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ABSTRACT

Early childhood interventions aim to improve parenting, children’s skills, thus reducing poverty.
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1 Introductionl!

In India, as in many other Low and Middle-Income Countries (LMICs), school enrollment
has increased steadily (UNESCO Institute for Statistics, |2025), yet learning outcomes have
remained stagnant at very low levels (Angrist et al., 2021). “Schooling without learning”
remains a pressing concern, as documented by repeated large-scale surveys (ASER, 2023)).
A central question is why expanded schooling has not translated into commensurate gains

in learning.

One strand of literature emphasizes the quality of education provided (Duflo, Hanna,
and Ryan| 2012; Banerjee et al., 2017; |Akyeampong et al 2023)). A complementary line of
work highlights the critical importance of the early years, emphasizes the formative role of
the early years, showing that deficits arising in early childhood constrain subsequent skill
formation through what has been termed dynamic complementarities (Lancet, [2007; |(Cunha;
and Heckman) 2007; |(Cunha, Heckman, and Schennach| 2010)). Evidence from India under-
scores this point: a longitudinal study following 14,000 preschool children across three states
finds that low cognitive and language skills at age five strongly predict poorer performance

in primary school (Kaul and Bhattacharjeal, 2019).

The presence of dynamic complementarities implies that improvements in school qual-
ity are likely to be most effective when they build on strong early foundations. Interventions
such as Teaching at the Right Level (Banerjee et all 2017) or policies aimed at reducing
absenteeism (Duflo, Hanna, and Ryan, [2012) yield larger gains for children who enter school

with higher levels of cognitive and socio-emotional development. The implications are par-

! Author Contribution: The original trial was designed, directed and analyzed by Alison Andrew,
Orazio Attanasio, Britta Augsburg, Monimalika Day, Sally Grantham-McGregor, Costas Meghir and Marta
Rubio Codina. The contributions to the Followup study are: PJ and SG-Mc contributed to the choice of tests
to measure child development for the follow up. PJ, LC and MG designed the data collection instruments
and carried out analysis. LC conducted the data cleaning. PJ, LC, MG, and SG-Mc contributed to the
interpretation and writing the paper. LC and MG participated in the piloting of child development’s tests,
PJ trained the trainers, LC and MG trained and supervised field staff for data collection. SG-Mc, CM,
MRC, MD and OA participated in the initial trial. PJ, LC, MG, SG-Mc, CM, MRC, MD and OA critically
reviewed the paper for important intellectual content.



ticularly stark in India, where widespread early-life deprivation limits many children’s ability

to benefit from rapid economic growth. The resulting inequality—generated by the dynamic

process of child development, as discussed in Attanasio| (2025)—may ultimately become a

binding constraint on aggregate growth itself (Aghion, Almas, and Meghir| 2025)).

Consistent with this perspective, evidence shows that gaps in cognitive development

between children from poor and middle-class families emerge early and widen steadily with

age (Rubio-Codina et al. 2015} Rubio-Codina and Grantham-McGregor|, |2020). Research

in Early Childhood Development (ECD) highlights that these early deficits, associated with

growing up in poverty, are difficult to reverse because they become biologically embedded,

affecting brain development and the endocrine system (Jensen et al., [2021)), with apparent

delays even in the first year. These delays increase with age and are related to poor school

performance and adult outcomes. Although such issues arise wherever poverty exists, they

are particularly salient for LMICs (Black et al., 2016} Hamadani et al., [2014)), putting millions

of children at risk of not reaching their developmental potential (Bhutta et al., |2022).

In most societies, very young children spend much of their time at home with their

mothers, making the quality of home interactions and material resources critical for develop-

ment (Attanasio et al., 2020; Attanasio, Cattan, and Meghir, [2022). Poverty restricts both

resources and parental bandwidth, often generating stress and anxiety that limit the ability

of parents to provide stimulating and nurturing care (Engle and Blackl 2008; [Mani et al.,

2013; Kandpal and Baylis, 2019)). Unequal gender relations and early motherhood further

exacerbate these adverse conditions (Calvi, [2020)).

Since the first Lancet Series on Child Development (Grantham-McGregor et al., [2007)),

which documented the large share of children in low- and middle-income countries (LMICs),

under 5 years of age, who do not reach their developmental potential, there has been growing

interest in designing scalable interventions that can break this cycle (Richter et al. 2017)).

Many of these build on the intervention by |Grantham-McGregor et al| (1991). Originally




developed in Jamaica and now known as Reach Up and LeamEl, it emphasizes caregiver—child

interactions and stimulation in the home environment. It produced substantial short- and

long-term gains, especially among vulnerable children (Gertler et al., 2014)).

In the short term, many ECD programs beyond the Jamaica intervention have improved

child development and parental investment (see, e.g., Attanasio, Cattan, and Meghir, 2022)).

However, some short-term impacts may reflect temporary mechanisms, such as transitory

parental behavioral changes that fade over time (Heckman et al.,|2020; |Andrew et al., 2018]).

Whether early interventions can permanently alter life trajectories depends on the dynamic

process of skill formation and later investments, which may complement the human capital

accumulated early in life (Heckman, Pinto, and Savelyev, |2013;|Garcia et al., 2021} Attanasio,|

Meghir, and Nix, [2020)).

