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SUMMARY
The provision of information, which is a common public health strategy, may be ineffective if recommendations are not
privately optimal for message recipients. This paper evaluates the response to a hygiene information campaign in rural
Pakistan. In a theoretical model, baseline hygiene and health proxy for preferences, prices, and wealth, which jointly
moderate the impact of information. We show that people with good baseline hygiene and health respond differentially
to the hygiene message. This result, which does not appear to arise through differential learning, suggests that practical
constraints limit the adoption of hygiene recommendations. Information provision may exacerbate health inequality under
these conditions. Copyright © 2015 John Wiley & Sons, Ltd.
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1. INTRODUCTION

The provision of information is a common strategy to address many public health problems, including
HIV/AIDS, smoking, nutrition, and sanitation. However, impact evaluations in economics and public health
show mixed results of informational interventions. While Dupas (2011) shows that girls in Kenya select
younger (and safer) partners after learning age-specific rates of HIV prevalence, Luo et al. (2012) and Wong
et al. (2014) show that nutrition education for parents in China does not reduce child anemia.1 Bowen et al.
(2012) show that a 9-month hygiene promotion campaign leads to anthropometric improvements in Pakistan,
while Davis et al. (2011) conclude that hygiene education is only effective when combined with individualized
information about hand and water-source contamination.

For a health message to work, the recipient must internalize the message and change behavior, which may be
unrealistic if the recommendation is not privately optimal. For instance, a message to boil drinking water may
have a limited impact in a setting with scarce firewood, and a message to use condoms may not persuade people
who dislike the sensation of condoms. In a simple model of learning and health behavior, baseline behavior
proxies for preferences, prices, and wealth, which moderate compliance. Information may paradoxically have
the largest impact on people who (to some extent) already exhibit the desired behavior.

!Correspondence to: Harris School of Public Policy, University of Chicago, Chicago, IL, USA. E-mail: dmbennett@uchicago.edu.
1De Walque (2007) also examines the impact of HIV risk information. Avitabile (2012), Ambeba et al. (2015), and Lancaster et al. (2014)
assess nutrition and obesity prevention interventions. Rhee et al. (2005) study the effect of malaria education on the use of insecticide-
treated bed nets. Cantrell et al. (2013) and Pepper et al. (2014) study efforts to encourage smoking cessation. Cairncross et al. (2005),
Madajewicz et al. (2007), and Guiteras et al. (February 24 2014) examine the effects of information on hygiene and sanitation. Treatments
that provide personalized information appear to change behavior. Thorton (2008) shows that individual HIV status information reduces
risky sexual behavior in Malawi. Madajewicz et al. (2007) find that households change water sources after learning of high arsenic levels
in Bangladesh, and Jalan and Somanathan (2008) show that households improve water purification after learning of fecal contamination.
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This paper examines the heterogeneous impact of a hygiene information campaign in rural Pakistan. The
program attempts to reduce the incidence of diarrhea and other infectious diseases by improving hand wash-
ing, safe food handling, and water purification.2 A randomized evaluation shows that the program improves
hygiene and reduces infectious disease morbidity. To assess the importance of the compliance propensity, we
interact treatment with baseline hygiene and health to show that people with good baseline outcomes respond
differentially to the intervention.3 Hygiene improves by 18 percent for people with good baseline hygiene but
does not improve for those with poor baseline hygiene. Morbidity due to diarrhea, fever, and cough declines by
17 percentage points for respondents who are healthy at baseline but only declines by four percentage points
for unhealthy respondents. However, we do not find a differential response according to baseline child health.

The main alternative explanation for this pattern is that people with good baseline outcomes happen to learn
more from the intervention. We assess this possibility in two ways. First, we examine whether the treatment
effect on hygiene knowledge varies according to baseline hygiene and health. We do not find a heterogeneous
effect on knowledge that would explain the heterogeneous effects on hygiene and health. Secondly, we re-
estimate the treatment effects on hygiene and health while controlling for the interaction of treatment with
baseline knowledge and traditional medical beliefs, which proxy for prior beliefs about hygiene effectiveness.
If learning is an important explanation for our main results, controlling for these proxies should reduce het-
erogeneity in the response. Instead, we find that estimates are insensitive to these controls, which suggests that
differential learning is not a serious confound.

Although our model rationalizes the positive interaction between treatment and baseline outcomes, this
interaction could also be negative. People with poor baseline outcomes have more scope to improve if the cost
of hygiene is convex. We measure hygiene and health categorically, which mechanically limits the potential
for improvement among people with good baseline outcomes. These constraints work against finding the result
that we observe. They may also help to explain the lack of a heterogeneous result for child health.

This study contributes to the literature on informational interventions by exploring a key reason why mes-
sages may be ineffective. With few exceptions (e.g. De Walque, 2007), studies do not explore why these
programs succeed or fail. We suggest that individual compliance propensities moderate the impact (and there-
fore the cost-effectiveness) of information programs. Health information can exacerbate health inequality in
this scenario by differentially benefitting people who are relatively healthy. This study also relates to the liter-
ature on the response to health subsidies. Cohen and Dupas (2010) and Ashraf et al. (2010) show higher prices
reduce adoption and use of health products. Consistent with this response, ordinary variation in the ‘price’ of
hygiene may moderate the reaction to non-price interventions such as information campaigns.

