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Abstract: Early childhood interventions are important for poverty reduction, but difficult to
target. We study two interventions in rural India for children below two that are simple and
easy to scale: a durable device for iron fortification at home and caregiver training in dia-
logic reading. Outcomes were measured blinded. When delivered together, the interventions
improved receptive language skills of children who were not anemic at baseline, suggesting
that health endowment complements parental investments in the production of human capi-
tal. The dialogic reading intervention further shows positive spillovers on untreated children.
Overall, shorter-lived interventions are potentially effective in healthier populations.
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I INTRODUCTION

Early disadvantages in children’s health and mental functions have a lifetime impact as hu-
man capital accumulation is dynamic and path-dependent (Cunha and Heckman, 2007; At-
tanasio et al., 2020b; Attanasio, Meghir and Nix, 2020). For children living in poverty there
are many factors, such as malnutrition and poor mental stimulation, which can impair their
early development and lifetime human capital outcomes (Walker et al., 2007, 2011). An
important policy intervention to alleviate the intergenerational transmission of poverty is to
reduce the risk factors in early childhood development (Attanasio, 2015; Garcı́a and Heck-
man, 2022).

A major challenge for effectively promoting early childhood development at scale in
low- and middle-income countries is in targeting young children (Richter et al., 2017; At-
tanasio et al., 2022). Whereas slightly older children can be reached through preschools and
schools, most young children are not enrolled in institutional daycare where interventions
can reach them. Nutrition interventions delivered via daily school meals in India, for exam-
ple, improved nutritional and educational outcomes effectively and at low cost (Afridi, 2010;
Chakraborty and Jayaraman, 2019; Krämer, Kumar and Vollmer, 2021b).

At a small scale, several programs to improve early childhood development have been
tested and implemented effectively in developing countries. A seminal and oft-replicated
program with one-year-old children in Jamaica increased children’s mental development in
the short term, even earnings 20 years later as well as cognitive and psychosocial skils and
behavior 30 years later (Grantham-McGregor et al., 1991; Walker et al., 1991; Gertler et al.,
2014; Walker et al., 2022). The Jamaican program was very intensive and involved weekly
home visits for parenting training over a two-year period, cross-randomized with the provi-
sion of nutrition supplementation via enriched formula. More recent study designs integrated
similar programs into existing networks of community health workers, or organized group
sessions to test the feasibility of such modes of delivery on a larger scale (Attanasio et al.,
2014; Yousafzai et al., 2014, 2016; Andrew et al., 2020; Sylvia et al., 2020; Attanasio et al.,
2022). Overall, little is known about how to scale effective early childhood interventions that
are less intensive. The evidence that does exist is largely based on programs with weekly or
bi-weekly meetings over a longer period of time.

Our study proposes an alternative early childhood development program that empowers
parents to improve nutrition and stimulation of their children based on interventions that are
remarkably simple but long lasting, and have shown to be effective in efficacy trials. The
first intervention targets iron deficiency as a risk factor for early development. In one home
visit, we distribute an iron cooking utensil, called Lucky Iron LeafTM (hereafter Lucky Iron
Leaf), for home iron fortification. The Lucky Iron Leaf leaches iron when placed in boiling
water with some fruit acid. The enriched water fortifies foods like rice and lentils during
regular cooking. The intervention is simple to deliver to households because the Lucky
Iron Leaf lasts as an iron source for up to five years and does not require replenishment
as conventional fortification technologies do (e.g., multi-micronutrient powder). This is the
first study to rigorously test how effective the fortification technology is in reducing the
prevalence of anemia among children and in a large-scale intention-to-treat design. The
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second intervention targets the lack of psychosocial stimulation as a risk factor of early
development. During four home visits caregivers receive three durable picture books and
learn methods of dialogic reading, which is an interactive mode of sharing picture books
to stimulate speaking and learning. In addition, we nudge the regular exercise of dialogic
reading using book sharing calendars as reminders in a random subset of dialogic reading
intervention households. To our knowledge, this is the first trial which evaluates the impact
of dialogic reading in a large-scale intention-to-treat design, and in India.

The program is much simpler than those previously tested and better suited to contexts
where service delivery via public infrastructure is not an option, but it would also be less
costly than the intensive programs if it were integrated into functional services. In many
places where early childhood interventions are needed, the public infrastructure that might
be used for service delivery is dysfunctional or resource constrained. For example, in Bihar,
the Northeast Indian state where this study takes place, evidence shows that a quarter of
Anganwadi centers – which offer take-home food rations, vaccinations and health check-
ups for children below three, plus other services for older children – were closed during
inspection visits and only 1.6 percent of children aged 0-71 months had a health check-up in
a three month period (Fraker, Shah and Abraham, 2013; Government of India and UNICEF,
2015).

We combine the psychosocial stimulation intervention with the nutrition intervention, be-
cause of potential complementarities of parental investments with other inputs in the human
capital production technology (Cunha and Heckman, 2007; Cunha, Heckman and Schen-
nach, 2010). In a previous estimation of a production function of child development in India,
it has been shown that good health complements parental investment in children (Attanasio,
Meghir and Nix, 2020). In this paper, we provide a simple framework for the production
technology of human capital that structures our ideas and understanding of how our inter-
ventions affect children’s health and skills.

We use a factorial design, in which we assigned 1,480 households with 10- to 20-month
old children in Madhepura district (Bihar, India) to one of four experimental arms: one
stand-alone Lucky Iron Leaf arm, one stand-alone dialogic reading arm, one combined in-
terventions arm, which received the Lucky Iron Leaf and the dialogic reading treatment,
and one no-intervention control arm. Among dialogic reading households we further cross-
randomized the book sharing calendar. Factorial studies designed to test stimulation and
nutrition interventions individually and in combination are common in the early childhood
development literature of developing countries, including studies in Bangladesh, Colombia,
India, Jamaica and Pakistan (Grantham-McGregor et al., 1991; Walker et al., 1991; Tofail
et al., 2013; Yousafzai et al., 2014; Andrew et al., 2020; Grantham-McGregor et al., 2020;
Attanasio et al., 2022).1 Randomization was conducted centrally by the authors using a ran-
dom number generator in Stata. Assignment was concealed and only known to participants
and intervention facilitators at the moment of treatment.

1Tofail et al. (2013) do not cross-randomize the nutrition and stimulation interventions but use two samples,
one with iron-deficient anemic children and one with non-anemic, non-iron deficient children, and randomize
the stimulation intervention across these two samples.
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The primary outcomes are children’s hemoglobin levels and cognitive, expressive and
receptive language, motor, and socioemotional functions. While the outcomes immediately
follow from the program and study design, the trial had not been pre-registered in 2016. In
the supplementary materials, we include the approved ethics proposal, which describes the
study design, to alleviate concerns regarding pre-registration. The trial was registered with
the AEA Registry in early 2018.

One year after implementation, we find no impact of the Lucky Iron Leaf intervention,
the dialogic reading intervention (with or without calendar) or the combination of both on
hemoglobin levels and mental functions on average. However, we find that the combined
intervention improved receptive language skills by 0.54 standard deviations for non-anemic
children at baseline, who make up 30 percent of the sample. This result suggests that chil-
dren’s initial health endowment complements parental investments, corroborating the earlier
findings from India (Attanasio, Meghir and Nix, 2020). Given the salient effect in the com-
bined intervention arm, it also suggests that parental investments complement each other
in a dynamic way: iron fortification increases hemoglobin levels and avoids anemia which
makes dialogic reading more productive. However, only 25 percent of households used the
fortification technology regularly. The complementarity of the two interventions, therefore,
must stem from impacts among Lucky Iron Leaf users. The anemia rate among children in
families that used the Lucky Iron Leaf regularly reduced considerably by 40 percent (not
significant after multiple hypothesis testing). Biologically, non-anemic children have an ad-
vantage in the efficacy of book sharing over their anemic peers because they can engage
more actively, whereas anemic children tend to be more tired and fearful, and less attentive
(Lozoff et al., 1998; Lozoff, 2007, 2011). The home visit for the delivery of the Lucky Iron
Leaf intervention, which was focused primarily on the child’s well-being, may have also
reinforced dialogic reading investments.

Given the simplicity of our interventions, the effect size for non-anemic children is con-
siderable. Comprehensive home-based parenting interventions patterned after the Jamaica-
program in China, Colombia and India, with weekly home visits for six (China), 18 (Colom-
bia and India I) or 24 months (India II), improved receptive language by about 0.2 standard
deviations and cognition by about 0.3 standard deviations (Attanasio et al., 2014; Andrew
et al., 2020; Sylvia et al., 2020; Grantham-McGregor et al., 2020).2 A parenting program
in Pakistan with monthly visits over 24 months resulted in larger impacts of 0.7 and 0.6
standard deviations for language and cognition, respectively (Yousafzai et al., 2014). Com-
pared to our study population, anemia rates in the studies in Colombia and China are much
lower at 19 to 27 percent only (anemia rates for studies in India and Pakistan are not known).
If we take the Colombian iron deficiency anemia prevalence of 19 percent and our effect
size for receptive language of 0.54 standard deviations, the hypothetical average effect is
0.44 standard deviations (0.81 ∗ 0.54+ 0.19 ∗ 0). However, the interventions tested in this
study only significantly affected receptive language skills, whereas the more comprehensive
home-visiting programs also improved cognition and, in some cases, expressive language

2For a comprehensive overview of the short and long-term effects of home visiting programs such as the
Jamaica program and those programs patterned after Jamaica see Garcı́a and Heckman (2022)
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and motor skills. Overall, our results imply that more short-lived early childhood develop-
ment programs have potential in populations where the prevalence of anemia among children
is low.

We further contribute to the literature by examining how the family environment changes
via intervention spillovers through neighborhood networks, using variation in treatment sat-
uration rates. We find that if the number of dialogic reading households increases from none
to all study households in 100 meters distance to an untreated household, then the develop-
ment score of children in untreated households increases by half a standard deviation. This
result provides novel evidence on positive neighborhood externalities of early childhood pro-
grams. We are aware of one other, to date unpublished, study that finds large spillovers of an
early childhood program via neighborhood networks in the United States (List, Momeni and
Zenou, 2019). Such positive spillovers suggest even greater returns from early interventions
than previously estimated (Heckman, 2008; Garcı́a et al., 2020, 2021).

The paper is organized as follows. In section II we introduce a simple framework for
the production technology of human capital. In section III we describe the interventions, in
section IV the research design and data, and in section V the estimation strategy. In section
VI we present estimates of the program impact on children’s development and anemia as
well as effect heterogeneities. In section VII we present intervention take-up rates, treatment
effects under consideration of spillovers and complier average causal effects. In section VIII
we examine the interventions’ impact on other domains of caregiving. In section IX we
discuss contextual challenges for intervention take-up. We conclude in section X.

II FRAMEWORK

Following work by Cunha and Heckman (2007), Cunha, Heckman and Schennach (2010)
and others, we present a simple framework for the production function for human capital of
children. Children’s human capital accumulates over time depending on their initial endow-
ment, investments into the child, parental characteristics and the family environment. We
model the accumulation of two types of skills S, i and j, and health H at different ages t of
the child. We think of Si as cognitive skills and S j as motor skills.

In the skill production function, each skill in t + 1 is a function of own endowment at
the previous age t and the other skill at t as well as health at t. Skill accumulation is fur-
ther shaped by factors external to the child, namely by emotional or financial investments
by parents It (e.g., attentiveness, time, nutrition or toys), parental characteristics Pt (e.g.,
educational background, employment status or caregiving knowledge) and the family’s en-
vironment Vt (e.g., neighborhood influences or public health services). The stock of skill Si
at t +1 can be described by the following function:

Si,t+1 = f (t)(Si,t ,S j,t ,Ht , It ,Pt ,Vt) (1)

f (t) is increasing in its arguments. Skills are self-productive, so that Si,t+1 is higher the
higher is Si,t (∂ f (t)/∂Si,t > 0). Further, skills and health are cross-productive, which means
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that endowments at time t in other skills, S j,t , or health, Ht , result in higher skills in the next
period, Si,t+1 (∂ f (t)/∂S j,t > 0 and ∂ f (t)/∂Ht > 0). Moreover, skills and health complement
investments into the child, It , so that, for example, cognitive stimulation in t is more produc-
tive in children with higher skills or better health in t (e.g., for skill j: ∂ 2 f (t)/∂S j,t∂ It > 0).
Investments, It , are mediated by parental characteristics, Pt , and the environment, Vt . For
example, higher educational attainment may facilitate cognitive stimulation.

We further assume that children’s health can be described by a production function that
depends on health in the previous period, Ht , investments in the child, It , parental character-
istics, Pt , and the family environment, Vt :

Hi,t+1 = g(t)(Ht , It ,Pt ,Vt) (2)

g(t) is increasing in its arguments. Health is self-productive (∂g(t)/∂Ht > 0) and comple-
ments parental investments (∂ 2g(t)/∂Ht∂ It > 0), as previously estimated in the Indian con-
text (Attanasio, Meghir and Nix, 2020). Further, investments, It , are mediated by parental
characteristics, Pt , and the environment, Vt . The skill and health production technologies
imply that investments into the child at age t affect skills directly at t + 1, and indirectly at
t +2, through their impact on health in t +1.

Our interventions are designed to enter the human capital accumulation process initially
via parental investments, i.e., practicing dialogic reading and feeding iron fortified food,
at age t. Complementary with initial endowments, dialogic reading at t is hypothesized to
directly augment skills at t + 1, whereas feeding iron fortified food at t is hypothesized to
directly augment health, by reducing or avoiding iron deficiency anemia, and skills at t +1.
In t +2, health is reinforced through improved health at t +1 (self-productivity). Similarly,
skills in t + 2 are reinforced through improved skills at t + 1 (self-productivity and cross-
productivity with the other skill), and through improved health at t + 1 (cross-productivity
with health). Continued dialogic reading and feeding of fortified food further augment skills
and health over time in a dynamic complementary manner. The neighborhood environment,
V , may also improve over time as other households practice dialogic reading and use the
Lucky Iron Leaf.

III THE INTERVENTIONS

III.A Background

The study is located in the district of Madhepura in Bihar, India. Bihar is the third largest
state of India and has the lowest GDP per capita. Of Bihar’s 104 million inhabitants, 88
percent reside in rural areas (Census of India, 2011). Madhepura district comprises about
two million inhabitants and is almost entirely rural.

Chronic and acute malnutrition are common in Madhepura. In 2015/16, about half of
the children under the age of five were stunted and/or underweight, and 61 percent were
anemic (International Institute for Population Sciences, 2017). As part of the Government’s
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2013 National Iron+ Initiative, community health workers are tasked to monitor the admin-
istration of iron syrup in every household with young children, adolescent girls and women
of reproductive age in weekly to biweekly home visits. In addition, children are entitled to
receive iron supplements free of charge from public health providers, such as health centers
and hospitals. However, the outreach of the public distribution system is limited (Kapil and
Bhadoria, 2014). In 2015/16, only 22 percent of children under the age of five in Bihar con-
sumed any iron supplements in the seven days prior to the interview (International Institute
for Population Sciences and ICF, 2017).

There are no public programs for the psychosocial stimulation of children under three
years of age in rural Bihar. The Integrated Child Development Services (ICDS) in Angan-
wadi centers offer day care only to children from three years of age and up.3 For children
under the age of three the ICDS only offers health services - i.e. macro-nutrient food rations,
vaccinations, and health check-ups.

III.B Dialogic reading

Dialogic reading is a method for sharing picture books with children. It is solely based on
having a conversation about images in the book and does not require caregivers to be liter-
ate. Dialogic reading techniques emphasize strategic questioning and feedback to encourage
children to think, speak and learn. Rather than listen passively to readings, children be-
come story tellers based on images in the book and assisted by the caregiver’s questions and
encouragement.

The effectiveness of dialogic reading is well-studied in high-income countries.4 Studies
from low- and middle-income countries include small-scale, closely controlled or short-term
trials in Mexico, Bangladesh, Egypt, Kenya, South Africa, and Turkey. In most countries,
the efficacy of dialogic reading in class rooms was tested (Valdez-Menchaca and White-
hurst, 1992; Opel, Ameer and Aboud, 2009; Elmonayer, 2013; Simsek and Erdogan, 2015),
whereas the programs in Kenya and South Africa provided training to caregivers (Cooper
et al., 2014; Vally et al., 2015; Murray et al., 2016; Knauer et al., 2020). The evidence
from caregiver programs suggests that a four to eight week program with weekly meetings
improved children’s receptive and expressive language, attention and socioemotional behav-
ior. To our knowledge, this is the first trial that evaluates the impact of dialogic reading for
implementation at large scale and in the Indian context.

The training program for the dialogic reading intervention of this trial was developed by
the Mikhulu Child Development Trust and is a shorter version of the eight-week caregiver
training program tested in South Africa (Cooper et al., 2014; Vally et al., 2015; Murray et al.,

3Even at the older age group of three to five year-olds take-up is far from universal, with only a third of
the age-eligible children in Bihar having ever attended the preschool programs over the course of 12 months
(International Institute for Population Sciences and ICF, 2017).