The evidence on whether early gains persist is limited and mixed in LMICs, with the

most compelling evidence being that of the Jamaican intervention. Although some studies

identify sustained benefits, such as in Uganda, where Kakwangire et al, (2024) report lasting

cognitive impacts at age 8 or in Bangladesh, where Hossain et al.| (2023) find sustained effects

for non-anemic children, others point to a pattern of “fade-out.” For instance, in Colombia,

initial improvements in child development had vanished after two years (Attanasio et al.,

2014; Andrew et al.| 2018). Similarly, the Thula Sana intervention in South Africa found no

cognitive effects at a 13-year follow-up (Tomlinson et al., |2021)), and clinic-based programs

in Jamaica showed no sustained gains at age six (Smith et al., 2021)). This heterogeneity,

along with the possibility of impacts that attenuate in the medium term may re-emerge later

(Jeong, Pitchik, and Fink| 2021} Bailey et al., [2017; Heckman, Pinto, and Savelyev| 2013)),

underscores the importance of tracking participants over a substantial part of the life cycle

to understand the dynamics of skill formation. The fact that long-lasting effects have been

observed more consistently in high-income countries (Campbell et al., 2014; Heckman et al.,

2010; Doyle, 2020) may indicate the importance of the specific setting for sustained impacts,

’https://reachupandlearn.com/


https://reachupandlearn.com/

such as institutions, school quality, and initial conditions, although there are too few long

term follow ups in LMICs to establish this.

In this paper, we examine the medium term effects of a home-visiting early childhood
intervention, in Cuttack, India, targeted at children who were 10-20 months old at the
start (Andrew et al., |2019). Like the Jamaican study, our research focuses on peri-urban
slum populations, which in our case largely consists of recent migrants from rural areas
seeking economic opportunities. This focus on slum-dwelling children is especially relevant
for rapidly urbanizing countries such as India. However, unlike the Jamaican study, we
did not specifically target stunted children[| although stunting rates in our setting remain
high—around 22%, compared with 30% in the broader Odisha population (Sah et al., [2024]).
Our study therefore examines a broader poor population, resembling the target group of a

scaled-up intervention.

We implemented the Reach-Up-and-learn program, adapted to our specific context.
The program was designed to be scalable both in cost and in delivery. It relied on local
community workers to improve caregiver—child interactions and the home environment. The
participants were extremely poor and socially vulnerable, but the baseline data indicated
high aspirations for their children, suggesting both the need and the openness to interventions

that promote human development.

(Andrew et al. 2019), showed that at the end of the intervention, children’s cogni-
tive development, parental investments, and maternal mental health improved substantially.
Here, we assess whether these gains were sustained when children were aged seven to eight,
four and a half years later. We now find that the treated children maintained significant
gains in overall achievement, comprising numeracy and literacy, dimensions directly related
to future skill accumulation and school success, although the 1Q did not improve significantly.

Importantly, the effects were concentrated among the children who were most vulnerable at

3Stunting is defined as height-for-age <-2 standard standard deviations of WHO standard.



baseline, measured by height for age, allowing them to catch up with their less vulnerable

peers.

This medium-term follow-up occurred at a critical juncture, around the onset of formal
schooling. In a context where hundreds of millions of children in LMICs leave school without
basic numeracy and literacy skills (Snilstveit et al., 2017), and where early skills strongly
predict later attainment (Heckman) 2006), sustained early gains appear particularly promis-
ing. Our findings underscore the need and feasibility of interventions that promote early
development and school readiness, which are essential prerequisites for skill accumulation

and ultimately poverty reduction.

The remainder of the paper proceeds as follows. Section [2| describes the intervention
and the experimental design; Section [3| presents the follow-up study; Section [4] reports the

results; and Section [5| concludes with broader implications.

2 The parenting intervention and its short run impacts

The short-term effects of the intervention under study were assessed through a Randomized
Controlled Trial (RCT) and are reported in |Andrew et al.| (2019). We briefly describe the

original trial, the main outcomes that were measured and the results that were obtained.

The Intervention. The study was carried out in 2012 in the peri-urban slums of the
city of Cuttack in Odisha, India. It implemented an intervention based on the Jamaican
home-visiting program Reach Up (Grantham-McGregor and Smith, 2016) adapted to the

socio-cultural context of this target population.

The intervention, implemented in collaboration with Pratham(f, consisted of weekly

one-hour home visits with the target child and the primary caregiver over a period of 18

4Pratham is the major NGO in India working on education. They were our partner in this and other
experimental projects in India (https://www.pratham.org/about/).



months. The objective of the visits was to improve caregiver-child interactions, and to
support the caregivers’ ability to assist their child’s development through developmentally
appropriate activities that tapped into daily routines. One of the main ideas of the approach
is to provide parents with practical demonstrations of activities that are likely to be devel-
opmentally productive at the specific age of their child, and provide an opportunity for the

parent to practice and receive positive feedback (Grantham-McGregor et al.| 1991)E]

The visits were conducted by local women with no specific qualifications. Twenty-seven
home visitors (one per treatment slum) were recruited among local women and trained for
four weeks, with two subsequent refresher training lasting two-to-three days each. During the
weekly sessions, the visitor (HV) worked through the structured curriculum that emphasized
the development of cognitive and language skills through increased interactions between the
child and caregivers and introduced play activities, picture books, images to stimulate story-
telling and conversation, and homemade toys from surplus household materials, all of which
involve almost no financial cost. The HVs left the toys in the home until the next visit, and
encouraged caregivers to continue playing and chatting with the child between visits, give
positive reinforcement, and eliminate physical punishment. Materials were replaced each
week with new ones, according to the curriculum, and none were left with the family at the

end of the intervention.