2. A MODEL OF HYGIENE BEHAVIOR

2.1. Setup

This section develops a simple model of learning and hygiene to motivate the empirical work in the succeeding
text. We assume that people have utility over health, h, and other consumption, c: u.h; c/ D ˛ ln.h/C ! ln.c/,
which is a monotonic transformation of Cobb–Douglas utility. Health is a function of hygiene effort, e ! 0,
and an exogenous health input, s ! 0, such as the health endowment, physical environment, or a composite
of factors. The health production function, h.e; s/, represents the ‘true’ relationship between these inputs and
health. We assume that h.e; s/ D e!s" , for "; # ! 0. The restriction that " ! 0 means that, in reality, hygiene
is weakly beneficial for health. People face the budget constraint peCc " y, in which p is the price of hygiene
and y is wealth. This approach collapses the cost of hygiene into one dimension and assumes that the cost is
linear rather than convex.

2Diarrhea is a leading cause of morbidity and mortality in South Asia and other poor settings (Kosek et al., 2003; WHO, 2013). It also
interferes with nutrition, cognitive development, and educational attainment (Guerrant et al., 1999; Niehaus et al., 2002).

3The interpretation of the baseline dependent variable in terms of the compliance propensity is a familiar idea from the education and job
training literatures (e.g. Abdulkadiroglu et al., 2011; Beuermann et al., 2014).
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While they do not directly observe " , people have beliefs about this parameter, N" # N. N$; N%/. N" is a generic
belief, and we define the prior belief ( Q"), the informational signal ( O" ), and the posterior belief (" 0) in the
succeeding text. Negative values of N" indicate the belief that hygiene is harmful. The mean, N$, represents the
perceived effectiveness of hygiene, while the precision (the inverse of the variance), N% , represents the certainty
of this belief.

People maximize expected utility to choose e!. The need for expected utility arises because people face
uncertainty about N" . We substitute in the health production function and the budget constraint and calculate the
expectation to obtain the following objective function.

max
e

E.u/ D ˛ N$ ln .e/C ˛# ln .s/C ! ln .y $ pe/ (1)

The derivative of this expression with respect to e leads to a first-order condition and a closed-form solution,
e!.y; p/, which we substitute into the health production function to obtain h!.y; p; s/. Health depends on the
true value of " rather than the perception. For clarity, we define Nı % ! C ˛ N$.

e!.y; p/ D ˛ N$y
p Nı

(2)

h!.y; p; s/ D .˛ N$y/!s"
.p Nı/!

(3)

Although N" may be positive or negative, Eq. 2 shows that negative values of N$ lead to a corner solution in
which e! D 0. We proceed by focusing on the interior solution in which N$ and e! are positive.

2.2. The impact of information

People have normally distributed prior beliefs about the effectiveness of hygiene, Q" # N. Q$; Q%/, in which Q$
and Q% represent the strength and certainty of these beliefs. The intervention delivers a normally distributed
informational signal, O" # N. O$; O%/, in which O$ and O% represent the strength and credibility of the message.
People receive the signal and update their beliefs according to Bayes’ rule. We adopt Bayesian learning for
convenience but acknowledge that other learning models have similar implications. The normality of the prior
and the signal implies that the posterior belief, " 0, is also normally distributed: " 0 # N.$0; % 0/. The posterior
mean is the average of the prior and signal means, weighted by the prior and signal precisions.

$0 D Q%
Q% C O% Q$C

O%
Q% C O% O$ (4)

The average treatment effect of the intervention on hygiene is the average difference in e! between the
treatment and control groups: EŒei1 $ ei0&. This expression equals e0! $ Qe! because treatment respondents
update their beliefs while control respondents do not. We substitute Eqs. (2) and (4) into this expression to find
the treatment effect on hygiene and define Qı % ! C ˛ Q$ and Oı % ! C ˛ O$. To sign the effects in the succeeding
text, we assume that O$ > Q$, so that the signal leads people to revise their beliefs upward.

EŒei1 $ ei0& D
˛!y O%. O$ $ Q$/
p Qı. Q% Qı C O% Oı/

> 0 (5)

Likewise, the average treatment effect on health is EŒhi1 $ hi0& D h0!$ Qh!, which is weakly positive because
Q# Q$CO# O$
Q# QıCO# Oı >

Q$
Qı and " ! 0.

EŒhi1 $ hi0& D
!
˛!y

p

"!
s" &

#! Q% Q$C O% O$
Q% Qı C O% Oı

"!
$
! Q$
Qı

"! $
! 0 (6)
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Eqs. (5) and (6) identify the factors that moderate compliance with an informational intervention. The health
preference, ˛, and wealth, y, accentuate the impact on hygiene and health, while the preference for other
consumption, !, and the price of hygiene, p, reduce the impact.4 Information may have a limited effect on
people who are poor, face a high price of hygiene, or receive relatively little utility from health. In Eq. 6, the
scarcity of complementary health inputs, s, may further limit the impact on health.

An assessment of the relevance of practical constraints on hygiene is challenging because distinct proxies
for prices, preferences, and wealth may not exist. Inconvenience, which is a key component of the ‘price’ of
hygiene, depends on past investments such as latrines and water-source improvements, which depend on past
prices, preferences, and wealth. Education strongly influences both purchasing power and the preference for
health, so that y, ˛, and p may be highly collinear.5

Alternatively, the baseline dependent variable proxies for the compliance propensity. As we show in the
previous text, baseline hygiene and health are functions of several factors that moderate the response to infor-
mation. Eqs. 7 and (8) express the treatment effects in terms of baseline hygiene and health (we assume that
" D 1 to obtain Eq. 8).