4For book sharing of caregivers with toddlers (up to three years) see Whitehurst et al. (1988); Arnold et al.
(1994); Huebner (2000); in care institutions with pre-school children (aged three to six years) see Whitehurst
et al. (1994); Bus, van IJzendoorn and Pellegrini (1995); Dale et al. (1996); Lonigan and Whitehurst (1998);
Hargrave and Sénéchal (2000); Lever and Sénéchal (2011).
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2016). During four home visits of 45 to 60 minutes, women facilitators taught and practiced
methods of dialogic reading with the primary caregiver, who is usually the mother, and the
child.5 The first home visit focused on training basic behavior rules during book sharing,
such as that the child must always have fun, that the caregiver should stay positive at all times
and that book sharing should be practiced regularly. The second to fourth dialogic reading
home visits included a recap of the previous meetings and then covered specific dialogic
reading strategies, such as point and say or asking questions (session 2), linking pictures in
the book to real contexts or experiences (session 3), and talking about feelings (session 4).
These concepts were taught with the help of presentation slides, pictures and videos on a
tablet, and handouts made of durable material which summarized the lessons learned of each
training session in colorful pictures (see appendix Figure A.I.1). During each home visit the
contents of books to be shared were discussed and the caregiver practiced book sharing with
her child, guided by the facilitator. In each of the first three visits a picture book was left
at the house, so that families in this treatment received three books in total to use for book
sharing. Appendix I details further aspects of the intervention.

In addition to the books, all treatment households received handouts which summarize
the lessons learned by the training sessions in simple colorful pictures and simple instructions
in Hindi language (see appendix Figure A.I.1 for the English version).

The first two dialogic reading training sessions were delivered immediately after baseline
data collection and one week apart from each other. Sessions three and four were delivered
three months later, again one week apart from each other. The implementation of dialogic
reading trainings was closely monitored through daily spot-checks and attendance sheets,
which logged the time and duration of the training, and had to be signed by participating
households.

To prepare for each of the four dialogic reading home visits, facilitators participated in
a five to six-day training program, led by an experienced trainer from the Mikhulu Child
Development Trust. In the training program, facilitators learned the principles and benefits
of dialogic reading with the aid of power point presentations and videos, were familiarized
with the books to be distributed to households, learned to apply the principles of dialogic
reading to these books, and practiced dialogic reading with toddlers themselves.

In the study population, picture book sharing was essentially not practiced at baseline
and the increase in book sharing at the extensive margin is one of the targets for improving
children’s skill development (Fletcher and Reese, 2005). In particular, we expect there to
be benefits from increasing responsive parent-child interactions (Landry, Smith and Swank,
2006) and from exposing children to more spoken words (Weisleder and Fernald, 2013).
For children to engage with caregivers and books attentively, so that they achieve optimal
learning outcomes, children’s interest in sharing picture books is key (Fletcher and Reese,

5In preparing this study we asked about 400 women, who were from the study region but not the study
sample, who in the household spends the most time with their youngest child below the age of five. In 78% of
interviews women reported that they themselves, as mothers, spend the most time with the child. The second
most common response was mother-in-law, in 11% of cases. We also asked in our study sample at endline who
in the household usually shares books with the child, allowing for multiple responses. 86% of book-sharing
households indicated the child’s mother, 37% indicated a sibling, 35% the father and 21% the mother-in-law.
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2005; Ortiz, Stowe and Arnold, 2001).
To encourage regular and continued book sharing, a random subset of households also

received a dialogic reading calendar during the third home visit. On the calendar, caregivers
could mark with colorful stickers each day that books were shared. The calendar was in-
tended to be a reminder and was inspired by the medical literature, in which calendar boxes
or blisters are commonly used to improve compliance with medication (Zedler et al., 2011).
The calendar was structured by the lunar months and included colorful graphics to indicate
national holidays and festivities. The design was targeted to an illiterate population and was
made of robust material to last throughout the intervention period (and beyond).

III.C The Lucky Iron LeafTM

The second intervention was the distribution of Lucky Iron Leafs. The Lucky Iron Leaf is a 7-
cm long leaf-shaped iron ingot made from electrolytic iron. When placed in a cooking vessel
with boiling water and some fruit acid – such as some drops of lemon juice or half a tomato
– it leaches iron into the water. After 10 minutes of boiling, the Lucky Iron Leaf can be
removed from the pot and uncooked food added, so that it can be fortified by cooking in the
iron-enriched water.6 The Lucky Iron Leaf can be used for daily cooking for five years at a
NGO-sales price below USD 10. In contrast to supplements or multi-micronutrient powder,
it does not require any replenishment. This makes it an easy-to-deliver and remarkably
sustainable nutrition intervention. This is the first study to rigorously test the effectiveness
of the fortification technology in reducing the prevalence of anemia among children and in a
large-scale intention-to-treat design.

The Lucky Iron Leaf is the Indian alternative to the Lucky Iron FishTM, a fish-shaped iron
ingot, which effectively reduced anemia among Cambodian women (Charles et al., 2010,
2015).7 The Lucky Iron Leaf resembles a leaf of the tulsi tree which is a holy plant in
Hinduism and is commonly used for herbal tea against cough and colds. We changed the
shape of the iron ingot to make it more attractive to Indian households, following the results
of a qualitative study in the target population prior to the baseline survey. During semi-
structured interviews, interviewees associated positive characteristics with tulsi leaves and
were enthusiastic about using a tulsi-shaped iron ingot for cooking.

In a single home visit, male facilitators distributed the Lucky Iron Leaf to the main meal-
maker and, if available, at least one decision-maker of the household, at no cost. Women are
typically meal-makers, whereas men are decision-makers, including decisions about dishes
to be cooked. Because we were running our experiment in a patriarchal society, we expected
the Lucky Iron Leaf to have higher acceptance and higher take-up if it was introduced by a
male facilitator to a decision-maker, rather than by a female facilitator. The home visit started
with the male facilitator providing information on iron deficiency anemia, its most common

6The safety of using such an iron ingot for cooking is documented by Armstrong, Dewey and Summerlee
(2017).

7The Lucky Iron Leaf and the Lucky Iron FishTM are otherwise of similar size and weight. They also do not
differ meaningfully in their fortification ability. The Lucky Iron Leaf was produced by the Lucky Iron FishTM

Enterprise for the purpose of this study. For more information, see https://luckyironfish.com.
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causes, symptoms and consequences. He also highlighted that young children and women
are particularly prone to anemia. Next, facilitators explained how to use the Lucky Iron Leaf
with the help of a short video, in which a woman from the study region demonstrates how she
uses the Lucky Iron Leaf for cooking, and an instruction manual. Seeing a local woman using
the Lucky Iron Leaf was intended to increase its acceptance and uptake. The instruction
manual showed six images, one for each step of using the Lucky Iron Leaf: 1) wash it
before use, 2) boil it in water together with a tomato (or other fruit acid) for 10 minutes,
3) take the iron ingot out of the water, 4) add lentils (as daal is one of the most common
foodstuffs; however, the facilitator also explained how it can be used in other dishes), 5)
dry the iron ingot, and 6) store it (see Appendix Figure A.I.2 for the manual). The picture
manual was designed to be easy to understand for the mostly non-literate study population
and had been previously assessed in focus groups in Pune, India.8 The facilitators were
then instructed to discuss with participants how to integrate the Lucky Iron Leaf into their
everyday cooking and how to clean and store it safely. Finally, facilitators offered to stay on
to practice cooking together with the Lucky Iron Leaf, but this offer was typically accepted
only when participants were about to cook anyway. The roll-out of the Lucky Iron Leaf
closely followed the Lucky Iron FishTM implementation schedule of the trials in Cambodia.
The distribution of Lucky Iron Leafs was closely monitored through regular spot-checks and
implementation sheets logging intervention times. Appendix I details further aspects of the
intervention.

In preparation for these home visits, facilitators participated in a five-day training pro-
gram. In the training program, facilitators learned about iron deficiency anemia, its causes,
symptoms, consequences, and about population groups most vulnerable to anemia. Next,
they were introduced to the Lucky Iron Leaf and its benefits, and were trained in its use.
Part of this was using the Lucky Iron Leaf firsthand and practicing with it. Each facilitator
received a Lucky Iron Leaf to keep and use. In the last step, facilitators were trained in the
procedures of the home visit, such as how to explain the instruction manual to households.

The iron ingot is a low dose fortification tool and overdosing is unlikely. Laboratory
tests conducted at the University of Guelp showed that the Lucky Iron Leaf enriches one
serving of the typical lentils-based dish daal by 4.25-5 mg of bioavailable iron. At baseline,
caregivers reported that children eat on average 2.6 times per day and consume about half
of an adult-equivalent portion at each sitting. We therefore expect children to consume in
the ideal case 5.5-6.5 mg of supplementary iron per day. The WHO recommends 10-12.5
mg elemental iron for under two-year olds and 30 mg for two- to five-year olds for three
consecutive months in high risk regions such as Bihar (World Health Organization, 2016).

We expect the Lucky Iron Leaf intervention to improve skill development by reducing
or avoiding iron deficiency and iron deficiency anemia. Iron-deficient children are less at-
tentive and more fearful than their peers and, hence, interact less with their environment,
which can inhibit learning and mental development (Lozoff et al., 1998; Lozoff, 2007, 2011).
This mechanism assumes a complementarity of children’s health and parental investments
as described in the framework for the production technology of human capital in section

8The Lucky Iron Leaf is manufactured in Pune.
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II. Iron deficiency is also theorized to directly influence the neurodevelopment of children
(described as cross-productivity in section II) because iron is needed for myelination and
the dopamine metabolism (Lozoff, 2007; Beard, 2008; Lozoff, 2011). Myelin insulates the
axons (which transmit information to different neurons, muscles and glands) and, thereby,
increases the speed of information transmission and processing in the brain. Dopamine is a
neurotransmitter which regulates the award seeking behavior and is, therefore, closely linked
to motivation and learning (Wise, 2004; Flagel et al., 2011). While these bio-medical pro-
cesses as well as evidence from rodent trials suggest strong adverse effects of iron deficiency
on children’s mental development, the evidence of the effectiveness of iron supplementa-
tion in iron-deficient anemic children to improve mental development is mixed and raises
doubts about the reversibility of mental delays through supplementation. This trial expands
the existing evidence base on the effectiveness of iron supplementation on mental functions
and, in particular, studies the complementarity of improved health, through the use of the
Lucky Iron Leaf, with dialogic reading. A positive side effect of the Lucky Iron Leaf inter-
vention might further be general awareness-raising among caregivers about child nutrition
and anemia, which could positively impact complementary feeding practices (Dewey and
Adu-Afarwuah, 2008).

IV EXPERIMENTAL DESIGN AND DATA

IV.A Sample selection

Sampling and randomization

The study population is recruited from a listing of 1,995 households with pregnant women
from 2015. In 2016, these women had children in our target age group of 10 to 20 months.
The listing was gathered from rural Anganwadi center registers in 140 villages.9 Sixty-
eight gram panchayats, which comprise 180 villages, were randomly sampled from a total
of 95 gram panchayats in six of Madhepura’s thirteen blocks (sub-districts). Because in
some villages the lists of pregnant women were not made available, the number of gram
panchayats and villages reduced to 56 and 140, respectively. The number of households
sampled per village ranges from 5 to 49.

The list of households with pregnant women was generated in 2015 for an impact evalu-
ation of a participatory learning and action approach program, called Gram Varta, designed
to improve health, nutrition, water, sanitation and hygiene (HNWASH) outcomes of adults
and children. The intervention consisted of women’s group meetings, using existing savings
groups, and was completed before our intervention started. The HNWASH program was ran-
domized at the gram panchayat level and was overall ineffective, including final outcomes
such as health and upstream outcomes such as HNWASH beliefs and behavior (Bogler et al.,
2023). The endline of this evaluation was used as the baseline of our study.

9In 2015/16, 75 percent of all pregnant women in Madhepura had registered their pregnancies (International
Institute for Population Sciences, 2017).
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Figure 1: Timeline of data collections and intervention implementation

We randomly assigned the 2015 sample of 1,995 households with pregnant women to
one of four treatment arms: (i) a dialogic reading group (N = 498), (ii) a Lucky Iron Leaf
group (N = 499), (iii) a dialogic reading and Lucky Iron Leaf group (N = 499), and (iv)
a no-intervention control group (N = 499). Randomization was conducted centrally by the
authors using a random number generator in Stata and prior to the baseline survey, because
the intervention implementation was conducted subsequent to the survey. Assignment was
concealed and only known to participants and intervention facilitators at the moment of
treatment.

The factorial design allows us to capture potential interactions of the nutrition and psy-
chosocial stimulation interventions, either resulting from complementarities of parental in-
vestments, i.e., dialogic reading and iron fortification, or through a complementarity of im-
proved health, through iron fortification, and dialogic reading.

During the intervention implementation which households received the Lucky Iron Leaf
intervention and participated in each of the four dialogic reading training sessions was pre-
cisely recorded. We collected proof of delivery through signatures or fingerprints of par-
ticipants, and field supervisors and field research assistants conducted regular unannounced
spot-checks throughout the implementation period. Ninety-six percent of households as-
signed to the Lucky Iron Leaf intervention received the treatment and 94 percent of dialogic
reading households received at least one training session: the average number of training
sessions is 3.5. Based on these records and qualitative reports from spot-checks, we have
no reason to be concerned about the fidelity of the implementation of interventions. Section
VII.A reports on utilization rates of the interventions.

After the baseline survey, the implementation of the Lucky Iron Leaf intervention, and
the first two dialogic reading household visits, treatment groups (i) and (iii) were further
randomized into a calendar (N = 499) and no-calendar group (N = 498). The randomization
was conditional on the caregiver having participated in at least one dialogic reading training
session, which was a pre-requisite for being revisited in March 2017 for training sessions 3
and 4, when the calendar was distributed.

Figure 1 shows the timeline of events. The baseline survey, the Lucky Iron Leaf distribu-
tion and the first two dialogic reading training sessions began in November 2016 and lasted
for eight weeks. Dialogic reading training sessions three and four took place in February
and March 2017. The calendars were distributed during the third dialogic reading training
session. We collected endline data exactly one year after the baseline survey in December
2017.
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The experimental design and outcome indicators had been registered at the American
Economic Association’s registry for randomized controlled trials shortly after the comple-
tion of the trial. We did not pre-specify an analysis plan for the estimation strategy and
heterogeneous treatment effect analyses, and therefore the analysis may be considered ex-
plorative. However, the main outcomes – hemogloin levels and mental functions – follow
immediately from the tested interventions. In the supplementary materials, we include the
approved ethics proposal, which describes the study design and primary outcomes, to allevi-
ate concerns regarding pre-registration.

Attrition

In 2015, prior to our study, 1,995 households with pregnant women had been sampled. One
and a half years later, in 2016, 80 percent of formerly pregnant women could be reached
for our baseline data collection. The main reason for dropout before baseline was the in-
correct documentation of a woman’s permanent household location, because of the tradition
of women moving to their parental home for pregnancy and child birth. Other households
dropped out of the sample because not all conceived children survived until baseline data
collection in 2016.10 The baseline sample of households with alive children thus totaled
1,483 (74% of pre-baseline sample). Because the reduction in sample size occurred prior to
the intervention roll-out, there are no biases from selective attrition at this stage.

The final estimation sample consists of 1,164 households, corresponding to 78.5 percent
of baseline households.11 The main reasons for attrition between baseline and endline are
the absence of households or children at the time of data collection (N=152) and incomplete
child development tests (N=83). Less common causes of attrition are migration of house-
holds across village borders, incorrect household identification information and child death.
Ten households refused to participate.

To check for selective attrition from baseline to endline as well as from pre-baseline to
endline, we regress an indicator for attrition on the three treatment group indicators. The
coefficients are small and none of them approach statistical significance (appendix Table
A.II.1). Further, the baseline balance in the estimation sample is similar to the baseline
balance in a sample which is not restricted to whether we observe endline outcomes (see
appendix A.II.2).

IV.B Data

Outcome indicators

We use the early childhood development test FREDI 0-3 to measure children’s skills and
behavior (Mähler, Cartschau and Rohleder, 2016; Macha and Petermann, 2017). FREDI 0-3

10The magnitude of child deaths is comparable to the state-wide statistics. The infant mortality rate in rural
Bihar is 50 per 1,000 life births and only 92 percent of all pregnancies lead to live births in Bihar (Kochar et al.,
2014; International Institute for Population Sciences and ICF, 2017).

11We define the estimation sample as observations with at least one non-missing child development score.
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tests cognitive, language, motor, and socioemotional development. It includes playful tasks
administered to the child and interview questions posed to the caregiver. FREDI 0-3 was
normed to German children and its language items were validated to the tests ELAN-R and
SETK-2 (Kiese-Himmel, 2013, 2014). The test was adapted for Bihar by the same psychol-
ogists who developed the original test. The adapted test comprises around 40 items and we
administered different test versions for children younger or older than 15 months at baseline
or 27 months at endline. The FREDI 0-3 was administered at home by local women testers,
who were trained by the developers of the FREDI 0-3 test for two weeks. The testers were
blind to treatment assignment at baseline and endline. Daily spot-checks were conducted to
ensure a high quality administration of the test. For the data analysis, we standardize scores
of cognitive, receptive language, expressive language, motor and psychosocial skills relative
to the experimental control group and with respect to test year, age group, a linear age in
months trend and a heteroskedastic residual variance.