The local women who delivered the intervention were between 18 and 55 years old,
and 74.1% had completed high school. Three mentors with prior field experience received
training in key principles of child development and were responsible for training, supervising,
and supporting the home visitors through weekly meetings. These mentors were employed
by our implementing partner, Pratham, which managed all aspects of program delivery. A

psychologist provided ongoing technical support throughout the intervention period. Over

5Countries in which Reach Up has been adapted include Bangladesh, Brazil, China, Colombia, India and
Peru. A review of its evaluations can be found in |[Jervis et al.| (2023a)). See also |Grantham-McGregor et al.
(1991)), |Aboud and Yousafzail (2015)), |Attanasio et al. (2020) and |Jeong et al. (2021)) for the importance of
encouraging parenting practices to support the socio-emotional development of infants and young children.



the 18-month period, the cost per treated child was US$251 at a time when GDP per capita
in India was US$1,434 (nominal 2012 prices). This cost could be lower if the program were

implemented on a scale, due to scale economies ]

The intervention tapped into existing local skills, knowledge and connections by re-
cruiting local women. Moreover, the HV were, in most cases, known to and trusted by the
families that they were visiting to deliver the intervention. These features are important for

the community buy-in, scalability, and sustainability of such interventions.

The Experimental Design. We selected 54 urban slums (clusters). These clusters were
well defined geographical areas delimited by waterways and roads. Within each cluster,
eligible households with a child aged 10-20 months at baseline, who was not a twin and had no
obvious disability, were identified through a door-to-door census. The original RCT identified
775 eligible households, of which between 7-9 children per cluster were randomly selected
for inclusion in the study. Consent was obtained before treatment status was revealed. This
procedure resulted in 421 children enrolled in the study. In the Appendix we show the

relevant power calculations for the original experiment.

Randomization and Blinding. After an initial census, the 54 study clusters were strat-
ified into 3 groups by the number of eligible children identified in the cluster (fewer than
nine, 21%, nine or more, 66%, and where adjacent areas were added, 13%). Then within
each stratum, clusters were randomized to the treatment or control group (27 clusters in
the treatment group and 27 clusters in the control group), using computer generated ran-
dom numbers. While it was not feasible to blind households to their allocation to the home

visiting program, testers and interviewers were blind to the treatment status of participants.

6The home-visiting branch of the larger scale experiment described in |Grantham-McGregor et al.| (2020)
cost $135 per child per year, which in real terms is approximately 30% less.



Measured Outcomes and and Short-Run Results. Baseline data was collected in
November-December 2013, and outcomes at the end of the intervention were measured in
May-June 2015. At baseline, child development was measured using an adapted version
of the Ages and Stages Questionnaires, third edition (ASQ-3) (see Squires and Bricker]
2009). At endline, child development was measured with the Bayley Scales of Infant and
Toddler Development, third edition (BSID III, see Bayley, 2006]). As reported in |Andrew
et al.| (2019)), at endline, after 18 months of treatment, children’s cognition had benefited
significantly by 0.349 SD (Romano-Wolf multiple hypotheses testing (RW)E] p-value =0.017).
Other measured outcomes also improved but not as significantly: receptive language by 0.224
SD (RW p-value=0.18) and expressive language by 0.192 SD (RW p-value=0.18) and fine
motor skills by 0.111 (RW p-value 0.36).@ In heterogeneity analyses children whose mothers
had higher levels of education (8th Standard or better) improved more than those with
mothers who had lower educational levels (the effect size on the Bayley was 0.353 (standard
error 0.148) versus -0.025 (standard error 0.161), p-value of the difference = 0.024) and
boys improved more than girls (but the difference was not significant, except for receptive
language). Also, children who were moderately stunted at baseline improved significantly
more than non-stunted children (the effect size on the Bayley was 0.794 (standard error 0.266)
versus 0.158 (standard error 0.140), p-value of the difference = 0.019). Finally, mothers’

depressive symptoms decreased by 0.27% SD in the CESD-10 scale (p-value 0.013)ﬂ

3 Follow up study

The follow up study collected data on children’s achievement in literacy, numeracy and

intelligence four and half years after the end of the intervention, when the children were

"(Romano and Wolf, 2005b) Four hypotheses tested.

8The results in the text do not adjust for covariates. Adjusting for prespecified baseline controls, the
estimated effect sizes and corresponding stepdown p-values for the Bayley-111 Z-Scores are: Cognition 0.293
(RW p=0.053), Receptive language 0.180 (RW p=0.319), and Expressive language 0.111 (RW p=0.456).
Here and in what follows, impacts are measured in terms of Standard Deviation (SD) of the control group.