EŒei1 $ ei0& D
! O%. O$ $ Q$/
Q$. Q% Qı C O% Oı/

& Qe! (7)

EŒhi1 $ hi0& D
! O%. O$ $ Q$/
Q$. Q% Qı C O% Oı/

& Qh! if " D 1 (8)

According to these expressions, the impact of information increases with the baseline dependent variable. A test
of this prediction does not clarify which practical constraints limit the treatment effect, although this distinction
may matter for policymakers.

A positive interaction between treatment and the baseline dependent variable could also arise through het-
erogeneous learning. People may receive heterogeneous signals or have heterogeneous priors. In the model,
baseline hygiene and health are functions of Q$, which reduces the impact of information in Eqs. 7 and (8).
More generally, people with good baseline outcomes could receive a stronger or more precise signal if they are
more attentive learners. We investigate this possible confound in the succeeding text.

The prediction of a positive interaction between treatment and the baseline dependent variable relies on the
assumption that the price of hygiene is linear. Under a convex hygiene cost function, people with poor baseline
hygiene can improve more easily than people with good baseline hygiene. This mechanism, which counteracts
the compliance propensity mechanism, may rationalize a weaker response among people with good baseline
outcomes, such as the child health results in the succeeding text.

3. CONTEXT

We conducted this study in rural villages in southern Punjab Province, Pakistan. Wheat and cotton cultivation
are the primary economic activities in the area, and Sunni Islam is the dominant religion. Communities are
culturally conservative and practice Purdah, which severely limits female autonomy and mobility. However, the
observance of Islamic customs such as daily prayer and fasting during Ramadan varies with the level of poverty.

The National Commission for Human Development (NCHD) is a non-profit organization that collaborates
with the national government to provide health care and education in poor communities. The NCHD regularly

4Although % appears to increase the treatment effect, the impact actually declines in % because this parameter appears quadratically in the
denominator through Qı and Oı .

5An experimental study that cross-randomizes information and a subsidy may identify the price interaction. However, randomized price
variation often lacks external validity because participants are required to make unusual purchase decisions.
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conducts adult literacy classes (ALCs) throughout Pakistan for women without formal schooling. Classes are
free. Around 25 students per class meet in the home of a local volunteer for 90 min, 6 days per week, for
6 months.

Microbe Literacy (ML) is a hygiene information program developed by the South Asia Fund for Health and
Education, an international non-government organization. The program includes a microscope demonstration
and an infection prevention workshop, which each require 90 min and occur on separate days. In the microscope
demonstration, facilitators create slides of everyday substances such as standing water and buffalo dung, and
participants take turns viewing the slides through a microscope. In the infection prevention workshop, partici-
pants learn standard strategies to avoid infectious disease. The curriculum emphasizes the ways that microbes
can enter the body, including through consumption of contaminated food and water. Instructors stress the need
to wash hands with soap after defecating and before preparing food, to purify and protect drinking water, to
maintain a clean cooking area, and to avoid contamination by flies. Participants also learn to treat diarrhea
through oral rehydration.6

We collaborated with the NCHD to evaluate the impact of ML among ALC participants in 2013. At the time,
the NCHD operated 605 female ALCs in the region. We selected 140 ALCs and enrolled participants who were
at least 15 years old, for a total of 2503 respondents. Surveyors interviewed respondents in their homes to avoid
the influence of ALC instructors and classmates. Estimates are based on the follow-up survey that occurred in
August and September 2013, around 14 weeks after the intervention. Sixty-one percent of respondents have
at least one child under age 10 years. Our estimation sample includes 1855 observations of child hygiene and
3296 observations of child health.7

The study sample may be unrepresentative of the community because people select into ALC participation.
Because the program is a form of remedial education, participants generally lack formal schooling. We explore
the extent of socioeconomic selection further by comparing the study sample to a representative sample from
the 2011 Multiple Indicator Cluster Survey. Only 11 percent of study participants have any formal schooling,
compared to 40 percent of rural women in Punjab Province. Study participants are 9 years younger than average
and 10 percentage points less likely to be married. Secondly, study participants, who have chosen to seek
education, may have an unrepresentative level of motivation or learning ability. Repeated literacy test scores
allow us to assess this form of selection by using the change in scores to proxy for learning ability. Participants
whose scores improve the most do not have significantly stronger treatment effects (available from the authors),
suggesting that this form of selection is mild.

To measure hygiene, surveyors directly observed the personal appearance of the respondent and her children.
Hygiene measurement is challenging because people misreport behavior (Ram, 2010).8 Surveyors recorded
cleanliness on a three-point scale and used sample photographs to standardize reporting. At baseline, 41 per-
cent of respondents and 19 percent of children had no visible dirt on their face, hands, clothing, or feet (good
hygiene’). Fifty-five percent of both adults and children had visible dirt somewhere on their clothes or bodies
(‘moderate hygiene’). Four percent of adults and seven percent of children had visible dirt in multiple places on
their clothes or bodies (‘poor hygiene’). Although visible dirt does not cause infectious disease, this variable
is easy to observe and is correlated with other hygiene behaviors (Dikassa et al., 1993; Oyemade et al., 1998;
El Azar et al., 2009; Luby et al., 2011). Personal appearance is also strongly correlated with several household

6Field reports suggest that the program had a strong impression on participants and often drew onlookers from the community. One
facilitator remarked: ‘It was amazing for women to see the bacteria on the slides which had been sampled from their homes. Women were
very astonished to know how much bacteria live around them. They expressed that they will be careful to avoid microbes for themselves
and for their children.’ In a pilot study in the Swat Valley of Pakistan, Ahmad et al. (2012) found that ML was associated with a 65
percent decline in diarrhea and a 76 percent decline in respiratory illness. These results are difficult to interpret because the study lacks a
control group.

