998 and 1999 deworming compliance rates are

NOT significantly associated with the local

density of treatment school pupils.

Identification Strategy: Cross-school Externality 

• Cross-school deworming externalities INCREASE

WITH the local density of treatment school pupils.



PSDP’s Effect: School Participation

Table VIII School Participation, School-Level Data



PSDP’s Effect: School Participation

(Con’t)

Table IX School Participation, Direct Effects and Externalities

(Dependent Variable: Average Individual School Participation, by Year)



PSDP’s Effect: Test Scores

Table X Academic Examinations, Individual-Level Data