90ther than for gender, the heterogeneity analysis is reported in the online section for lsupporting infor-
mation of Andrew et al.| (2019)).


https://acamh.onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1111%2Fjcpp.13171&file=jcpp13171-sup-0001-TableS1-S14.docx
https://acamh.onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1111%2Fjcpp.13171&file=jcpp13171-sup-0001-TableS1-S14.docx

around seven to eight years of age.

3.1 Descriptive statistics, balance and attrition

Descriptives and Balance. Table[l|reports some descriptive statistics of the sample that
was enrolled at the baseline of the original study. The sample was economically disadvan-
taged with 49% of the households living below the poverty line, and over 20% of the children
being stunted at baseline. Only 60% of the households in the sample had piped water con-
nection. However, almost the whole sample had an electricity connection. At baseline, 51%

of the children were boys and 49% were girls, and the mean age was 15 months.

Table [1] shows that the characteristics of the treatment and control groups were bal-
anced at baseline, except for maternal education, which was higher in the treatment group
although this difference is not statistically significant once p-values are corrected for mul-
tiple hypothesis testing. Nevertheless, we control for this imbalance in the analysis, as

pre-specified for the original trial.

Attrition. At the first follow-up (endline of the intervention), we were able to locate
378 children. Between December 2019 and January 2020, four and a half years after the
conclusion of the intervention, we attempted to locate all the 421 children who were initially

enrolled in the study and were able to track 314 children (74.6% of the original sample).

Attrition was not related to treatment status. The p-value for the effect of treatment on
attrition in both follow ups is 0.26 (the coefficient on treatment is 0.025, with an associated
standard error of 0.022). Considering the second follow-up only, treated and control children
were equally likely to be interviewed (the coefficient on treatment is 0.037, p-value=0.46).
Moreover, baseline characteristics of the subjects lost do not differ significantly from those
remaining in the study. Of the 12 characteristics we considered the fine motor ASQ score

difference between those remaining and lost had a p-value of 0.04 and for the ASQ commu-



Table 1: Baseline Balance

Treatment (T) Control (C) Tré)a;:r?lls; _
Mean S.D. Mean S.D. Control
Age in months 14.721 3.066 15.112  3.234 0.589
Male % 0.565 0.497 0.476 0.501 0.053
Firstborn % 0.478 0.501 0.467 0.500 0.671
Mother’s years of education 8.091 3.359 6.722 3.842 0.005
Asset index Z-score 0.133 0.925 -0.126 0.932 0.057
ASQ-3 problem solving Z-score 0.029 0.986 -0.028 1.004 0.859
ASQ-3 communication Z-score -0.015 1.041 0.015 0.947 0.499
ASQ-3 fine motor Z-score -0.035 1.030 0.035 0.959 0.867
Stunted 0.209 0.407 0.233 0.424 0.180
Maternal knowledge of child development Z-score  -0.028 0.793 0.027 0.867 0.928
Quality of home environment Z-score 0.043 0.883 -0.043  0.763 0.172
Maternal depressive symptoms Z-score -0.026 0.897 0.025 0.837 0.779
Below Urban Poverty Line 0.483 0.501 0.486 0.501 0.345
Income (Rs) per Capita per Day 109.747  218.092 98.446 218.178 0.877
Roof made from metal sheet/thatch/polyethylene  0.388 0.488 0.462  0.500 0.378
House has dirt floor 0.057 0.233 0.052 0.222 0.958
House has piped water connection 0.598 0.491 0.575 0.495 0.661
Household has electricity connection 0.986 0.119 0.986 0.118 0.585
Household owns a fridge 0.402 0.491 0.308 0.463 0.107
Observations 209 212

Notes: The table reports balance in baseline characteristics between the treatment group and the control group.
p-values are for tests of equality of the means across treatment and control groups. Z-scores have a mean 0
and standard deviation of 1 in the control group. ¢ The Urban poverty line as defined by the Rangarajan
committee is Rs. 47 per household member per day. ? The average exchange rate during the baseline survey
(November/December 2013) was Rs. 62/USD. ASQ-3 is the Ages and Stages Questionnaire (3rd edition), a survey
instrument to measure child development based on parent report.
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nication score 0.039. The remaining 10 p-values range from 0.088 to 0.913["]

3.2 Outcome measures

Children’s age at the time of the follow-up ranged between 6.8 and 8 years (mean 7.4 SD
0.26). The primary outcomes for the follow-up were children’s literacy and numeracy skills,
as well as their general intelligence (I1Q, which includes cognition, language, and components
of executive functioning). To assess literacy, we combined two instruments, which measure
foundational reading skills and early literacy. For foundational reading skills, we used a
test developed in India, the Annual Status of Education Report (ASER), which builds on
Pratham’s experience in evaluating children’s literacy skills throughout India and which has
been previously used to evaluate pre-school interventions (ASER] 2012; [Vagh, 2010; Dillon
et al., 2017). For early literacy we selected age-appropriate items from the “Early Literacy”
sub-scale of a Screening-for-School-Readiness test adapted for India to evaluate a pre-school
intervention (Meghir et al.| (2023)), which includes 21 items for naming letters, matching
letters and matching objects with letters, and rearranging letters into words questions. To
assess numeracy we combined two instruments that measure math facts fluency and early
numeracy. For math facts fluency, we developed and piloted a task based on math facts flu-
ency sub-test of the Woodcock-Johnson-IV “Tests of Achievement - 20”7 (Schrank, Mather,
and McGrew, (2014)). The task measures the ability to solve 60 simple addition and subtrac-
tion problems in a set time of 3 minutes. For early numeracy we selected age-appropriate
items from the “Number Concepts” sub-scale of the same Screening-for-School-Readiness test
adapted for India (Meghir et al. (2023)) that includes 16 items for naming numbers, match-
ing quantities with numbers, greater or less, and addition/subtraction questions. To assess
1Q, we selected sub-scales from the Wechsler Preschool and Primary Scale of Intelligence-1V