7Surveyors only observed the hygiene of children who were present for the interview but elicited the health of all children of the respondent
younger than 10 years.

8Ram (2010) describes the issues with other measurement techniques. More extensive observation of hygiene behavior is subject to
Hawthorne effects. Biomarkers of hand contamination are an extremely noisy indicator of behavior (Iqbal et al., 2011).

Copyright © 2015 John Wiley & Sons, Ltd. Health Econ. 24: 1065–1081 (2015)
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sanitation indicators, including the absence of open defecation and the cleanliness of the cooking area. Because
children have multiple caretakers, child hygiene is a noisier indicator of respondent behavior than the observed
cleanliness of the respondent. There is substantial individual variation in hygiene over time: around 40 per-
cent of both respondents and children change hygiene classifications across rounds in both the treatment and
control groups.

We measure health by eliciting the prevalence of diarrhea, fever, and cough for the respondent and her
children under age 10 years within the past 2 weeks. The WHO defines diarrhea as ‘three or more loose stools
within a 24 hour period, or more than is normal for the person’. Surveyors explained this definition, as well
as the definitions of fever and cough, to respondents. However, diarrhea in particular is measured with error
because respondents have differing interpretations of ‘loose stool’ (Schmidt et al., 2011). The baseline rates
of diarrhea, fever, and cough are 12, 24, and 17 percent, respectively, for respondents. These rates are 31, 34,
and 23 percent for children. ‘Any morbidity’ is an indicator for diarrhea, fever, or cough in the past 2 weeks.
Thirty-three percent of respondents and 38 percent of children have any morbidity at baseline.

We also measure hygiene knowledge in order to assess whether results could arise through heterogeneous
learning. We ask respondents to agree or disagree with the following statements: (1) ‘Untreated water is safe
to drink’; (2) ‘I can tell if my hands are dirty just by looking at them’; (3) ‘It is safe to eat food that has been
touched by flies’; and (4) ‘The worst thing diarrhea can do is make my child uncomfortable’. The knowledge
index is the unweighted sum of correct responses to these questions.

4. EMPIRICAL APPROACH

4.1. Study design

The informational intervention occurred by ALC. Although the study encompasses a large geographic area,
some ALCs are clustered spatially. Knowledge spillovers could bias estimates toward zero if control respon-
dents also learn from the program. The practice of Purdah limits this possibility by restricting female mobility:
at baseline, 69 percent of respondents had not spoken to someone beyond the village and 62 percent had not
left the village in the past week.9 We reduce the potential for spillovers by combining ALCs into 80 geographic
‘randomization groups’ that are each at least 1 km apart. After grouping ALCs, the median distance between
treatment and control ALCs is 3 km. We stratified the sample across four districts and three diarrhea prevalence
categories, for a total of 12 strata.

Table I assesses the balance of demographic and economic characteristics across treatment and control
arms. Columns 1 and 2 report baseline means, and column 3 shows p-values for the difference in means. To
compute p-values, we regress each variable on a treatment dummy and strata dummies while clustering by
randomization group. One in 18 (5.6 percent) of the comparisons in Column 3 is significant at the five percent
threshold, which is similar to the proportion expected by chance. The table also shows that hygiene and health
outcomes are balanced; however, the knowledge index is 0.24 points lower in the treatment group at baseline.
The regressions in Table V use inverse propensity weights to address the baseline knowledge imbalance. The
table also shows that compliance is four percentage points lower under treatment than under control, perhaps
because non-participation is easier than participation.10

Table II considers the determinants of baseline hygiene and health in order to show that these variables are
correlated with demographic and economic factors related to compliance. The table reports coefficients from
regressions of the row variable on the column variable that control for strata dummies and cluster standard errors

9Only eight percent of control respondents were aware of a recent event involving microscopes at the follow-up. Estimates (available from
the authors) are similar if we discard control respondents who live near treatment ALCs or know of the intervention.

10For the treatment group, this variable indicates that the respondent attended both components of the intervention. For the control group,
compliance indicates that the respondent did not participate.
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Table I. Baseline characteristics by treatment status

Mean p-value
Treatment Control T " C

(1) (2) (3)

Demographic characteristics
Age 26.1 26.3 0.92
Illiterate 0.20 0.24 0.52
Any schooling 0.10 0.08 0.29
Married 0.54 0.55 0.76
Household size 7.0 7.1 0.99
Barailvi sect. 0.86 0.82 0.46
Ramadan fasting days 12.1 11.7 0.56
Prays at least once per day 0.63 0.71 0.14

Economic characteristics
Improved roof 0.88 0.81 0.12
Bedrooms 2.2 2.2 0.78
Any savings 0.12 0.13 0.94
Land (acres) 3.3 2.9 0.60
Animals 0.65 0.68 0.25
Works outside the home 0.29 0.37 0.01***
Electricity 0.92 0.93 0.88
Refrigerator 0.28 0.24 0.18
Mobile phone 0.88 0.85 0.40
Agricultural occupation 0.50 0.46 0.94