Iron deficiency is the most common cause of anemia, which we measure through low
hemoglobin (Hb) concentration in the blood.12 We used HemoCue 301® machines to deter-
mine the Hb concentration from capillary blood samples at the point of care and informed
all patients about the results directly after testing. Anemia cut-offs follow WHO recommen-
dations, according to which 6-59 month old children are classified as anemic if Hb<11 g/dl
(World Health Organization, 2011). For ethical reasons, we implemented the following ac-
tion plan. In case of mild (9-10.9 g/dl) or moderate anemia (7-8.9 g/dl), we recommended
that caregivers seek treatment at the local primary health center or with the community health
worker, and change the child’s diet towards more iron-rich foods. Severely anemic children
(Hb<7 g/dl) were offered transport and funding for the cost of treatment in the local hos-
pital or health center. At baseline, about 70 percent of children in the sample were anemic,
but only 1 percent were severely anemic. There is potential for interaction effects of base-
line testing and the Lucky Iron Leaf intervention, however, in a population and set-up very
similar to ours, the behavior and health of participants did not change in response to recom-
mendations or referrals (Krämer, Kumar and Vollmer, 2021a,b). Additionally, we test for
heterogeneous take-up by baseline anemia status and do not find differential effects. The
field staff conducting the hemoglobin measurements were blind to treatment assignment at
baseline and endline.

Sample characteristics and balance

Table I presents means of baseline background characteristics and outcomes for each of
the four main experimental groups in the estimation sample. Most participants are Hindus
and members of the caste category “other backward class”. The highest education level in
most households and among mothers is uncompleted primary school. About 90 percent of
mothers were breastfeeding their children at baseline and 59 percent breastfed exclusively.
About 35 percent of children had received iron supplements in the last three months. Of
the eight stimulating activities we enquired about, 5.6 activities were conducted with the

12While anemia can also be caused by infectious diseases, deficiencies of vitamin A or B12, or genetic
disorders, iron deficiency is globally the most common cause of anemia (Kassebaum et al., 2014).

14



Table I: Baseline balance across treatment arms in the estimation sample

Control Dialogic reading Lucky Iron Leaf Lucky Iron Leaf & Books

Mean
SD N Mean

SD
Std. Diff.
p-value N Mean

SD
Std. Diff.
p-value N Mean

SD
Std. Diff.
p-value N

Household characteristics:
Household size 5.69 283 5.77 -0.04 299 5.75 -0.03 294 5.75 -0.03 285

2.01 2.30 0.63 2.26 0.71 2.34 0.72
Hindu 0.87 283 0.82 0.13 300 0.85 0.05 295 0.86 0.02 286

0.34 0.38 0.13 0.36 0.52 0.34 0.84
Caste category:

Scheduled caste 0.30 282 0.30 -0.01 300 0.31 -0.02 295 0.28 0.04 285
0.46 0.46 0.89 0.46 0.85 0.45 0.65

Scheduled tribe 0.04 282 0.04 -0.01 300 0.02 0.09 295 0.04 -0.02 285
0.19 0.20 0.95 0.15 0.29 0.20 0.85

Other backward class 0.59 282 0.58 0.02 300 0.58 0.02 295 0.61 -0.04 285
0.49 0.49 0.77 0.49 0.82 0.49 0.66

General category 0.07 282 0.08 -0.02 300 0.09 -0.06 295 0.07 0.02 285
0.26 0.27 0.79 0.28 0.45 0.25 0.84

Highest education in HH:
No schooling 0.43 283 0.49 -0.10 300 0.47 -0.08 295 0.40 0.07 286

0.50 0.50 0.21 0.50 0.34 0.49 0.38
Primary 0.19 283 0.15 0.11 300 0.16 0.07 295 0.17 0.05 286

0.39 0.35 0.19 0.37 0.38 0.37 0.54
Middle school 0.13 283 0.13 0.00 300 0.15 -0.04 295 0.17 -0.11 286

0.34 0.34 0.98 0.35 0.60 0.38 0.18
≥ High school 0.25 283 0.24 0.02 300 0.22 0.06 295 0.26 -0.03 286

0.43 0.43 0.76 0.42 0.44 0.44 0.68
Asset quintilea 5.31 282 5.41 -0.04 300 5.01 0.10 293 5.23 0.03 285

2.88 2.90 0.66 2.88 0.22 2.94 0.75
Housing quintileb 3.76 283 3.70 0.02 300 3.48 0.10 295 3.62 0.05 286

2.77 2.73 0.79 2.75 0.23 2.82 0.55
Mother characteristics:
Age in years 24.99 283 24.75 0.06 300 24.56 0.11 295 25.07 -0.02 286

3.98 4.15 0.48 3.74 0.18 4.03 0.80
Completed education:

No schooling 0.74 283 0.76 -0.06 300 0.84 -0.26 295 0.73 0.01 286
0.44 0.43 0.49 0.36 0.00 0.44 0.91

Primary 0.09 283 0.05 0.16 300 0.03 0.24 295 0.07 0.09 286
0.29 0.22 0.05 0.18 0.00 0.25 0.26

Middle school 0.05 283 0.08 -0.10 300 0.04 0.08 295 0.10 -0.19 286
0.22 0.27 0.25 0.19 0.36 0.31 0.02

High school or higher 0.12 283 0.11 0.02 300 0.08 0.11 295 0.09 0.07 286
0.32 0.31 0.80 0.28 0.20 0.29 0.39

Can read SMS 0.27 283 0.28 -0.03 300 0.18 0.20 295 0.28 -0.03 286
0.44 0.45 0.75 0.39 0.02 0.45 0.69

Worked past 12 months 0.91 283 0.89 0.06 300 0.91 -0.00 295 0.91 0.01 286
0.29 0.32 0.48 0.30 0.99 0.30 0.92

Empowermentc 0.37 283 0.46 -0.20 300 0.38 -0.02 295 0.40 -0.06 286
0.48 0.50 0.02 0.49 0.83 0.49 0.45

Decides child nutrition 0.52 267 0.57 -0.11 279 0.54 -0.05 264 0.49 0.05 251
0.50 0.50 0.21 0.50 0.57 0.50 0.60

Note: Table continues on next page. Standard deviations (SD) are presented directly below means. Std. Diff. refers to the stan-
dardized difference in means of the control group and the treatment group. p-values refer to a t-test of the equality of means of
the control group and the treatment group and are presented below the Std. Diff. a10 quintiles based on a durable asset index
generated by factor analysis. b10 quintiles based on a housing quality index generated by factor analysis. cIndicator equals one
if the mother is allowed to visit alone one of five places (market, health facility, neighbors, relatives or friends outside the vil-
lage, place of worship) and participates in one of four decisions (health investments, household purchases, family visits outside
village, and farm).
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Table I continued

Control Dialogic reading Lucky Iron Leaf Lucky Iron Leaf & Books

Mean
SD N Mean

SD
Std. Diff.
p-value N Mean

SD
Std. Diff.
p-value N Mean

SD
Std. Diff.
p-value N

Child characteristics:
Sex of child 0.50 282 0.55 -0.10 298 0.58 -0.16 292 0.48 0.05 281

0.50 0.50 0.23 0.49 0.06 0.50 0.53
Currently breastfed 0.90 280 0.93 -0.10 294 0.90 -0.03 284 0.89 0.03 273

0.31 0.26 0.23 0.29 0.74 0.32 0.71
Vit-A past 6 months 0.72 180 0.73 -0.02 179 0.72 0.01 182 0.77 -0.11 180

0.45 0.44 0.84 0.45 0.96 0.42 0.28
Iron past 3 months 0.33 252 0.37 -0.09 258 0.34 -0.03 264 0.37 -0.09 253

0.47 0.48 0.31 0.48 0.71 0.48 0.32
Home environment:
Stimulation indexd 5.63 270 5.58 0.03 281 5.60 0.02 268 5.59 0.02 263

1.73 1.68 0.70 1.75 0.85 1.79 0.77
Good educat. measurese 0.81 267 0.79 0.05 277 0.78 0.06 267 0.79 0.04 257

0.40 0.41 0.60 0.42 0.46 0.41 0.66
Bad educat. measures f 0.73 274 0.68 0.12 284 0.74 -0.02 270 0.73 -0.01 264

0.44 0.47 0.16 0.44 0.85 0.44 0.90
Outcome measures:
Cognitive 0.00 250 -0.11 0.11 261 -0.08 0.07 257 0.01 -0.01 255

1.00 1.01 0.22 1.21 0.44 1.04 0.91
Receptive language -0.00 256 -0.19 0.18 267 -0.10 0.09 266 -0.18 0.17 260

1.00 1.02 0.04 1.13 0.29 1.05 0.05
Expressive language 0.00 255 -0.13 0.12 268 -0.11 0.10 265 -0.10 0.10 264

1.00 1.16 0.19 1.10 0.24 1.01 0.27
Motor 0.00 248 0.02 -0.03 255 0.08 -0.08 250 -0.01 0.01 251

1.00 0.95 0.78 1.00 0.37 0.98 0.87
Socioemotional -0.00 250 -0.06 0.05 264 -0.11 0.10 258 0.11 -0.10 256

1.00 1.17 0.54 1.16 0.26 1.13 0.26
Hemoglobin g/dL 10.21 191 10.11 0.08 197 10.25 -0.03 185 10.32 -0.08 197

1.34 1.32 0.43 1.41 0.78 1.40 0.44
Anemia (any type) 0.71 191 0.72 -0.02 197 0.68 0.06 185 0.66 0.09 197

0.46 0.45 0.85 0.47 0.59 0.47 0.38
Moderate Anemia 0.39 191 0.43 -0.08 197 0.39 0.01 185 0.36 0.08 197

0.49 0.50 0.44 0.49 0.95 0.48 0.45

p-value of joint F-test 0.19 0.68 0.35

Note: Standard deviations (SD) are presented directly below means. Std. Diff. refers to the standardized difference in means
of the control group and the treatment group. p-values refer to a t-test of the equality of means of the control group and the
treatment group and are presented below the Std. Diff. dSum of stimulating activities conducted with the child in the past 3
days. eEquals 1 if the caregiver explains wrong behavior to child, takes away privileges or gives child something else to do.
f Equals 1 if the caregiver shouts, yells or screams at the child or spanks, hits, kicks or slaps the child.

child in the past three days. Over 70 percent of caregivers used yelling or physical violence
(e.g. spanking or slapping) as an educational measure in the past month (“bad educational
measure” in Table I).

We use standardized differences in means, statistical significance of differences in means
(p-value), and a joint F-test for orthogonality to evaluate sample balance in Table I. Overall,
the joint F-test does not reject the equality of control group and treatment group means
(see bottom of Table I). Few characteristics differ when judged by individual significant
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differences or standardized differences of 0.2 or larger (Cohen, 1988; Imbens and Rubin,
2015). These include maternal education, literacy and empowerment, and children’s sex.
Notably, in the combined intervention and dialogic reading groups, children are worse off
in receptive language skills. Other skill dimensions do not show statistically significant
differences.

V ESTIMATION STRATEGY

Our main analysis focuses on the effects of the dialogic reading and Lucky Iron Leaf inter-
ventions and their interaction on children’s outcomes. The dialogic reading calendar will be
considered with respect to intervention take-up in section VII.A. We estimate intention-to-
treat effects using the following specification:

yi = α +β1DRi +β2LILi +β3DR&LILi +X
′
i γ +ui. (3)

yi is one of five child development scales, hemoglobin levels or an anemia dummy. DRi, LILi
and DR&LILi indicate treatment assignment to the dialogic reading, the Lucky Iron Leaf and
the combined intervention group, respectively. Xi is a vector of imbalanced baseline covari-
ates and includes mothers’ education, reading abilities and empowerment, children’s sex,
and subdistrict fixed effects. In estimations on hemoglobin levels and anemia, we addition-
ally control for measurement device fixed effects. β1 and β2 represent the intention-to-treat
effects, i.e. disregarding non-compliance, of the respective stand-alone intervention, whereas
β3 measures the interaction effect of the combination of both interventions. Due to random
treatment assignment at the household level, we do not cluster standard errors.

In addition to the covariate adjusted treatment effects, we present intention-to-treat ef-
fects without covariate adjustment and with baseline outcomes (ANCOVA). Controlling for
baseline outcomes increases the estimates’ precision, and overcomes a potential downward
bias from imbalances in receptive language apparent in both dialogic reading groups; how-
ever, it also reduces the estimation sample by more than 100 observations. Therefore, we
present the ANCOVA estimates as additional evidence only. Due to the dialogic reading
groups’ baseline disadvantages in receptive language, the no-covariate and covariate adjusted
estimates on receptive language present lower bound estimates.

In total, we test 30 hypotheses in the main intention-to-treat analysis, following from
six outcomes tested in five subgroups. The six outcomes refer to iron deficiency, proxied
by Hb levels and anemia, and the five development scales. The five subgroups refer to
the intervention impacts in the full estimation sample and intervention impacts by maternal
education and empowerment, and children’s sex and anemia status at baseline. We correct for
multiple hypotheses testing using Bonferroni adjustment and taking into account the average
correlation across outcomes of 0.31 (Sankoh, Huque and Dubey, 1997; Aker et al., 2012).
The multiple-hypothesis-testing-corrected-equivalent 10 percent significance level is 0.0096
and the equivalent 5 percent significance level is 0.0048. We will use these thresholds to
mark adjusted significance levels in regression tables.
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Given a sample size of roughly 280 observations per main treatment arm, statistical
power of 80 percent and a significance level of 0.05, we are able to detect effect sizes of 0.24
standard deviations in child development outcomes. Using the multiple-hypothesis-testing-
corrected significance level of 0.0048 (equivalent to 0.05), the minimum detectable effect
size rises to 0.31 standard deviations. The minimum detectable effect size in hemoglobin is
0.35 g/dl (0.46 g/dl after multiple hypothesis testing correction) and 11.9 percentage points
in anemia prevalence (15.4 percentage points after multiple hypothesis testing correction),
given a sample size of 260 children per treatment arm. The multiple-hypothesis-testing-
adjusted minimum detectable effect size in hemoglobin is less than half the size of the im-
pact (1.18 g/dl) the Lucky Iron Fish had on hemoglobin of Cambodian women (Charles et al.,
2015).

VI RESULTS

VI.A Intention-to-treat effects on child development

Table II presents the intention-to-treat estimation results on cognitive development, receptive
language, expressive language, motor skills, and socioemotional development. The different
columns refer to a simple regression of the outcome on the three treatment group indica-
tors (model 1), a covariate adjusted model (model 2), and a covariate and baseline outcome
adjusted model (model 3). The intention-to-treat effects are small and not statistically sig-
nificant across the three treatment arms, outcomes and specifications. The adjustment for
covariates causes a slight but not significant increase in the effect size relative to the sim-
ple model across all development scales. When we add controls for baseline outcomes, the
magnitudes of the effects remain similar and the sample size decreases by about 10 percent.
For subsequent analyses, we use the covariate-adjusted specification (model 2) as our pre-
ferred specification because it potentially purges the coefficients of selection and improves
efficiency, but maintains the larger sample size.

To test the results’ robustness, we add children’s age fixed effects (in months) and devel-
opment test facilitator fixed effects to model 2 (see appendix Table A.III.1). We also exploit
the panel structure of our data and estimate treatment effects using difference-in-differences,
child fixed effects and inverse probability weighted estimations. Finally, we test whether
dialogic reading affected head circumference, as an alternate measure of early mental func-
tions (see appendix Table A.III.2; Dupont et al., 2018).13 The robustness checks confirm the
findings in Table II.