(WPPSI-1V) (Wechsler, 2012), which has been adapted for India to evaluate a pre-school

10T hese results are presented in Table form in Appendix Tables and
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intervention (Meghir et al| (2023))[T] All sub-scales were combined into the Full-Scale-1Q
(FSIQ).

All tests were administered in the children’s homes. Testing was conducted by XXX
trained enumerators who were blinded to the treatment allocation of the child. All instru-
ments were previously adapted to be culturally appropriate without changing the underlying
constructs. The instruments showed good inter-tester reliability (Cohen’s kappa was above

0.9 for all instruments).

To better understand how the intervention operated and the extent to which it changes
the behavior of the parents and the investments they make in their children we measure
several outcomes relating to parent child interactions and the environment in the home

relating to child upbringing and stimulation.

Such secondary outcomes were collected through a structured interview conducted
with the child’s primary caregiver to obtain details on family characteristics, standard of
living, and stimulation in the home together with home environment quality. For this pur-
pose, we use the United Nation’s Children’s Fund family care indicators (FCI; Kariger et al.
(2012)) and The Early Childhood Home Observation for the Measurement of the Environ-
ment (EC-HOME; Bradley et al. (1988)). The FCI includes a play-materials scale, which
records the presence of toys and books, and a play-activities scale, which includes adult
involvement with the child in certain play activities. For the EC-HOME, we selected items
from the scales Acceptance, Responsivity, Physical Environment, Language Stimulation and
Academic Stimulation. These items ask about the type and variety of activities the child
engaged in with an adult over the preceding days (such as whether the child received help

with homework, or whether an adult discussed schoolwork with the child).

We also collected information on educational expenditure and the primary caregivers’

"The following subscales were used: Verbal Comprehension, Visual Spatial, Working Memory, and Pro-
cessing Speed Indices and Matrix Reasoning sub-scale, which is used internationally to measure children’s
general intelligence.
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expectations and aspirations regarding their children’s skills and educational attainment.
Finally, we collected measures of the primary caregiver’s self-efficacy (Pedersen et al., [1989;
Porter, [2003) and depression (Center for Epidemiologic Studies Depression; CES-D; Radloff!
(1977)). For the self-efficacy and depression scales we constructed summary indices as simple

averages of the responses.

3.3 Empirical Analysis

We present impact estimates on four individual child assessments, two for numeracy (math
facts fluency and early numeracy) and two for literacy (foundational reading skills and early

literacy), as well as the general 1Q.

To construct these primary outcome variables, we standardize internally the outcome
variables related to child numeracy, literacy, and 1Q to remove age and tester effects. Specif-
ically, for each test, we separately regress the raw test scores on tester dummies and take the
residuals. Those residuals are standardized using the empirical age-conditional means and

standard deviations each estimated using non-parametric regression methods on the control

group sample.m

We also assess impacts on summary indices computed by combining the outcomes
related to the same dimension of child development, one for numeracy and one for literacy.
In this case, we take the average of the standardized test scores we are combining. Then we
re-standardize to have a mean 0 and standard deviation of 1 in the control group.ﬁ We also
report impacts on a overall achievement index combining the two literacy and two numeracy
scores with the same procedure described above. Finally, the item scores of the FCI and

HOME scales were created as the sum of different questions from the FCI and HOME

12See the description of the procedure in section B.4 of the online appendix of |Attanasio et al. (2020)
found here: https://www.aeaweb.org/content/file?id=11163 Briefly, we regress the raw scores on tester
dummies and compute the residuals from this regression. We then use a kernel-weighted local polynomial
regression to estimate the age-specific mean and standard deviation of these residuals in the control group
and use these to create age-standardized z-scores.

13When one of the two scores was missing the index was set to missing.
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questionnaires and then standardized as above. Given our standardization, the estimated

effect sizes for all outcomes are measured in standard deviation units (SD) in the control
group.

We obtain the estimates by regressing the standardized scores on treatment status and
including baseline controls for ASQ-3, child gender, maternal education and strata fixed
effects. All the estimates should be interpreted as intention to treat, as we do not control
for compliance with the intervention or the number of visits each households received, for

which we have no information.

Standard errors have been computed using 5000 bootstrap replications. The result-
ing p-values are two-sided and have been adjusted for multiple testing using the stepdown

procedure described in [Romano and Wolf| (2005a,b)).