Respondent outcomes
Hygiene 2.36 2.36 0.57
Any morbidity 0.31 0.33 0.63
Diarrhea 0.11 0.14 0.87
Fever 0.24 0.25 0.53
Cough 0.17 0.15 0.09*
Knowledge index 1.93 2.17 0.04**

Child outcomes
Hygiene 2.09 2.15 0.45
Any morbidity 0.36 0.40 0.45
Diarrhea 0.22 0.26 0.42
Fever 0.27 0.32 0.26
Cough 0.20 0.21 0.85

Diagnostic variables
Attrition 0.03 0.04 0.81
Compliance 0.86 0.90 0.03**

Observations 1351 1287 —

p-values are based on OLS regressions with clustered standard errors that control
for strata dummies. Hygiene is measured on a three-point Likert scale: 3 indicates
good hygiene, 2 indicates moderate hygiene, and 1 indicates poor hygiene, as
described in the text. Diarrhea, fever, and cough indicate morbidity in the past
2 weeks. Any morbidity indicates at least one of these illnesses. Knowledge index
is the unweighted sum of correct responses to four factual hygiene questions, as
described in the text. *p < 0:1, **p < 0:05, and ***p < 0:01 based on
unadjusted p-values. T, treatment; C, control.

by randomization group. Columns 1 and 2 show regressions on respondent and child hygiene, and columns 3
and 4 show regressions on respondent and child morbidity. A number of socioeconomic variables are correlated
with hygiene and health, including literacy, religious adherence, and wealth (e.g. number of bedrooms and land)
The many significant correlations validate the notion that hygiene and health proxy for preferences, prices,
and wealth.

Copyright © 2015 John Wiley & Sons, Ltd. Health Econ. 24: 1065–1081 (2015)
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Table II. Baseline hygiene and health correlates

Hygiene Any morbidity
Respondent Children Respondent Children

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

Demographic characteristics
Age "0.09 0.68 0.87 "1.21***
Illiterate "0.07*** "0.05 0.03 "0.05*
Any schooling 0.004 "0.02 0.04* 0.02
Married "0.03 "0.0002 "0.003 0.07***
Household size 0.25* "0.27 0.19 0.33
Barailvi sect. 0.003 0.005 "0.07 "0.02
Ramadan fasting days 1.14** 0.79 0.37 0.53
Prays at least once per day 0.13*** 0.11*** 0.02 0.02

Economic characteristics
Bedrooms 0.24*** 0.16** 0.02 0.09
Improved roof 0.03* 0.07** "0.004 0.004
Any savings 0.05*** 0.05** 0.009 "0.03
Land (acres) 0.43** 0.22 0.34 "0.06
Animals "0.08*** "0.08* 0.06** 0.004
Works outside the home "0.04 0.009 0.08** 0.02
Electricity 0.01 0.04*** "0.02 0.005
Refrigerator 0.09*** 0.08* "0.01 0.01
Mobile phone "0.004 0.008 "0.006 0.03
Agricultural occupation 0.06** 0.006 0.03 0.04

Observations 2503 1684 2503 3289

The table shows OLS regression coefficients of the row variables on the column variables.
Regressions use only baseline data, include strata dummies, and cluster standard errors by ran-
domization group. Hygiene is measured on a three-point Likert scale: 3 indicates good hygiene,
2 indicates moderate hygiene, and 1 indicates poor hygiene, as described in the text. Any mor-
bidity indicates diarrhea, fever, or cough within the past 2 weeks. Illiterate, any schooling,
Barailvi sect., electricity, refrigerator, and mobile phone are indicator variables. Bedrooms are
the number of bedrooms in the home, and improved roof indicates that the roof is constructed
of iron, wood, or brick. Land is the number of acres of land owned by the household. Animals
is an indicator that the household keeps livestock, pigs, goats, or chickens. Works outside the
home indicates that the respondent has outside employment. Agricultural occupation indicates
that the household primarily supports itself through agriculture. *p < 0:1, **p < 0:05, and
***p < 0:01 based on unadjusted p-values.

4.2. Estimation

Our estimates are based on a cross-sectional comparison of treatment and control arms in the follow-up round.
i indexes the individual, and j indexes the ALC in the following specification.

Y !ij D
X
k

ˇk

h
Tj & 1

%
Y bij D k

&i
C
X
k

'k 1
%
Y bij D k

&
C Sj C "ij (9)

Y !ij is a latent index of the outcome variable, Tj is a treatment indicator, and Y bij is the baseline dependent
variable. We estimate treatment effect heterogeneity by interacting Tj with indicators for all possible values of
Y bij . We condition on strata dummies (Sj ) because random assignment occurs by stratum Kernan et al. (1999).
All regressions cluster standard errors by randomization group, allowing for arbitrary error correlations within
groups, including within ALCs and households. Tables in the following text show intent-to-treat effects.

We use an ordered probit model for hygiene, which has three categories, and a probit model for morbidity,
which is binary. Because the specification includes interactions with all possible values of Y bij , the marginal
effect of Tj & 1.Y bij D k/ is the impact for group k. Consistent with Ai and Norton’s (2003) recommendation
in the case of discrete regressors, we evaluate the marginal effects using group-specific regressor means. We
compute standard errors for marginal effects using the delta method and report ordered probit marginal effects
for the probability of ‘good’ hygiene and ‘poor’ hygiene.