VI.B Intention-to-treat effects on hemoglobin and anemia

In Table III we present the intention-to-treat effect estimation results on hemoglobin, any
type of anemia, and moderate anemia. We use linear probability models to estimate the

13Head circumference was standardized according to WHO growth reference tables (World Health Organi-
zation, 2007).
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Table II: Intention-to-treat effects on child development

Model 1 Model 2 Model 3

Cognitive
DR 0.028 0.106 0.081

(0.083) (0.082) (0.087)
LIL -0.067 -0.001 -0.016

(0.086) (0.083) (0.086)
DR & LIL 0.036 0.063 0.082

(0.090) (0.086) (0.090)
Observations 1146 1136 1013
Adjusted R2 -0.001 0.082 0.087
Control mean -0.00 -0.00 -0.00

Receptive language
DR -0.047 -0.009 -0.028

(0.083) (0.084) (0.090)
LIL -0.027 0.017 -0.022

(0.083) (0.084) (0.089)
DR & LIL -0.008 0.018 0.000

(0.087) (0.087) (0.091)
Observations 1159 1148 1038
Adjusted R2 -0.002 0.029 0.030
Control mean -0.02 -0.02 -0.03

Expressive language
DR -0.014 0.034 0.040

(0.086) (0.085) (0.089)
LIL -0.039 0.039 0.031

(0.086) (0.085) (0.089)
DR & LIL 0.019 0.035 0.056

(0.090) (0.089) (0.091)
Observations 1159 1148 1041
Adjusted R2 -0.002 0.049 0.077
Control mean -0.01 -0.01 0.00

Motor
DR -0.012 0.051 0.005

(0.083) (0.081) (0.085)
LIL -0.022 0.021 -0.026

(0.086) (0.083) (0.085)
DR & LIL 0.029 0.060 0.015

(0.086) (0.084) (0.087)
Observations 1123 1113 994
Adjusted R2 -0.002 0.068 0.082
Control mean -0.00 0.00 0.00

Sociomeotional
DR 0.009 0.061 0.093

(0.082) (0.081) (0.087)
LIL -0.022 0.041 0.085

(0.081) (0.080) (0.086)
DR & LIL -0.017 0.012 0.019

(0.084) (0.083) (0.088)
Observations 1151 1140 1017
Adjusted R2 -0.002 0.040 0.044
Control mean -0.01 -0.01 0.00

Controls ! !

Baseline outcome !

Note: Dependent variables are standardized development scores and effect sizes are in standard deviations. Control vari-
ables are maternal education, reading ability and empowerment, the child’s sex and subdistrict fixed effects. Baseline
outcome indicates that the estimation controls for the baseline value of the model’s dependent variable. Standard er-
rors are in parentheses. Conventional significance levels: * p<0.1, ** p<0.05, *** p<0.01. Multiple testing corrected
significance levels: + p<0.0096, ++ p<0.0048, +++ p<0.0010.
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impact on binary anemia outcomes. We find no effect of the Lucky Iron Leaf as a stand-
alone intervention or in combination with dialogic reading on children’s hemoglobin levels
and anemia status. The coefficients are close to zero in the unadjusted model (model 1) and
the covariate adjusted model (model 2). The baseline outcome adjusted model coefficients
(model 3) are somewhat larger but have the opposite sign to what is expected, potentially
due to sample selection caused by the reduction in sample size (see appendix Table A.III.3
for results from all models in the baseline outcome adjusted sample).

The results are robust to replacing the standard covariates with a set of covariates, which
we identified in a balance analysis of a sample restricted to non-missing hemoglobin values
at endline, rather than only non-missing child development scores as in Table I. Further, the
results are robust to difference-in-differences and fixed effects estimations.

If iron deficiency is not overcome, then the causal chain from intervention implementa-
tion to the impact on anemia and mental development fails.14 If there had been temporary
improvements in iron levels, then they did not sustain until endline and did not affect de-
velopment outcomes in the medium term. To further explore the effect of the Lucky Iron
Leaf on outcomes that show lasting effects of temporary nutritional changes, we estimate its
impact on stunting, reflecting a child’s nutrition history (Black et al., 2013), as well as on
wasting and underweight.15 The results show that the Lucky Iron Leaf intervention also had
no impact on growth outcomes (see appendix Table A.III.2).16

We presume zero-effects of the dialogic reading treatment on iron deficiency because
there is no theoretical link from book reading to nutrition. Yet, in Table III, the intention-to-
treat effects of the stand-alone dialogic reading treatment on hemoglobin are negative and,
in models 2 and 3, they are statistically significant before multiple hypothesis testing. The
effect in model 3 is driven by sample selection due to missing baseline anemia information
(see appendix Table A.III.3). We do not find a statistically significant negative effect of the
pure book sharing intervention on early skills. If the book sharing intervention indeed had a
negative effect on iron deficiency, which also affected child development, then these negative
effects on child development were compensated for by the positive effects of sharing books.

VI.C Heterogeneous treatment effects

We assess heterogeneous treatment effects by mothers’ education and empowerment, and
children’s sex and anemia status at baseline. None of the heterogeneity tests were pre-
registered. Naturally, the lack of pre-registration comes at a cost of credibility, among other
important disadvantages (Humphreys, De la Sierra and Van der Windt, 2013; Miguel et al.,

14The theory of change breaks down at the point of utilization of the Lucky Iron Leaf as only three percent
of households use it. In section VII.A, we describe utilization rates of the Lucky Iron Leaf in detail. In section
IX we discuss potential reasons for under-utilization.

15Growth outcomes were derived in accordance with WHO growth reference tables (World Health Organi-
zation, 2007).

16The link between iron intake and growth outcomes is still disputed (Rivera et al., 2003; Iannotti et al.,
2006). Therefore, the lack of treatment effects may also be interpreted as a missing link between the two in
general.
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Table III: Intention-to-treat effects on hemoglobin and anemia

Model 1 Model 2 Model 3

Hemoglobin in g/dl
DR -0.152 -0.177 -0.121

(0.119) (0.119) (0.122)
LIL 0.003 -0.010 -0.132

(0.120) (0.121) (0.127)
DR & LIL 0.025 -0.012 -0.158

(0.124) (0.124) (0.131)
Observations 1048 1039 710
Adjusted R2 -0.000 0.033 0.269
Control mean 10.63 10.63 10.67

Any anemia
DR 0.056 0.073* 0.112**

(0.043) (0.043) (0.050)
LIL 0.008 0.016 0.064

(0.044) (0.043) (0.048)
DR & LIL -0.018 -0.004 0.045

(0.044) (0.044) (0.048)
Observations 1048 1039 710
Adjusted R2 0.000 0.025 0.176
Control mean 0.56 0.56 0.54

Moderate anemia
DR 0.035 0.035 0.030

(0.040) (0.040) (0.044)
LIL 0.006 0.003 0.044

(0.040) (0.040) (0.046)
DR & LIL -0.009 -0.001 0.054

(0.039) (0.040) (0.045)
Observations 1048 1039 710
Adjusted R2 -0.001 0.013 0.111
Control mean 0.28 0.28 0.26

Controls ! !

HemoCue machine fixed effects ! !

Baseline outcome !

Note: Hemoglobin is measured in g/dl. Any and moderate anemia are binary indicators. Control variables are ma-
ternal education, reading ability and empowerment, the child’s sex and subdistrict fixed effects. HemoCue machine
fixed effects control for the hemoglobin measurement device and tester. Baseline outcome indicates that the estimation
controls for the baseline value of the model’s dependent variable. Standard errors are in parentheses. Conventional
significance levels: * p<0.1, ** p<0.05, *** p<0.01. Multiple testing corrected significance levels: + p<0.0096, ++
p<0.0048, +++ p<0.0010.

2014; Ofosu and Posner, 2020). To attenuate such concerns, for each tested heterogeneity,
we explain why the heterogeneity is salient based on the study design or present theoretical
underpinnings that emerge directly from the relevant literature:

1. Maternal education
In a series of estimations of production functions for cognition and health of children
in low income settings, Attanasio and coauthors investigate the relevance of parental
cognition, typically proxied by education and literacy (Attanasio, Meghir and Nix,
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2020; Attanasio et al., 2020a,b).17 For India, Attanasio, Meghir and Nix (2020) find
that parental cognition improves the productivity of investments in children’s cogni-
tion, but not in health. Similarly, in the human capital production function described
in section II, mother’s education enters as parental characteristics Pt and is assumed to
mediate investments into children It . In our estimation sample, in 86 percent of house-
holds the mother is reported as the person who usually shares books with the child,
i.e., who conducts the investment.18 Based on this, we hypothesize that the productiv-
ity of the dialogic reading investment is higher for better educated mothers. Educated
mothers are likely to follow the training and internalize the methods of dialogic read-
ing with more ease and perform higher quality book sharing. In line with Attanasio,
Meghir and Nix (2020), we do not expect strong heterogeneities by mother’s education
for the nutrition intervention, because the cooking procedures are simple to implement.

2. Maternal empowerment
Also women’s empowerment enters the human capital production functions as Pt and
is expected to mediate parental investments It . The literature on the influence of
spouses’ bargaining power on investments in children is abundant (e.g., Dyson and
Moore, 1983; Thomas, 1993; Lundberg, Pollak and Wales, 1997; Haddad, Hoddinott
and Alderman, 1997; Attanasio and Lechene, 2002; Duflo, 2003; Smith et al., 2003;
Maitra, 2004; Qian, 2008; Bobonis, 2009; Jensen and Oster, 2009; Doepke and Ter-
tilt, 2019; Kandpal and Baylis, 2019). In this literature, women are often found to
invest more resources than men into children’s health and education, provided they
are sufficiently empowered to make these decisions. In the context of this study, more
empowered women may choose to spend their time on book sharing or change the way
they cook so that they can use the Lucky Iron Leaf. Further, more empowered women
can be more confident and engaged in the dialogic reading trainings, which may im-
prove their understanding of dialogic reading concepts and, thus, the quality of book
sharing.

3. Children’s sex
Differential investments into children by sex and the impact of this on children’s out-
comes have been widely documented in India. Based on strong patriarchal gender
norms, from the very first months daughters are breastfed for shorter time, receive less
childcare time, vaccinations, and vitamin supplements, are less likely to be hospital-
ized, are shorter, have fewer cognitive skills and suffer excess mortality (e.g. Klasen
and Wink, 2002, 2003; Jha et al., 2006; Oster, 2009; Asfaw, Lamanna and Klasen,
2010; Bhalotra and Cochrane, 2010; Jayachandran and Kuziemko, 2011; Barcellos,
Carvalho and Lleras-Muney, 2014; Bongaarts and Guilmoto, 2015; Jayachandran and

17In the estimation of the production function in Colombia, Attanasio et al. (2020b) use mother’s education,
vocabulary, Raven’s score, the number of adult books and the number of magazines and newspapers in the
home to proxy for mother’s cognition.

18Other responses include sibling in 37% of book sharing households, the father in 35%, and the mother-in-
law in 21%.
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Pande, 2017; Ebert and Vollmer, 2022). Therefore, caregivers may also choose to in-
vest more or better quality book sharing with their sons than with their daughters or
be more inclined to prepare fortified meals for their sons than for their daughters. We
consider these gender norms, proxied by children’s sex, as an environmental factor, Vt ,
in the human capital production function.

4. Children’s anemia status
Children’s anemia status, as a proxy for iron deficiency, can matter along two di-
mensions for the effectiveness of the interventions. The first dimension follows from
the production technology for human capital. Biologically, iron deficiency can have
adverse effects on children’s health and behavior. Iron deficient children tire more
easily, are more wary, more hesitant, less happy and have fewer social interactions
(Lozoff et al., 1998; Lozoff, 2007, 2011). However, children’s interest and active en-
gagement during book sharing is key for children to learn and, thus, improvements
in mental development from book sharing may be compromised among iron deficient
children (Arnold et al., 1994; Jalongo, 2004; Ortiz, Stowe and Arnold, 2001). In the
human capital production function of section II we describe this as the complemen-
tarity between children’s inital health endowment, Ht , and parental investments, It . In
a previous estimation of a production function of child development in India, it has
been shown that good health complements parental investment in children (Attanasio,
Meghir and Nix, 2020). The second dimension along which children’s baseline ane-
mia status may affect children’s hemoglobin level and mental development at endline,
is parents’ behavioral response to the results of their children’s baseline anemia test-
ing.19 Information about, or being reminded of, a child’s anemia status may motivate
parents to learn about and utilize the Lucky Iron Leaf.

The results by mothers’ education and empowerment and children’s sex do not confirm
the hypotheses derived from the literature. The interaction coefficients of the dialogic read-
ing intervention groups with maternal education are mostly negative and not significant (see
appendix Table A.IV.1).20 Similarly, the coefficients by maternal empowerment show no
consistent patterns and are insignificant (see appendix Table A.IV.1). The heterogeneity anal-
ysis by children’s sex provides some evidence opposing our third hypothesis (see appendix
Table A.IV.2). Although not significant after multiple hypothesis testing, girls in the dialogic
reading and Lucky Iron Leaf groups improve in motor development (0.28 SD and 0.20 SD
respectively), whereas boys do not. One explanation may be that boys have less potential

19Every participant, irrespective of treatment assignment, was informed about the result of their or their
children’s hemoglobin measurement and anemia status.

20The coefficients on the interaction of the Lucky Iron Leaf intervention with maternal education are positive
and sizeable for cognitive and receptive language skills (0.40 and 0.51 SD) and negative for hemoglobin (0.50
g/dl), but are insignificant after multiple hypothesis testing. The coefficients’ size and significance decrease
when the main effects are added such that the effect on hemoglobin is not significant even before multiple
hypothesis testing. If we wanted to interpret the effects on cognition and receptive language, then these results
could only stem from temporary improvements in iron deficiency, which later reversed. However, given the
inconsistency of these results, we refrain from drawing any conclusions.
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than girls to improve their motor skills, which is in line with the observed boy-premium in
motor development (appendix Table A.IV.2). The same treatment intensity across sexes (or
even lower treatment intensity among girls) could then lead to a larger increase in motor
skills among girls than boys.

The heterogeneous treatment effects by children’s baseline anemia status provide com-
pelling insights. Non-anemic children, who make up 30 percent of the baseline sample,
gain 0.54 standard deviations in receptive language skills from the combined intervention,
whereas anemic children do not benefit at all (see appendix Table A.IV.2). The effect is sig-
nificant at the five percent equivalent level after multiple hypothesis testing. The estimates of
the stand-alone dialogic reading treatment on receptive language skills and the combined in-
tervention on cognitive skills for non-anemic children are also considerable in size (0.42 SD
and 0.45 SD, respectively), but are no longer statistically significant after multiple hypothesis
testing.

Figure 2 is a visualization of the treatment effect heterogeneity of the combined interven-
tion on receptive language skills for three ranges of hemoglobin levels: < 9 g/dl for moderate
or severe anemia, 9 to < 11 g/dl for mild anemia and ≥ 11 g/dl for no anemia. The marginal
treatment effects for these hemoglobin level ranges are estimated based on a model in which
each treatment indicator is interacted with an indicator for the respective hemoglobin level
range. The top panel of Figure 2 displays these treatment effects and the bottom panel shows
the kernel density distribution of hemoglobin as well as the normal density distribution for
comparison reasons.

The figure shows zero effects of the combined intervention for anemic children and sig-
nificant large effects for non-anemic children. This result suggests that health endowment
complements parental investment. The fact that we find a salient effect in the combined
intervention group further suggests that different investments complement each other in a
dynamic way: the Lucky Iron Leaf increases hemoglobin levels and avoids anemia which
makes dialogic reading more productive. Non-anemic children likely gain more from di-
alogic reading because they can engage more actively in book sharing in comparison to
anemic children who tend to be tired and less explorative. We examine potential mecha-
nisms of the link between baseline anemia and intervention effectiveness in detail in section
VI.D below. Another reason why we find a salient effect in the combined intervention group
might be that the additional home visit to distribute the Lucky Iron Leaf, which was focused
primarily on the child’s well-being, reinforced the dialogic reading investment.

We do not observe heterogeneous treatment effects of the Lucky Iron Leaf by children’s
baseline anemia status on hemoglobin levels at endline. Therefore, we reject the hypothesis
that caregivers of anemic children are more motivated to learn about and utilize the Lucky
Iron Leaf. In fact, the coefficients rather suggest improvements in hemoglobin from iron for-
tification among non-anemic children and adverse effects among anemic children, consistent
with a complementarity of health with iron fortified feeding, though none of the coefficients
are significant (see appendix Table A.IV.2).
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Figure 2: Effect of combined intervention on receptive language by baseline hemoglobin in
g/dl

Note: Top graph shows marginal effects of combined intervention treatment on receptive language by hemoglobin levels
in g/dl (HB) and 95% confidence interval (dashed line). The y-axis shows the effect on receptive language in standard
deviations. HB levels on the x-axis were rounded to the nearest integer. HB levels smaller than 8 and larger than 13
were combined to ≥ 8 and ≤ 13, respectively. Bottom graph shows density distribution of HB levels based on Epanech-
nikov kernel with bandwidth 0.2331 and the normal density distribution.

VI.D The complementarity of children’s health with parental investments

The heterogeneous treatment effect by children’s anemia status at baseline implies that chil-
dren’s health endowment complements dialogic reading. However, anemia status may also
correlate with a number of other characteristics, which could confound the heterogeneous
treatment effect by anemia and, therefore, undermine the complementarity hypothesis. We
test this hypothesis in three ways. First, we investigate directly whether non-anemic chil-
dren engage more actively in book sharing. Specifically, we regress baseline anemia on
self-reported book sharing characteristics at endline. Column (1) of Table IV shows that
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Table IV: Anemia and book sharing characteristics

Child takes
initiative

BS ≥ 4 times
past year

BS in past
7 days

Mother
enjoys

Believe:
beneficial

Anemic at baseline -0.097** 0.042 -0.076* -0.016 0.117**
(0.038) (0.049) (0.043) (0.057) (0.058)

Controls ! ! ! ! !