4 Results

Primary Outcomes. In Table [2| we report the estimated impacts on our primary out-
comes, four and a half years after the end of the intervention, when the children in the
sample are between 6.8 and 8 years of age. The effects are in units of standard deviation
of the control group (SD). In panel A, we consider an overall index of achievement in nu-
meracy and literacy. The intervention caused a highly significant improvement of 0.332 SD

(p-value=0.009) in the overall achievement index.

In Panel B of Table [2, we report the impacts of the intervention separately on the
numeracy and literacy summary indices, which form part of the overall achievement index.
The impact on numeracy is 0.33 SD and strongly significant (p-value 0.007). The impact on
literacy is 0.272 SD with a p-value of 0.06, which has been adjusted for the fact that we are

testing two hypotheses (numeracy and literacy).

In Panel C, we further breakdown the impacts on individual components of the sum-
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mary indices of numeracy and literacy, and the p-values reported adjust for testing the four
hypotheses in that panel. The estimates show substantial impacts on all subscales ranging
from 33% to 17% of a standard deviation. The math facts fluency test is significant at the
3% level, while the early numeracy scale is significant at 5.4%.

Table 2: Treatment Effects at Second Follow-up

Effect Observations

Panel A:
Achievement index 0.332 279
(0.127)  [0.009]

Panel B: Summary Indices

Numeracy 0.330 314
(0.117) [0.007]
Literacy 0.272 279

(0.133) [0.064]
Panel C: Tests

Math facts fluency scale 0.330 314
(0.130)  [0.03]

Early numeracy scale 0.256 314
(0.109) [0.054]

Foundational reading scale 0.269 279
(0.130) [0.065]

Early literacy scale 0.173 314

(0.124) [0.142]

Panel D: Full-Scale-1Q

Full-Scale-1Q 0.083 314
(0.146) [0.289]

Notes: The outcome variables were internally standardized, removing
tester and age effects and have a mean of zero and standard deviation
of one in the control group. Controls include child gender, age, baseline
ASQ scores, maternal education, and randomization strata fixed effects.
Panel A shows the results for the achievement index. Panel B shows the
results for the summary indices for numeracy and literacy as described in
the text. Panel C shows the results on individual tests. Standard errors
in parentheses are computed using the bootstrap with 5000 replications
and are clustered at the slum level. Romano-Wolf step down p-values in
square brackets are reported for the treatment effects on the numeracy
and literacy indices (2 hypotheses) and separately for the four estimates
in the Panel C (4 hypotheses). The number of observations is lower for the
literacy scale (i.e., 279) and, as a result, for the achievement index that
includes it, due to missing data on 35 children’s ASER test (that measures
foundational reading skills).

Finally, in the last row of the table we report the Full-Scale-1QQ as measured by the
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WPPSI-IV. While the estimated coefficient is positive, the effect is statistically insignificant

and hence suggests that the program had no long run effects on children’s general 1Q.

Secondary Outcomes. Table |3 shows the impacts on a number of secondary outcomes
measured four and a half years after the intervention ended relating to parental investments
in children, aspirations, and maternal mental health. In Panel A, two results that are
directly relevant to the intervention stand out: parents were more likely to report engaging
in stimulating activities with their child (FCI and HOME activities 0.293 with a p-value
of 0.038), and parents increased educational expenditures (0.62SD, p-value=0.006). Other
secondary outcomes related to parents’ investment decisions, including material investments
in toys and learning materials, school enrollment, school absenteeism, perceived ability of the
child, and parental aspirations for the child’s educational attainment, did not show evidence
of improvement.

Table 3: Treatment Effects on Intermediate Outcomes

Maternal depression ~ Maternal Self-efficacy Materials FCI and HOME Activities Educational Expenditures
Panel A:
(Z-score) (Z-score) (Z-score) (Z-score) (Z-score)
(1) 2) (3) (4) (5)
Treatment -0.033 0.044 -0.097 0.293 0.618
(0.155) (0.136) (0.095) (0.141) (0.227)
P-value 0.834 0.745 0.305 0.038 0.006
Mean outcome control -0.009 0.003 0.000 0.010 8.083
Observations 312 312 312 312 312
Panel B: Enrolled in school  Days absent from school Perceived child ability Educational attainment wished
(6) (7) (®) 9)
Treatment 0.017 -0.313 0.083 0.172
(0.017) (0.465) (0.205) (0.113)
P-value 0.302 0.501 0.687 0.126
Mean outcome control 0.975 2.660 8.951 13.521
Observations 287 303 312 310

Notes: The table report treatment effects on intermediate outcomes. Standard errors are computed using the bootstrap with 5000
replications and are clustered at the slum level. Z-scores are standardized to have a mean 0 and standard deviation 1 in the control group.
Days absent from school refers to the 20 days preceding the interview (excluding holidays).

We did not find any improvements in primary caregiver’s self-efficacy or depression,
although we found an improvement in the latter at endline, immediately after the intervention
ended (0.266 SD on the CESD-10 score, p-value=0.013). We note that despite not finding
persistent improvements, addressing maternal depression in the short term, possibly by the

provision of social support (Andrew et al. 2023)), could have been an important mechanism
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underlying the initial and sustained impact of the intervention on child development and

investments, consistent with [Baranov et al. (2020)).