Copyright © 2015 John Wiley & Sons, Ltd. Health Econ. 24: 1065–1081 (2015)
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This analysis incorporates tests of multiple hypotheses. We estimate effects for four primary dependent
variables and assess whether impacts differ according to the baseline dependent variable. We use the Romano
et al. (2008) stepdown bootstrap procedure to compute p-values that are robust under multiple hypothesis
testing. Empirical papers by Heckman et al. (2013), Lee and Shaikh (2014), and Augsburg et al. (2015) also
use this approach, which is more powerful than traditional methods (e.g. Bonferroni) because it accounts for
the correlation in statistical significance among hypotheses. The procedure controls for the familywise error
rate, which is the probability of one or more false discoveries. Because this probability rises with the number
of hypotheses, adjusted p-values must be weakly greater than unadjusted p-values.

Our multiple testing correction leaves aside the main effects of the intervention and focuses on impact het-
erogeneity. We test the following: (1) whether estimates vary significantly according to the baseline dependent
variable and (2) whether estimates are significant for people with good hygiene or health. We conserve power by
testing the impact on ‘any morbidity’ rather than testing separate impacts for diarrhea, fever, and cough, which
is similar to the strategy of Katz et al. (2001). We test coefficients rather than marginal effects. We also leave
aside the robustness tests in Tables V and VI. This approach leads to a total of 10 hypotheses. Adjusted p-values
appear in braces for estimates that are included in the multiple testing correction. However, stars throughout the
tables indicate significance according to unadjusted (single-hypothesis) p-values. We present results in this way
because adjustment for multiple testing is not universal in the literature and single-hypothesis p-values provide
an indication of statistical significance for estimates that are not a part of the multiple testing adjustment.

4.3. Results

Table III reports results for respondent and child hygiene. For each outcome, the table provides the ordered
probit coefficient and marginal effects on the probability of good and poor hygiene. Panel A shows that the inter-
vention significantly improves both respondent and child hygiene. The probability of good hygiene increases
by 12 points for respondents and by four points for children, while the probability of poor hygiene falls by three
points for respondents and by six points for children. All of these results are significant according to unad-
justed p-values. The slightly stronger effect on respondents than on children may reflect the influence of other
caregivers on child hygiene.11

Panel B of Table III shows the heterogeneity in this response. For respondents and children with good
baseline hygiene, the probability of good hygiene improves by 18 and 15 points, respectively. The probability
of poor hygiene falls by two points for respondents and by five points for children. People with moderate or
poor baseline hygiene have weaker effects. Among those with moderate baseline hygiene, the probability of
good hygiene increases by nine points for respondents and by four points for children (an insignificant result).
However, marginal effect estimates for the probability of poor hygiene are larger (although not significantly
different) for people with moderate baseline hygiene. The probability of poor hygiene decreases by four points
for respondents and by six points (an insignificant result) for children with moderate baseline hygiene. This
result is consistent with the model because relatively few people with good baseline hygiene are at risk of
achieving poor follow-up hygiene. Finally, all results are insignificant and have an unexpected sign for people
with poor baseline hygiene.

The table also adjusts for multiple hypothesis testing and indicates whether the response heterogeneity is
statistically significant. Adjusted p-values appear in braces for hypotheses included in the multiple testing cor-
rection. For respondents, adjusted p-values indicate that the ‘good’ coefficient and the ‘good’/‘poor’ difference
are statistically significant. However, both adjusted and unadjusted p-values indicate that the ‘good’/‘moderate’
difference is insignificant. For children, the ‘good’ coefficient is significant based on the unadjusted p-value but
not the adjusted p-value. The heterogeneity in the impact for children is not generally significant, regardless of
the multiple testing correction.

11To validate this hypothesis, we compare the impact in single-female and multi-female households (estimates available from the authors).
Although results for respondents do not differ, child hygiene and health results are over twice as large in households with only one female.
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Table III. Ordered probit estimates of the impact on hygiene

Respondent hygiene Child hygiene
Marginal effect Marginal effect

Coeff. pr(Good) pr(Poor) Coeff. pr(Good) pr(Poor)
Dependent variable (1) (2) (3) (4) (5) (6)

Panel A: main effect
Information 0.30** 0.12** "0.028** 0.25* 0.044* "0.062*

(0.12) (0.047) (0.011) (0.13) (0.023) (0.032)

Panel B: by baseline hygiene
Information # good hygiene 0.46*** 0.18*** "0.017** 0.45** 0.15** "0.045**

(0.17) (0.065) (0.008) (0.21) (0.076) (0.020)
{0.06} — — {0.18} — —

Information #moderate hygiene 0.25* 0.088* "0.035* 0.23 0.035 "0.062
(0.14) (0.049) (0.019) (0.15) (0.023) (0.041)

Information # poor hygiene "0.45 "0.10 0.12 "0.016 "0.0006 0.0063
(0.30) (0.072) (0.082) (0.30) (0.012) (0.12)

Good " poor (p-value) 0.01 0.01 0.10 0.22 0.05 0.67
{0.09} — — {0.46} — —

Good " moderate (p-value) 0.20 0.15 0.33 0.34 0.12 0.68
{0.54} — — {0.53} — —

Observations 2503 2503 2503 1684 1684 1684

Clustered standard errors appear in parentheses. Hygiene is measured on a three-point Likert scale: 3 indicates good
hygiene, 2 indicates moderate hygiene, and 1 indicates poor hygiene, as described in the text. Columns 1 and 4 show
ordered probit coefficients. Columns 2 and 5 show marginal effects on the probability of good hygiene. Columns 3
and 6 show marginal effects on the probability of poor hygiene. Multiple testing-adjusted p-values appear in braces
for estimates included in the multiple testing correction. *p < 0:1, **p < 0:05, and ***p < 0:01 based on
unadjusted p-values.