Observations 396 442 440 317 317
Adjusted R2 0.04 0.03 0.01 -0.00 0.04
Mean non-anemic 0.88 0.58 0.26 0.37 0.33

Note: Dependent variables are binary indicators reported by the caregiver at endline. Outcome (1) indicates whether
child takes the initiative to share books. Outcome (2) indicates whether book sharing has been practiced at least four
times per week in the past 12 months. Outcome (3) indicates whether books have been shared with the child in the past
seven days. Outcome (4) indicates whether the caregiver enjoys book sharing and outcome (5) whether the caregiver
believes book sharing is beneficial for the child. Control variables are maternal education, reading ability and empow-
erment, the child’s sex and subdistrict fixed effects. The estimation sample is restricted to book sharing households
with non-missing anemia information. Standard errors are in parentheses. Conventional significance levels: * p<0.1,
** p<0.05, *** p<0.01.

non-anemic children tend to take the initiative for book sharing more often than anemic chil-
dren. Whereas anemia at baseline does not affect book sharing utilization in the past year
(column 2), column (3) suggests that anemia affects sustained utilization, i.e., whether book
sharing was conducted in the past seven days. Further, mothers of anemic children enjoy
book sharing to a similar extent as mothers of non-anemic children, but more of them be-
lieve that book sharing is beneficial for their children. These results suggest that mothers of
non-anemic children do not behave in a way that would support the learning outcomes of
their children, but that the engagement and behavior of their children themselves is relevant.
These results, therefore, support the hypothesis of complementarity of baseline health and
parental investments.

Second, we check the baseline balance of receptive language by treatment status within
the sample of anemic and non-anemic children. If non-anemic children in the treatment
group have higher receptive language skills than children in the control group, the hetero-
geneous effect might stem from that imbalance. However, the data shows the opposite:
non-anemic children in the stand-alone and combined dialogic reading groups perform sig-
nificantly worse than non-anemic control group children at baseline. There are no significant
imbalances in the Lucky Iron Leaf group or among anemic children.

Third, we regress baseline anemia on a number of potential baseline correlates and then
reestimate the heterogeneous treatment effect by anemia on receptive language, condition-
ing on the identified significant correlates of anemia. We run a linear probability model of
anemia on (1) socioeconomic status variables, (2) maternal background characteristics, (3)
child background characteristics, (4) home environment indicators, (5) baseline skill out-
comes, and (6) baseline anthropometric measures, while holding constant our regular set
of covariates. We find that maternal age, an indicator of good and bad educational mea-
sures, and the height-for-age z-score significantly correlate with anemia (see appendix Table
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A.IV.3). When we reestimate the heterogeneous treatment effects by anemia on receptive
language and add the identified correlates of anemia as covariates to the model, the effect for
non-anemic children of the combined intervention group reduces from 0.54 to 0.49 standard
deviations (p-value=0.009) (see appendix Table A.IV.4). Partially the reduction in the coef-
ficient and precision is caused by a reduction in sample size by 34 observations. The effects
for non-anemic children in other treatment groups increase slightly. Based on these results,
we are not concerned that confounding factors are significant drivers of the heterogeneous
treatment effect by anemia.

VII UTILIZATION AND SPILLOVERS

VII.A Utilization rates

The interventions offer tools and information to improve early childhood development but
we cannot enforce strict compliance. Thus, the effectiveness of the interventions relies on
the utilization frequency. Panel A of Table V presents implementation success and take-
up rates of the dialogic reading intervention, which are similar across the stand-alone and
combined intervention groups. Almost all households participated in at least one training
session. The average total number of dialogic reading trainings received by households is
three-and-a-half. With respect to book sharing frequency, about 60 percent of households
reported having shared books at least four times per week since program implementation.
A much smaller fraction (21%) reported to have shared books in the week prior to endline
data collection and were able to present the book at endline. Further, almost 60 percent of
households did not have any intervention book at home at endline and 66 percent of those
reported that the books broke while sharing or playing. This suggests a considerable decline
in utilization throughout the year. Among non-compliers, the two main barriers to take-up
were insufficient time for sharing books (44%) and perceiving the child as too young (32%).

Among dialogic reading compliers the knowledge of contents of dialogic reading train-
ings and picture books was fair eight months after the last dialogic reading training was
completed. Ninety-four percent of caregivers were able to freely name a specific content,
character or page in their favorite book and 64 percent identified all intervention-book cov-
ers correctly when presented to them together with three unknown book covers. Only five
percent of respondents could not name any of the twelve dialogic reading concepts taught.

Panel B of Table V presents take-up rates of the Lucky Iron Leaf intervention. Whereas
almost all households received the fortification tool, its utilization was low. In one quarter
of households the Lucky Iron Leaf was used for cooking and children also regularly ate the
fortified meals. Only three percent of households had used the Lucky Iron Leaf for cooking
in the previous seven days and were able to show the Lucky Iron Leaf to the enumerator at
endline. The two main reasons for non-compliance were the husbands’ or parents-in-law’s
dislike of the Lucky Iron Leaf (21%) and the unavailability of the fruit-acid-rich food items
at home, which need to be added to the boiling water with the Lucky Iron Leaf (21%). Other
common barriers to take-up were the necessity for prolonged cooking (11%), loss of the
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Table V: Intervention take-up rates by experimental arm and intervention

Dialogic reading DR & LIL

All ≥1 training All ≥1 training

Mean N Mean N Mean N Mean N

Panel A: dialogic reading
Received ≥1 training 0.93 379 1.00 354 0.95 367 1.00 350
No. of trainings (max=4) 3.42 379 3.67 354 3.50 367 3.67 350
Any book at endline 0.41 347 0.44 324 0.43 330 0.44 318
BS ≥4 per week past 12 mon. 0.59 335 0.63 314 0.58 330 0.60 317
BS past 7 days & book present 0.19 337 0.20 316 0.23 327 0.24 314

Lucky Iron Leaf DR & LIL

All Received All Received

Mean N Mean N Mean N Mean N

Panel B: Lucky Iron Leaf
LIL received 0.95 365 1.00 347 0.97 348 1.00 338
LIL present at endline 0.35 342 0.37 312 0.33 335 0.34 311
LIL ≥4 per week past 12 mon. 0.37 333 0.38 305 0.35 324 0.37 301
LIL ≥4 and child eats food 0.27 334 0.28 306 0.22 327 0.24 304
LIL past 7 days & LIL present 0.03 340 0.03 310 0.03 335 0.03 311

DR & LIL

All Received

Mean N Mean N

Panel C: DR and LIL
≥1 training and LIL received 0.89 367 1.00 326
≥1 book and LIL present at endline 0.18 330 0.19 300
BS & LIL ≥4 per week and child eats food 0.14 326 0.16 293

Note: Panel A shows compliance with the dialogic reading intervention in a sample of all households in the dialogic
reading arm (columns (1) and (2)), in a sample of households in the dialogic reading arm that participated in at least
one dialogic reading training session (columns (3) and (4)), in a sample of all households in the combined treatment
arm (columns (5) and (6)), and in a sample of households in the combined treatment arm that participated in at least
one dialogic reading training session (columns (7) and (8)). Panel B shows compliance with the Lucky Iron Leaf in-
tervention in a sample of all households in the Lucky Iron Leaf arm (columns (1) and (2)), in a sample of households
in the Lucky Iron Leaf arm that received a Lucky Iron Leaf during intervention implementation (columns (3) and (4)),
in a sample of all households in the combined treatment arm (columns (5) and (6)), and in a sample of households in
the combined treatment arm that received a Lucky Iron Leaf during intervention implementation (columns (7) and (8)).
Panel C shows compliance with with both interventions simultaneously in a sample of all households in the combined
treatment arm (columns (5) and (6)), and in a sample of households in the combined treatment arm that participated
in at least one dialogic reading training session and received a Lucky Iron Leaf during intervention implementation
(columns (7) and (8)).

Lucky Iron Leaf (10%), and deficits in knowledge about its use and purpose (8%).
Panel C describes compliance with both interventions simultaneously in the combined

treatment arm. Utilization rates are similar to those in the individual treatment groups, pre-
sented in Panels A and B. Further, in results not shown here, we find that across treatment
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arms compliance does not differ systematically by socioeconomic characteristics or chil-
dren’s anemia status.

Based on the presented utilization rates, we conjecture that the effectiveness of the Lucky
Iron Leaf intervention was essentially compromised by non-compliance with the interven-
tion. Reasons and contextual barriers for non-compliance are discussed in detail in section
IX.

VII.B Does the dialogic reading calendar increase book reading?

We test the effectiveness of the dialogic reading calendar in increasing book sharing uti-
lization. The calendar was distributed during dialogic reading sessions 3 and 4 in March
2017 and participation in those sessions was conditional on having participated in at least
one dialogic reading training session in December 2016. Therefore, the estimation sample
is restricted to dialogic reading households that were scheduled for revisit in March 2017 –
i.e. who had a chance to receive the calendar – and to the main intention-to-treat estimation
sample of Table II. For reasons of statistical power, we pool the pure dialogic reading and
combined intervention group households to one calendar treatment arm and one no-calendar
control arm.21 Therefore, the calendar treatment effect presents a mixed effect of the treat-
ment effect for children in households that have received the Lucky Iron Leaf and those
who have not. The F-test for group balance shows that the dialogic reading calendar arm is
comparable to the dialogic reading no-calendar arm.

Columns (1) and (2) of Table VI show no effect of the calendar on having shared books
at least four times per week in the past year or whether books were shared in the week prior
to the endline data collection. The estimations control for dialogic reading group (i.e. pure
vs. combined) and the number of training sessions attended. Adding covariates or removing
the sample restriction does not change the results. We conclude that the calendar did not
improve utilization of the dialogic reading intervention.

VII.C Spillovers

Because treatments were individually assigned, about 38 percent of treatment households
have at least one control household within 100 meters distance. Thus, spillovers could possi-
bly challenge the internal validity of our experiment. What we call spillovers in subsequent
paragraphs may refer to externalities, contamination or John Henry effects. For example,
caregivers exchanging information about techniques or the importance of picture book shar-
ing may result in positive treatment externalities. Such externalities would bias the treatment
effect if spillovers at the extensive margin are different to those at the intensive margin –
e.g., the effect of exchanging dialogic reading knowledge would be larger for children of
caregivers with no previous experience (control households) than among treatment peers.

21Results of a specification that separately includes terms for calendar without the Lucky Iron Leaf and
with the Lucky Iron Leaf, i.e., interacting the calendar treatment indicator with the Lucky Iron Leaf treatment
indicator, suggests no differential calendar-treatment effect by Lucky Iron Leaf intervention status.
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Table VI: Intervention take-up by calendar assignment

≥ 4 times Past 7 days

Calendar -0.011 0.040
(0.042) (0.036)

DR group ! !

No. DR sessions ! !

Observations 539 542
Adjusted R2 -0.003 0.010
Control mean 0.63 0.20

Note: Dependent variables are binary, indicating whether books were shared at least 4 times per week in the past year
(columns (1)) and whether books were shared in the week prior to endline data collection (column (2)). Control vari-
ables are whether the child’s family was assigned to the pure dialogic reading or combined intervention group and the
number of dialogic reading training sessions attended. The sample is restricted to dialogic reading households that re-
ceived dialogic reading training 3 or 4 and the main estimation sample, i.e. non-missing child development test scores
and covariates of the ITT estimation in Table II. Standard errors are in parentheses. Conventional significance levels:
* p<0.1, ** p<0.05, *** p<0.01.

Treatment contamination may occur, for example, when treatment households give away in-
tervention picture books to control households. John Henry effects may arise when control
group households attempt to compensate for the lack of treatment. Both contamination and
John Henry effects would lead to downward bias in the treatment effect estimates.

To quantify potential spillover effects, we rerun our intention-to-treat estimations and add
the saturation rate in treated units within 100 meters distance of each household, following
Baird et al. (2016). The saturation rate is the number of households within the specified dis-
tance that received each intervention divided by all study households in the same distance.22

We estimate the pure treatment effect of each treatment arm T = {DR,LIL, DR&LIL}
and spillover effects the following way:

ytotal
i = αT +β

T
1 TreatedT

i

+
2

∑
L=1

β
L,T
2 SatL

i +
2

∑
L=1

β
L,T
3 TreatedT

i ×SatL
i

+δ
T Popi +X

′
i γ +uiT . (4)

For the sake of readability, we run the regression separately for each treatment group and
on the total development score, ytotal

i (standardized score of the sum of the five development
dimensions). SatL

i refers to the saturation rate of household i with respect to exposure to
intervention L, where L = {1,2}= {DR,LIL}. Popi presents the total number of households
within 100 meters and thus controls for the population density. The control vector X

′
i includes

the standard set of covariates.
22Ideally, the denominator would be all households in the specified distance, but this information is not

available to us. However, we expect the number of study households to be proportional to the total population.
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Table VII: Intention-to-treat and spillover effects for total development z-scores

DR subsample LIL subsample DR&LIL subsample

Total score Total score Total score Total score Total score Total score

DR 0.265* 0.102
(0.141) (0.082)

LIL 0.219 0.047
(0.139) (0.083)

DR&LIL 0.203 0.073
(0.144) (0.086)

DR saturation 0.470***++ 0.447***+ 0.490***++
(0.155) (0.158) (0.157)

DR sat. x DR -0.597**
(0.235)

DR sat. x LIL -0.537**
(0.247)

DR sat. x DR&LIL -0.719***+
(0.252)

LIL saturation -0.215 -0.238 -0.189
(0.171) (0.172) (0.173)

LIL sat. x DR 0.141
(0.236)

LIL sat. x LIL 0.023
(0.258)

LIL sat. x DR&LIL 0.355
(0.243)

Controls ! ! ! ! ! !

Observations 547 547 541 541 531 531
Adjusted R2 0.096 0.087 0.105 0.095 0.079 0.068
Control mean -0.00 -0.00 -0.00 -0.00 -0.00 -0.00

Note: The DR subsample (columns (1) and (2)) consists of households of the stand-alone dialogic reading group and
the control group. The LIL subsample (columns (3) and (4)) consists of households of the Lucky Iron Leaf group and
the control group. The DR&LIL subsample (columns (5) and (6)) consists of households of the combined interven-
tion group and the control group. Dependent variable is the total standardized development score (including cognitive,
language, motor and socioemotional skills) and effect sizes are shown in standard deviations. Control variables are
maternal education, reading ability and empowerment, the child’s sex, population density and subdistrict fixed effects.
Standard errors are in parentheses. Conventional significance levels: * p<0.1, ** p<0.05, *** p<0.01. Multiple test-
ing corrected significance levels:+ p<0.0096, ++ p<0.0048, +++ p<0.0010.

β T
1 presents the treatment effect of intervention T for households without a nearby study

neighbor and net of spillover effects. β
L,T
2 presents the spillover effect received by control

households from intervention L. β
L,T
3 presents the additional spillover effect received by

treatment arm T households from intervention L. If β
L,T
3 was equal to zero, control and

treatment groups would be similarly affected by their exposure to intervention neighbors. δT
presents the population density effect.

Table VII presents estimation results of the saturation model in columns (1), (3), and
(5). For comparison, the even-numbered columns present the simple intention-to-treat ef-
fects, ignoring spillovers. The pure treatment effects increase to 0.20 to 0.27 standard de-
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viations when we control for saturation effects. Further, the dialogic reading intervention
shows consistently positive spillovers on control households. If the share of neighboring di-
alogic reading households among all neighboring study households within 100 meters of an
untreated household increases from 0 to 1, i.e., in a 100 meter radius of an untreated house-
hold all study households are treated with dialogic reading, then the development score of
children in households that were not treated increases by almost half a standard deviation.
Interestingly, this effect is entirely offset for peer-dialogic reading households in the pure
dialogic reading group and in the combined treatment group. The saturation effect of the
Lucky Iron Leaf intervention on control households is of smaller magnitude, negative, and
not statistically significant.

To examine whether the threshold of 100 meters distance is the relevant threshold, we ex-
tend equation (3) to include the saturation rates at 100 to 200 meters and 200 to 300 meters,
respectively, their interaction with the treatment indicator, and the total number of house-
holds in these distances. The spillover effects for distances larger than 100 meters are small
and not significant (see Appendix Figure A.V.1). Following Baird et al. (2016), we further
estimate seemingly unrelated regressions (SUR) of this specification for all development out-
comes. Based on F-tests of the joint significance of spillover effects received by untreated
households being equal to zero, we confirm that the spillover effects for distances larger than
100 meters are zero across outcomes. The 100 meters distance threshold makes sense in the
study context. Field visits showed that properties are small and children often spend time at
their neighbors’ or with neighboring children, however this is often focused on immediate
neighbors as women’s, and therefore mothers’, movement is restricted by patriarchal social
norms.

Additional descriptive statistics provide evidence on the pathways of spillovers. Whereas
only four percent of dialogic reading households affirmed having lent books to neighbors or
friends and book reading in control households increased by no more than four percentage
points (10%) relative to baseline, a quarter of dialogic reading households report at endline
having shared books with children of neighbors or friends (see appendix Table A.V.1). These
numbers suggest that positive externalities, resulting from control household children spend-
ing time at dialogic reading households during book sharing, may have played an important
role.