These results speak to the mechanisms underlying the effects: the program got parents
to do more and indeed this improved level of investments persists even four years later. By
contrast, in the Colombia intervention where the effects did not persist, |Andrew et al.| (2018))
report that parental investments also declined relative to the control group. Moreover, |At-
tanasio et al.[ (2020) show that the impact of the Colombia intervention operated exclusively
through its impact on parental investments. It seems therefore that a key to persistence of

the effects may be changing parental behavior permanently, at least in these first few years.

Heterogeneity analysis: Stunting and the impact of the intervention. Earlier
interventions, such as the Jamaica study (Grantham-McGregor et al., [1991) as well as a
more recent study in Bangladesh (Hamadani et al. 2019), have shown endline results that
are at least twice as large as the ones we reported for our own endline (Andrew et al.
2019). However, these other study populations were selected to include only malnourished
children, measured by the extent of stunting or being underweightE]. In this study, there was
no screening for malnutrition, but rather the selected group was from a general population
in poverty (defined by living in a slum), which includes about 20% stunted children; (see
also |Jervis et al., 2023b, on this issue). Indeed, as we reported at the end of Section ,
our intervention shows similar impacts to that of Jamaica at endline once we focus on
stunted children. Beyond the scientific interest, the question is interesting for the better
understanding of targeting and for designing interventions that can benefit a broad range of

children. We thus examine whether the increased benefit for stunted children persists[']

The heterogeneity analysis is presented in Table [4|and shows that the effect sizes at 7-8

years of age are much larger for children who were stunted at baseline with p-values for the

MStunting: height -for-age Z score of < —2SDs of the WHO standard. Underweight : weight-for-age Z
score < —25Ds of the WHO standard
15The baseline characteristics are also balanced conditional on stunting.
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Table 4: Heterogeneity in Treatment Effects at Second Follow-up

Heterogeneity by Stunting at Baseline
Non-stunted

Stunted Treatment + Treatment
Panel A:
Achievement index  -0.649 0.682 -0.486
(0.181) (0.270) [0.009] (0.283) [0.084]
Panel B:
Summary Indices
Numeracy -0.550 0.692 -0.502
(0.170) (0.231) [0.004] (0.247)  [0.094]
Literacy -0.729 0.542 -0.391

(0.180)  (0.295) [0.094]  (0.303) [0.15]

Notes: Controls include child gender, age, baseline ASQ scores, ma-
ternal education, and randomization strata fixed effects. Each row
represents a separate regression with the dependent variable stated in
the first column. The table reports impact heterogeneity by stunting
status at baseline. Standard errors (in parentheses) are computed
using the bootstrap with 5000 replications and are clustered at the
slum level. We report Romano-Wolf stepdown p-values (in square
brackets) separately for panel A (two hypotheses) and for panel B
(4 hypotheses).

difference ranging from 8.4% overall to 9.4% for numeracy and 15% for literacy. This shows
that the differences documented right at the end of the intervention when the children were
approximately 3 years old, have persisted. This result is important for various reasons. First,
it shows that the intervention can help the most deprived children catch up. In contrast,
the intervention did not seem to be able to improve as much the children who were slightly
better off, albeit still living in poverty within the slum. Understanding how we can extend
the benefits to the broader poor population is a challenge of central policy and scientific
importance. Second, we show that for stunted children we obtain results that are not too
different from those of the Jamaica intervention.m Therefore, the results of this experiment,
designed to be scalable, reinforce the message that ECD interventions at least for the most
deprived children can have life-changing impacts and should form a key component of human

capital policy.

Finally, as discussed in section [2] the endline results showed impact heterogeneity by

16 of the Jamaican studies some of its benefits at 7 years of age, but they reappeared in IQ in the medium
term follow up at 11 to 12 years.
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mother’s education and (suggestively) also by child gender. In this medium-term follow up,
we see no significant differences in these impacts. This suggests that conditional on stunting

status, the children of less educated mothers did catch up.

5 Discussion and Conclusions

The medium-term impacts of the intervention we have analyzed demonstrate a remarkable
persistence of the benefits four and a half years after it was completed. The initial trial
was randomized, the retrieval rates of participants was reasonable with a balanced loss and

testers who were blind to the children’s group assignment.

These results are important for several reasons. First, very limited evidence exists on
the medium- term effects of child development interventions from LMICs. Second, govern-
ments in LMICs are particularly concerned about poor literacy and numeracy levels even
when children are enrolled in school. Evidence from six longitudinal studies in the US found
that preschool math and reading ability on school enrollment are the strongest predictors of
later school reading and math achievement, suggesting that the participants may continue
to show improved school achievement, with subsequent better life chances (Duncan et al.|

2007).

The results are also important because there can be no suggestion that the benefits
can be attributed to “teaching to the test”. The children were too young at the end of
the intervention (28 to 38 months) to be taught literacy and numeracy, for which we report
significant impacts. Therefore, the intervention must have improved their ability to learn
new skills and knowledge, which could be an example of dynamic complementarities, in

which skills beget skills, suggested as a mechanism to explain late onset benefits.

Finally, all this was achieved with local human resources, run by locally available

women, without any specific qualifications, trained for this intervention only for a few weeks.
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This demonstrates the potential for policy to dramatically improve child outcomes for the

most vulnerable without insuperable scaling-up constraints.