Figures 1 and 2 illustrate the variation underlying the hygiene estimates. The figures plot the distributions of
follow-up hygiene for respondents and children by treatment and baseline hygiene level. The height differences
between adjacent columns are comparable to the marginal effects in panel B of Table III. Among respondents
with good baseline hygiene, the treatment group has significantly better follow-up hygiene than the control
group (Figure 1, columns 1 and 2). The treatment/control difference is smaller among respondents with mod-
erate baseline hygiene and is reversed among those with poor baseline hygiene. Likewise, Figure 2 shows that
children with good baseline hygiene have the strongest treatment/control difference in follow-up hygiene.

Table IV shows the health impact of the intervention. Columns 1$4 show estimates for respondents, and
Columns 5$8 show estimates for children under the age 10 years. The table provides probit coefficients, stan-
dard errors in parentheses, marginal effects in brackets, and adjusted p-values in braces (for hypotheses in the
multiple testing correction). In panel A, the intervention reduces the probability of morbidity by 13 points for
respondents and by seven points for children. Effects are strongest for cough and are weakest for diarrhea,
which is a challenge to policymakers focused on the diarrhea burden.

Panel B of Table IV shows the heterogeneous response by baseline health. ‘Healthy’ indicates the absence
of baseline illness and ‘unhealthy’ indicates the presence of baseline illness. Column 1 shows that the inter-
vention reduces the probability of any morbidity by 17 points for healthy respondents but only by four points
for unhealthy respondents. Both the ‘healthy’ effect and the ‘healthy’/‘unhealthy’ difference are statistically
significant based on adjusted p-values. Columns 2–4 show treatment effects on diarrhea, fever, and cough
that are several times larger for healthy respondents than for unhealthy respondents, although the differences
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Figure 1. Follow-up child hygiene by baseline hygiene and treatment status. C, control; T, treatment

Figure 2. Follow-up respondent hygiene by baseline hygiene and treatment status. C, control; T, treatment

are not statistically significant. However, child estimates in columns 5$8 do not follow this pattern. Healthy
and unhealthy children have similar impacts on any morbidity, diarrhea, and fever. Unhealthy children have a
significantly stronger impact on cough in column 8.

4.4. Interpretation

We find that people with good baseline hygiene and health respond more to hygiene information, child health
results notwithstanding. Eqs. (7) and (8) in Section 2 show that baseline hygiene and health proxy for the com-
pliance propensity. These variables depend on preferences, prices, wealth, and (for health) other health inputs,
which moderate the impact of information. People with good baseline outcomes may respond differentially
because they face fewer practical constraints on compliance.

The leading alternative explanation for this pattern is that people with good baseline outcomes may learn
differentially, regardless of compliance. In Eqs. (2) and (3), hygiene and health reflect beliefs about the effec-
tiveness of hygiene in addition to prices, preferences, and wealth. As one of two strategies to gauge this
possibility, we investigate treatment effect heterogeneity for hygiene knowledge. We use OLS to estimate treat-
ment effects on the knowledge index by baseline hygiene and health. We address the baseline imbalance in
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Table V. OLS estimates of the impact on hygiene knowledge

Dependent variable Knowledge index
Resp. Child Resp. Child

Interaction — Hygiene Hygiene Health Health
(1) (2) (3) (4) (5)

Information 0.078* — — — —
(0.044)

Information # good hygiene — 0.024 0.16** — —
(0.049) (0.078)

Information #moderate hygiene — 0.12** 0.058 — —
(0.060) (0.050)

Information # poor hygiene — 0.053 0.22* — —
(0.098) (0.12)

Information # healthy — — — 0.089* 0.15**
(0.045) (0.058)

Information # unhealthy — — — 0.059 0.036
(0.069) (0.059)

Good" poor (p-value) — 0.77 0.67 — —
Good"moderate (p-value) — 0.16 0.26 — —
Healthy" unhealthy (p-value) — — — 0.67 0.09

Observations 2503 2503 1684 2503 1533

The table reports OLS regression coefficients and clustered standard errors in parentheses.
Regressions address baseline imbalance in the dependent variable with inverse propensity
weights. The knowledge index is the unweighted sum of correct responses to four factual
hygiene questions, as described in the text. *p < 0:1, **p < 0:05, and ***p < 0:01 based
on unadjusted p-values.

hygiene knowledge (which otherwise biases estimates downward) with inverse propensity weights (Hirano and
Imbens, 2001). This approach modestly increases the treatment effect estimates in the succeeding text.