We conclude that children of untreated households benefited from the dialogic reading
intervention implemented in neighboring households. Through this positive externality, the
true intention-to-treat effect of the dialogic reading stand-alone and the combined interven-
tion may be larger than what we are able identify in Table II.

VII.D Complier Average Causal Effects

Given imperfect utilization rates, intention-to-treat effects are not conclusive about the effi-
cacy of the intervention. The standard procedure to estimate improvements in child outcomes
for intervention compliers would be to use a two-stage least squares estimation with treat-
ment assignment as an instrument for compliance. However, in the presence of spillovers
the exclusion restriction of this estimation strategy becomes difficult to defend. If control
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members compensate for the lack of treatment in ways that promote children’s health and
development, then the instrument, assignment to the experimental group, affects children’s
outcomes independent of actual compliance and, hence, violates the exclusion restriction.
Therefore, we estimate complier average causal effects in a subsample of households that
have no other study households within 100 meters. Because this reduces the sample size
to about 430 households, we estimate the effect of dialogic reading compliance and Lucky
Iron Leaf compliance, irrespective of whether participants are exposed to the intervention in
either the stand-alone or combined intervention groups.

We estimate two first stages:

DRcompi = ω0 +δ1DRanyi +δ2LILanyi +X
′
i λ +νi, (5)

LILcompi = µ0 +η1DRanyi +η2LILanyi +X
′
i κ +υi, (6)

where DRcompi and LILcompi represent compliance with assignment to the dialogic reading
intervention, DRanyi, and the Lucky Iron Leaf intervention, LILanyi, in either of the two
potential treatment arms (stand-alone or combined).

The second stage is:

yi = θ0 +π1 ̂DRcompi +π2 ̂LILcompi +X
′
i ρ + εi, (7)

where the π-coefficients present the complier average causal effects.
In Table VIII, we define compliance among treatment group households as sharing books

or using the Lucky Iron Leaf at least four times per week in the past year and conditional
on the child eating the fortified meals. The instruments’ relevance is confirmed by the weak
identification Cragg-Donald Wald F-statistics, which range between 27 and 29.

The treatment effects for compliers in Table VIII tend to be larger than the intention-
to-treat effects in Tables II and III and are partially marginally significant before multiple
hypothesis testing. Dialogic reading improves cognitive skills by 0.34 standard deviations.
The Lucky Iron Leaf shows large effects on hemoglobin levels (1.0 g/dl) and anemia (40 per-
centage points) as well as on expressive language and socioemotional skills. Although they
are consistent, these results should be interpreted with caution because only 47 participants
classify as Lucky Iron Leaf compliers and 125 participants as dialogic reading compliers.
In a robustness check, we define compliance by the observed presence of an intervention
book or Lucky Iron Leaf in homes at endline, for which we count 77 Lucky Iron Leaf com-
pliers and 90 dialogic reading compliers. Using this observational measure of compliance
avoids recall and desirability bias from self-reports. Reassuringly, employing the alternative
compliance measure leads to very similar results.
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Table VIII: Complier average causal effects

Cognitive Receptive Expressive Motor
Socio-

emotional

DR ≥4 times per week 0.343** 0.184 0.228 0.058 0.227
(0.173) (0.180) (0.185) (0.175) (0.178)

LIL ≥4 times per week 0.002 0.542 0.801* 0.524 0.729*
(0.438) (0.446) (0.468) (0.437) (0.435)

Controls ! ! ! ! !

Cragg-Donald Wald F statistic 28 29 29 27 29
Observations 427 431 433 420 429
Control mean -0.14 -0.19 -0.19 -0.07 -0.26

Hemoglobin Any anemia

DR ≥4 times per week 0.265 -0.052
(0.247) (0.088)

LIL ≥4 times per week 1.010 -0.391*
(0.640) (0.236)

Controls ! !

HemoCue fixed effects ! !

Cragg-Donald Wald F statistic 27 27
Observations 423 423
Control mean 10.58 0.57

Note: Estimation sample is restricted to households that have no other study households within 100 meters. DR and LIL
compliance are defined by having used the intervention at least four times per week in the past 12 months and condi-
tional on the child eating the fortified meals. Dependent variables are standardized development scores and effect sizes
are shown in standard deviations. Control variables are maternal education, reading ability and empowerment, the
child’s sex and subdistrict fixed effects. HemoCue machine fixed effects control for the hemoglobin measurement de-
vice and tester. Standard errors are in parentheses. Conventional significance levels: * p<0.1, ** p<0.05, *** p<0.01.
Multiple testing corrected significance levels: + p<0.0096, ++ p<0.0048, +++ p<0.0010.

VIII IMPACT ON OTHER CAREGIVING DOMAINS

The dialogic reading training may affect caregiving beyond picture book reading in com-
plementary or substituting ways.23 If dialogic reading and other caregiving domains are
complements, we expect an increase in complementary activities or the quality of parenting
measures in the dialogic reading treatment groups. If dialogic reading substitutes for other
caregiver-child interactions, we expect a decrease in substituting activities in the dialogic
reading treatment groups. In Table IX, we test the impact of the dialogic reading interven-
tion on a number of caregiving activities and potential intervention mediators.

We asked all caregivers about activities they did with their children in the two weeks
prior to the endline survey based on UNICEF’s Multiple Indicator Cluster Survey 5. In addi-
tion to book reading, we asked about seven activities, such as playing and singing songs, and

23We also investigated nutritional mediators and substitution effects. However, because the Lucky Iron Leaf
was essentially not utilized, we do not expect any impacts. The results in Appendix Table A.V.2 confirm the
lack of effects.
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summed these seven activities into an activity index ranging from zero to seven.24 Column
(1) of Table IX presents the impact on book reading (question was not specific to dialogic
reading) and shows a significant increase in the probability of book reading of 14 and 11
percentage points in the stand-alone and combined dialogic reading treatment arms, respec-
tively. In column (2), we re-code households as non-reading when they report having no
books at home, to avoid social desirability bias. The effects increase dramatically in size to
about 40 percentage points and provide further evidence that the intervention affected book
sharing. In column (3), the dialogic reading stand-alone intervention shows a positive effect
on the activity index, suggesting that caregivers perform 0.2 more activities with their chil-
dren on average, in comparison to the 5.6 activities conducted in the control group. Given
that the combined intervention does not show the same positive effects, the results in col-
umn (3) present weak evidence in favor of the tested activities being complementary to the
dialogic reading intervention.

We further enquired about parenting measures, specifically shouting and spanking, which
caregivers had been taught were harmful to children and should not be used during book
sharing. Additionally, we asked about caregivers’ aspirations with respect to their children’s
educational achievement, because the intervention trainings suggested potential gains from
book sharing in children’s later performance in school. However, columns (4) and (5) of
Table IX show no effect of the interventions on the use of shouting or spanking and educa-
tional aspirations. Overall, these results provide limited evidence that the dialogic reading
intervention affected caregiving positively or negatively beyond picture book sharing.

IX CONTEXTUAL BARRIERS TO TAKE-UP

The effectiveness of the Lucky Iron Leaf intervention was compromised by low utilization
rates. Prior to the study, we conducted qualitative semi-structured interviews and a quantita-
tive survey in the target region to investigate the likely acceptance of using a tulsi leaf-shaped
iron ingot for cooking. The tulsi leaf was identified as an appropriate shape of the iron ingot
as tulsi is commonly used for herbal tea – and therefore literally thrown into a pot of hot
water – and 90 percent of respondents to the quantitative survey indicated that they would
use the iron ingot for cooking. Previous smaller trials testing the effectiveness of the Lucky
Iron FishTM (a fish-shaped iron ingot for meal fortification) in Cambodia and Peru had com-
pliance rates of 80 percent or higher (Charles et al., 2010, 2015; Rappaport et al., 2017;
Whitney et al., 2021). However, these trials had some form of follow-up either immediately
after the distribution, to assist the incorporation of the Lucky Iron FishTM into daily cooking
routines, or after three to six months to take blood samples and a short survey about the usage
of the Lucky Iron FishTM. It could be that such follow-ups, even just for the purpose of data
collection, were a factor in ensuring sustained compliance.

24The activity index includes the caregiver-child interactions story telling, singing songs, playing, taking the
child outside of the compound, and naming objects. In addition, the index includes whether children played
with (homemade) toys.
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Table IX: Intention-to-treat effects on other caregiving domains

(1) (2) (3) (4) (5)
Read
books

Read books
& has book

No. of
Activities

Shout or
spank

Aspiration

DR 0.143*** 0.404*** 0.229** 0.021 0.121
(0.041) (0.033) (0.108) (0.035) (0.164)

LIL -0.010 -0.005 -0.011 0.036 -0.060
(0.042) (0.021) (0.110) (0.035) (0.160)

DR & LIL 0.112*** 0.378*** 0.119 0.042 0.109
(0.043) (0.035) (0.109) (0.035) (0.163)

Controls ! ! ! ! !

Observations 1114 1114 1100 1125 893
Adjusted R2 0.04 0.23 0.03 0.00 0.12
Control mean 0.46 0.07 5.60 0.76 5.34

Note: Column (3) outcome: summation of indicators for 7 different activities recently conducted with the child. Column
(4) outcome: dummy for whether mother spanks or shouts at child. Column (5) outcome: aspiration is measured by the
highest level of education mothers are envisioning for their child, from 1=None to 8=Master degree or higher (5=Higher
secondary). Control variables are maternal education, reading ability and empowerment, the child’s sex and subdistrict
fixed effects. Standard errors are in parentheses. Conventional significance levels: * p<0.1, ** p<0.05, *** p<0.01.

A common obstacle to the take-up of preventive health care products is the lack of in-
formation on products and underlying health issues (Dupas, 2011). In the case of the Lucky
Iron Leaf intervention, knowledge about anemia would be a key motivation for its (continual)
utilization. However, only seven percent of Lucky Iron Leaf group respondents answered
positively to the question “Have you heard of anemia?” twelve months after intervention
roll-out (and four percent in the control group). Respondents may not have known the term
“anemia” but, nevertheless, were familiar with the concept of iron deficiency and its impli-
cations for children’s health and development, as iron deficiency anemia education was part
of the intervention. In light of low overall health knowledge among the study population –
e.g., only five percent of the study sample had heard of under-nutrition in general and two-
thirds of caregivers could not name any danger signs of malaria – one home visit may not
have sufficed to raise anemia awareness in a sustainable way and, therefore, to convey the
need for increased iron intake. We conclude that in contexts with low levels of education and
health knowledge, more intensive or more frequent information sessions may be required to
induce behavioral changes.

A frequently-discussed barrier to take-up of micronutrient fortification interventions is
the alteration of taste and color of meals (de Barros and Cardoso, 2016). In addition, inter-
ventions that specifically use cast iron for fortification, e.g., fortification through iron pots,
have discussed participants’ dislike of rust and concerns about its health implications as po-
tential barriers to take-up (Geerligs et al., 2002; Tripp et al., 2010; Charles et al., 2011, 2015;
Alves, Saleh and Alaofè, 2019). We informed participants during the implementing home
visits that rust is harmless to the body and explained how to remove rust easily from the iron
ingot. Further, the Lucky Iron Leaf manual instructs users to clean and dry the iron ingot
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after cooking to avoid rust. In line with these precautions, only 6.4 percent of non-compliers
mentioned that they did not use the iron ingot because meals taste like iron or rust and only
3.4 percent mentioned that it looked rusty. Thus, we are not concerned that rust or alterations
to the taste and color of meals deterred take-up.

Using an acidic food in the preparation of the daily fortified meal is essential for the
Lucky Iron Leaf to be effective. The fruit acid causes the iron to leach from the ingot into
the water. While the majority of Lucky Iron Leaf households were aware of this requirement,
only a quarter reported the consumption of any tomato or lemon in the week before the end-
line survey. This dietary pattern reflects the overall low consumption of fruits and vegetables
in northeast India (Sharma et al., 2020). In Cambodia, where 90 percent of participants
persistently used the Lucky Iron FishTM, fruit acids are regularly consumed in a variety of
traditional meals such as soups soured with lemon juice (Charles et al., 2010, 2015; Rappa-
port et al., 2017). Therefore the behavior change required to utilize the Lucky Iron ingot is
smaller in Cambodia than in India.

Lastly, women’s empowerment potentially plays an important role in children’s nutrition.
In our study sample, only half of the mothers are involved in decisions about their children’s
diets. Although the intervention targeted specifically a household decision maker, in addi-
tion to the person responsible for cooking, 21 percent of caregivers did not use the Lucky
Iron Leaf because their husbands or parents-in-law disliked it. Therefore, the intervention
failed to convince key decision makers in a considerable number of households. In contexts
where women are sufficiently empowered to make decisions, such barriers to take-up may
be alleviated.

Social norms around gender roles might also have an impact with respect to the gender of
the facilitator. Women as meal-makers, and therefore as main recipients of the intervention,
might not have felt comfortable to talk to the male facilitator and, therefore, rejected the
use of the Lucky Iron Leaf. Unfortunately, we did not ask women about the gender of the
facilitator as a potential reason for non-compliance.

The discussion implies two key take-aways. First, additional follow-ups could potentially
improve take-up if they include household decision makers and raise awareness about iron
deficiency anemia. Follow-up visits could further support the incorporation of the Lucky
Iron Leaf into daily cooking practices. If the distribution of the Lucky Iron Leaf is combined
with home visits for a cognitive stimulation intervention, such as dialogic reading trainings,
follow-ups could be integrated with the cognitive stimulation intervention. The distribution
and follow-ups could also be integrated into the work of community health workers or with
any other existing program. Second, for poor population groups, who rarely consume vegeta-
bles or fruits, the distribution of the Lucky Iron Fish may be accompanied by the distribution
of powdered citric acid.

X CONCLUSION

We study whether two simple and short-lived interventions can reduce anemia and improve
mental functions of one- to two-year old children in northeast India. The first intervention
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targets iron deficiency and comprises one home visit to distribute a durable cooking tool for
home iron fortification of meals, called Lucky Iron Leaf. The second intervention targets the
lack of psychosocial stimulation and consists of the provision of picture books and four at-
home trainings of caregivers in dialogic reading. Both interventions are remarkably simple
in their delivery to households in comparison to existing effective early skill development
programs. Children and their caregivers were randomly assigned to receive either, both or
no intervention.

Children in the combined intervention group, who were non-anemic at baseline (30% of
the baseline sample), improved their receptive language skills by 0.54 standard deviations.
This result suggests that children’s initial health endowment complements parental invest-
ments in the production technology of human capital. Biologically, non-anemic children
likely have an advantage in the efficacy of book sharing over their anemic peers because
they can engage actively and learn more, in comparison to anemic children who tend to be
more tired and less exploratory.

The fact that we observe treatment effects for non-anemic children in the combined inter-
vention provides evidence for parental investments complementing each other in a dynamic
way: the Lucky Iron Leaf increases hemoglobin levels and avoids anemia which makes dia-
logic reading more productive. However, this result is limited by low utilitazion rates of the
Lucky Iron Leaf. Utilization of the iron fortification device was reported to be 25 percent ini-
tially and decreased to 3 percent a year later. The complementarity of the two interventions,
therefore, must stem from positive impacts among temporary Lucky Iron Leaf compliers.
Children in families who used the Lucky Iron Leaf at least four times per week for cooking
in the past year, show a reduction in the rate of anemia of 40 percent (the sample is small
(N=423) and the effect is not significant anymore after multiple hypothesis testing). The
home visit for the delivery of the Lucky Iron Leaf intervention, which was focused primarily
on the child’s well-being, may have also reinforced dialogic reading investments.

Interactions between children’s health and parental investments have been previously
documented. Tofail et al. (2013) find that a psychosocial stimulation intervention with 6
to 24 months old children in Bangladesh was effective for non-anemic children but not for
anemic children. In the structural estimation of a human capital production function in India,
Attanasio, Meghir and Nix (2020) find that good health positively affects parental investment
in children as well as later health and cognitive outcomes.

Given the simplicity of our interventions, the effect size for non-anemic children is con-
siderable. Comprehensive home-based parenting interventions patterned after the Jamaica-
program with weekly home visits of 6 to 24 months improved receptive language by about
0.2 to 0.7 standard deviations and cognition by about 0.3 to 0.6 standard deviations (Attana-
sio et al., 2014; Yousafzai et al., 2014; Sylvia et al., 2020; Grantham-McGregor et al., 2020).
The interventions tested in this study only significantly affected receptive language skills,
whereas the more comprehensive home-visiting programs also improved cognition and, in
some cases, expressive language and motor skills.

We further investigate spillovers of our nutrition and psychosocial stimulation interven-
tions through neighborhood networks. We follow Baird et al. (2016) and use variation in
the saturation in opposite treatment households to disentangle the pure treatment effect from
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spillover effects. The pure intention-to-treat effect across treatment arms on children’s men-
tal functions increases in magnitude to 0.20 to 0.27 standard deviations. Further, we find
large spillover effects of dialogic reading saturation in control households, whereas there are
no spillovers of Lucky Iron Leaf saturation or among dialogic reading peers. The detected
dialogic reading spillovers on control neighbors are in line with List, Momeni and Zenou
(2019), who find large positive externalities of an early childhood cognitive stimulation in-
tervention via neighborhood networks in the United States.