The precise mechanism whereby benefits are sustained is unknown, but the size of the
effect at the immediate end of the intervention and the quality of the subsequent environ-
ment may play a role. The improved mental health of the mothers at endline, the overall
improvement in the home environment, and the extra money parents spent on education sug-
gest that the parents were also affected and thus were able to provide better nurturing care
and education, which is likely the key mechanism.,Attanasio et al.| (2020). And returning to
the original motivation for ECD, the improved nurturing may have permanent neurological

effects on the brain (Jensen et al., 2021)).
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Online Appendix

Power Calculations for the original trial Assuming an attrition rate of 10.7% (as at
first follow up) and an intracluster correlation coefficient equal to 0.04, as in similar studies,
we calculated the minimum detectable effect sizes (MDE) of our study, without accounting
for efficiency gains from controlling for covariates, at 80% power and significance o = 0.05.
Our design had a MDE of 0.28 SD for testing the difference in means in the treatment group
against the control group.

Table A.1: Baseline Balance for Non-attriters

p-value:

Treatment (T) Control (C) Treatment —
Mean S.D. Mean S.D. Control
Age in months 14.934  3.049 15.115 3.113 0.589
Male % 0.579 0.495 0.457 0.500 0.053
Firstborn % 0.461 0.500 0.438 0.498 0.671
Mother’s years of education 7.908 3.240 6.574 3.748 0.005
Asset index Z-score 0.131 0.910 -0.125 0.914 0.057
ASQ-3 problem solving Z-score 0.020 1.026 0.044 0.946 0.859
ASQ-3 communication Z-score 0.019 1.008 0.092 0.875 0.499
ASQ-3 fine motor Z-score 0.059 0.991 0.079 0.892 0.867
Stunted 0.200 0.401 0.261 0.440 0.180
Maternal knowledge of child development Z-score -0.020  0.816 -0.032 0.863 0.928
Quality of home environment Z-score 0.084 0.914 -0.034 0.740 0.172
Maternal depressive symptoms Z-score -0.030 0.874 -0.002 0.792 0.779
Below Urban Poverty Line 0.546 0.500 0.475 0.501 0.345
Income (Rs) per Capita per Day 98.865 192.223 103.511  234.789 0.877
Roof made from metal sheet/thatch/polyethylene  0.414  0.494 0.494 0.502 0.378
House has dirt floor 0.066 0.249 0.068 0.252 0.958
House has piped water connection 0.533 0.501 0.574 0.496 0.661
Household has electricity connection 0.980 0.140 0.988 0.111 0.585
Household owns a fridge 0.395 0.490 0.286 0.453 0.107
Observations 152 162

Notes: The table reports balance in baseline characteristics among non-attriters between the treatment group and

the control group. p-values are for tests of equality of the means across treatment and control groups. Z-scores
have a mean 0 and standard deviation of 1 in the control group. ¢ The Urban poverty line as defined by the
Rangarajan committee is Rs. 47 per household member per day. ® The average exchange rate during the baseline
survey (November/December 2013) was Rs. 62/USD.
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Table A.2: Attrition

Follow-up 1 and 2 Follow-up 1 Follow-up 2
Treatment 0.025 -0.032 0.037
(0.022) (0.027) (0.050)
Constant 0.047%** 0.118%*** 0.236%**
(0.017) (0.021) (0.034)
Observations 421 421 421

Notes: The table shows attrition by treatment status. In column 1 we report the results of a regression of being
lost at the first and second follow-up on treatment status, the other two columns look at attrition separately at
the first and second follow-ups. Standard errors in parentheses.

Table A.3: Baseline Balance between Attriters and Non-attriters

. . p-value:

Attriters Non-attriters Attriters —
Means S.D. Mean S.D. Non-attriters
Age in months 14.595 3.361 15.028 3.079 0.198
Male % 0.533 0.501 0.516 0.501 0.724
Firstborn % 0.542 0.501 0.449 0.498 0.088
Mother’s years of education 7.935 3.924 7.220 3.569 0.156
Asset index Z-score 0.014 0.988 0.000 0.919 0.913
ASQ-3 problem solving Z-score -0.095 1.021 0.032 0.984 0.311
ASQ-3 communication Z-score -0.167 1.124 0.057 0.941 0.039
ASQ-3 fine motor Z-score -0.202 1.119 0.069 0.940 0.041
Quality of home environment Z-score -0.068 0.811 0.023 0.830 0.253
Maternal depressive symptoms Z-score  0.045 0.967 -0.015 0.831 0.580
Below Urban Poverty Line 0.411 0.494 0.510 0.501 0.136
Income (Rs) per Capita per Day 112.305 227.646 101.262  214.910 0.691
Observations 107 314

Notes: The table reports balance in baseline characteristics between attiters and non-attriters. p-values
are for tests of equality of the means across the two groups. Z-scores have a mean 0 and standard
deviation of 1 in the control group. * The Urban poverty line as defined by the Rangarajan committee
is Rs. 47 per household member per day. ® The average exchange rate during the baseline survey
(November/December 2013) was Rs. 62/USD.
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