Table V shows results for hygiene knowledge. In column 1, the intervention increases the knowledge index
by 0.08 points. Columns 2 and 3 interact treatment with baseline hygiene for respondents and children to show
that people with good baseline hygiene do not learn differentially. Although the intergroup comparisons are
insignificant, the ‘moderate’ group has the largest effect in column 2 and the ‘poor’ group has the largest effect
in column 3. Columns 4 and 5 interact treatment with baseline respondent and child morbidity. In column 4,
the effect for initially healthy respondents is 0.03 points larger than for initially unhealthy respondents, a small
and insignificant difference. Column 5 shows that parents of healthy children appear to learn more than parents
of unhealthy children. However, column 5 of Table IV does not find a differential health impact on initially
unhealthy children. In sum, these estimates suggest that heterogeneous learning does not explain the results in
Tables III and IV.

As a second test of the role of heterogeneous learning, we examine whether baseline beliefs about hygiene
contribute to response heterogeneity. We re-estimate our main results while controlling for the interaction of
treatment with baseline hygiene knowledge and traditional medical beliefs, which Bennett et al. (2015) show
to affect learning. Traditional medical belief variables include whether the respondent believes the following:
(1) eating hot foods causes diarrhea; (2) eating cold foods causes diarrhea; (3) withholding foods and liquids
is an effective diarrhea treatment; (4) withholding breast milk is an effective diarrhea treatment; and (5) other
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Table VI. Estimates that control for baseline knowledge and medical beliefs

Hygiene Morbidity
Resp. Child Resp. Child

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

Information # good hygiene 1.29*** 1.00* — —
(0.35) (0.52)

Information #moderate hygiene 1.10*** 0.77 — —
(0.34) (0.48)

Information # poor hygiene 0.38 0.62 — —
(0.44) (0.46)

Information # healthy — — "0.58* "0.24
(0.35) (0.39)

Information # unhealthy — — "0.29 "0.26
(0.39) (0.40)

Good " poor (p-value) 0.01 0.33 — —
Good " moderate (p-value) 0.24 0.27 — —
Healthy " unhealthy (p-value) — — 0.05 0.85

Observations 2503 1684 2503 3296

The table reports order probit coefficients in columns 1 and 2 and probit coefficients in
columns 3 and 4. Clustered standard errors appear in parentheses. All regressions control
for the interaction of treatment with baseline hygiene knowledge and traditional medical
beliefs, as described in the text. Hygiene is measured on a three-point Likert scale: 3
indicates good hygiene, 2 indicates moderate hygiene, and 1 indicates poor hygiene, as
described in the text. Any morbidity indicates diarrhea, fever, or cough within the past
2 weeks. *p < 0:1, **p < 0:05, and ***p < 0:01 based on unadjusted p-values.

home remedies are effective treatments for diarrhea. The regressions include all interactions between treatment
and the individual knowledge and traditional belief components. If the heterogeneous effects in Tables III and
IV spuriously reflect heterogeneous learning propensities, these controls should reduce the differences in the
response across groups.

We implement this strategy in Table VI. Columns 1 and 2 show ordered probit coefficients for respondent
and child hygiene that correspond to Table III. Including knowledge and traditional belief controls increases
the magnitude of the estimates without reducing the heterogeneity. In column 1, the difference between the
‘good’ and ‘poor’ coefficients for respondent hygiene is 0.91 and is statistically significant using an unadjusted
p-value, just as before. The ‘good’/‘poor’ difference for child hygiene is 0.38 in column 2, compared with 0.47
previously. Columns 3 and 4 show probit coefficients for respondent and child morbidity that correspond to
Table IV. The coefficient difference between healthy and unhealthy respondents is 0.29, compared with 0.42
in the previous text, and is statistically significant using an unadjusted p-value. The lack of a heterogeneous
response in column 4 also corresponds to our previous result. In general, estimates are not sensitive to including
or excluding these controls, which suggests that heterogeneous baseline beliefs do not explain our findings.
These results reinforce the interpretation that baseline hygiene and health proxy for the compliance propensity.

5. CONCLUSION

This paper shows that the impact of a hygiene information campaign varies according to baseline hygiene
and health. Estimates are large and significant for respondents with good baseline outcomes but are small and
insignificant for those with poor baseline outcomes. The rationale for information provision as a policy is that
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the lack of information constrains behavior. However, our estimates suggest that information may have a limited
impact if other constraints also bind. This mechanism may explain why educated people seem to respond
differentially to behavior-change interventions in other settings (De Walque, 2007; Biran et al., 2014). The cost
of ML is $5.97 per respondent or $4.11 per child. This heterogeneous effect suggests that the cost-effectiveness
of providing information hinges on the ability or willingness of message recipients to comply.

As we describe in Section 3, the study sample is not representative of the community because respondents
have self-selected into the adult literacy program. The relative poverty of study participants may mean that
budget constraints more severely limit the adoption of hygiene messages. It is unclear how this aspect affects
the heterogeneity in the response. Study participants are also unrepresentative because they have elected to seek
human capital and may therefore learn relatively quickly. Less learning in an unselected sample could dampen
the heterogeneity in the response to the intervention.

Information provision exacerbates health inequality in this context by differentially benefiting people who
are healthy. An exercise with the diarrhea estimates illustrates this phenomenon. Extrapolating annual incidence
from our 2-week prevalence data, children without baseline diarrhea experience 3.3 cases per year while those
with baseline diarrhea experience 6.9 cases.12 According to the marginal effects in column 6 of Table IV, the
intervention reduces diarrhea by 0.7 annual cases for children without baseline diarrhea and by 0.4 annual cases
for children with baseline diarrhea. By differentially benefiting healthy children, the provision of information
exacerbates the diarrhea disparity between these groups by eight percent.
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