Our results add to a growing literature on delivering early childhood development pro-
grams at scale and suggest that more short-lived parenting interventions are potentially effec-
tive in healthier populations. Previous approaches successfully used existing infrastructure to
scale intensive and long-lasting parenting programs (Attanasio et al., 2014; Yousafzai et al.,
2014; Andrew et al., 2020; Attanasio et al., 2020b; Sylvia et al., 2020). Our approach offers
an alternative program design in contexts where supply-side compliance is expected to be
low. Replications of this approach are necessary to explore this alternative way to scale.
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Appendix I - The interventions

The dialogic reading intervention

The dialogic reading training was delivered by local female facilitators in Hindi or Maithili,
the local language in Madhepura. Each training contained different contents, commencing
with the benefits of dialogic reading and basic behavior guidelines when sharing a book, and
advancing through the four home visits to topics of pointing and naming, evaluating, elabo-
rating, talking about and relating to experiences, and talking about and relating to feelings.
The content of each of the four training sessions and the procedure of each session are sum-
marized in appendix Table A.I.1. The training content was developed by the Mikhulu Child
Development Trust and was based on a program implemented and evaluated in South Africa
before (Cooper et al., 2014; Murray et al., 2016; Vally et al., 2015).

Table A.I.1: Topics of the di-
alogic reading training by ses-
sion

Session Concepts

1 Having fun
Follow babies interest
Freedom with the book
Using a lively voice
Always be positive
Practice regularly

2 Point and say
Asking questions
Repeating the word
Elaborating
Making and action

3 Making links
Talking about experiences

4 Talking about feelings
Making links about feelings

In the first three visits, the dialogic reading facilitators distributed one picture book per
visit for the children and caregivers to keep. The colorful picture books contained familiar
images, stimulating features of colors, shapes and materials and the content was suitable
for practicing the dialogic reading concepts learned in the respective session. The book of
the first session was the touch-and- feel book ”The Very Hungry Caterpillar” produced by
the Penguin publisher. The second book (”Little Painters”) and third book (”Annual Hair-
cut Day”) were obtained from Pratham Books, a sub-organization of the education focused
Indian NGO Pratham. All books were chosen based on their cultural fit and children’s famil-
iarity with images displayed and stories told. The books had a minimal amount of written
words so the story could be followed by illiterate readers well.
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In addition to the books, all treatment households received handouts which summarize
the lessons learned by the training sessions in simple colorful pictures and simple instructions
in Hindi language (see appendix Figure A.I.1 for the English version).

Home visits were conducted by local facilitators who were trained for six days by an
experienced trainer of the Mikhulu Child Development Trust. In each household, the primary
caregiver, typically the mother, and secondary caregivers such as grandparents, older siblings
or fathers were encouraged to participate in the training. In case caregivers were not at
home during the first visit, the facilitators revisited each house up to two times on the same
day. Each home visit lasted 40 to 60 minutes. The first 25 to 45 minutes were spent on
conveying the session’s content using tablets for presentations, pictures and videos. Each
session contained a review of previous sessions. In the subsequent 5 to 10 minutes, the
facilitator introduced the new book to the caregiver and how the learned concepts can be
applied using the book. At last, about 10 to 15 minutes were spent on the caregiver practicing
book sharing with the child in the facilitator’s presence using the new book. During that
time the facilitators praised the caregiver for applying the concepts and advised on how to
improve. At the end of each session, caregivers were encouraged to practice book sharing
on a daily basis for the benefit of their child.
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(a) Handout dialogic reading training 1

(b) Handout dialogic reading training 2

(c) Handout dialogic reading training 3 and 4

Figure A.I.1: Dialogic reading training material (English version)
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The Lucky Iron Leaf intervention

The intervention addressed the main meal maker and at least one decision maker of the
household, if available. However, often primary decision makers were not available and the
intervention was carried out as long as the person responsible for cooking was present. The
facilitators were male college students from Madhepura district who had received a five days
training on the Lucky Iron Leaf utilization and iron deficiency anemia. Each intervention
session started with a description of iron deficiency anemia, its symptoms, causes and con-
sequences. A particular emphasis was put on the importance of sufficient iron intake for
young children and women. Next, the facilitators introduced the Lucky Iron Leaf to the par-
ticipants as a tool to avoid anemia. Using a small user manual suitable for an illiterate study
population and depicted in Figure A.I.2, the facilitators explained the correct usage of the
iron ingot. The facilitators were instructed to describe in detail how the Lucky Iron Leaf can
be integrated in the preparation of context specific dishes such as daal, rice, cooked vegeta-
bles or lemon water. The face-to-face explanation was accompanied by the presentation of a
short movie in which a woman from the study region demonstrates how she uses the Lucky
Iron Leaf for cooking. The purpose of the movie was to deepen the understanding on how
to use the Lucky Iron Leaf correctly and to overcome skepticism towards the product using
social learning. At the end of each session, the household members were encouraged to ask
questions and raise concerns. During some visits, participants were just preparing meals and,
if appreciated by the household, the facilitator assisted the meal maker in using the Lucky
Iron Leaf.
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Figure A.I.2: Lucky Iron Leaf manual
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Appendix II - Attrition and randomization
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Table A.II.1: Selective attrition - Linear probability model results

Baseline - endline Pre-baleline - endline

DR 0.006 −0.035
(0.030) (0.031)

LIL 0.019 −0.024
(0.030) (0.031)

DR & LIL 0.018 −0.006
(0.030) (0.031)

Observations 1480 1995
Adjusted R2 -0.00 -0.00
F statistic 0.19 0.54

Note: Outcome variables are binary indicators indicating the drop-out of households from the study sample between
baseline and endline (column (1)) and pre-baseline and endline (column (2)). Standard errors in parentheses. Conven-
tional significance levels: * p<0.1, ** p<0.05, *** p<0.01.
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Table A.II.2: Baseline balance in background characteristics of the baseline sample (not restricted to estimation sample)

Control Dialogic reading Lucky Iron Leaf Dialogic reading & Lucky Iron Leaf

Mean SD N Mean SD N Std.
Diff.

p-
value Mean SD N Std.

Diff.
p-

value Mean SD N Std.
Diff.

p-
value

Household characteristics:
Household size 5.66 2.04 354 5.69 2.30 377 −0.01 0.86 5.62 2.19 376 0.02 0.78 5.64 2.27 365 0.01 0.90
Hindu 0.87 0.34 355 0.83 0.37 379 0.10 0.16 0.85 0.36 379 0.05 0.48 0.87 0.34 367 0.01 0.88
Scheduled caste 0.29 0.46 353 0.31 0.46 379 −0.04 0.57 0.31 0.46 379 −0.04 0.62 0.32 0.47 365 −0.06 0.45
Scheduled tribe 0.04 0.20 353 0.04 0.20 379 0.00 0.99 0.03 0.16 379 0.09 0.23 0.04 0.20 365 0.01 0.93
Other backward class 0.59 0.49 353 0.58 0.49 379 0.04 0.59 0.57 0.50 379 0.05 0.49 0.58 0.49 365 0.03 0.65
General category 0.07 0.25 353 0.07 0.25 379 −0.00 0.97 0.09 0.29 379 −0.09 0.23 0.06 0.24 365 0.03 0.67
No schooling 0.43 0.50 355 0.49 0.50 379 −0.14 0.06 0.47 0.50 379 −0.10 0.18 0.42 0.49 367 0.02 0.82
Primary 0.17 0.38 355 0.14 0.35 379 0.09 0.23 0.15 0.35 379 0.07 0.32 0.16 0.37 367 0.03 0.69
Middle school 0.15 0.35 355 0.14 0.35 379 0.02 0.80 0.15 0.36 379 −0.00 0.96 0.17 0.38 367 −0.06 0.41
High school or higher 0.26 0.44 355 0.23 0.42 379 0.07 0.35 0.23 0.42 379 0.06 0.45 0.25 0.44 367 0.01 0.93
Asset index quintilea 5.46 2.91 354 5.34 2.99 379 0.04 0.57 5.05 2.91 376 0.14 0.06 5.16 2.94 366 0.10 0.16
Housing index quintileb 3.77 2.81 355 3.73 2.82 379 0.02 0.82 3.50 2.72 379 0.10 0.17 3.57 2.75 367 0.07 0.32
Mother characteristics:
Age in years 24.83 3.97 355 24.71 4.27 379 0.03 0.70 24.51 3.88 379 0.08 0.28 24.95 3.96 367 −0.03 0.68
No schooling 0.72 0.45 355 0.75 0.43 379 −0.08 0.30 0.82 0.38 379 −0.24 0.00 0.74 0.44 367 −0.05 0.49
Primary 0.10 0.29 355 0.05 0.22 379 0.16 0.03 0.04 0.20 379 0.21 0.00 0.07 0.25 367 0.10 0.18
Middle school 0.06 0.23 355 0.08 0.27 379 −0.09 0.22 0.04 0.21 379 0.05 0.48 0.10 0.29 367 −0.15 0.05
High school or higher 0.13 0.34 355 0.12 0.32 379 0.04 0.58 0.09 0.29 379 0.12 0.11 0.10 0.29 367 0.11 0.15
Can read SMS 0.28 0.45 355 0.28 0.45 379 −0.00 0.99 0.20 0.40 379 0.20 0.01 0.28 0.45 367 0.00 0.97
Worked past 12 months 0.92 0.29 355 0.89 0.32 379 0.09 0.24 0.91 0.30 379 0.05 0.54 0.91 0.30 367 0.05 0.53
Empowermentc 0.36 0.48 355 0.43 0.50 379 −0.14 0.05 0.39 0.49 379 −0.07 0.32 0.41 0.49 367 −0.11 0.14
Decides child nutrition 0.54 0.50 327 0.57 0.50 348 −0.08 0.30 0.53 0.50 337 0.01 0.92 0.49 0.50 322 0.10 0.23
Child characteristics:
Sex of child 0.50 0.50 348 0.54 0.50 373 −0.08 0.29 0.57 0.50 374 −0.15 0.04 0.46 0.50 361 0.08 0.29
Currently breastfed 0.89 0.31 345 0.91 0.29 368 −0.06 0.43 0.90 0.31 362 −0.01 0.92 0.89 0.31 349 −0.00 0.96
Iron past 3 months 0.33 0.47 310 0.37 0.48 326 −0.09 0.27 0.34 0.48 334 −0.03 0.68 0.37 0.48 320 −0.08 0.30

Note: Table continues on next page. Std. Diff. refers to the standardized difference in means of the control group and the respective treatment group. p-values refer to a t-test
of the equality of means of the control group and the respective treatment group. a10 quintiles based on a durable asset index generated by factor analysis. b10 quintiles based
on a housing quality index generated by factor analysis. cIndicator equals one if mother is allowed to go alone to at least one of five places (market, health facility, neighbor’s,
relatives or friends outside the village, place of worship) and participates in at least one of four decisions (health investments, household purchases, family visits outside village,
and farm).
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Table A.II.2 continued

Control Dialogic reading Lucky Iron Leaf Dialogic reading & Lucky Iron Leaf

Mean SD N Mean SD N Std.
Diff.

p-
value Mean SD N Std.

Diff.
p-

value Mean SD N Std.
Diff.

p-
value

Home environment:
Stimulation indexd 5.66 1.74 332 5.61 1.70 349 0.03 0.74 5.61 1.75 344 0.03 0.73 5.61 1.80 336 0.03 0.73
Good educat. measurese 0.81 0.39 331 0.79 0.41 349 0.04 0.60 0.78 0.42 333 0.08 0.31 0.79 0.41 330 0.05 0.49
Bad educat. measures f 0.74 0.44 338 0.67 0.47 355 0.15 0.06 0.72 0.45 343 0.03 0.69 0.72 0.45 336 0.04 0.57
Outcome measures:
Cognitive 0.00 1.00 305 −0.08 1.03 328 0.08 0.34 −0.08 1.17 327 0.07 0.36 0.02 1.01 330 −0.02 0.82
Receptive language 0.00 1.00 312 −0.10 1.02 334 0.10 0.20 −0.07 1.10 335 0.07 0.41 −0.13 1.06 333 0.13 0.10
Expressive language −0.00 1.00 313 −0.10 1.14 334 0.10 0.22 −0.12 1.09 335 0.11 0.16 −0.14 1.09 335 0.13 0.09
Motor 0.00 1.00 306 0.00 0.98 328 −0.00 1.00 0.06 1.01 327 −0.06 0.44 −0.05 0.97 332 0.05 0.50
Socioemotional −0.00 1.00 307 −0.19 2.35 331 0.11 0.18 −0.11 1.12 327 0.11 0.17 0.14 2.17 333 −0.09 0.29
Hemoglobin g/dL 10.17 1.36 233 10.16 1.32 241 0.01 0.93 10.31 1.40 234 −0.10 0.26 10.31 1.41 251 −0.11 0.24
Anemia (any type) 0.71 0.46 233 0.71 0.45 241 −0.01 0.89 0.67 0.47 233 0.09 0.32 0.66 0.48 251 0.11 0.23
Moderate Anemia 0.40 0.49 233 0.41 0.49 241 −0.03 0.73 0.38 0.49 233 0.04 0.64 0.37 0.48 251 0.05 0.58

Note: Std. Diff. refers to the standardized difference in means of the control group and the respective treatment group. p-values refer to a t-test of the equality of means of the
control group and the respective treatment group. dThe sum of stimulating activities typically conducted with the child. eEquals 1 if caregiver explains wrong behavior to
child, takes away privileges or gives child something else to do. f Equals 1 if caregiver shouts, yells or screams at child or spanks, hits, kicks or slaps child.
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Appendix III - Additional intention-to-treat results
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Table A.III.1: ITT effects on child development with tester fixed effects and children’s age fixed effects

Cognitive Receptive language Expressive language Motor Socioemotional

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

DR 0.097 0.106 −0.017 −0.009 0.042 0.038 0.056 0.053 0.083 0.055
(0.077) (0.082) (0.081) (0.085) (0.081) (0.086) (0.077) (0.081) (0.071) (0.082)

LIL −0.010 0.022 0.012 0.029 0.059 0.060 0.007 0.038 0.054 0.044
(0.075) (0.082) (0.080) (0.085) (0.082) (0.086) (0.077) (0.082) (0.071) (0.080)

DR & LIL 0.049 0.078 0.006 0.017 0.044 0.045 0.057 0.059 0.023 0.005
(0.079) (0.086) (0.082) (0.088) (0.086) (0.089) (0.078) (0.084) (0.072) (0.085)

Controls ! ! ! ! ! ! ! ! ! !

Tester fixed effects ! ! ! ! !

Age in months fixed effects ! ! ! ! !

Observations 1136 1136 1148 1148 1148 1148 1113 1113 1140 1140
Adjusted R2 0.225 0.092 0.121 0.028 0.125 0.050 0.176 0.104 0.251 0.046

Note: Dependent variables are standardized development scores and effect sizes are in standard deviations. Control variables are maternal
education, reading ability and empowerment, the child’s sex and subdistrict fixed effects. Tester fixed effects are development test facili-
tator fixed effects. Standard errors in parentheses. Conventional significance levels: * p<0.1, ** p<0.05, *** p<0.01. Multiple testing
corrected significance levels: + p<0.0096, ++ p<0.0048, +++ p<0.0010.
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Table A.III.2: Intention-to-treat effects on secondary health outcomes

Head circumference Stunted Wasted Underweight

DR -0.126 -0.009 -0.002 -0.034
(0.091) (0.039) (0.031) (0.042)

LIL -0.129 -0.044 0.024 -0.026
(0.095) (0.040) (0.032) (0.043)

DR & LIL 0.062 -0.035 0.003 -0.070*
(0.092) (0.040) (0.030) (0.042)

Controls ! ! ! !

ECD outcome sample !

Iron outcome sample ! ! !

Observations 1104 1119 1096 1125
Adjusted R2 0.018 0.050 0.004 0.009
Control mean -1.62 0.67 0.15 0.53

Note: Dependent variable in column (1) is standardized (z-scores) and effect sizes are in standard deviations. Dependent
variables in column (2) to (4) are binary indicators. Control variables are maternal education, reading ability and em-
powerment, the child’s sex and subdistrict fixed effects. Standard errors are in parentheses. Conventional significance
levels: * p<0.1, ** p<0.05, *** p<0.01.
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Table A.III.3: ITT effects on hemoglobin and anemia in a sample restricted to the ANCOVA sample

Hemoglobin Any anemia Moderate anemia

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

DR −0.077 −0.140 −0.121 0.080 0.111** 0.112** 0.026 0.036 0.030
(0.136) (0.136) (0.122) (0.052) (0.052) (0.050) (0.047) (0.047) (0.044)

LIL −0.118 −0.127 −0.132 0.060 0.060 0.064 0.050 0.051 0.044
(0.144) (0.142) (0.127) (0.053) (0.052) (0.048) (0.049) (0.049) (0.046)

DR & LIL −0.074 −0.136 −0.158 −0.000 0.033 0.045 0.036 0.045 0.054
(0.149) (0.148) (0.131) (0.053) (0.052) (0.048) (0.047) (0.048) (0.045)

Controls ! ! ! ! ! !

HemoCue machine fixed effects ! ! ! ! ! !

Baseline outcome ! ! !

Observations 710 710 710 710 710 710 710 710 710
Adjusted R2 -0.003 0.038 0.269 0.001 0.039 0.176 -0.003 0.003 0.111

Note: Hemoglobin is measured in g/dl. Any anemia and moderate anemia are binary indicators. Control variables are maternal education, reading ability and em-
powerment, the child’s sex and subdistrict fixed effects. Device fixed effects are HemoCue machine fixed effects. Baseline outcome indicates that the estimation
controls for the baseline value of the model’s dependent variable. Standard errors are in parentheses. Conventional significance levels: * p<0.1, ** p<0.05, ***
p<0.01. Multiple testing corrected significance levels: + p<0.0096, ++ p<0.0048, +++ p<0.0010.
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Appendix IV - Additional results on heterogeneous treatment effects
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Table A.IV.1: Heterogenous ITT effects by mothers’ education and empowerment status

Hemoglobin Any anemia Cognitive Receptive Expressive Motor Socio-
emotional

Mother completed primary
DR −0.153 0.059 0.115 −0.063 0.052 0.067 0.084

(0.141) (0.049) (0.096) (0.097) (0.099) (0.093) (0.097)
DR x Primary −0.028 0.035 −0.037 0.218 −0.080 −0.037 −0.101

(0.256) (0.104) (0.179) (0.192) (0.192) (0.189) (0.166)
LIL 0.099 −0.015 −0.065 −0.083 0.019 0.009 0.082

(0.139) (0.049) (0.093) (0.093) (0.097) (0.094) (0.096)
LIL x Primary −0.504* 0.137 0.400* 0.512** 0.169 0.146 −0.196

(0.273) (0.109) (0.209) (0.216) (0.198) (0.202) (0.162)
DR&LIL −0.017 0.004 0.075 −0.068 0.064 0.133 0.050

(0.147) (0.051) (0.100) (0.099) (0.107) (0.097) (0.102)
DR&LIL x Primary 0.077 −0.049 −0.042 0.321 −0.142 −0.252 −0.177

(0.265) (0.102) (0.200) (0.202) (0.195) (0.195) (0.165)
Primary 0.167 0.002 0.325** −0.007 0.372** 0.177 0.497***+++

(0.236) (0.086) (0.165) (0.152) (0.155) (0.167) (0.133)

Observations 1039 1039 1136 1148 1148 1113 1140
Adjusted R2 0.03 0.02 0.08 0.03 0.05 0.07 0.04

Mother is empowered
DR −0.253 0.096* 0.184* 0.075 −0.059 0.116 −0.053

(0.155) (0.057) (0.101) (0.108) (0.116) (0.105) (0.108)
DR x Empowered 0.140 −0.041 −0.180 −0.207 0.217 −0.144 0.276*

(0.239) (0.088) (0.167) (0.172) (0.169) (0.166) (0.165)
LIL 0.093 −0.030 0.008 0.096 0.035 −0.002 −0.061

(0.146) (0.055) (0.104) (0.106) (0.112) (0.105) (0.102)
LIL x Empowered −0.288 0.129 −0.024 −0.211 0.011 0.058 0.272*

(0.248) (0.089) (0.170) (0.174) (0.170) (0.169) (0.165)
DR&LIL 0.073 −0.023 0.086 0.059 −0.004 0.077 −0.013

(0.161) (0.056) (0.111) (0.109) (0.120) (0.111) (0.106)
DR&LIL x Empowered −0.211 0.049 −0.062 −0.115 0.104 −0.043 0.076

(0.251) (0.090) (0.179) (0.182) (0.181) (0.172) (0.170)
Empowered 0.092 −0.035 0.079 0.094 0.015 0.024 −0.103

(0.178) (0.063) (0.122) (0.128) (0.118) (0.121) (0.121)

Controls ! ! ! ! ! ! !

Device fixed effects ! !

Observations 1039 1039 1136 1148 1148 1113 1140
Adjusted R2 0.03 0.03 0.08 0.03 0.05 0.07 0.04

Note: Hemoglobin is measured in g/dl. Any anemia is a binary indicator. Dependent variables in column (3) to (7) are standardized development scores and effect
sizes are in standard deviations. Control variables in top panel are maternal reading ability and empowerment, the child’s sex and subdistrict fixed effects. Note,
results do not change when maternal reading ability is omitted. Control variables in bottom panel are maternal education and reading ability, the child’s sex and sub-
district fixed effects. HemoCue machine fixed effects control for the hemoglobin measurement device and tester. Standard errors are in parentheses. Conventional
significance levels: * p<0.1, ** p<0.05, *** p<0.01. Multiple testing corrected significance levels: + p<0.0096, ++ p<0.0048, +++ p<0.0010.
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Table A.IV.2: Heterogenous ITT effects by children’s sex and anemia status at baseline

Hemoglobin Any anemia Cognitive Receptive Expressive Motor Socio-
emotional

Sex of child
DR −0.012 0.062 0.107 −0.026 −0.025 0.275** 0.078

(0.174) (0.062) (0.118) (0.124) (0.118) (0.114) (0.117)
DR x Boy −0.308 0.020 0.001 0.038 0.112 −0.427***+ −0.028

(0.233) (0.085) (0.163) (0.166) (0.169) (0.160) (0.160)
LIL 0.069 −0.021 −0.034 −0.056 0.030 0.204* −0.019

(0.182) (0.064) (0.117) (0.124) (0.111) (0.122) (0.121)
LIL x Boy −0.154 0.067 0.062 0.137 0.024 −0.346** 0.108

(0.241) (0.088) (0.166) (0.168) (0.167) (0.165) (0.161)
DR&LIL 0.042 −0.007 0.022 −0.057 0.008 0.138 −0.037

(0.182) (0.061) (0.126) (0.122) (0.121) (0.120) (0.122)
DR&LIL x Boy −0.104 0.003 0.085 0.152 0.055 −0.153 0.099

(0.245) (0.087) (0.174) (0.174) (0.182) (0.169) (0.166)
Boy 0.241 −0.030 −0.073 −0.089 −0.186 0.317***+ −0.079

(0.173) (0.061) (0.116) (0.120) (0.119) (0.115) (0.117)

Observations 1039 1039 1136 1148 1148 1113 1140
Adjusted R2 0.03 0.02 0.08 0.03 0.05 0.07 0.04

Children’s baseline anemia status
DR −0.292 0.149 0.143 0.420** 0.075 0.107 0.168

(0.199) (0.090) (0.179) (0.179) (0.183) (0.172) (0.174)
DR x Anemic 0.211 −0.052 0.012 −0.388* −0.074 0.018 −0.154

(0.254) (0.108) (0.215) (0.216) (0.224) (0.212) (0.214)
LIL 0.105 −0.012 0.300* 0.330* 0.206 0.146 0.074

(0.186) (0.084) (0.177) (0.170) (0.157) (0.168) (0.164)
LIL x Anemic −0.344 0.107 −0.347 −0.418** −0.201 −0.026 0.025

(0.247) (0.102) (0.221) (0.213) (0.201) (0.215) (0.204)
DR&LIL 0.122 −0.032 0.450** 0.538***++ 0.047 0.144 0.213

(0.198) (0.084) (0.181) (0.175) (0.183) (0.177) (0.165)
DR&LIL x Anemic −0.433* 0.112 −0.427* −0.596***+ −0.039 −0.075 −0.287

(0.262) (0.102) (0.223) (0.219) (0.230) (0.218) (0.208)
Anemic −1.052***+++ 0.357***+++ 0.238 0.327** −0.151 −0.060 −0.048

(0.177) (0.073) (0.151) (0.143) (0.147) (0.149) (0.151)

Controls ! ! ! ! ! ! !

HemoCue machine fixed effects ! !

Observations 710 710 758 766 766 742 760
Adjusted R2 0.20 0.18 0.08 0.03 0.04 0.05 0.04
p-value (DR+interaction=0) 0.61 0.10 0.19 0.79 0.99 0.31 0.91
p-value (LIL+interaction=0) 0.15 0.10 0.71 0.49 0.97 0.36 0.42
p-value (DR&LIL+int.=0) 0.07 0.17 0.85 0.66 0.95 0.58 0.56

Note: Hemoglobin is measured in g/dl. Any anemia is a binary indicator. Dependent variables in column (3) to (7) are standardized development scores and effect sizes are
in standard deviations. Control variables are maternal education, reading ability and empowerment, the child’s sex (not in top panel) and subdistrict fixed effects. HemoCue
machine fixed effects control for the hemoglobin measurement device and tester. Standard errors are in parentheses. Conventional significance levels: * p<0.1, ** p<0.05,
*** p<0.01. Multiple testing corrected significance levels: + p<0.0096, ++ p<0.0048, +++ p<0.0010.
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Table A.IV.3: Linear probability model of children’s anemia at baseline
on family and children’s background characteristics

Anemia Anemia Anemia Anemia Anemia Anemia Anemia

Household characteristics:
Household size -0.003 -0.007

(0.008) (0.010)
Hindu -0.017 0.041

(0.054) (0.069)
Scheduled caste 0.120 0.099

(0.074) (0.098)
Scheduled tribe 0.065 0.139

(0.109) (0.137)
Other backward class -0.003 0.004

(0.069) (0.090)
Primary -0.071 -0.075

(0.053) (0.063)
Middle school -0.041 -0.014

(0.058) (0.074)
High school or higher 0.018 0.052

(0.061) (0.077)
Asset index quintile -0.001 0.001

(0.007) (0.008)
Housing index quintile 0.003 -0.000

(0.007) (0.008)
Mother characteristics:
Age in years -0.009** -0.012**

(0.005) (0.005)
Worked in past 12 months -0.082 -0.063

(0.052) (0.069)
Decides about child nutrition 0.054 0.069

(0.036) (0.043)
Child characteristics:
Currently breastfed -0.021 -0.022

(0.035) (0.042)
Vit-A past 6 months -0.010 -0.014

(0.039) (0.047)
Iron past 3 months -0.018 -0.011

(0.048) (0.056)
ageLB -0.001 0.002

(0.007) (0.009)
Home environment:
Moderate stimulation -0.082 -0.014

(0.087) (0.132)
High stimulation -0.127 -0.039

(0.087) (0.131)
Good educational measures -0.091 -0.160**

(0.059) (0.071)
Bad educational measures 0.140* 0.073

(0.080) (0.105)
Baseline outcomes:
Cognitive 0.009 0.011

(0.021) (0.025)
Receptive language 0.025 0.014

(0.019) (0.021)
Expressive language -0.023 -0.026

(0.020) (0.024)
Motor -0.011 0.006

(0.022) (0.026)
Socioemotional -0.027 -0.027

(0.018) (0.022)
Child anthropometrics:
Height (z-score) -0.033** -0.035**

(0.013) (0.017)
Weight-for-age (z-score) 0.000 -0.002

(0.013) (0.017)
Head circumference (z-score) 0.001 0.016

(0.017) (0.022)
Controls ! ! ! ! ! ! !

Observations 761 702 724 718 678 724 539
Adjusted R2 0.02 0.02 0.01 0.01 0.01 0.02 0.00
F statistic 1.53 2.02 1.24 1.59 1.45 1.93 1.20

Note: Anemia is a binary indicator. Control variables are maternal education, reading ability and empow-
erment, the child’s sex and subdistrict fixed effects. Standard errors in parentheses. Conventional signifi-
cance levels: * p<0.1, ** p<0.05, *** p<0.01.

18



Table A.IV.4: Heterogenous ITT effects on receptive language by children’s anemia status
and controlling for potential confounders

Model 1
Model 2

Restricted to
model 3 sample

Model 3

DR 0.420** 0.430** 0.439**
(0.179) (0.181) (0.181)

DR x Anemic -0.388* -0.368* -0.382*
(0.216) (0.219) (0.220)

LIL 0.330* 0.358** 0.366**
(0.170) (0.176) (0.180)

LIL x Anemic -0.418** -0.442** -0.459**
(0.213) (0.219) (0.222)

DR&LIL 0.538***++ 0.524***++ 0.493***+
(0.175) (0.178) (0.180)

DR&LIL x Anemic -0.596***+ -0.557** -0.506**
(0.219) (0.224) (0.224)

Anemic 0.327** 0.315** 0.322**
(0.143) (0.144) (0.145)

Mother’s age (years) -0.011
(0.009)

Good educational measures 0.194
(0.125)

Bad educational measures -0.175
(0.169)

Height (z-score) 0.051**
(0.024)

Controls ! ! !

Observations 766 732 732
Adjusted R2 0.03 0.03 0.04

Note: Dependent variable is the standardized receptive language score and effect sizes are in standard deviations. Control variables
are maternal education, reading ability and empowerment, the child’s sex and subdistrict fixed effects. Standard errors in parentheses.
Conventional significance levels: * p<0.1, ** p<0.05, *** p<0.01. Multiple testing corrected significance levels: + p<0.0096, ++
p<0.0048, +++ p<0.0010.
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Appendix V - Additional results on spillovers and mediators

20



Table A.V.1: Spillover statistics

Panel A: Spill-overs from dialogic reading intervention

Dialogic reading households Control households Lucky Iron Leaf households

Lent books to neighbors DR with neighbor/ friends Shares books Have/had
intervention books Shares books Have/had

intervention books

No 0.72 0.51 0.87 0.98 0.86 0.97
Yes 0.04 0.25 0.13 0.02 0.14 0.03
N/A 0.24 0.24

Observations 666 666 326 326 337 337

Panel B: Spill-overs from the Lucky Iron Leaf intervention

Lucky Iron Leaf households Control households Dialogic reading households

LIL lent to s.o. else Use LIL ≥4 times per week &
Neighbor’s children eat regularly in HH Heard about LIL Heard about LIL

No 0.88 0.92 0.93 0.92
Yes 0.06 0.06 0.02 0.02
N/A 0.06 0.02 0.05 0.05

Observations 677 665 329 353

Note: Panel A: Columns (1) to (2) refer to spillovers sent from the households in the pure dialogic reading treatment arm or the combined interven-
tion arm, columns (3) to (4) refer to spillovers received by pure control group households and columns (5) to (6) refer to spillovers received by the
pure Lucky Iron Leaf treatment arm households. Panel B: Columns (1) to (2) refer to spillovers sent from the households in the pure Lucky Iron Leaf
treatment arm or the combined intervention arm, columns (3) refer to spillovers received by pure control group households and columns (4) refer to
spillovers received by the pure dialogic reading treatment arm households. Share of households that fall in the N/A category is large for book lending
and book sharing with other children. This is caused by a skip pattern resulting in treatment households not being asked these questions and retrospec-
tively being coded as N/A.
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Figure A.V.1: Spillover results with additional distance thresholds

Note: The Figure shows results for a specification similar to equation (3) in section VII.C, extended
by terms for the share of treated neighbors in the 100 to 200 meters distance and 200 to 300 meters
distance, their interaction with the treatment status, and the total number of neighbors in these dis-
tances. The outcome is the overall development score. The specification is estimated separately for
each intervention arm, similar to Table VII.
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Table A.V.2: Lucky Iron Leaf mediators and substitution effects

Anemia
awareness

Food
diversity Vegetables Meat Iron

supplements
Vitamin A

supplements
Anganwadi

visit

DR 0.006 0.105 -0.002 0.015 -0.001 0.042 -0.038
(0.018) (0.132) (0.025) (0.042) (0.035) (0.041) (0.040)

LIL 0.021 -0.073 -0.019 -0.059 0.007 0.059 -0.007
(0.018) (0.128) (0.026) (0.042) (0.034) (0.041) (0.041)

DR & LIL 0.028 0.001 -0.021 -0.015 -0.011 -0.001 -0.057
(0.020) (0.131) (0.025) (0.043) (0.034) (0.041) (0.040)

Controls ! ! ! ! ! ! !

Observations 1096 1133 1137 1136 1116 1096 1125
Adjusted R2 0.11 0.01 0.05 0.00 0.01 0.03 0.00
Control mean 0.04 7.10 0.91 0.43 0.20 0.34 0.34

Note: Anemia awareness: has heard of anemia; Food diversity: summation of indicators for the consumption of 10 food items; Veg-
etables: indicator for the consumption of vegetables; Meat: indicator for the consumption of meat; Iron supplements: indicator for
the child’s consumption of iron supplements in the past 3 months; Vitamin A supplements: indicator for the child’s consumption of
vitamin A supplements in the past 6 months; Anganwadi visit: indicator for whether the Anganwadi center was visited with the child
in the past 14 days. Control variables are maternal education, reading ability and empowerment, the child’s sex and subdistrict fixed
effects. Standard errors are in parentheses. Significance levels: * p<0.1, ** p<0.05, *** p<0.01.
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